b33>@0)3IRNML 33G603@T350)S IGHMB6IRN0 S3SRIZN0L 35369
PROCEEDINGS OF THE GEORGIAN NATIONAL ACADEMY OF SCIENCES
H3BECTHSI HAIIUOHAJIbHOM AKAJIEMHHY HAVK I'PY3UM

JOJdOOL vaemons

CHEMICAL SERIES
CEPUSA XHUMHYECKASI

ISSN - 0132 - 6074

G®do
2016 Ne 3 Volume 42

Tom

000R0L0O — TBILISI - TEBUJINCH



LdS@03INML 3IG60IBIBSNS IOMBEIRNO S35RIFN0L 35G6I
PROCEEDINGS OF THE GEORGIAN NATIONAL ACADEMY OF SCIENCES
U3BECTHUSI HAUMOHAJIbHOM AKAJJEMUWH HAYK I'PY3UH

JO3NOL IS

CHEMICAL SERIES
CEPUSI XHUMHYECKASA

ISSN - 0132 - 6074

G®do
2016 Ne 3 Volume 42

Tom

030KR0OB(O — TBILISI - TEBUJIUCH



10do®m0)3IRML 33G603MIdS50)S IHMB6IR0 S35RIBNOL 35G6I
PROCEEDINGS OF THE GEORGIAN NATIONAL ACADEMY OF SCIENCES
U3BECTHSI HAIIUIOHAJIbHOM AKAJJEMUU HAYK I'PY3UH

dnannst LIS
CHEMICAL SERIES

CEPHSY XHMHAYECKASA

ISSN - 0132 - 6074

&M
Volume 42 No 3

Tom

J9absgmo os@OLEs 1975 §geols
The Journal is founded in 1975
Kypnaiu ocHoBan B 1975 roay

FasofopBo 4 bmdg@o
4 numbers annually
4 HOMepa B roj

050060 — TBILISI - TBUJIIUCH

2016



LIGIRKRSIGOM 3MRIBOS

0568605,  0.67F0™ (S(Y)Q(*)Gamo), ALsdbembos,  9.4939039mody,  4.(306(39d3, 330308300
(O9sJBm®0), 0.s3mmsdy, $.053760dg, b.ggshmemos

bsgsrmggemels dg:3609698sms  9emzgbnmo 83009308, Jodools ©s Jodom@o Badbmemmaongdols gsbgmaomgds

mdamalo, Ggbnsggmol asdboco 52

3slybolidggdgmo deagsbo @.(30L 356008300, drogsbo J.qé@smady

3986y Igmogdadzomols ggobogndo s megsbgmo Jodools obbBodndo

0186 m3ogmolo, 3cemod)gezbgsost 4. Ne 55 Bgem. 254-15-62; gev.ggeligys: chematsne@posta.ge

F9Obsemols g dmbamo 396bos (Beodo 33, Ne 1-s6) obogogm 398-33900%9: WWW.ipoc.org.ge
h&a@oabol& 63(386)0(532% 0333363615 Chemical Abstracts* ©5 hojoﬁ)mgaggmh F)at{;gﬁo@gc{m ﬂ‘aﬁ)ﬁogo**

EDITORIAL BOARD

E.Kemertelidze, l.Jordania, Jan K.Rézylo (Poland), Sh.Samsoniya, G.Tsintsadze,
V. Tsitsishvili (Editor), T.Agladze, A.Bakuridze, Z.Pachulia

Georgian National Academy of Sciences, Department of Chemistry and Chemical Technologies
52 Rustaveli av., Thilisi
Executive Secretary R.Tsiskarishvili, K.Ebralidze
Petre Melikishvili Institute of Physical and Organic Chemistry
5 Politkovskaia str., Thilisi 0186; tel.: 254-15-62; e-mail: chematsne@posta.ge
Digital version of Proceedings (from volume 33, No 1) see at web-site www.ipoc.org.ge
Abstracts of articles are published in Chemical Abstracts* and Georgian Abstracts Journal**.

PEJAKIIMOHHASA KOJIJIEI'UA

N.C.XKopnanus, O.I1.Kemeprenunze, S.K.Pyxuno (ITonpira), III.A.CamcoHnus,
I'.B.I{unnanze, B.I' . unumsunu (pexaktop), T.P.Arnanze, A./x.bakypunze, 3.B.ITauysus

Haumonansnas Axkagemus Hayk ['py3un, OTneneHue XUMUH U XUMUYECKUX TEXHOJIOTUN

ToOwunucu, npocrekt PycraBenu 52

OtsetcrBenHbIi cekpetapp P.I1. 1 uckapumisuiy, cekperaps K.I'.D0panumze

WuctutyT Pusnueckoit u oprannyeckoid xumun um. [1.I. Menukumisumm

0186 Towwrcwy, yi. A.ITonutkoBeko# 5; Ten. 254-15-62; sn.moura: chematsne@posta.ge

DJEeKTPOHHYIO BepcHio xypHaia (HaduHas ¢ Toma 33, Ne 1) cMoTpute Ha BeO-caiite WWW.ip0oc.org.ge
Pestome crateii mybinkyrotcst B Chemical Abstracts* u I'pysunckom pedepaTHBHOM KypHaie **

3M01 -3ILOW3ITOL IGM3EIT0
L,O3IBENIGHM BVMERN

SHOTA RUSTAVELI NATIONAL
SCIENCE FOUNDATION

J906s@ols J08robstg bmdgHo Es0dgEes Bmms GLmsggmols goHmgbygmo Lsdgi3bogde
RQmbeol gobsblydo Fbsdpsighon (CGL6_i_2_48)

* 2540 Olentagy River Road, P.O. Box 3012, Columbus, OH 43210-0012, USA, American Chemical Society
** _LERL TECHINFORMI, http://www.tech.org.ge; www.tech.caucasus.net



15do®013INML 33G60IGTdSMS IOMIB6IRN0 535RIFNOL B0G6I, Jodools Lgos 2016 @. 42 Ne 3

L5gGmsdmMoliem sdgsboghm 3mbaggbizos

»9b659g006HM39 330mg3000 s Bs00 35dmygbgdols 39MlidgdGozgdo Jodosdo, Jodorm Ggdbmermyosss s
9m8oxbs39 atygddo*

B9719000 BEoE0900L JoGmmeo MgybomBggdo
Bofoqo I

g 6sBbma5-39¢m3m35, 8. BsGFH0bmg, U UAgusbmy, 3. 8983m3. odMO0  gwgdgbdgdo 262
930209900 JoBbgdolamzolL

8.@mbsdg, 8.gs860Bodg, 3.0m0dg, 0.58emsdg. dBoHMZ0-3sOboL  Ho3oL dmwEHogmbisonco 271
3050656990 3006000 BbMbsfows39d0; LobmgBo s Jodmygbgds

0.856b530850em0, 8.95353560560, 3.(95¢90830¢m0, b.565605830¢m0, 8.35B9B0emsdg, x.09¢(I39¢mo, 215
9-6Yb53505. BNEGHMIBH0BMM0 36:0m3ggdOL TMEILOMHdS

3.6060830¢m0, b.0MsBYHOdy, 8.5¢m9modgoaro, 8.60956sdg, 6.806dggamo.  Hswo ®smdol 280
(390WOMNYOHO SELMODdIDEGdO

0.05B5emsdg,  3.3505Bs8goemo,  Bgstsbmgo,  A.buboosdg,  o.gsgergbodzoqro,  b.amgggs, 284
6.x258965d9. 33069000L BHo3ob GmMwo mgbogdol MerxZnkFe:0, (Me=Cu Mg)

090390 Jobsliosmgdegdo

6.8.¢799535, 8.3.b-96@579, 3.b.3505B5030¢m0, 0.9.0585¢7509, 0.5.853¢m9b0dz30¢em0. 8.b.gsGsbmgo. 291
90939000 9900  bLbs™BdOL  30MHMBOL  goblsbmg®s  LiosFezsxAlxOs Lob@gdsdo
9969308 F9Md0 356M589GHMJd0L AHmix™ ©@d  ASmix™ Joem®0odg@®mHmo  33¢930L
abom

O.o989G5830em0,  8.956R3009,  3.85U0ersdg,  3.0560dg,  8.850560s830¢m0,  6.330(339¢m0s, 294
8-bogdgcemo, 3.05358960d). mBmbob 459mygbgds bmgarol dgm@bgmdsdo

3-339b9¢7535. 35¢00w990L 3900696530l JoMgds 396@0bstg geg®HMMEobg®Io 297

.85050029(505,  8.89939em509,  6.856030.  J>030m3060¢0Ls @ Bsbgabmdol  mdiomdo 300
3mb396@®5@ 0L gHMIW030 300MHMIYEHIWIMROMWO o3 Ts3905

3.3290369em5dg, 8.535¢m0560, ®.B389em0830¢m0,  (n.85@50979G0s, B.LsAbs(Gsdg,  9.8mFosdzoemo, 303
A.bgsbody, 6.850bm3z0, 6.339cmgbosbo.  3sbasbmdol  bo@MoG o  bBLbsMgdol
057396335 mBMb - 359M0b bobrgzom

8. 5855009, 0.39(5396009. AIOBMOsdMbomdol 0MEOEOL sbmOdgos 307
3963bobfiywbg gomowgbywmozmeols blbstgdosb
d.sgsemasbo,  d.ggaemgbosbo,  6.056bmgo,  d.ogmegemsdy,  .dsbsdgoemo, 3. 8m8osdzacmo. 310

300033369630 Lobgdgdol  gamgzs  shbagmo  Bodol  sGemegebymo
3erem0dggdol-3mbegblodgdamo gmliegsBgdol Lobmgbol dobboo

6.89898009, .LboGEsdg,  5.8597xmsdgoemo, 0.900es830¢m0, 6.850b79G5dg.  3sdbLbgemol 313
a03emabs @adgmamlinmggm ool jmd3emg b ecdm Jdbols 1bscr by

6.30an5bmbos, 8, 39(9lbgamody, b6.0358295890¢ev0, 8.8580lgodg0emo, 6.96gamsdy. 3d-39¢swgdol 315
3969 oyobosbo  3nmOEobsgommwo boghmgdol Lobmgbo s GoBogMm-

Jodom®o 130LgdgdoL 33eg3s
b.ayerdsdg,  0.898396599,  6.g0aGgeaemosbo,  8.3mgsemsdy,  b.zems@xgodgoemo,  g.gogodgoemo. 319
JOHMIoL bges@gdo doMmEMy0Me 5dEH0MMO oysbgdom

241



15do®013INML 33G60IGTdSMS IOMIB6IRN0 535RIFNOL B0G6I, Jodools Lgos 2016 @. 42 Ne 3

8-6063599, ©.¢rBdg0¢m0, 0.3002(93509, 9.000R)B0s, 0.AI0sTIoO. ¥sFBLBYOL gogamgbs 324
039003939300l ©s  N,N-©0dgmowmgam®dsdool  3033gduismdmddbols
MBoBY

8.6063599, 9.30306539, 6.8ca0mgsdy, 6.0865dg, 8.05639¢m0dg. 353bLbamols as3emgbs 3963sdoeols 326
(Bs6rm3z965ls)  3m33em LG s63c 360l mbserby

9 F5BoB30s, 4.086509, 003503009, ©.0565830em0, 03,85B85¢75d9. Li-ombaydo  dsetiggdolsmgols 331
aoQon(ng)@ooGo Qwomogaom 8130@&0 XLizMnos'(l-X)LiMnOZ dm83m%000360
Bodommgga 301}0@3&01}000301} Li,MnOs-ol;, F)mamﬁ)@ '333&;33353@0 SoVOQOB,
393733909

6.3sligosbo, g.g050560, 8.beyp0d0¢mo, (.585B5dg, b.gsligosbo, 3.0865d9. Bsxoomd LolEBgdgddo 334
WomMbms 35e356MH0 IBIMZS S HBYPI30MVIO WYROMJOS

3b.5026528950, 8.030%mBsbeago. La > Nd 8m@©og03009899@0  Godsbol @omdbogol 6s6mbemdols 339
53069000 JE9IEHOHMINEWOHMOHO 1 BGMIgdEHOMIodomEo 030lgdgo0

8.-5.0056, @.5.0735, 6.35LP0er0b, 3.-.3(G505-0e3emgl. Ca-000 Yy0MYdroY-114 BHodol 344
3699060030 30mdseEol 39MMm3L30G0L JEgdGHMPIdOL 3nEI3gMvEo dgbfsgers
&G bLbsMgddo JmbMeEol 9egd@MmMEss9630LsmM30L 35S 0bMEmO 9539]GHOM

5.8.965b, 8.¢n.sb, b.356Boengob.  LILBOAHOL  BMEMGO  ©ogsba30L  ZMEHI3gH Mo 349
dgLhogms GGy bLbomgddo 9O™MA35MM3s6 60390 by ©oxrmAdbadmer dwsdobol
Bsbmbsfoers3900l 3 0056 gegd@HmEBY

@©.-5.35, 8.¢n.qsb, b.g5Boemgob. dgmbmol  gwadBHO®m 9630l  gmeBNd3geywo 354
Agufogms GGy  bLbsMgddo  boggwol 393Dy  sxgbowo  3sdobol
Bobmbsfoes3gdol 6 9056 gargd@Omoby

3-8:35bboargob,  B.an.sb. .-~ B.qrdeligen.  HY39MGHOMEOL  0b63ododmOmo 359
23939b6s 5qmdobol 3MMMBosBY LEoMEHBLBSMYdTO

3.85b5(05, 3.8m3798335, 0.(9385¢9599, 8.(9b3058530¢m0. PgMHIMgEqdbBIdOL Bobgzsms0EsOMmo 361
9BH™MgoolL  9BEFHOLMBE0TS30MM0  EBIBIMIOOL  M3EH0Tocr®mo  dggbocmdol
99009960L 3O MmEgLbob 0s630dEI3MIMdS

Jag Botodgoema-ber Bsdy, 6. ger6sbos, 00.600 B3y, 6.9069056, dgaem0, &.ommdlbsdy, 364
01,530 dq0em0-[er [ferbsgs. 29009630 Fyeogdols dsbatby 0bg3s00
berérd g6 900l gsdmggbgdom dsgdols 3mbrozadgdols Lobggdgdols 3gJdbs

Q. &ggﬁ@édg, 8. 5&‘5&50(730("0, . (5('15&3’()(7‘7. 30Q0Q®38336¢({5)‘363Q0 m&mhoo%mg‘)@om 367

801")@8601’ 809’\)8601} (?)3;]6015:)0')60.5 meBOQO 80601}4} Q\) 6(8"(']86‘89:70 386Q0®0h
dsbaby

x5890, 6.856509, 00.07IF85d). 3BYHMO FodMLbOgxVOM M30OIRMO  3meodgBwo 372
35Bogd0oL Bgo30M9d0L gergdBHOMYSIGIMMDS

. 8505652950, %.569¢m0. 30030D0E0MO Lo 300dgHMEo sdols ©s dobgmewm®o 375
89053L90¢900L Lsggmdzgaby

8.60psg0, 8.Bbsody,  8.89Bs(osdgoemo,  8.bsBodg,  3.60g0d30emo.  S3GmobELGmomwo 381
BoBgbgdol GHO0D(300 Loggbwmgdm030 39636003030 Qo
MO GHOVIM000 9JLEHO530Mgd0L BgmmEadol dsdmygbgdom

3-8080¢n90830¢m0,  6.3039b5830em0.  539BIGGIN@MDNOO  3modgHmmo  39ddMabgdol 383
899965 Lbgsslbgs 30033mBo00L dsbsby

A-0sbodmgo,  8.879bsd90og30.  >EHG0oEoLb  LEMIHMGOL  BYAsgEgbs  ddBHoz3009dwo 389
Bobdodool dmF30mqdBg 80gds6MY b565353)9w0BsEHMMGOOL 5JEH03mdsbY

242



15do®013INML 33G60IGTdSMS IOMIB6IRN0 535RIFNOL B0G6I, Jodools Lgos 2016 @. 42 Ne 3

Q.QV.EM5RIOSFI0C70. Bbg3oM358BH Mo 3303900 2595009 dgdo 394
3930063509 mdsdo

5.896950560. 3OO MMRBMWO  IIBOBINGIBdWIBOL (BmE-9B0l) FsOmzol Lsgombgdo 397
Lodo@mzgermdo

0.¢qv28b0560dg, ¢n.bgoBos, 8.8b90dg. J. DgbBHSBMBOL Bo5©RgBLS s LLAgE Fywgddo Lsgemm 399
0oba o630l MomEgbmdMmoz0  4obLsbMzms s dobo LoFsMmdom  gsdmfizgyero
3500900

3.85b(93dg, 8.0b0dg, 6.x56%335, 6.b56sBsdg, 8.95300890¢v0, 6.80Bodgoero. g3memyon@o 402
00m356900L 200(Y39E0L MmJLoM- Bobasbdosbo 35EsobsEHMMIdO

&.29bys, 6.82900¢m05890¢v0. 130g63-3mEBYEBMOO LadaMgdOL 35O0gOHMo Fymgdol 405
249009D0o—5050v)ds39ds

8.99635830¢10, 0.3565Y0, 8.89G0dy, 3.5000s, 6.358900d), 0.565605830¢70, 8.3026H@gPosbo, 409

8-bsyolsdgogmo.  sbseo 00ymIgdo JodoMs© ©sd0bIMMmGdIMEo 60saygdol
LSMYIBOWOEIE0M®

3. bptddsgs,  m.g3390@fomgema,  6.8s36s¢hamba.  Bobstrggddo  (3bgbolifysmo s eoybbo 413
héa&)avBam(‘) 6066363600\)‘)6 ﬁéQBﬁ)OQC QO&)OBBOGOB 6086)639{’8601} 6)0(3’6800)0
8(")9\)3&0(4)360

&b, 3ogssitio, B.xs@s6odg, 6. 303srImo, 0. 3mgodgtiody. LsdsGmzgwml  Ladmgfzgem 415
930060l dMEbobo-35HMmgmol bobbog- Lacglio boswoggdol ddody g@swgdom

©500b6d9Hgd0lL s  GHMJLoMGMdOL  bsMolbol  dgbfiogars  Mbsdgdmgg
A9LGHIgOMYdOL godmyqbgdom

8.Bogdmzs60, 8.97965b890560. @abEIHOL G30MmboL LmEge BBl 535MoL JobyMowe@o 418
090l Jodom®o 890a9b0mdol asblsbmgms

6.850385g509, n.o2m0dg, b.953005(509, 0.00898:95d9, 8. x595(0dg, 5.COeaM0d). ©3060L gogm® 421
030L9090Dg ©s 9RMFJOsbg dmIJdgo bmBoGHWGO LogwsMo Lmzmgdol
96308036390 J9@S0ME0EHJO0

JdBosBgoemo, 6.850G859509, 8. x3856G0dg, B.LAgBsbodzoemo, .omerody, G.goligstodzoemo, 424

s.0memodg.  0bmzgsgom®o 03399030 B6R030©OO0  3m33mbogool Fgdmdagzgds
130egbdols gotgdy

.Bm8560560, 0.B98060830¢70, 6.05b3007509, 5.356530s. LsdgEbogOM 3OMEYIGHOMWMdOL 428
9b5¢r0Bo d9BM s F530M Mbyby

135MGo3 OHmGHsdols lbmgbsls 429
06830635305 53EHMMIOOLBEMZ0L 432

243



Proceedings of the Georgian National Academy of Sciences, chemical series 2016 v.42 No3

International Scientific Conference

“MODERN RESEARCHES AND PROSPECTS OF THEIR USE IN CHEMISTRY, CHEMICAL

ENGINEERING AND RELATED FIELDS”

Featured articles
Part |

Conference programm

E.Razkazova-Velkova, M.Martinov, S.Stefanov, V.Beschkov. Fuel Cells for Environmental
Purposes. Part I. Sulfide and Nitrate Driven Fuel Cell

M.Donadze, M.Gabrichidze, P.Toidze, T.Agladze. Multifunctional Inorganic Core-Shell Hybrid
Nanoparticles; Synthesis and Applications

T.Marsagishvili, M.Machavariani,  G.Tatishvili,  N.Ananiashvili, =~ M.Gachechiladze,
J.Metreveli, E.Tskhakaia. Modeling of Photocatalytic Processes

V. Tsitsishvili, N.Dolaberidze, M.Alelishvili, M.Nijaradze, N.Mirdzveli. New Generation Zeolitic
Adsorbers

T.E.Machaladze, V.S.Varazashvili, M.S.Tsarakhov, M.G.Khundadze, T.A.Pavlenishvili,
N.G.Lezhava, R.P.Jorbenadze. Thermal Characteristics of Spinel-Type Complex
Oxides Me1.xZnxFe204 (with Me=Cu or Mg)

N.G.Lezhava, M.G.Khundadze, V.S.Varazashvili, T.E.Machaladze, T.A.Pavlenishvili,
M.S.Tsarakhov. Determination of Condition of Complete Solid Solubility in the
System LigsFe2sxAlkOs By Means of Calorimetric Investigation of Excess Mixing
Parameters AHmi®™ and ASmix®

R.Tushurashvili, M.Panchvidze, Ts.Basiladze, G.Shanidze, M.Mamardashvili, N.Kvirkvelia,
G.Khidesheli, V.Matsaberidze. Ozone in Agriculture

V.Kveselava. Production of potassium permanganate in the flow electrolyzer

L.Bagaturia, B.Purtseladze, N.Barnovi. Combined hydrometallurgical treatment of joint
chalcopyrite and oxidized manganese concentrates

B.Purtseladze, M.Avaliani, R.Chagelishvili, L.Bagaturia, Z.Samkharadze, E.Shoshiashvili,
M.Svanidze, N.Barnovi, M.Gvelesiani. Oxidation of Manganeze Nitrate Solutions
by Ozone — Air Mixture

Sh.Japaridze, 1.Gurgenidze. Adsorption of Tetrabutylammonium lodide at the Mercury
Electrode / Ethylene Glycol Solution Interface

M.Avaliani, M.Gvelesiani, N.Barnovi, B.Purtseladze, D.Dzanashvili, E.Shoshiashvili.
Investigation of Poly-Component Systems in Aims for Synthesis of a New Groupe of
Inorganic Polymers — Condensed Phosphates

N.Gegeshidze, L.Skhirtladaze, A.Mamulashvili, T.Edilashvili, N.Maisuradze. Solvent Effect on
Complex Formation of Dimethyl Sulfoxide

N.Kilasonia, M.Kereselidze, N.Tabuashvili, M.Mamiseishvili, N.Endeladze. Mixed-Ligand
Coordination Compounds of 3d-Metals with Orto-amino-4,5-methilpyridine and
Isonycotinoilhidrzone of Para-dimethilaminobenzaldehide

S.Urotadze, 1.Beshkenadze, N.Zhorzholiani, M.Gogaladze, N.Klarjeishvili, V.Tsitsishvili.
Chromium Chelates with Biologically Active Ligands

244

251
258

263

272

276

281

285

292

295
298

301

304

308

312

314

316



Proceedings of the Georgian National Academy of Sciences, chemical series 2016 v.42 No3

G.Tsintsadze, D.Lochoshvili, T.Giorgadze, E.Topuria, T.Tusiashvili. Solvent Effect on
Complex Formation of Dimethylacetamide and N,N-Dimethylformamide

M.Tsintsadze, S.Tchitchinadze, N.Bolgvadze, N.Imnadze, G.Manvelidze. Solvent Effect on
Complex Formation of Urea

E.Kachibaia, R.Imnadze, T.Paikidze, D.Dzanashvili, T.Machaladze. Li,MnO3; Development as
a Component of High-Voltage Lithium-Rich Composite xLi-MnOs- (1-x) LiMnO;
Cathode Materials for Li-lon Batteries

N.Gasviani, G.Kipiani, M.Khutsishvili, L.Abazadze, S.Gasviani, G.Imnadze. Electroplating
and Surface Alloying of Metals in Molten Systems

V.S.Vorobets, G.Ya.Kolbasov. Electrocatalytic Properties and Photoelectrochemical
Characteristics of Nanosized Titanium Dioxide Films Modified by La and Nd

M.L.Dan, D.-A.Duca, N.Vaszilcsin, V.-D.Craia-Joldes. Voltammetric Studies of Ca Doped Y-
114 Layered Cobalt Perovskite Electrodes With Catalytic Effect for Ethanol
Electrooxidation in Alkaline Solutions

A.F.Enache, M.L.Dan, N.Vaszilcsin. Voltammetric Studies on Anodic Oxidation of Sulphite in
Alkaline Solutions on Smooth Nickel Based 3 Layers Platinum Nanoparticles
Electrode

D.-A.Duca, M.L.Dan, N.Vaszilcsin. Voltammetric Studies of Methanol Electrooxidation in
Alkaline Solutions on Skeletal Nickel Based 6 Layers Platinum Nanoparticles
Electrode

K.G.Vaszilcsin, M.L.Dan, D.-A.Duca, M.Labosel. Inhibitory Effect of Resveratrol on Aluminum
Corrosion in Alcoholic Solutions

F.Basaria, G.Bokuchava, |.Tabatadze, M.Rekhviashvili. The Sequence of the Preparing Process
of Optimal Composition of Antisublimation Coatings for Semiconducting Branches
of Thermoelements

K.Vezirishvili-Nozadze, 1.Zhordania, N.Mirianashvili, T.Nozadze, Z.Lomsadze, T.Tsotsonava-
Durglishvili. The Liquid Sorbent Conditional Systems on Geothermal Water Base

D.Gventsadze, B.Mazanishvili, L.Robakidze. Technology for Preparation of Eco-Friendly High-
Temperature Heat-Insulating Materials on the Basis of Liquid Glass and Swollen
Perlite

J.Aneli, N.Bakradze, T.Dumbadze. Electric Conductivity of Laser Doped Polymer Surfaces
L.G.Shamanauri, J.N.Aneli. Composites Based on Polyester Lacquer and Mineral Fillers

M.Tsitsagi, M.Chkhaidze, M.Buzariashvili, M.Khachidze, V.Tsitsishvili. Utilization of Agro-
Industrial Waste Materials by Using Sequential Supercritical Fluid and Ultrasound
Extraction Methods

G.Bibileishvili, N.Gogesashvili. Creation of Cellulose Acetate Membrane on the Basis of
Different Compositions

T.Kh.Rakhimov, M.G.Mukhamediev. Influence Structure Matrix to Activity of Nanocatalysts on
Activated Carbon Fibers

D.Lapherashvili. Semiconductor Optical Amplifier in Communication
A.M.Berejiani. POPs Management Issues in Georgia

I.Lomsianidze, L.Khvichia, B.Chkheidze. Quantitative Determination of Total Manganese in
Zestafoni Soil and Drinking Water and Abnormalities Caused by Its Abundance

V.Sh.Bakhtadze, V.P.Mosidze, R.V.Janjgava, N.D.Kharabadze, M.V.Pajishvili,
N.M.Chochishvili. Oxide-Manganese Catalysts for Solving of Ecological Problems
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MexpayHapoaHas Hay4yHasi KOHepeHUuUu
«COBPEMEHHbIE UCCJTIEAOBAHUA U NEPCMNEKTUBbI X NTPUMEHEHUA B XUMUU,
XUMUYECKOW TEXHONOIMMU U CMEXHbIX OBJTACTAX»
Pe3lomMe usbpaHHbIX cTaTen
Yactb |

E.Pa3ka3zoea-Benxosa, M.Mapmunos, C.Cmeganos, B.Bewkos. TornupHbie 37eMeHTHI B 262
SKOJIOTHYECKHUX LIETAX

M.A.Jlonaoze, M.C.I'abpuuuoze, I1.J1.Touosze, T.P.Aznaoze. JIByx u Tpéx KOMIOHeHTHble 271
MyJIbTA(YHKIIMOHANBEHBIE HEOPTaHWYECKHUE HAHOTUOPHIHBIE MaTepuajbl THUIIa
«IIPO -000JI0YKaY; CHHTE3 U IPUMECHEHUE

T .Mapcazuwmeunu, M .Mauasapuanu, I'.Tamuweunu, H Ananuaweunu, M.I'aueuunaoze, 275
/e Mempesenu, E.I[xakan. MoaenupoBaHre KaTaJUTUUYECKUX MTPOLIECCOB

B.I'.IMuyuweunu, H.M./Jonabepuoze, M.B.Aneaumeunu, M.O.Huscapaosze, H A.Mupozeenu. 280
LleomuTHBIC aCOPOEHTHI HOBOTO MOKOJICHHUS

T.E.Mauanaoze, B.C.Bapazaweunu, M.C.Ilapaxos, M.I Xynoaosze, T.A.Ilagnenuwieunu, 284
H.I'JIe)xcasa, P.II./Dicopbenadze. Tepmuueckue XapaKTEPUCTHUKU — CIOKHBIX
OKCHJIOB IIMUHeIbHOro Tuma MexZnxFe204 (Me=Cu, Mg)

H.I'JIexacasa, M.I.Xynoaosze, B.C.Bapazaweunu, T.E.Mauanaose, T.A.Ilasnenuwmeunu, 291
M.C.Iapaxoe. OnpenencHue YCIOBUSI HEOPEPBIBHOM TBEPAOH pacTBOPUMOCTHU
cucteMsl LigsFes5xAlO4 myTeM kKalopuMeTpryecKoro UcciaeJ0BaHus H30bITOYHBIX
napaMeTpoB cMerneHust AHmix™ 1 ASmin®™

P.I. Tywypaweunu, M.B.Ilanueuose, II.M.bacunaose, I.B.Illanuoze, M.U.Mamapoawmeunu, 294
H.M.Keupkeenus, I'.U.Xuoewenu, B.I.Mauyabepuoze. IlpumeHeHue o030Ha B
CEIILCKOM XO3SM1CTBE

B.M.Keecenasa. [lonydyeHne nepMaHraHaTa Kajusi B IPOTOYHOM 3JIEKTPOIU3EPE 297

JI.B.bazamypusa, b.X.Ilypuyenaoze, H.B.bapnoea. CoBmectHas ruapometamypruueckas 300
nepepadoTKa MeTHOCYJIL(GHUIHOTO U OKHCIEHHOTO MapraHIeBOro KOHIIEHTPATOB

b.X.Ilypuenaoze, M.A.Asanuanu, P.JI.Yazenruweunu, JI.B.Bazamypus, 3.B.Camxapaoze, 303
3. H.Illowuaweunu, M.U.Ceanuoze, H.B.bapnoea, M.K.I'éenecuanu.
OKHCIIeHHe HUTPATHBIX PACTBOPOB MapraHiia ¢ IOMOIIBIO 030HO-BO3IYIIHOM CMECH

HI.C./[icanapuosze, H.A.Typzenudze. Ancopbuusi nonuna TteTpadyTuiiaMMoHusl Ha pryTd u3 307
ATUIIKEHIJIMKOJIEBBIX PACTBOPOB

M.A.Asanuanu, M.K.I'eenecuanu, H.B.BapHoea, b.X.Ilypyenaosze, JI./1/[3anawmeunu, 311
IA.H Illowtuawiéunu. ViccienoBaHue DTOJIUKOMIIOHEHTHBIX CHUCTEM C  IIEJIBIO
MOJIyYECHUS] ~ HOBOI'O  THUIA  HEOPraHUYEeCKHX  IOJUMEPOB  —  JIBOHMHBIX
KOHJIEHCUPOBaHHBIX QocdaToB

H.l'ezewmuoze, JI.Cxupmaaoze, A.Mamynawmeunu, T.Eounawmeunu, H . Maucypaosze. Bnusane 313
PacTBOPUTE/IS Ha KOMILUIEKCOOOPA3yIOIIYIO0 CIIOCOOHOCTh TUMETHIICYIb(GOKCH 1A

H.Kunaconus, M.Kepecenuose, H.Taoyameunu, M.Mamuceuweunu, H.9uoenaoze. Cuaresu 315
HCCIIEN0BAHUE (PM3UKO-XUMUYECKHX CBOICTB CMEIIaHHOJIUTaHIHBIX
KOOPIWHAIIMOHHBIX COeTNHEHNH 3d-MeTaIIoB

C.Ypomaoze, H.bewmrxenaoze, H.2Kopaconuanu, M.I'o2anaoze, H.Knaposceuwmeunu, 319
B.luuyuweunu. Xenatsl XpoMa ¢ OMOJIOTHYECKN aKTUBHBIMU JIUTAHIAMU
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I'.B.llunyaoze, /I.M./Iouowmeunu, T.3.Ieopeadze, E.C.Tonypusa, T.H.Tycuaweunu. Bausuue
pacTBOpUTENsl Ha KOMILIEKCOOOPA3yIOIyl0 CIHOCOOHOCTh IUMETHIIANleTaAMUIa U
N,N-mumetnndopmammma

M.IMuuyaoze, E.Huuunaoze, H.boakeaose, H.Hmnaoze, I.Maneenuoze. Bnusuue
PacTBOPHUTESI HA KOMILUIEKCOOOPa3yIOIIyt0 CIIOCOOHOCTh KapOamuaa (MOUCBHHBI)

3.U.Kauuban, P.A.HUmnaoze, T.B.Ilauxuoze, /.U /[3anaweunu, T.Mauanaoze. Pazpaborka
Li2MnO3 B KkauecTBE COCTABISIONICH YaCTH BBICOKOBOJIBTHBIX OOTATBIX JHTHEM
KOMITO3UIIMOHHBIX KaToAHBIX MarepuanoB XLi;MnOz(1-X)LiMNnO; mis Li-noHHBIX
OaTapeii

H.I'acéuanu, I .Kunuanu, M. Xyyuweunu, Jl.Ab6azaoze, C.laceuanu, I.Umnaosze.
lanpBaHWYeCKOE TOKPBHITHE U IMOBEPXHOCTHO-TU(M(Y3UOHHOE JICTUPOBAaHUE
METAJIJIOB B PACILIABJIICHHBIX CHCTEMaX

B.C.Bopobeu, I'.5l. Konoacog. DneKTpoKaTaIUTHIECKIE CBOWCTBA U (HOTORIEKTPOXHUMUUYECKUE
XapaKTePUCTUKH TICHOK HAHOPAa3MEPHOT'O JUOKCUIA THTAaHA, MOTUPHIINPOBAHHOTO
Lau Nd

MJL/Man, /Hd.A.Jlyka, H.Baczunyun, B.—JI.Kpa}l—E"'ﬂOec. Boabsramnepomerpuyeckue
UCCJICIOBAHUs JIETHPOBAaHHOTO Ca CIOUCTOro KOOAJIbTOBOTO MEPOBCKUTA THMA Y -
114 B mwen0YHBIX PACTBOPAX C KaTATUTHYCCKUM d(DPEKTOM IS 3JEKTPOOKHCICHUS
aTaHoJa

A.®.9nax, M.JL/Jan, H.Bac3uayun. BonbTaMIepoOMETpHUYECKUE HCCIEAOBAHUS AHOJIHOTO
OKHCIICHUSI CyJIb(pUTa B IMIENOYHBIX PACTBOpaX Ha TPEXCIOWHOM 3JIEKTPOJIE
TUTATHHOBBIX HAHOYACTHII, OCHOBAaHHOM Ha OJTHOPOJHOM HHUKEJIe

A.A./[yka, M.JL/an, H.Bac3unuumn. BoasTamnepomerpuueckue HCCJIETOBAHUS
AIIEKTPOOKUCIICHHS METAaHOJIa B IIENOYHBIX pPacTBOpaX Ha IIECTHUCIOWHOM
3JIEKTPOIe TUTATHHOBBIX HAHOYACTHI, OCHOBAHHOM Ha OJTHOPOHOM HHKEIIS

K.I'Bacsunyun, M.JL/an, /J.A.Jyxa, M.Jlabocen. VNurubutopHeiii 3ddekr peCBepaTpona Ha
KOPPO3HIO aIFOMUHHS B CIIUPTOBBIX PACTBOPAX

@.11.bacapusa, I.B.bokyuasa, A.M.Tabamaoze, M.I.Pexeuaweunu. llocneqoBaTenbHOCTh
MpoIiecca COCTABIEHHS ONTUMAIBHOTO COCTaBa aHTUCYOIMMAITMOHHBIX TTOKPBITHI
JUTSL TIOJTYTIPOBOTHUKOBBIX BETBEU TEPMOITIEMEHTOB

K.Besupuweunu-Hozaoze, Hp./Kopoanusa, T.Hozaoze, 3.Jlomcaoze, H.Mupuanaweunu,
T. /Iypenumeunu-ILloyonasa. Co3nanue CUCTEM KOHAMIIMPOBAHUS BO3IAyXa C
MCIOJIb30BaHUEM KHUJIKHX COPOSHTOB Ha 0a3e reoTepMabHBIX BOJI

.I'eenyaoze, b.Mazanuweunu, JI.Pobakuoze. TexXHONOTUS TONXYYCHUS OSKOJOTUUECKU
6630H3CHBIX BBICOKOTEMIICPATYPHBIX TCIIJIOM3O0JIALMOHHBIX MAaTCPUAJIOB HAa OCHOBEC
JKUAKOTO CTEKJIA U BCITyYEHHOTO TIepJInTa

owc.H. Anenu,  H.I.bakpaosze, T.H./[ymbaoze.  DneKTpPONpPOBOIHOCTh  MOJUMEPHBIX
MOBEPXHOCTEMH, TOMUPOBAHHBIX JIA3EPHBIM U3ITy4YeHHEM

JLI . Illamanaypu, /Irc. H. Anenu. KoMno3uImmoHHBIE MaTepHUAIBl HA OCHOBE TOTHMA(UPHOTO JIaKa
U MUHEPAJIbHBIX HAMOJTHUTENEH

M. Huuacu, M.9xauoze, M.by3apuaweunu, M.Xauuoze, B.Luyuwieunu. YTunuzauus
arpoINPOMBITIIICHHBIX OTXOJIOB METOJIOM CTYTICHYATOM SKCTPAKITIH
CYMEPKPUTHISCKUMU (DIIFOUTAMH U YIBTPA3BYKOM
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I'.B.Bubuneuwmeunu, H.H.I'ocecawmeunu. Co3nanue aneraTICIUIFONIO3HBIX MeMOpaH Ha 0ase
Pa3HBIX KOMIIO3UILIUMI

T.X.Paxumos, M.I Myxameoueg. BnusHue CTpyKTypsl MaTpuIpl Ha aKTUBHOCTb
HaHOKATaJIM3aTOPOB HA BOJIOKHAX aKTMBUPOBAHHOTO YIJIS

H.JLJlanepawunu. 1101ynipOBOJHUKOBBIE ONITUUECKUE YCUITUTEIH B CBSI3U

A.M.Bepexcuanu. Boripocsl ynpaBieHAs CTOMKUME opraHudeckumu 3arpsizautensmu (CO3) B
I'py3un

H.Jlomcuanuosze, JI.Xeuuusn, b.Uxeuoze. O0mee KOTUISCTBO MapraHiia B IMUTHEBBIX BOAAX U
nmouse T. 3ecTad)OHH U BBI3BAHHBIC €0 N30BITKOM MAaTOJIOTUU

B.Ill. baxmaosze, B.Il. Mocuoze, P.B./[ncanosxnceasa, H./[.Xapaoaoze, M.B.Ilaoxycuweunu,
HM.Youumweunu.  OKCUAHO-MApraHLEBbBIC  KaTalW3aTOpPbl B PELICHUU
SKOJIOTMYECKUX 3ajad

P.I' lynoya,H.U. Bymauaweunu. Ourctka-iepepadoTka KapbepHBIX BOJ MEIHO-KOYETaHHBIX
MECTOPOXKACHUMN

M.Kypaweunu, T.Bapazu, M.Ilpyuoze, I.Aoamua, H.I'azenuosze, T.Ananuawmieunu,
M.I'opoezuanu, I.Xamucaweunu. HoBbie mnoaxoapl I peadWIUTALIAN
XUMHUYECKH 3arpsI3HEHHBIX TIOYB

A.Cypmasa, JI.I'éepoyumenu, H.bazpamuonu. YucnenHoe MOAEIUPOBaHNE pacpOCTPaHEHUS
C6pOIHCHHOI‘O N3 NPOMBIINUICHHBIX OTXOJ0B MbIIIbAKAa B PEKax HXCHHCHK&J’II/I u
JlyxyHu

P.l'uzaypu, I/ Icanapuoze, H.l'ucaypu, T.I'ocubepuoze. W3yueHue 3arpsS3HEHHOCTH
TSDKEITBIME METAJJIAMH U CTETICHH TOKCUYHOCTH TTaXOTHO-TIOCEBHBIX 1MO4B bomHucH-
Kazperckoro paiiona ['py3uu coriiacHO cTaHIapTHBIM T€CTaM

M.YHurosanu, M. Kypacoeouanu. OnpeneneHne XUMHUYECKOTO COCTaBa MHUHEPATLHON BOJBI
Amapu cena badbunu JlenTexckoro paiiona

H.I'.bapoaxaoze, JI.A./lonuoze, H.A.Kaemapaoze, T.A./[cebyaoze, M.3./[rncanapuose,
A.B./lonuoze. AHTUMUKPOOHBIE METa0ONMHUTHl SHAOMUTHBIX POXIKEBBIX TPUOOB,
BIIMSIIOIINE Ha BKYCOBBIE Ka4ecTBa M MOPUYY BHHA

K.H. Kouuaweunu, H.I'.bapoaxaoze, M.3./[oicanapuoze, M.A.Cmenanuwmeunu, JI.A./[lonuoze,
P.II.Iuxkapuweunu, A.B./[onuodze. PazpaboTka WHHOBAIIMOHHON MUTATENbHOW (PYHTHIIUIHON
KOMITO3UIIMY 6€3 Men

J.Yobansamn, T.9younuweunu, H Maxeunaose, A Ilauayus. Anammz Hay4HOU
MPOTYKTUBHOCTH HA ME30 M MAKPO YPOBHSX

IHAMATH C.JL.Yporanse
NHOOPMALUSA JIS1 ABTOPOB
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International Scientific Conference

“MODERN RESEARCHES AND PROSPECTS OF THEIR USE IN
CHEMISTRY, CHEMICAL ENGINEERING AND RELATED FIELDS”

Dedicated to the 60" anniversary of R.Agladze Institute of Inoeranic Chemistry and
Electrohemistry
September 21-23, 2016, Ureki, Georgia

Featured articles
Part |

MexayHapoaHas Hay4yHas KoHdepeHUun

«COBPEMEHHBIE I/ICCJ'IEHOBAHIIIH U NEPCMNEKTUBbLI UX
NMPUMEHEHUA B XUMUUN, XUMUNYECKOU TEXHOJTION'MUN N CMEXHbIX
OBJIACTAX»

nocssileHHasn 60-neTuo ocHoBaHUA MHCTUTYTa HEOPraHM4eCKON XMMUU U
anektpoxumum um. P.U.Arnagse
21-24 ceHTA6psa 2016 rona, Ypeku, Npysusa

M36paHHbIe cTaTbu
YacTtb |
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Conference programm

WEDNESDAY, 21 SEPTEMBER
13:00 - 15:00 | Registration, Lobby of the Hotel Kolkhida
15:00 - 16:00 | Welcome address, Hall A
16:00 - 16:30 | Coffee break, Hall of the Hotel Kolkhida

PLENARY, Hall A
Chair: Dr.N. Vaszilcsin, University Politehnica Timisoara, Romania
16:30—17:00 | V. Beschkov, Institute of Chemical Engineering, Bulgarian Academy of
Sciences, Bulgaria
BIOWASTE AND HYDROGEN SULFIDE - PERSPECTIVE
RENEWABLE FUELS
17:00-17:30 | V. Tsitsishvili, Ivane Javakhishvili Thilisi State University, Petre
Melikishvili Institute of Physical and Organic Chemistry, Georgia
NEW GENERATION ZEOLITIC ADSORBERS
19:00 - 21:00 | Welcome Reception, Café of the Hotel Kolhida

THURSDAY, 22 SEPTEMBER

PLENARY, Hall A
Chair: Dr. V. Beshkov, Institute of Chemical Engineering, Sofia, Bulgaria
8:30 —9:00 K. Dossumov, Center of Physical and Chemical Methods of Research and
Analysis al-FarabyKazNU, Kazakhstan
CONVERSION OF METHANE OVER THE OXIDE CATALYSTS
9:00 —9:30 T. Agladze, Georgian Technical University, Georgia
NOVEL TECHNOLOGY PLATFORM FOR SYNTHESIS OF
MULTIFUNCTIONAL HYBRID NANOCOMPOSITES
9:30 - 10:00 N. Vaszilcsin, University Politehnica Timisoara, Romania
ENHANCEMENT OF CATHODIC HYDROGEN EVOLUTION
REACTION USING PROTON CARRIERS
10:00 - 10:30 | Coffee break
NEW METHODS FOR ECOLOGICAL AND RADIATION SAFETY,
MEDICAL AND AGRARIAN RESEARCHES, Hall A
Chair: Dr. S. Kirillov, Joint Department of Electrochemical Energy
System, Kyiv, Ukraine
Co — chair: Dr. M. Tsitsagi, TSU Petre Melikishvili Institute of Physical
and Organic Chemistry, Georgia
10:30 - 10:45 | A. Mansourizadeh, Department of Chemical Engineering, Islamic Azad
University, Iran
OILY WASTE WATER TREATMENT USING BLEND PSF-SPEEK
HOLLOW FIBER MEMBRANE
10:45-11:00 | M. Tsitsagi, TSU Petre Melikishvili Institute of Physical and Organic
Chemistry, Georgia
UTILIZATION OF AGRO-INDUSTRIAL WASTE MATERIALS BY
USING SEQUENTIAL SUPERCRITICAL FLUID AND ULTRASOUND
EXTRACTION METHODS
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11:00 - 11:15 | S.A. Kirillov, Joint Department of Electrochemical Energy Systems,
Ukraine
PHOSPHATE SCAVENGERS FOR REMEDIATION OF
GROUNDWATERS AND TREATMENT OF
HYPERPHOSPHATAEMIA IN ANIMALS AND HUMANS: REVIEW
AND COMPARISON

11:15-11:30 | A. Surmava, M. Nodia Institute of Geophysics, Georgia
NUMERICAL SIMULATION OF DISTRIBUTION OF ARSENIC
DISCHARGED TO TSKHENISTSKALI AND LUKHUNI RIVERS
FROM INDUSTRIAL WASTE

11:30 — 11:45 | M. Mirtskhulava, National Center for disease control and Public health,
Georgia
ULTRASOUND IN MEDICINE, BIOLOGY, BIOTECHNOLOGY

11:45-12:00 | V. Elisashvili, Agricultural University of Georgia, Georgia
INTEGRATED LIGNOCELLULOSE BIOREFINERY EXPLOITING
WOOD-ROTTING FUNGI POTENTIAL

12:00 - 12:15 | D. Gventsadze, LEPL R. Dvali Institute of Machine Mechanics, Georgia
TECHNOLOGY OF ECO-FRIENDLY HIGH TEMPERATURE HEAT-
INSULATOR MATERIALS ON THE BASIS OF LIQUID GLASS AND
FOAMED PERLITE

12:15-13:15 | Free time
Chair: Dr. E.H. Ismailov, Institute of Petrochemical Processes, Baku,
Azerbaijan
Co-chair: T. Chachibaia, TSU, Thilisi, Georgia

13:15-13:30 | T. Chachibaia, TSU Faculty of Medicine, Georgia, University of Santiago
de Compostela, Spain
NMR TECHNOLOGY FOR ASSESSMENT OF SOCIETAL,
ENVIRONMENTAL AND CHEMICAL RISKS OF AMMONIUM
NITRATE

13:30 - 13:45 | I. Chikvaidze, TSU, Georgia
REGARDING SOME STEPS OF E. FISCHER REACTION
MECHANISM

13:45-14:00 | E.H. Ismailov, Institute of Petrochemical Processes of Azerbaijan National
Academy of Sciences, Azerbaijan
HYDROGENATION OF CARBON DIOXIDE OVER Fe-Zr/Al AND Fe-
Ni/Al OXIDE CATALYSTS

14:00 - 14:15 | T. Varazi, Durmishidze Institute of Biochemistry and Biotechnology of
Agricultural University of Georgia, Georgia
ABOUT ALGAE SPIRULINA’S ECOLOGICAL POTENTIAL FOR
THEIR APPLICATION REMEDIATION TECHNOLOGIES

14:15-14:30 | V. Bakhtadze, R. Agladze Institute of Inorganic Chemistry and
Electrochemistry, Georgia
OXIDE-MANGANESE CATALYSTS FOR SOLVING OF
ECOLOGICAL PROBLEMS

14:30 — 14:45 | M. V. Panchvidze, TSU, R. Agladze Institute of Inorganic Chemistry and

Electrochemistry, Georgia
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ABOUT RADIOPROTECTIVE PROPERTIES OF SULFUR-ORGANIC
COMPOUNDS

14:45 —15:00

N. Kvirkvelia, TSU R. Agladze Institute of Inorganic Chemistry and
Electrochemistry, Georgia

OZONE USE IN AGRICULTURE

15:00 - 15:15

I. Chitrekashvili, TSU, PetreMelikishvili Institute of Physical and Organic
Chemistry, Georgia

15:15-16:15

STUDENT SESSION, Hall A \

STRUCTURAL CHANGES OF POLYPHENYLENEOXIDES IN THE
PROCESS OF FRICTION

Chair: MSc. M. Soselia, 1ICE, Georgia

15:15-15:30 | K. Kharaishvili, TSU, Georgia
SEPARATION OF ENANTIOMERS WITH SUPERFICIALLY POROUS
SILICA MODIFIED WITH POLYSACCHARIDE DERIVATIVES AS
EFFECTIVE CHIRAL STATIONARY PHASES IN HIGH-
PERFORMANCE LIQUID CHROMATOGRAPHY

15:30 - 15:45 | M. Shavgulidze, Iv. Beritashvili Experimental Biomedicine Centre,
Georgia
CHANGES OF LEARNING MOTIVATIONAL AND EMOTIONAL
BEHAVIOR AND PASSIVE AVOIDANCE IN DEPRESSIVE RATS

15:45-16:00 | L. Khvichia, AkakiTsereteli State University
QUANTITATIVE DETERMINATION OF TOTAL MANGANESE IN
ZESTAFONI SOIL AND DRINKING WATER AND ABNORMALITIES
CAUSED BY ITS ABUNDANCE

16:00 — 16:15 | Z. Samkharadze, TSU R. Agladze Institute of Inorganic Chemistry and
Electrochemistry
OXIDATION OF MANGANESE NITRATE SOLUTIONS BY OZONE -
AIR MIXTURE

16:15 - 16:45 | Coffee break

NANO PROCESSES AND NANOTECHNOLOGIES, Hall B \

Chair: Dr. G.Ya. Kolbasov, V.l. Vernadskii Institute of General and
Inorganic Chemistry of National, Academy of Sciences of Ukraine, Ukraine

Co-chair: Dr. N. Nioradze, TSU, IICE, Georgia

10:30 — 10:45

O. Ruzimuradov, Turin Polytechnic University in Tashkent, Uzbekistan

SECOND-GENERATION POROUS TiO2 BASED PHOTOCATALYTIC
NANOMATERIALS: SYNTHESIS AND PROPERTIES

10:45 -11:00

L. Tsereteli, Max Planck Institute of Colloids and Interfaces, Germany

AN ACCURATE COARSE-GRAINED MODEL
POLYSACCHARIDES IN SOLUTION

FOR

11:00 —11:15

M. Ersoz, Selcuk University, Advanced Technology Research&Application
Center, Turkey

NANOSTRUCTURE FABRICATION BY USING OF BLOCK
COPOLYMERS

11:15-11:30

V. Bregadze, TSU, Andronikashvili Institute of Physics, Georgia

SORPTION CHARACTERISTICS OF ORGANIC MATERIALS IN
METAL ION REDUCTION REACTION AND NANOTECHNOLOGY

11:30 — 11:45

M. Rukhadze, TSU, Faculty of Exact and Natural Sciences, Georgia
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STUDY OF STRUCTURE OF CONFINED WATER NANODROPLETS

11:45-12:00 | G.Ya. Kolbasov, V.I. Vernadskii Institute of General and Inorganic
Chemistry of National Academy of Sciences of Ukraine, Ukraine
NANOMATERIALS AND PHOTOELECTROCHEMICAL SYSTEM
FOR PRODUCTION OF SOLAR HYDROGEN

12:00 -12:15 | N. Nioradze, TSU, R. Agladze Institute of Inorganic Chemistry and
Electrochemistry, Georgia
SCANNING ELECTROCHEMICAL MICROSCOPY OF
NANOSTRUCTURED CARBON MATERIALS

12:15-13:15 | Free time

ENERGY SOURCES, CONVERSION AND STORAGE, Hall B

Chair: Dr. M. N. Abdikarimov, KazNTU, Kazakhstan

Co-chair: Dr. G. Tsagareli, TSU, R. Agladze Institute of Inorganic
Chemistry and Electrochemistry, Georgia

13:15-13:30 | E. Kachibaia, TSU R. Agladze Institute of Inorganic Chemistry and
Electrochemistry, Georgia
SPINELS LiMxNios5-xMn150s - — TYPE (M=CO+CR, AL AND CU;
0<X<0.4) AS PROMISING CATHODE MATERIALS FOR Li- ION
BATTERIES

13:30 - 13:45 | M. N. Abdikarimov, KazNTU, Kazakhstan
PHOTOVOLTAIC MODULE

13:45-14:00 | S.I. Abasov, Institute of Petrochemical Processes of Azerbaijan National
Academy of Sciences, Azerbaijan
THE FORMATION OF INTERMOLECULAR C-C BONDS AS A
FUNCTION OF TEMPERATURE WITH PARTICIPATION OF C3-C4
ALKANE

14:00 — 14:15 | P. Nikoleishvili, TSU R. Agladze Institute of Inorganic Chemistry and
Electrochemistry, Georgia
SYNTHESIS OF TiO2 NANOTUBES BY Ti FOIL
ELECTROCHEMICAL DISSOLUTION FOR DYE-SENSITIZED
PHOTOELECTROCHEMICAL SOLAR CELL

14:15-14:30 | N. Khetsuriani, TSU, Institute of Physical and Organic Chemistry, Georgia
PRODUCTION OF BIODIESEL USING SUPERCRITICAL FLUIDS
TECHNOLOGY

14:30 - 14:45 | G. Tsagareli, TSU, R. Agladze Institute of Inorganic Chemistry and
Electrochemistry, Georgia
THE PREPARATION OF THE ACTIVE MANGANESE DIOXIDE
POWDER BY ELECTROCHEMICAL METHOD FOR CURRENT
SOURCES

15:15-16:15 | STUDENT SESSION, Hall A

16:15-16:45 | Coffee break

16:45-17:45 | POSTER SESSION, Hotel Kolkhida Lobby
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PLENARY, Hall A

Chair: Dr. V. Tsitsishvili, TSU Petre Melikishvili Institute of Physical and
Organic Chemistry,, Thilisi, Georgia

8:30 —9:00

G. A. Tsirlina, Moscow State University, Russia

PLATINUM FREE ELECTROCATALYSTS BASED ON MANGANESE
OXIDES FOR ELECTROCHEMICAL DEVICES

9:00 -9:30

S. A. Kirillov, Joint Department of Electrochemical Energy Systems,
Ukraine

HIGH-RATE LITHIUM-ION BATTERIES: RECENT ADVANCES

9:30 - 10:00

T. Marsagishvili, R. Agladze Institute of Inorganic chemistry and
Electrochemistry, Georgia

SOME ASPECTS OF MODELING OF PHOTOCATALYSIS PROCESS

10:00 - 10:30

Coffee break

NEW METHODS FOR ECOLOGICAL AND RADIATION SAFETY,
MEDICAL AND AGRARIAN RESEARCHES, Hall A
Chair: Dr. L. Gorniak, Industrial Chemistry Research Institute, Warsaw,
Poland

Co-chair: Dr. I. Rubashvili, Aversi-Rational Ltd, Quality Control
Laboratory, Georgia

10:30 — 10:45

M. N. Abdikarimov, KazNTU, Kazakhstan

INVESTIGATION OF POSSIBLE CHEMICAL WASTE DISPOSAL

10:45 -11:00

L. M. Gorniak, Industrial Chemistry Research Institute, Warsaw, Poland

CHEMICAL SECURITY AS A SYNTHESIS OF SCIENCES

11:00 — 11:15

M. Labartkava, University “Geomedi”, Georgia

THE USE OF MODERN PHYSICAL-CHEMICAL METHODS OF
SUBSTANCE ANALYSIS IN THE ANALYSIS OF GEORGIAN RED
WINE

11:15-11:30

M. Nalbandyan, NAS RA Institute of Geological Sciences, Yerevan,
Armenia

TECHNOLOGY OF PURIFICATION OF IRRIGATION WATER WITH
A HIGH SALT CONTENT IN ORDER TO PREVENT SECONDARY
SALINIZATION OF ARARAT VALLEY

11:30 — 11:45

Ch. Stahl, NaralexMaschinen UG, Germany

BI1O BRIQUETTES POTENTIAL IN GERMANY

11:45-12:00

V.V. Tkach, Chernivtsi National University, Ukraine

A MATHEMATICAL REPRESENTATION OF
ELECTROANALYTICAL FUNCTION OF THE SAFRANIN-MODIFIED
RADICALLY-PRETREATED MATERIAL TO HYDROQUINONIC
COMPOUNDS

12:00 - 12:15

I. Rubashvili, Aversi-Rational Ltd, Quality Control Laboratory, Georgia

DEVELOPMENT AND VALIDATION OF SAMPLING AND
QUANTITATIVE DETERMINATION METHODS OF CARVEDILOL
RESIDUES USING HIGH PERFORMANCE LIQUID

CHROMATOGRAPHY FOR CLEANING VALIDATION
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12:15-13:15 | Free time

Chair: Dr. N. Durgaryan, Institute of Geological Sciences of NAS of
Armenia, Yerevan, Armenia

Co-chair: Dr. M. Mantskava, Society of Rheology, I. Beritashvili Center
of Experimental Biomedicine, Georgia

13:15-13:30 | M. Karchkhadze, TSU, Georgia

ENANTIOSEPARATION OF CHIRAL ANTIMYCOTIC DRUGS IN
HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY  WITH
POLYSACCHARIDE-BASED CHIRAL COLUMNS

13:30 - 13:45 | N. Durgaryan, Yerevan State University, Yerevan, Armenia

SYNTHESES OF NH2/NH2 CAPPED ANILINE OLIGOMERS AND
THEIR DERIVATIVES

13:45-14:00 | M. Mantskava, Society of Rheology, I. Beritashvili Center of Experimental
Biomedicine, Georgia

THE SIGNIFICANCE OF THE NEW PROPERTIES OF BEMIPARIN
FOR APPLIED MEDICINE

14:00 - 14:15 | A. Mskhiladze, Faculty of Natural Sciences and Healthcare, Sokhumi State
University, Georgia

SOME CHARACTERISTICS OF THE SEPARATION OF
ENANTIOMERS OF BETA-BLOCKER DRUGS USING
POLYSACCHARIDE BASED CHIRAL COLUMNS IN HPLC

FUNDAMENTAL AND TECHNOLOGICAL ASPECTS OF
PROCESSING OF MINERAL PRODUCT AND SECONDARY RAW

MATERIALS
Chair: Dr. G. Magalashvili, GTU, Thilisi, Georgia
Co-chair: Dr. Ali A. Jazie, Algadissiya University, Iraq

10:30 - 10:45 | L. Gurchumelia, TSU, R. Agladze Institute of Inorganic Chemistry and
Electrochemistry

ELABORATION OF NEW TYPES, ECO-SAFE, INEXPENSIVE,
HIGHLY EFFICIENT FIRE- PROTECTIVE MATERIALS

10:45-11:00 | G. Zakharov, Ferdinand Tavadze Institute of Metallurgy and Materials
Science

OBTAINING LIGATURES FROM FINE GRAINED PARTICLES OF
MANGANESE WASTE BY TECHNOLOGY -SHS METALLURGY

11:00 - 11:15 | D. Gogoli, TSU R. Agladze Institute of Inorganic Chemistry and
Electrochemistry

ELECTRODEPOSITION AND CHARACTERIZATION OF Mn-Cu-Zn
ALLOYS FOR CORROSION PROTECTION COATINGS

11:15-11:30 | L.G. Shamanauri, R. Dvali Institute of Machine Mechanics

COMPOSITES BASED ON POLYESTER LACQUER AND MINERAL
FILLERS

11:30 - 11:45 | Ali A. Jazie, Algadissiya University, Iraq

OPTIMIZATION OF BIODIESEL PRODUCTION FROM MUSTARD
OlIL

11:45-12:00 | G. Magalashvili, Georgian Technical University

ASCERTAINMENT OF THE MECHANISM OF FORMING OF ZONAL
CONCENTRIC “AGATE STRUCTURES”
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e
12:00 - 12:15 | B. Godibadze, LEPL, G. Tsulukidze Mining Institute, Georgia
EXPLOSIVE CONSOLIDATION OF Cu-W COMPOSITES IN HOT
CONDITION

12:15-13:15 | Free time

Chair: Dr. A. Peikrishvili, F. Tavadze Institute of Metallurgy and Materials
Science, IICE, Georgia

Co-chair: Dr. T. E. Machaladze, TSU, R. Agladze Institute of Inorganic
Chemistry and Electrochemistry

13:15-13:30 | A. Peikrishvili, F. Tavadze Institute of Metallurgy and Materials Science,
IICE, Georgia

SHOCK WAVE ASSISTED CHEMICAL REACTIONS AND
CONSOLIDATION OF Ta-Al INTERMETALIC COMPOUNDS
13:30-13:45 | L. Gabunia, Caucasian Alexander Tvalchrelidze Institute of Mineral
Resources, Georgia

RESEARCH OF THE POSSIBILITY OF RECEIVING ACID AND
HEAT-RESISTANT CONTINUOUS FIBER GLASS WITH USE OF
MANGANIFEROUS WASTE PRODUCTS

13:45-14:00 | T. Machaladze, TSU, R. Agladze Institute of Inorganic Chemistry and
Electrochemistry

THERMAL CHARACTERISTICS OF SPINEL-TYPE COMPLEX
OXIDES Me1-xZnxFe204 (WITH Me= Cu OR Mg)

14:00 - 14:15 | E. Shapakidze, TSU, Caucasian A. Tvalchrelidzelnstitite of Mineral
Resources, Georgia

RESEARCH OF INFLUENCE OF THE MODIFYING BaO AND SOs
OXIDES ON PROPERTIES OF CEMENT CLINKER

14:15-15:15 | POSTER SESSION, Hotel Kolkhida Lobby
15:15-15:30 | L. Chobanyan, Georgian Technical University, Institute

TECHINFORMI ANALYSIS OF SCIENTIFIC PRODUCTIVITY AT
THE MESO- AND MACRO-LEVELS

15:30 - 16:00 | M. Kutsia, National Intellectual Property Center of Georgia — Sakpatenti
PATENTING IN CHEMISTRY

16:00 - 16:15 | Discussion

16:15-17:15 CLOSING THE CONFERENCE, Hall A ‘
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FUEL CELLS FOR ENVIRONMENTAL PURPOSES.
PART I. SULFIDE AND NITRATE DRIVEN FUEL CELL

E. Razkazova-Velkova, M. Martinov, S. Stefanov, V. Beschkov
Institute of Chemical Engineering-Bulgarian Academy of Sciences
Akad. G. Bonchev, str. Bld.103, 1113 Sofia, Bulgaria
razkazova_velkova@bas.bg

Hydrogen sulfide and nitrates are persistent pollutants from various origins — domestic, industrial and natural.
There are different methods for their elimination, but most of them are expensive and energy inefficient. The
present study is an attempt for their removal with energy generation at the same time. By recombination of the
waste fluxes of sulfides and nitrates the treatment of both of them can be achieved. The sulfides are oxidized to
sulfates and the nitrates are reduced to nitrogen. The milestones in the processes for creating such a fuel cell are
the choices of optimal design of the fuel cell and effective electrodes for minimizing the internal losses.

In this investigation a configuration that consists of two concentrically arranged compartments separated by a
membrane situated at the bottom of the inner unit was studied. The experiments were carried out with different
electrodes and improved electroconductivity of the solutions by adding NaCl. A commercially available Celgard
3510 membrane was used. The electrical resistance of the fuel cell was decreased from 850 to 76 Q after using
pyrolysed activated paddling and activated carbon instead of graphite rods for electrodes. The results for the
depletion of the waste substances as well as the electrical indicators are given.

Key words: Fuel cells, nitrates, sulfides, wastewater treatment.

Introduction

The main sources of sulfides are the petroleum, coal gasification and natural gas industries. Another
big source is the conversion of wood to pulp by the Kraft process. Naturally sulfides are formed in closed
basins due to the anaerobic decomposition of sulfur-containing organic matter, in volcanic gases, mineral
springs, sewage systems etc.

Due to their high toxicity they are threatening to humans’ and animals’ health and their high chemical
reactivity is causing corrosion to metal and concrete parts.

The possibilities for their disposal and decomposition can be divided mainly as follows:

Processes for adsorption of the sulfides from fluids (they can be combined with their oxidation) [1-5],
wet scrubbing processes [6-8], oxidation with strong chemical oxidants [9], precipitation with metals [10]
biological oxidation [11].Thermal and electrochemical methods for decomposition [12,13] are also
investigated as an alternative. The Claus process is a well studied and classical method for hydrogen sulfide
and sulfur dioxide decomposition to elemental sulfur and even though attempts are made to lower the
operation temperature by selective catalysts it is still quite an expensive method. Studies in recent years
show an increased interest for hydrogen sulfide as an alternative fuel in fuel cells [13]. Microbiological fuel
cells are also investigated [14]. In many cases elemental sulfur is obtained as end product from
decomposition of hydrogen sulfide. It is not a desirable product because of its low commercial price. In a
fuel cell it is better to convert the sulfide to sulfate ion instead of elemental sulfur, because there is a
transfer of eight electrons instead of only two thus obtaining four times more energy. Moreover the sulfate
ions occur in natural water sources and are harmless in a wide range of concentrations.

Nitrates are identified as one of the dangerous pollutants in waters. Sources of wastewaters
contaminated with nitrates are animal farms, households, petroleum industry and others. The conventional
processes used to eliminate nitrate from water are ion exchange, reverse osmosis and electro-dialysis.

Materials and methods

The model solutions of sulfides and nitrates were obtained by dissolving analytical grade of
NazS.9H,0 and KNOs. Analytical grade of NaCl was used for improving the conductivity of the sulfide
solution.

The concentrations of sulfides were determined photometrically with N,N-diethyl-n-phenylenediamine
in presence of Fe(lll) with formation of methylene blue [15, 16]. This method increases the sensitivity of
the determination in comparison with the method when using N,N-dimethyl-n-phenylenediamine.

The determination of nitrates was conducted UV-spectrophotometrically by the method proposed by
Goldman&Jacobs [17]. UWR-UV-1600PC spectrophotometer was used for this analysis.
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The selected configuration of the cell consists of two concentrically arranged compartments separated
by a membrane situated at the bottom to the indoor unit (Fig. 1). Celgard 3501 membrane was used with a
diameter 0.02 m2. The volume of the two compartments was equal — 0.3 I.

6]

Fig. 1. Scheme of the construction of the fuel cell.
AC-anode compartment; CC-cathode compartment.

Several sets of experiments were carried out:

1) The first was varying different types of electrodes.
Five graphite rods into the anode compartment and one into cathode on. Each one has a surface
area of 0.02 m?,
Pyrolyzed activated paddling with surface area 0.1 m? in the anode compartment and one graphite
rod into the cathode one.

2) After that using the same electrodes in the anode compartment investigation was carried out with
0.3 | of activated carbon (AC-Fujikasau, Japan, 680 m?/g.) into the cathode compartment and one graphite
rod for electrical connection.

3) In order to increase the electroconductivity of the solution NaCl with concentration 16.5 g/l was
added to the solution in the anode compartment in the last set of experiments varying the electrodes and the
presence of activated carbon. The last set of experiments also has a practical importance for the Black Sea
which is of the same salinity and is a virtually inexhaustible source of hydrogen sulfide.

The pyrolyzed activated paddling was obtained from commercially available polyester tissue after its
pyrolyzation with simultaneous activation by patented method [18]. It has a specific surface area of 208
m?/g analyzed using BET method.

Results and Discussion

The intended reactions were as follows:

Anode: S* + 60H" = SOs* + 3H,0 + 6¢°

SO3% + 20H = SO, + H,0 + 2¢°

Net anode reaction: S* + 80H" = SO, + 4H,0 + 8¢

Cathode: NOs+ H,0 + 3e"= NOy + 20H;

NOz +2H,0 + 2e = 1/2N, + 40H

Net cathode reaction: NOs + 3H.0 + 5e= 1/2N, + 60H"

The above reactions show that the 8 electrons generated in the anode compartment are more than the 5
required for the reactions in the cathode one. To avoid that imbalance the experiments were carried out at
an approximate ratio of sulfide to nitrate ions 5:8 (125:200mg/1).

In order to evaluate the influence of the electrodes, the activated carbon (AC) added into cathode
compartment and the improved conductivity by adding NaCl experiments for determination of the
resistance of the cell were carried out. This parameter is identified by measuring the current and the voltage
produced by the cell varying the external resistance. The slope of the plot in coordinates current-voltage
gives the resistance of the cell. The external resistance was changed from 1000 to 0. 1 Q. Table 1
summarizes the obtained results.
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Table 1. Electrical resistance of the fuel cell for different electrodes and conditions

Type of electrode Experimental Conditions
Without AC and NaCl AC without NaCl AC and NaCl
Graphite (GR) 850.68 Q 292.56 Q 182.42 Q
Pyrolyzed paddling (PP) 650.72 Q 165.34 Q 76.42 Q

In Fig. 2 (a) the electricity power as a function of the currant for the best results for both electrodes
are presented. Further experiments were carried with these two configurations.

With regard to the resulting electrical power we have more than 6 times improved performance when
using electrodes made from pyrolyzed padding compared to graphite rods for equal external working
surfaces. It can be explained with the very large internal surface of the PP electrodes.

700 800

600 /-\ f/\._*\\
/ \ 500 2

500 / \

400 / \

300 —ampp

R
200 200
100 PP - -
o 0

a 1 2 3 4 5 6 0 1 2 3 4 5 6

@ ()

Fig. 2 Electrical power as a function of the current (a) and time (b)

=—l=—GR

P, nW

P, p\¥

Figure (Fig 2(b)) represents the obtained power of the fuel cell as function of time. The results were
taken with external resistance of 100 Q. In this experiment as well there is about five times improved
performance of PP electrodes compared to GR electrodes due to the same reasons. The peak in the curve of
the PP electrodes is due to adsorption of sulfide ions in the pores of the electrode. The gradual increase
reaches a maximum after 2 hour when the electrode is completely saturated and over time performance
decreases due to reduced concentration of "fuel”.

A comparison of the depletion of sulfides and nitrates in the different configuration of the fuel cells is
shown on Fig 3 (a) and (b) respectively.
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Fig. 3. Depletion of sulfide and nitrate ions using different configuration of fuel cells.

The use of PP electrodes in the anode compartment increases the rate of oxidation of sulfides twice
and over the course of a 6 hour experiment the concentration is reduced by up to 90% of the initial one (Fig
3(a)). Unfortunately, the reduction of nitrates in the cathode compartment (Fig 3(b)) is progressing at a
lower rate over the course of the experiment with less than 40% reduction compared to the initial one. Our
future efforts will be focused in this direction.
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L —
Conclusions
It has been demonstrated that fuel cells can be successfully used for environmental purposes, while
harvesting some electrical energy at the same time. For improving their operational characteristics new
type of electrodes with incorporated catalysts for reduction and oxidation can be used. This is going to
increase both characteristics - environmental (the rate of depletion of the hazardous ions) and energy (the
electrical power) of the fuel cell.

Acknowledgement. This work was accomplished within the project E02-15/12.12.2014 of
National Science Fund, Ministry of Education, and Science, Republic of Bulgaria
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TOIVIMBHBIE 3JIEMEHTBI B OKOJIOI'MYECKUX HEJAX

E.Pa3kazoBa-BenkoBa, M.MapturoB, C.Ctedanos, B.bemkos
Hucmumym xumuueckott mexnonozuu, Axkademusi Hayx boreapuu
razkazova_velkova@bas.bg

PE3IOME

CepoBoOpol ¥ HHUTPAThl  SIBISIFOTCS ~ MCTOYHHKAMU  TOCTOSIHHOTO — 3arpsi3HCHUS.  Pa3IM4HOTO
npoucXoxeHns1 (OBITOBBIE, MPOMBIIIICHHBIE, eCTeCTBEHHbIE). CyIIECTBYIOT pa3iM4HBIE METOIbl HX
yCTpaHEHHsI, OOJBIIUHCTBO KOTOPBIX OOXOJATCS OPOro MW HEdP(EKTUBHBI C SHEPreTHUECKOW TOUYKH
3penus. [IpeicTaBieHHOE WCCIICAOBAHUE SIBISCTCS TOMNBITKOM JIMKBUIAIMK 3THX OTXOJOB C
OJTHOBPEMEHHBIM TCHEPHUPOBAHUEM JHEPTrUU. PekoMOWHAIMel IMOTOKOB, 3arpsSHEHHBIX CyJIbQUIAMH H
HUTpaTaMH, BO3MOXKHa mepepabotka obOoux. Cynabduabl OKHCIAIOTCS 10 CyIb(paroB, HHUTPATHI
BOCCTaHABIHMBAIOTCS 710 a30Ta. OCHOBHBIM MOMEHTOM B MPOIIECCE CO3JIAaHUS TAKUX TOIUIMBHBIX AJIEMEHTOB
SIBJISICTCS. TIOA0OP ONTHMAIBHOTO au3aiiHa U 3()(EKTHBHBIX AICKTPOIOB Ui YMEHBIICHHS BHYTPEHHHX
MOTEPb.

B nanHO#l pabOore Obula HM3ydeHAa KOH(UIypalus TOIUIUBHOTO OJJIEMEHTA, COCTOSIIAs U3 JABYX
KOHIICHTPUYECKUX OTACJICHHH, pa3leCHHBIX MEeMOpaHOW. OKCHepHUMEHThl ObLIM TMPOBENEHBI C
UCIIOJIb30BAaHUEM Pa3IMYHBIX JEKTPOJOB M PACTBOPOB C YIYUIICHHOW 3JICKTPOIPOBOJHOCTHIO, YTO OBLIO
nocturayto nodasienrem NaCl B pactBop. Mcmnonb3oBaigack kKoMMepuecku noctymnHas memOpana Celgard
3510. DnexTpudecKoe COMPOTHBICHNE TOIUTMBHOTO 3JIeMEHTa ObLI0 yMeHbIeHo oT 850 1o 76 oM mocne
UCIIOJIb30BaHUS MTUPOJUTHYECKOTO AKTUBHPOBAHHOIO IMEPEMEIINBAHUS W aKTHBUPOBAHHOTO YIJIS IS
SNIEKTPOZOB BMECTO MNPYTKOB rpadura. [lokasaHsl pe3ysbTaThl 10 YMEHBIICHHIO OTXOIOB, a TaKKe
JNIEKTPUUESCKUE HHINKATOPHI.
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MULTIFUNCTIONAL INORGANIC CORE-SHELL HYBRID NANOPARTICLES;
SYNTHESIS AND APPLICATIONS

M.Donadze, M.Gabrichidze, P.Toidze, T.Agladze
Georgian Technical University
Institute of Green & Sustainable Chemistry

Binary and ternary multifunctional hybrid “core (Ag)-shell (Mn, Cr oxides)” nanoparticles were synthesized by
means of heterogeneous oxidation of oleic acid ligand (stabilizer of Ag NPs) by Mn and Cr oxides precursors.
High catalytic activity of AgMnOXx nanoparticles toward carbon monoxide oxidation reaction as well as
bactericidal action in relation of gram-positive and gram-negative bacteria was observed

Introduction

Metal based core-shell nanoparticles (NPs) as a research object has attracted attention owing to their
unique catalytic, biomedical, magnetic and electric properties compared to their bulk counter parts. Surface
functionalisation of free — standing metal NPs by coupling with another metal oxide provides means to
prepare hybrid nanoparticles which are emerging multifunctional nanoscale materials that facilitate divers
application of one the same material in various fields.

The common bottom — up synthesis of inorganic composites involves formation of primary building
blocks e.g. metal NPs of desired size and shape and use various nano -architectonic strategies to design
multifunctional hybrids. The frequently used seed — mediated growth (SMG) nano-architectonics strategy
involves ligand stabilized metal NPs used as seeds to deposit the oxide component on the top of metal NPs

(fig. 1).

;Q‘ ."
; i.’i

Ligand S / Uniform core/shell nanostructure

seed

MeNP . w
|

Island structure - hetero dimmers

Fig. 1. Schematics of seed mediated synthesis of hybrid nanoparticles

According to classical hetero epitaxial grows theory when material A is deposited over a preexisting

seed substrate of a different material B, total Gibbs free surface energy change:
AGs =Ya—YB+Vay

Where y, is surface energy of seed substrate, yg is surface energy of deposited material, (y, — yg) is
solid —solution interfacial energy of colloidal nanoparticles in liquid media and yA/BiS strain related to solid
/ solid interfacial energy which depends on the bounding strength and degree of crystallographic
compatibility.

Two limiting cases can be considered:

Frank —van der Merwe growth model: yz <y4 + good lattice matching ( Ayl/zis small), vyields

spherical MaMgOx core/shell structures, fig.2 (1-3).
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Volmer-Weber growth model: yz >y,  oore lattice matching ( A)/1/2IS high) yields dumbell
MaMgOxy systems of yolk structures, fig.2 (4-6)

AGs < 0
-

DEL ‘
« ) ady’
No:uroiur(bon . '
Nano Dumbell w ’ '.....
5

Fig. 2. Schematic (1, 4) and TEM (3, 6) images of core/shell (1-4) and dumbell (4-6) MaMgOx
nanostructurs

Though a number successful synthesis of hybrid structures has been reported application of SMG
method for integration of two or more dissimilar materials in a single core/shell system is still a challenging
task, due to complexity of accounting for structural matching of components. Major drawbacks of
dumbbell structures are:

e Materials properties are modified only in a narrow region close to the heterojunction (Fig.2,5)

e Growth inhibition and crystal instability owing to crystal strain induced by lattice mismatch

e Aggregation or corrosion of metal NPs due to loss of stabilizing shell

Our goal was to develop alternative nanoarchitectonic strategy free from above drawbacks. Focus was
on integration of the dissimilar metal-metal oxide nanoparticles in stable homogeneous core-shell
structures. Formation of MaMgOx core-shell nano structure via direct oxidation of ligand by metal oxide
precursor was studded (Fig.3).

Ligand +Mpg Oxide Precursor /MBO:

/ ~

4 Ligand Oxidation products

MANP Ma
Fig. 3. Schematics of synthesis of MaMgOXx hybrid by ligand oxidative substitution reaction

Binary (AgMnOx and AgCrOx) and ternary (AgCrMnOXx) hybrids were synthesized using oleic acid
stabilized Ag NPs as building blocks and potassium permanganate and potassium dichromate as oxide
precursors.

Experimental
Chemicals and instruments. The reagents used in present study were purchased from Sigma-Aldrich

unless otherwise specified and used without purification. Optical properties of silver andAgMnO,NPs were
characterized by UV spectroscopy in a range (200-600) nm (Carry 100, Varian). Chemical interactions of
ligand with NPs and permanganate ions were studied by FT-IR spectroscopy in a range (400-4000) cm*
with resolution of 0, 5 cm* (Thermo Nicolet, Avatar370) using KBr technique. Size, shape and chemical
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composition of NPs were estimated from TEM (Tesla BS 500) and SEM (JSM-6510LYV) images and EDS
data. The samples were prepared by placing small drops of a sole onto the carbon coated copper grid. The
size distribution of NPs in a sole was evaluated from laser beam dynamic light scattering (DLS) data
(Zetasizer-Nano, Malvern). Prior to measurements as prepared soles were diluted with hexane 1:8. The
structural and thermal stability properties were characterized by XRD ( Dron 4) and thermo- gravimetric
analysis (TGA, Derivatograph Q-1500D).In both cases soles were initially evaporated at ambient
temperatures (5 hours), residual powder (1 g) was used as a sample. Concentration of Ag and K in the
liquid and solid phases was measured by inductively coupled plasma optical emission spectrometer (ICP-
OES, Varian). Concentration of MnO: in the reaction mixture was determined by the redox titration method
[1]. The consumption of permanganate ion in oleic acid oxidation reaction was controlled by optical
absorbance of solution by photo colorimeter (KFK 2) using light absorbance calibration curves.

Preparation of soles of Ag NPs. The soles of silver NPs in a hexane were synthesized using the
electrochemical reactor consisting of a sacrificial silver anode (99, 9% purity), and aluminum (99, 9%) ring
cathode which upon rotation crosses immiscible layers of an aqueous (0, 05 M AgNOs, doubled distilled
water) and organic (Hexane, 1% oleic acid) solvents [2]. The experimental setup allows silver ions formed
at the anode to discharge at the cathode surface poisoned by a surfactant (OA) which adsorbs at sites
favorable for silver adatoms and inhibits the growth of silver nanoclusters. The latter being weakly
adsorbed at the surface and strongly bounded to amphiphile OA molecules are easily washed out from the
cathode upon rotation forming the stable soles of Ag-OA core-shell NPs in hexane. In a previous study [2],
we demonstrated the ability to tune a particle size by variation in residence time 1, during which a metal
cluster formed at a ring cathode in an aqueous electrolyte is allowed to adsorb amphiphile molecules of a
surfactant from an organic phase. In a present study we carried out electrosynthesis at cathode current
density 7500 A cm?, ring cathode rotation rate 960 rev.min, electrolyte temperature 20°C and 1, = 36 S,
which leads to the formation of an Ag-OA sole containing 0,54 gt NPs with an average particle size of
10-12 nm.

Preparation of binary and ternary hybrids.

To prepare binary AgMnOx nanocomposite 100 ml sole of Ag NPs in a hexane was mixed with 40 ml
0, 2 M KMnO4 aqueous solution under vigorous shaking during 1 hour (until discoloring of permanganate
solution) at ambient temperature. After separation of organic and aqueous phases by centrifugation (0, 5
hour, 8,000 rev min‘?) sole of spherical AgMnOx particles consisting from, wt. %: 29, 2 Ag, 28, 16 MnO2,
4,45 K and 38, 19 OA oxidation products was obtained.

To prepare triple AgCrMnOx nanocomposite 25 ml aqueous solution of K,Cr,O7 (2M) and 50 ml
ethanol was added to 250ml silver sole (0,06M) in hexane and stirred 55°C, 20 hours. 25ml aqueous
KMnO, (2M) was added to the mixture and stirred 1 hour at ambient temperature. After 24 hours aging and
filtration, separated solid residual was dried at ambient temperature 4 hour and calcinated at400°C, 2 hour.
According to EDS data the final composite consisted from wt. %: 15, 6 Ag, 46, 5 Mn and 5, 3 Cr.

Preparation of water filter and evaluation of bactericidal activity.

Woven textile materials (FHRC10EMB) was impregnated by AgMnOx sole in ultrasonic bath (100
Watt, frequency 40 KHz) during 1 hour and dried 4 hour. Bactericidal activity was tested against gram-
positive (streptococcus and staphylococcus) and gram-negative (Escherichia coli, Pseudomonas aeruginosa,
Proteus) bacteria introduced in a water of drinking quality. Microbial strains (G. Eliava Institute of
Bacteriophages, Microbiology and Virusology) were tested according to standard method [3].

Preparation of catalysts and evaluation of catalytic activity.

Samples for catalytic tests were prepared by 1 hour impregnation of supporting material,1 g calcium
aluminosilicate (CaAl,Si2Os), 2,5 mm grain size in ultrasonic bath (100 Watt, frequency 40 KHz, 1 hour)
containing 5 ml Ag-OA sole. The catalytic activity toward CO oxidation reaction was studied by standard
test procedure at 0, 6 g catalyst load and continuous flow of CO/CO, mixture at a rate of 30,000 h*. The
CO conversion degree a was calculated according to equation:

a="2x100% (2)

where a and b are respectively concentrations (%) of CO and CO,, controlled by gas chromatography
(Gasochrom 3101).
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Characterization of AGOA, AgMnO, and Ag CrMnOyx NPs

Optical absorption spectra. UV-vis spectra of OA in a hexane with and without addition of the
KMnO, are shown at Fig.4. Soon after permanganate addition the characteristic for OA absorption peak
at 233 nm (Fig.4 a.1l) shifts to 368 nm and a number of new peaks in red region characteristic of
intermediate OA oxidation products are formed (Fig. 4b). At prolong action of permanganate ions the
main peak splits to a series of peaks (386-361 nm) characteristic for oleats and the manganese dioxide (360
nm) [4-7] (Fig. 4 a.2).

]
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Fig. 4. UV spectra of OA: al. In hexane. b. In hexane, 5 min after KMnQO, addition. a2. 20 min after
addition

The UV-vis spectra of OA caped silver nanoparticles with and without addition of permanganate are
shown at fig. 5. At initial stage of a MnO4 - Ag-OA interaction depression and broadening of characteristic
for 10-12 nm size Ag NPs peak (404 nm, Fig. 5 a.1) caused by overlapping of MnO, and Ag peaks and
appearance of peaks characteristic for oxidized organic products are observed (Fig. 5 b). Appearance of
twin peaks after 20 min, contact of reagents appearance at 359 and 378 nm (Fig. 5 a. 2) indicates the
formation of AgMnOx nanocmposite.
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Fig. 5. UV-vis spectra: a 1. Ag-OA nanosoles in hexane b. 5 min after permanganate addition 1 b. 20 min
after permanganate addition

FT-IR Spectroscopy

Earlier it was shown that the most remarkable effect of Ag-OA interaction is disappearance of the
peak at 1712 cm, assigned to C=0 stretch bound and appearance of two new bounds at 1635 and 1380 cm-
L which are characteristic of the asymmetric and symmetric carboxylate stretch [2]. These effects were
interpreted as evidence of OA bonding to silver via two symmetrically coordinate oxygen atoms of the
carboxylate head.
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The FT-IR spectra of Ag-OA soles in a
hexane with and without additions of
. /1 permanganate ions are shown at Fig.6. It
w0 s |k s/ |, follows from these spectra that
’ permanganate addition results in vanishing
of the peak at 1712 cm™, and appearance of
two new peaks at 1643, 13 and 1650 nm
which only slightly change the position in
P 3500 prons 2500 o 1500 100 time (Fig. 6,1-3). A new absorption peak
ol 2 appeared at 802, 28 cmis assumed to be
8 associated with MnO bending vibrations of
%2 [MnOg] octahedral in MnO. [5]. The

l= disappearance of peak assigned to a C=0
- stretch and appearance of two new bounds
g e ' = indicates the rearrangement of stretching
modes of a carboxylate owing to interaction
with both silver and manganese oxide
o a0 oo oo e s 1000 components of the composite. The
formation of a peak at 1041, 42 cm™ which
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Fig. 6. FT-IR spectra: 1 — Ag-OA sole in
‘o 3500 3000 2500 2000 1500 1060 hexane. 2 — 5 min, and 3 — 20 min after
Wavenumbers / cm | addition of permanganate

XRD Spectrometry

The structural properties of Ag NPs prior and post oxidation of
OA shell as well as of MnO, were characterized by XRD spectra
(Fig.7. 1 - 4). The XRD patterns of as prepared silver sole
demonstrate amorphous character of the material. The size of the
silver particles calculated according to Debye Sheerer equation is >
about 18 nm (Fig. 7.1). After the calcinations at 400°C a fine A
dispersion of a crystalline phase with increased to 150 nm crystal =
size was observed (not shown). The X-ray diffraction records of a &~
MnO, prepared by interaction of an aqueous potassium .l e .
permanganate (40 ml 0, 2 M) and a 1% solution of OA ina 100 ml [
hexane illustrates an amorphous character of colloidal MnO; (a
broad diffraction peak located around 20°, Fig. 7.2). The diffraction .
maximum at 37° is in agreement with the peak characteristic to & !
MnO. (JCPDS Ne 80-1098) [6, 7]. The X-ray diffraction patterns of =" |
as prepared Ag-MnO; shows that low crystallinity is characteristic - '
also of the composite nanoparticles (18 nm size). A spectrum - TT'\-\.‘
contains peaks characteristic for both individual MnO; [6, 8, 9] and
silver NPs (Fig. 7.3) proving formation of chemical bounds between
components of the composite. After calcination at 800 °C the X-ray
patterns show clear crystalline structure of the composite with ‘
increased particle size up to 95 nm (Fig. 7. 4). As expected, “
calcination at elevated temperatures favors particles aggregation. f g

0/ Degrees

Rl v O Ll 7 I
Fig. 7. XRD patterns of: 1. As prepared Ag-OA NPs. 2. MnO; f WT ’ﬁ“’q””ﬁ W
prepared via permanganate reduction by bulk OA. 3. As prepared WEA
AgMnOx NPs, 4. AgMnOy NPs after calcination at 800°C, 2 hour. 8D
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Size distribution, SEM and TEM images of binary and ternary nanocomposits
Size distribution of nanoparticles measured by laser beam dynamic light scattering technique as well
as SEM and TEM images of AgMnOx and AgCrMnOy nanohybrids are shown at figures 8 and 9.

Siza Dietribution by Intaneity
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o
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a b c d

Fig. 8. a.TEM images of Ag-MnO particles b. Histogram of particle size distribution c. SEM images of
Ag-MnO; particles and d. EDS analysis of the sole obtained after centrifugation (8000 rpm)

Fig. 9. a.TEM images of AGCrMnOy particles.b.SEM images of AgCrMnOy particles and c. EDS analysis
of the sole obtained after centrifugation (8000 rpm)

It follows from these data that nanocomposite has spherical core/shell structure with average size of
nanoparticles -6, 2 (=1, 0) nm.

Thermogravimetric analysis
The thermal gravimetric analysis (TGA) was performed to characterize the thermal stability of

AgMnOx nanocomposites and to compare to that of Ag-OA NPs (Fig. 10). It follows from these data that
both particles lose about 40 % of their weight below 500°C owing to evaporation of oleic acid and products
of its oxidation. A shift of exothermic DTA peaks at 350 °C and 450 °C to the higher temperatures in case
of Ag-MnO: indicates stronger bonding of organic molecules to the core center of the composite

nanoparticles.
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Fig.10. TGA (1, 2) and DTA (3, 4) curves of Ag-OA NPs (1, 3) and AgMnOx nanocomposites (2, 4)
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Kinetics of permanganate reduction

Kinetics of MnO, formation was studied by tracing decrease of the permanganate concentration in a
reaction mixture containing Ag-OA sole in hexane and aqueous solution of potassium permanganate. To
evaluate the effect of OA-Ag bonding on OA oxidation interaction of permanganate ion with OA also was
studied. Time courses of both systems at various rates of stirring of solution are presented at Fig. 11. It
follows from these data that reduction of permanganate ions increases with an increase of stirring rate up to
1000 rpm, indicating mass transport limitations at lower stirring rates. Oxidation of oleic acid is quite fast
reaction and both homogeneous (curve 1, 3, 5) and heterogeneous (curve 2, 4, 6) reactions follow the same
kinetic regulations. The overall process involves three consecutive stages characterized by different rate
constants. The silver core displays clear catalytic properties toward permanganate reduction reaction.
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Fig. 11. Time courses of potassium permanganate concentration in oleic acid (1vol. %) and Ag-OA zole
(0,0065M) at 25 °C

It is interesting to compare the kinetic data obtained in our study with studies performed in similar
systems. The majority results relate to identification of the intermediates of OA oxidation. While there is
consensus on composition of the final products (manganese dioxide, pelargonic and azelaic acids) views on
the nature and composition of intermediates diverge [10, 11-13]. The detailed study of oxidation kinetics of
a monolayer of oleic acid spread over aqueous permanganate solution performed by use of radiotracers
reveals complex character of OA oxidation reaction which involves rapid formation of intermediate cis-
epoxy acid in OA monolayer (rate constant ki) and its farther fission yielding azelaic and nonanoic acids
(rate constant-k;) instantaneously dissolved into an aqueous subphase [13]. It is assumed that the overall
rate of oxidation reaction is determined by rate (ks) of parallel step of desorption of intermediate acid into
an underlying subphase. Though above conclusions relates to conditions differed from that of the present
study an assumption on a slow transfer of intermediates through the organic —aqueous interface seems
applicable to the system under investigation.

Kinetics of bacteria removal

Fig. 12 represents time courses of concentration °
of gram-positive (streptococcus and staphylococcus) 8
and gram-negatives (Escherichia coli, Pseudomonas  #7
aeruginosa, Proteus) bacteria in a water passed though = e
the woven filter impregnated by hybrid nanoparticles.  :
The results indicate that AgMnOx nanocomposite .«
display strong antibacterial activity resulting in almost £,
100% removal of all tested pathogens from water. 2

Fig. 12. Antibacterial activity of the AgMnOy 5
hybrid NPs ’ 4 “’ »

Time of exposure, hour
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The kinetics of bacteria removal was evaluated from variation in bacteria concentration (g cfu/100
ml) in a sample (10 ml) extracted from filtration loop at water flow rate 3 I/h.

Catalysis of CO conversion

Data on comperative assessment of catalytic activity of Ag NPs and AgMnOy composities toward CO
oxidation reaction are shown at Fig.13. Both oxidation curves follow almost similar patterns indicating the
similarity of reacton kinetics. The composite catalyst displays higher activity: CO oxidation starts below
the ambient temperature and full conversion degree is achieved at lower temperatures. The beneficial
action of manganese oxide additives to noble metal catalysts is commonly attributed to the ability of
MnOx to supply mobile oxygen for reoxidation of core catalyst [14]. In the same way an improvement of
catalytic activity of silver nanoparticles by introduction of MnO, can be reasonable explained by
facilitation of oxygen transfer from the manganese oxide shell to the silver core.

120
100 - .2 4
R 60
~
B
40
1] S0 100 150 200 250 300 350 400
T/°C
Fig. 13. Temperature dependance of CO conversion catalyzed by as prepared catalyst: 1. Ag NPs. 2.

AgMnO, NPs

Conclusion

AgMnOy and AgCrMnOy hybrid nanoparticles were synthesized following novel bottom up two-step
strategy which involves the electrochemical formation of oleic acid caped silver nanoparticles and
substitution of oleic acid shell by MnO; via interfacial chemical reduction of a precursor, the potassium
permanganate. At elevated temperatures amorphous AgMnOy nanocomposite loses organic components
and acquires crystallinity. The kinetic study reveals the three step reduction process catalyzed by silver
core. The bactericidic and catalytic properties of AgMnOx hybrids were also tested. The results revealed
that filters composed from the hybrid material removes almost 100% gram-negative and gram-positive
bacteria from contaminated water and converts CO to CO; with improved activity owing to ability of
MnO; to provide rapid supply of oxygen for reoxidation of the silver core. The proposed strategy was
successfully applied for preparation of AgCrMnOy tripple nanocomposite.
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JABYX U TPEX KOMIIOHEHTHBIE MYJIBTUOYHKIINOHAJBHBIE HEOPTAHUYECKHUE
HAHOI'MBPUAHBIE MATEPHUAJIBI TUITA «S/IPO-OBOJIOYKA»;
CHUHTE3 U IIPUMEHEHHE
M.A. Jonanze, M.C.I'abprunmze, [1.J1.Tounse, T.P.Arnanze
Hucmumym 3enénoii u yemouuugou xumuu I pyaunckoco mexuuyeckozo ynugepcumema, Tounucu, I py3us

PE3IOME
HOByx (AgMnOx) u tpéx (AQCrMnOX) KOMIOHEHTHbIE MYJBTH(QYHKIHOHAIbHBIE HAHOTUOPHIHBIE
Marepuaiabl THma <«sapo (Ag)-obomouka (okcumel Mn u Cr)» OBUIM CHHTE3MPOBAHBI METOIOM
reTepOreHHOr0 OKMCIICHUs, CTaOWIN3MPYIOIIEro HaHOYAaCTUIIBI cepedpa Juranaa (OJIEHMHOBOM KHCIIOTHI)
OpeKypcopaMH OKCHJIOB MapraHiia M Xpoma. bpila ycTaHOBIeHa BBICOKAas KaTaJUTHYeCKas M|
aHTHOaKkTepHaibHas akTUBHOCTH AGMNOX B OTHOIIEHWH peakiyii, COOTBETCTBEHHO, OKHCIICHUS
MOHOOKCH/Ia YTIIEpOJia M TPAMITOJIOKHUTENBHBIX U TPAMOTPHIIATENLHBIX OAKTEPHH.
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MODELING OF PHOTOCATALYTIC PROCESSES

T.Marsagishvili, M.Machavariani, G.Tatishvili, N.Ananiashvili, M.Gachechiladze,
J.Metreveli, E.Tskhakaia
R.Agladze Institute of Inorganic Chemistry and Electrochemistry
of lv.Javakhishvili Thilisi State University

Photocatalysis or action upon the chemical reaction by photons is of interest as for theoretical, so for practical
use. Model system — condensed medium with dissolved reagents was studied in the present work. Methods of
theoretical and mathematical physics, particularly, multiparticle temperature Green functions of polarization
operators of condensed medium were used during theoretical calculations of chemical reactions. Numerical
values of reorganization energy, transition dipole moment, the reorganization energy of the quantum subsystem,
etc. are obtained.

Photocatalysis [1-4] or action upon the chemical reaction by photons (of visible range or short-range
ultraviolet, as a rule) is of interest as for theoretical, so for practical use. Photocatalysis implies existence of
such substances, which participate in chemical processes, but do not exist in the end product of the
chemical process. Participation of catalysts in the process is realized by two mechanisms:

1. According to the first mechanism the catalyst absorbs light photon and transits into an excited state.
Thereafter, catalyst, which is in an excited state promotes thepassing of chemical process and
becomes an additional energy source for chemical catalytic process.

2. According to the second mechanismthe whole photocatalytic process passes as one elementary act
- the catalyst absorbs light photon and chemical system transits from initial state into final state,
without transition of the catalyst into excited state. In spite of the fact, that in both cases the same
product is obtained, these two mechanisms differ from each other by the rate of the process and by
the rate constant calculation method.

During theoretical calculations[5-7]of chemical reactions we use methods of theoretical and
mathematical physics, particularly, multiparticle temperature Green functions of polarization operators of
condensed medium (medium involves impurity particles and catalysts).

We consider model system, which is condensed medium with dissolved reagents. In order to neglect
direct interaction of one type ofthe reagents with each other and to consider the interaction of the group of
the particles, which brings tothe reaction we suppose, that concentration of the particles-reagents is
sufficiently low. It is assumed also, that the photon flux acts upon the system. In addition, it is supposed,
that interactionof reagents with the medium has either weak character, so that the medium does not change
the structure of the reagents, or is so strong, that reagents form complexes and just these complexes are
considered asreagents.

Polarizable particles, placed in amorphous solid medium(condensed medium) form intermediate bonds
with medium. These particles are partially polarized and their frequency spectra andgeometric structure are
different from gaseous phase at that.

We consider a charge transfer processesbetween dipole-active polarizable(electron and infra-red
polarization)particles in the nonregular condensed medium whenthe interaction of reagents with photons’
field, interaction of condensed medium with the electromagnetic field of reagents and interaction of
polarizations of fluctuations with static field and intramolecular vibrations of reagents are taken into
account.

Such approaches allow calculation of vibrational spectrum of reagent and values of the equilibrium
distances of chemical bonds.

Calculation of probability of the charge transfer process with photon absorption and transition of an
electron in final state may be carried out in general form in model approximations.

It is assumed, that a number of vibrational degrees of freedom at the beginning and at the end of the
process is the same. Even with this assumption general expression for the rate constant has rather bulky
character. For simplicity, we’ll study the case when intramolecular oscillations may be considered as
classical.

The rate constant of the phototransfer process can be expressed as:
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whereE, is reorganization energy of n-th intramolecular degree of freedom of adsorbable particle, and
wis frequency of intramolecular vibration at the beginning and at the end of the process correspondingly;

¢? is the distribution function of photonswith energy hv. The values of the coordinates of reagents R*and
the angles of their orientation y’in the transitional configuration and “Brensted” factor of symmetry

0°depends on photon polarization o, the quantity 1/ ,/|l//;g is the width of the integral over 0, and saddle

point 6” may be found from equation'
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In this formula Ly is resonance integral of interaction of reagents (some particle or group of particles)

with photons (dipole moment of charge phototransfer). AF is the free energy of the process, ®-

intramolecular vibrational frequencies of the reagents.The matrix element and the functions G and Gare

calculated with the use of the wave functions in frames of concrete model for reagents. The resonance

integral Lsimay be considered as some phenomenological parameter. The arguments of this resonance

integral describegeometric characteristics of the process. The function db(ﬁ*,z//*)is the distribution
function of reagents. Model function may be selected as this function. The distribution function of
reagentshas most simple form for homogeneous systems.

The reorganization energy of the medium for charge transfer processes may be determined by the
expression:

m(p _ 1 A7 =. D i 7 . _ =D
E, (R,z//)_—zjdrdr AE; (r, R,l//)gle (r, ;0 =0)AE, (F ’R’W)HereAEi(F;ﬁ,y/)is the change

of system’s electrostatic field strength during the transfer process and Green function gRis a temporal
function of polarization fluctuations’ operators of amorphous solid and liquid at finite temperature T=1/p.
In factorization approximation for function gRwe have:

" (PP o) =g, (F,Fi0=0)f(0).
The reorganization function of the medium can be expressed as:
sh Pao(l-0) sh Pl

PRy, 0)=EP 2 [dok (0) 2 - 2
h wzsh—a)
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When taking integrals over r and r’ it is necessary to consider the geometry of the channel and the
circumstance, that as effects of spatial dispersion of medium (function g(r,r)), so the effects of frequency
dispersion (function F(w)) must be described by different model functions for amorphous condensed
medium.

Everything that is connected with medium reorganization must be considered during calculation. The
functions adduced in [3] were used as model functions for description of effects of frequency and spatial
dispersion of medium. As conducted calculations have shown, carrying out of the analytical calculations to
the end is impossible and it is necessary to conduct numerical integration.

The expression for rate constant will appreciably simplify if interaction of intramolecular vibrations of
particle with polarization fluctuations of medium will be neglected.

For ease of the analysis the rate constant may be written as:

2 h
K=Y LW;Nexp{—ﬂe;AF oo, —viles)-vile) -l (9;)}
o T
PY(R",w":0)and Y™ (R",";0)are reorganization functions of the vibration system and have

is

rather complicated form. Electron resonance integral of the transition into excited state ‘Lﬁ"(ﬁ*,w*)

calculated as non-diagonal matrix element of interaction of reagents with photons(by electron wave-
functions of initial and final states of the system). Function N(ﬁ*,w*;e;wn) is calculated for concrete

processes with consideration of geometry of the particles.

Obtained analytic expressions may be used for finding of analytic expression of optical density of the
process.

We use the method, which is analogous to Lambert-Beer law for optical density D:

I
D=In (70) =kd

where o is light intensity on input of the measuring cell of thickness d, 1 is light intensity on the

output of the cell.Proportionality coefficient kmay be substituted by extinction coefficient &, of particle

adsorption:
K= Z Cpéq
a

where Cais concentration of a-type particles.
More information may be obtained from the form of the absorption curve (photon absorption by the
system as function of photon energy).

In case of implementation of extinction coefficient notion during electron transfer process between
reagents, the following expression will be obtained:

e =hv| L5[2e" A" exp{—ﬁQ*AF +21vﬁ9; —y/m(e*)—yﬂ(e*)—wv(e*)}
T

Consideration of this correlation allows realization of the analysis for wide range of the processes.To
this effect it is necessary to select concrete model, to simplify analytically general expressions in the
framework of this model and to compare with experimental data. Whereupon it is possible to obtain
numerical values of reorganization energy, transition dipole moment, reorganization of the quantum
subsystem, etc.

In case when distribution function of reagents is known the last expression allows calculation of
transition dipole moment and accordingly evaluation of transition interval, which is important during
investigation of the complicated systems.
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MOJAEJIMPOBAHUE KATAJIMTUYECKUX MPOLHECCOB

T.MapcarumBuin, M.MavaBapuanu, ['. Tarumsunu, H. Anannamsunu, M.I'aueunnanse,
Hdx.Mertpeseny, E.Il{xakas
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Uncmumym neopeanuueckou xumuu u d1ekmpoxumuy um. P.Aenaose

PE3IOME

doToKaTan3 WIK BO3ACHCTBHE HA XUMHUYECKYIO PEAKIIUIO C MOMOIIBI0 (POTOHOB MPEJCTABISET HHTEPEC
KaK C TEOPETHYECKOH, TaK M C MPAKTUUECKOW TOUKM 3peHus. B naHHO# paboTe Obula M3ydyeHa MoJenbHas
CUCTEMA — KOH/ICHCUPOBaHHAsI Cpella C paCTBOPEHHBIMU B Hell peareHTaMH.IIpu TeopeTnyecknx pacderax
XUMAYECKHX PEaKIHi UCTIOJIL3YIOTCS METOABI TEOPETHYESCKON M MaTeMaTH4ecKol (PM3WKH, B YACTHOCTH,
MHOTOYacTHYHbIE TeMIlepaTypHble QyHKIHU ['prHa ornepaTopoB MOMsSpU3alui KOHACHCUPOBAHHONW CPEbI.
IlomyueHbl YHMCIEHHBIE 3HAYEHUWS SHEPTUN PEOpraHM3alM{, JMIIOJIBHOTO MOMEHTA IEpEexXoj]la, SHEPruu
peopranu3alui KBaHTOBOM MOACUCTEMBI U JIp.
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NEW GENERATION ZEOLITIC ADSORBERS

Vladimer Tsitsishvili, Nanuli Dolaberidze, Maia Alelishvili, Manana Nijaradze, Nato Mirdzveli
Petre Melikishvili Institute of Physical and Organic Chemistry
of Ivane Javakhishvili Thilisi State University, 0186, 31 Politkovskaia str., Thilisi, Georgia
v.tsitsishvili@gmail.com

The synthesis of new generation zeolite materials by hydrothermal transformation of natural Georgian
clinoptilolite-heulandite treated by HCI water solution and suspended in NaOH solution was investigated.
Products were characterized by SEM-EDS, XRD, and FTIR analyses. Investigartion demonstrated that synthesis
of zeolites with high silicon content (mordenite-like materials) could be carried our directly from aged gels
having suitable chemical composition, but obtaining of materials with high aluminum content (LTA type
synthetic zeolitic material) is possible in two steps: hydrothermal crystallization of the same natural zeolite
firstly to the sodalite structure with Si/Al=1, followed by re-crystallization of sodalite in the NaA zeolite; in both
cases morphology of crystallites generally depends on conditions of crystallization.

Introduction. Wide application of zeolites in industry, agriculture, environmental protection and other
areas led to interest in new synthetic materials with zeolite-like molecular sieve, sorption, ion exchanging,
catalytic, and other properties. Through the synthesis wide range of structures can be obtained, not existing
in nature or possessing different properties. For example, synthetic mordenite has the ability to accept ions
or molecules larger than 4.5A, while natural mordenit deprived this ability. On the other hand, due to the
well-developed mesoporous structure, natural zeolites have a number of useful properties, including
possibility to bond macromolecules and even microorganisms. Synthetic zeolites are usually prepared in
the form of crystallites with sizes ranging from hundreds of nanometers (“nano-zeolites”) to tens of
micrometers, without secondary porosity. However, the mesoporous structure can be reproduced
synthetically.

The aim of present work was to demonstrate modern possibilities to carry out synthesis of zeolitic materials
with different sizes of crystallites, as well as with suitable system of pores and channels.

Experimental. Preparation of synthetic zeolite material was carried out using Georgian natural
clinoptilolite-heulandite-containing rock from the Rkoni plot of Tedzami deposit [1] having chemical
composition (Na3,3Kl,1scao_75Mgo_2s[Me]o,5s)(A|7_oSi29_3072)'22.5H20 (Me = CU, Zn, Ba, Sc according to
EDS data), characterized by X-ray diffraction pattern, IR spectrum, water adsorption capacity and thermal
analysis data, and belonging to the Na,K,Ca,Mg-form of the HEU (UPAC chemical formula |Cas (H20)24|
[AlgSi2sO72]) type natural zeolites.

Processing of raw in target material includes following steps:

Treatment of raw material & preparation of suspension. Clinoptilolite-heulandite-containing rock powder
was treated at room temperature by 20% HCI water solution under stirring, washed by water before the
complete disappearance of Cl- ions, and dried in owen at 100-105°C; water suspension of treated material
was prepared with the solid to liquid ratio of 1 : 3.

Gel formation. Prepared suspension was treated at room temperature by 10% NaOH water solution, solid
to liquid ratio of 1 : 6, gel homogenization takes 30 minutes, details are given in [2]. General characteristics
of target =zeolitic material are in strong dependence on the chemical composition
(kNa20:mSiO,:Al,03:nH,0) of gel prepared for aging and crystallization: the SiO./Al,O3 ratio determines
the type of microporous structure to be produced, and application of sodium hydroxide gives possibility to
prepare nearly monocationic sodium forms; water content generally is rather high to ensure suitable
physical properties (viscousity, etc.) for crystallization process, but water molecules are compulsory units
to built zeolite structure and play a significant role.

Gel aging. Generally the process of gel aging at room temperature and without application of seed crystals
takes several days, details are described in [3].

Crystallization. Crystallization of aged gel was carried out in the Teflon flasks at different temperatures up
to 110°C, duration of the process — up to 90 hours; both temperature and duration affect to crystalline sizes
— low temperature prolonged synthesis gives high quality large crystals, high temperature fast
crystallization is a way to produce “nano-zeolites” and their fibrous aggregates.
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Separation and cleaning. Separation of produced crystalline material was carried out by filtration of
mother solution, solid material was cleaned by water until pH 8.0-8.5, and dried at 90-100°C.
Synthesis of mordenite-like materials was carried out [4] from gels aged during one week and having
chemical composition of SiO,/Al,O3 = 9.8, Na,0/SiO, = 0.08, H,O/Na;O = 250, but obtaining of materials
with high aluminum content is impossible in single described stage.
However, preparation of synthetic zeolitic material of the type A (LTA structure) was carried out by two-
stage re-crystallization of the same HEU type natural zeolite firstly to the sodalite (SOD) structure, and
then in the target structure: HEU — SOD — LTA, in following steps: preparation and acid treatment of
raw material; gel formation and its aging; hydrothermal crystallization; separation of intermediate SOD
product, new gel formation without any acid or basic treatment, but including gel aging; crystallization and
separation of target product, its washing and drying.
Chemical composition of prepared samples (Table 1) was determined by elemental analyses carried out
using a Spectromom 381L plasma spectrometer and a Perkin-Elmer 300 atomic absorption spectrometer, as
well as by energy dispersive X-ray (EDS) analysis. X-ray powder diffraction patterns were obtained from a
DRON-4 diffractometer, employing the Cu-K, line and scanning at 1° per minute, FTIR spectra in the
wavenumber range 4000-400 cm* were recorded on the Perkin-Elmer FTIR spectrometer (version 10.4.2)
using the KBr pellet technique for sample preparation, SEM images were obtained by using Jeol
JSM6510LV scanning electron microscope (parameters are given on figures) equipped with Oxford
Instruments X-Max 20 analyzer for EDS. Water adsorption capacity was measured under static conditions
(p/ps=0.40, 20°C).

Table 1. Chemical composition of prepared materials compared with UPAC chemical formula

Sample Chemical composition UPAC chemical formula
Synthetic mordenite (Nas.23Ko.51Cao.25Mgo.12) (Al7.5Si40.2096)16.0H,0 [Na*s (H20)24| [AlgSiz0g6]-MOR

Synthetic sodalite (Nas5Ko.6Cao.25Mgo.1)(Als §Sis.4024)'5.92H,0 [NagCly| [AlsSis O24]-SOD
Synthetic NaA (Nalo,2K0,4cao,1MgoA3)(A|11,4Si12,0048)'24.3H20 |Na12 (H20)27|3 [A|123i12043]3-LTA

Results & discussion

Chemical composition of prepared materials is in a good accordance with corresponding chemical formula
with the exception of small “lack” of the Al atoms in the frame; prepared materials are nearly pure Na-
forms, in several EDS spectra traces of Cu and Zn have been observed, Ba and Sc are removed in full.
XRD. The framework type of prepared material was testified by X-ray powder diffraction patterns. (for
synthetic mordenite see details in [4])No additional diffraction peak at 2@ = 7.74° indicating the formation
of the BEA type structure [5] or at 20 = 15.8° indicating the formation of analcime (reffered as 20 = 16.3°
in [6]) as impurities have been observed in XRD of synthetic mordenite [4]; the main peaks of the MOR
structure appear with high intensity in accordance with sufficient silica to alumina molar ratio and synthesis
time. Influence of the silica to alumina molar ratio in gel on the synthesis time and crystallinity of
synthesized mordenite is the same, as described in [7]. XRD patterns of LTA samples have been compared
with calculated ones taken from the “Database of Zeolite Structures” of the International Zeolite
Association (http://www.iza-structure.org/).

Table 3. LTA calculated XRD pattern (peaks over 0.091max) compared with experimental

hkl Calculated Experimental

20, degree d, A I, %lmax | 20, degree 1, %l max
200 7.178 12.3050 100.00 7.2 100
220 10.158 8.7009 51.31 10.1 78
222 12.449 7.1043 31.82 12.4 44
420 16.093 5.5030 20.30 16.2 42
600 10.62 21.1 18
442 21.648 4.1017 22.78 21.8 93
622 23.965 3.7101 44.34 24.0 1.56
640 26.089 3.4128 10.11 26.0 42
642 27.092 3.2886 41.01 26.9 1.50
820 19.92
644 29.915 2.9844 19.70 29.9 1.93
840 32.315 2.7515 9.34 32.9 45
664 34.149 2.6234 27.06 34.2 1.20
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Experimental XRD pattern has the same peculiarities mentioned in [8]: high intensity peaks at 20 = 7° and
10°, as well as at 20 = 24, 27, 30, and 34°. With the molar ratio Si/Al nearly equal to one, kaolin is
considered as an ideal raw material for preparing NaA zeolite [9 and references therein], but LTA materials
prepared from natural kaoline contain quartz (strong peak at 2@ = 26.63°) and the SOD type zeolite
(characteristic peaks at 2@ = 14.14° (0.53), 24.62° (1.00), 31.96° (0.98), and 35.1° (0.78)) as impurities, not
observed in XRD patterns of samples obtained by re-crystallization of SOD produced from HEU. No
improvement in crystallinity like noted in [5] for high-silica zeolite A sample treated for five minutes with
12.5% NaOH solution at room temperature has been observed.

Developed zeolitic crystal microporous structure in synthesized samples has been confirmed also by
comparatively high averaged value (5.30 mmole/g for MOR and 7.60 mmole/g for LTA) of water
adsorption capacity under static conditions at the “plateau” pressure.

FTIR. Assignment of the main bands in mid infrared was made according to [10] distinguishing external
and internal asymmetrical (vasym) and symmetrical (vsym) Stretch vibrations of the TO4 tetrahedra (T = Si or
Al), results are given in the table 3.

Table 3. Peak positions in infrared spectra and their assignment

Measured peak position in cm .
Mordenite PP A Assignment
gi;é S:gzg 3467 Broad Asymmetric stretching of OH group
1634 1648 Bending vibration of H-OH
1384 11521(?0_ Sieoaulisdf;s Bending vibration of bridging —OH-O-
1222 1190 Shoulder Internal vasym
1050 Broad 1008 Broad External vasym
777 750 Shoulder External vsym
727 704 Shoulder Internal v
625 663 m
581 552 Double ring vibration
575 Shoulder
442 465 T-O bend vibration

SEM images (figures 1-2) show crystalline morphology of obtained samples. Produced mordenite
prismatic crystals (figure 1, left) have width in a range of 0.15 — 0.45 pum and length up to 3 pm, mordenite
fibrous aggregates (figure 1, right) are characterized by fiber diameter from 40 nm to 90 nm and length up
to 10 pum, imitating non-regular mesoporous structure.

5 oo R}

ISEI  25kV WD14mm x19,000 1pm S— SEl 20kV WD10mm $340 x33,000 0.5um

Fig. 1. Mordenite vertically striated prismatic crystals and fibrous aggregates
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As compared with known methods using pure chemicals [11,12] and natural kaolin as a raw material [13],
our method of the HEU type natural zeolite re-crystallization needs no organic template or seed crystals
and takes nearly the same time to produce high quality micro crystals; fast crystallization results materials
like described in [14] (fiber diameter 65 nm and length 7 um), also prepared in the absence of organic
template by hydrothermal method, but at higher temperature of 180°C (autoclave crystallization), and
during a longer time, 120 hours, that may be due to the differences in the composition of synthesis mixture.
SEM images of the sodium form NaA (figure 2) testify the possibility of obtaining both micrometric
(average diameter 2 pum) and nanoscale crystallites depending on the crystallization rate and other
parameters; selection of conditions makes possible to receive samples from fairly narrow distribution of the
crystallite sizes.

20kV WD16mm  SS60 2um

Fig. 2. NaA micro and nano crystals

The proposed methods are based on the use of natural silica-alumina raw materials and inexpensive
reagents (HCIl, NaOH), are characterized by the relative rapidity, low energy expenditures and low
Sheldon’s factor E.
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HEOJIMTHBIE AJCOPBEHTBI HOBOI'O IIOKOJIEHUA

B.I".Iyunumewumm, H.M.lona6epunze, M.B. Anenumisunu, M.O.Hmwxkapanze, H.A.Mupazsenn
Huemumym guszuueckou u opeanuueckou xumuu um. 111" Menuxuweunru Tounucckoeo 2ocyoapcmeentozo
yuueepcumema um. U, Jicasaxuweunu, 0186, yi. A.llonumxoscrou 31, Tourucu, I py3zus
v.tsitsishvili@gmail.com

PE3IOME

HccnenoBan CHHTE3 IIEOJUTHBIX MaTePHAaIOB HOBOTO TIOKOJICHHS IIyTEM T'HIPOTEPMAaIbHOTO TPEBPAIICHUSI
TPY3HUHCKOTO TPUPOJHOTO  KIMHONTWIIONWT-TeWIaHAuTa, 0O0pabOTaHHOrO COJSIHOM — KHCIOTOH |
CYCHEHIUPOBAHHOIO B IIENOYHOH pacTBope. [lodydeHHBIE TPOAYKTHI OXapaKTEpPU30BaHBI METOAAMH
CKaHHUpYIOIIeH DIEKTPOHHOW MHKPOCKOIUM, peHTreHoBckor auddpakromerpun u  Dypoe-HUK-
CHeKTpalbHOro aHanu3a. lloka3aHo, 4YTO CHHTE3 BBICOKOKPEMHHUCTBIX LIEOJMTOB THIIA MOPJCHUTA
BO3MOXXEH B OJIHY CTaJHIO, B TO BpeMs KakK JJsl [PUTOTOBJICHUS LIEOJUTOB CO CPABHUTEIBHO BBICOKUM
cojiepkaHueM amoMuHus (IIOJMTOB TUMA A) criepBa TpeOyeTcs MOJydYeHHe COTATHUTOBOH CTPYKTYPHI C
Si/Al=1, koTopast 3aTeM TEpPEeKPHUCTAUTU3YETCs B IEJICBOH MPOAYKT; B 000MX ciydasx mMopdoiorus u
pasMepbl KpUCTAJUINTOB B OCHOBHOM OIPEAEISIOTCS YCIOBUSIMH KPUCTAILIM3ALINH.
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THERMAL CHARACTERISTICS OF SPINEL-TYPE COMPLEX OXIDES
Me1-xZnxFe204 (WITH Me=Cu OR Mg)

T.E.Machaladze, V.S.Varazashvili, M.S.Tsarakhov, M.G.Khundadze, T.A.Pavlenishvili,
N.G.Lezhava, R.P.Jorbenadze
R.Agladze Institute of Inorganic Chemistry and Electrochemistry, lvane Javakhishvili Thilisi State
University
tmachaladze@rambler.ru

Determination of Curie temperature, of coefficient of heat expansion and of electrical conductivity as
well as X-ray and neutronographic researches belong to the methods by which the process of ferrite
transition into thermodynamically stable state could be inferred.

Calorimetric methods for determination of heat capacity, at which in the compound the process of
removal of metastable state takes place, is characterized by a number of advantages in comparison with
other physical-chemical methods. This advantage is determined by the possibility of measuring of
temperature and heat with a high degree of accuracy, by establishing of certain thermal conditions, by exact
thermodynamical characteristics of initial and final states of the compound [1].

With increasing temperature some spinelssuffer disordering and tend to statistically random
distribution in A- and B-sub-lattices of the cations. In the course of high-temperature hardening of such
samples the maintenance of high-temperature metastable state is possible. In the process of heating of
hardened spinel the state is attained when overcoming of activation barrier is possible and cations
displacement begins to obtain the equilibrium state typical for mentioned temperature. In the course of
thermodynamical researches this process is fixed at the curve of heat capacity as exothermic effect.
Hardening effects are most pronounced for the spinels which are characterized by small difference between
the energies of normal and reverse states. Solid solutions of copper-zinc and magnesium-zinc ferrites,
investigated by us, belong to such compounds.

Ferrites of copper, magnesium, copper-zinc and magnesium-zinc were prepared by ceramic method
from corresponding oxides of chemical purity . Detail information on synthesis and identification of ferrites
is given in [2]. For maintenance of ions high-temperature distribution in crystalline lattice the sample was
hardened from 1425K by throwing in ice water.

Calorimetric researches were performed at differential scanning microcalorimeter (SETARAM) —
DSC-111 in temperature range from 300K to 900K. Calorimeter sensitivity was determined by means of
Joule effect. The heat capacity of standard compound-synthetic corundum was measured for determination
of research accuracy.

Comparison of obtained data with metrological measurements [3] has shown that the device accuracy
is maximum in temperature range from 360K to 760K - ~0,2% and is minimum in the range from T<360K
to T>760K - ~2%.

Experimental conditions were similar at calibration and measuring of ferrites heat capacity: scanning
rate —3K/min, amplifier sensitivity — 1 mV.

Influence of thermal treatment on heat capacity is known only for copper ferrites [4]. We primarily in
the practice investigated the effect of thermal treatment on heat capacity of solid solutions of the ferrites of
magnesium, magnesium-zinc and copper-zinc. We have also investigated copper ferrite, synthesized by us,
for comparison with the data of [4].

Repeat measurements of once hardened balanced samples have shown that the value of heat capacity
is slightly exceeds the heat capacity of balanced samples in all cases. In transformation points the peaks of
heat capacity are of more smooth shape and the transformation temperature range increases. All above-
mentioned is indicative of the fact that the cooling of the samples by slow rate together with a calorimeter
is sufficient to partial hardening of the sample under study. As a result the sample gains an excess internal
energy which is reflected at the curve of heat capacity.

Copper ferrite — CuFe;O.. In Fig.1 the curves of heat capacity are given for the samples obtained by
slow cooling and hardening of copper ferrite as well as for the reheated and hardened sample. The overall
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picture up to T<Tc is principially coincident with the data of [5] and nearCurie temperature and above the
considerable difference is observed.

At initial stage a small difference is observed between beat capacities of balanced (tetragonal) and
hardened (metastable-cubic) ferrites. This fact may be explained by diversity of their crystalline latticies.
Cations displacement and annealing of hardened samples begin at sufficiently low temperature (from
~330K). With increase of the temperature this process becomes intensive: at first the plateau is formed in
the range from ~430K to ~480K, thereafter above 530K an exothermic effect is observed, which reflects
the gradual formation of tetragonal copper ferrite from metastable cubic phase of hardened sample. This
process is continued up to reasonably high temperatures since the curve of the heat capacity of hardened
sample isn’t connected with the equilibrium curve and is lower up to 900K. Slight endothermic effect at
600K is indicative of the transition of recently formed low-temperature modification to high-temperature
cubic one. As is obvious, this process isn’t completed in this case and corresponding endothermic effect
can’t overlap an exothermic effect of cations redistribution neither of mentioned area nor in the area of
ferromagnetic transformation. Therefore the process of heat release and, respectively, the process of
transition to equilibrium state in temperature range under study become uncompleted. This process takes
place at higher temperatures. Hence, from obtained data it is impossible to estimate the reliable value of the
transition from metastable state to stable one in the range of exothermic peak - (530-720)K. Summation of
the amounts of released heat by means of DTA regime of scanning calorimeter and by integration of Cp-T
function gives AH, which only partially reflects this process.

The picture of reheating of hardened sample confirms the suggestion that the formation of tetragonal
phase at primary heating isn’t complete. The peak of heat capacity at the temperature of the transition from
tetragonal structure to cubic one is lower than for balanced sample. Moreover, as is seen, the equilibrium
redistribution of the cations continues above 580K causing exothermic processes and partial overlapping of
endothermic effect in the area of structural transformation (~600K) where the very small endothermic peak
is observed.

Cp J/mol K Cp J/imol K
240 |- \/\ 240 -
210 |- 2 210
180 |- ot AN R 180
150 / 150
300 400 500 600 700 800 T,K 300 400 500 600 700 800 T, K
Fig. 1. Heat capacity of CuFe;O, Fig. 2. Heat capacity of Cuo.sZno2Fe204
— —unhardened sample; e — hardened — —unhardened sample; e — hardened
sample; o —rehardened sample sample; o —rehardened sample

CugsZngoFe;04.In Fig.2 the heat capacity of hardened sample is presented. As expected, for
metastable phase with excess internal energy in the range from 300K to 400 K the heat capacity is slightly
higher than for balanced sample. In copper-zinc ferrite of this composition the structural variations, caused
by Yan-Teller cooperative effect, are missed. Therefore the sample retains a cubic structure even at high
temperatures and for it only ferromagnetic transformation with a maximum at650K is characteristic.
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For the ferrite of mentioned composition a reasonably hardening effect is typical. The stage of cations
redistribution in A- and B — sub-Ilattices is observed as a plateau already above 430K and in the range from
550K to 760K the process of cations equilibrium redistribution proceeds by maximum intensity. Above
760K this process isn’t completed since the heat capacity isn’t equal to the value of the heat capacity of
balanced sample and is significantly less. Along with it, there is a tendency to its reduction which is
indicative of low intensity of ordering process. The fact that for the sample of copper ferrite as well as of
copper-zinc ferrite the balancedredistribution isn’t attained up to 900K is confirmed by reheating of
hardened sample. In this case a slight excess of the heat capacity up to 560K in comparison with the
balanced sample is indicative of relatively metastable state of the system. Above 580K the exothermic
process is observed which is even less than in the case of first heating but nevertheless overlaps the
ferromagnetic transformation which is expressed by a minor peak.

Cp J/mol K

Cp J/mol K

210 210

'l.."“‘.nl‘

180 180

150 150

120 l | | 1 1 120 ] ] ] ] ]
300 400 500 600 700 800 T, K 300 400 500 600 700 800T, K

Fig. 3. Heat capacity of MgFe;04 Fig. 4. Heat capacity of Mgo.sZno2Fe204
— —unhardened sample; e — hardened — —unhardened sample; e — hardened
sample; o —rehardened sample sample; o —rehardened sample

MgFe,O4 and MgosZng2Fe;O4. In the case of the samples of magnesium ferrite and magnesium-zinc
ferrite the picture is nearly similar (Fig.3 and 4). The heat capacity of hardened metastable samples of both
ferrites is slightly exceeds the heat capacity of balanced sample. 500K may be considered as the initial
temperature of exothermic peak and the phase of intensive redistribution of the cations is in the range from
600K to 900K. It is expected that mentioned process is continued even at high temperatures by less
intensity. In magnesium ferrite, in contrast to copper-containing ferrites, the process of balanced ordering is
more perfect which is confirmed by the results of reheating of hardened samples. The values of
corresponding heat capacities are nearly coincident with the heat capacity of balanced sample and at the
curve the ferromagnetic transformations are reflected. Obtained values of heat effect may be considered as
the enthalpies of ordering process.

In the temperature range under study an incompleteness of the samples annealing process is
determined by kinetic factor and is indicative of the necessity of increase of process duration than it
possible at calorimetric experiment in scanning regime. The minimum of exothermic peaks are
recommended as optimal temperatures of annealing.

In the table 1 the values of the enthalpies of the transition from metastable modification to stable one
for the samples under study and the values of optimal temperatures of annealing of hardened samples are
presented.
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Table 1
Heat characteristics of the ferrites under study
AH Effect temperature Annealing
Compound J/mole Range (K) Topt (K)
CuFe204 2150 430-720 630
Cuo.sZno.2Fe204 3100 430-760 660
MgFe>O4 6960 490-900 750
Mgo.8ZNno.2Fe204 4870 500-870 770
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T.E.Mauananze, B.C.Bapazamuin, M.C.1{apaxos, M.I". Xynnan3e,
T.A.Ilanenumswiu, H.I' Jlexxasa, P.I1. [>xop6eHamze
Hucmumym neopeanuueckotl xumuu u snekmpoxumuu um. P.1U.Aenaoze Tounucckozo 20cyoapcmeentozo
yHusepcumema um. Y. [ocasaxuweunu, 0186, yr. Munoenull, Tounucu, I pysus

PE3IOME
Jns  BbISIBNCHHMS BIMSHUS TEPMHUYECKOH OOpabOTKM Ha MeTacTaOWIbHOE COCTOSHHE H3ydeHa
TeMmIieparypHasl 3aBUCHMOCTh BEJIMYMHBI TEIUIOEMKOCTH 3aKaJICHHBIX OO0paslOB MEIHO-IIMHKOBBIX U
MarHAUA-IIMHKOBBIX (peppPUTOB. YCTAHOBJIEHbI 3HAYEHHS DOHTAIBIUN TMEpexoJa W3 MeTacTaOMIBHOTO
COCTOSIHUS B CTAOMJIHOE M ONITUMAJIbHBIE TEMIIEPATYPhl OTXKUTA HPQPEKTOB 3aKaTUBAHUSI.
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DETERMINATION OF CONDITION OF COMPLETE SOLID SOLUBILITY IN THE
SYSTEM LiosFez25xAlxO4BY MEANS OF CALORIMETRIC INVESTIGATION OF
EXCESS MIXING PARAMETERS AHmix®* AND ASmix®*

N.G.Lezhava, M.G.Khundadze, V.S.Varazashvili, T.E.Machaladze, T.A.Pavlenishvili, M.S.Tsarakhov

R.Agladze Institute of Inorganic Chemistry and Electrochemistry of lvane Javakhishvili Thilisi
State University, 0186, Mindeli st.11, Thilisi, Georgia

The energy of solid solubility of the system LiosFe2504 — LiosAl,504 with general formula: LiosFezsxAlxO4
have been investigated using the method elaborated in laboratory by A Landia, in order to determine the
borders of region of the broken solubility. On the base of the complex calorimeter experiments and semi-
empirical calculation method, the phase diagram of state of investigated system was built and the top of the
“dome of decomposition” of solid solution was fixed. The special thermal treatment provides receiving of single
phase composition.

Introduction
In laboratory of thermochemistry by N.Landia the method of determination of the energy of spinels’
solid solubility process was elaborated. This is the combination of calorimetric and semi-empirical
calculation methods.
The systems Ni-Zn, Co-Zn, Li-Zn ferrites have been investigated using this method and results are
published earlier [1-3].
The majority of ferrites and aluminates, as well as, molibdates and titanates are characterized by
continuous solid solubility. But in some cases the continuous mutual dissolution of initial spinels breaks.
Since the compositions as intermediate complex compounds with valuable hi-tech properties often are
found at the process of mutual solubility of simple spinels, it is very important to observe the process by
means of thermodynamic parameters of mixing.
The high-temperature calorimetric dissolution method is the main experiment which allows study the
mechanism of process of mixing.
The equilibrium state of solid solutions, as well as of any other systems is determined by aspiration to
minimizing its free energy:
AG=AH-TAS = AH + pAV - TAS.
The process is directed by so called excess parameters of mixing:
AGmixex(Xl XZ) = AGs.soI(Xl XZ) - [Ale + AGXZ] = AHmix - TASmix,
AHmixex(Xl X2) = AHs sol (X1 Xz) — [AHx1 + AHXz],
Asmixex(xl X2) = ASs sol (Xl X2) —[ASxy + ASXZ], where
xi1and Xz — mole fraction of components,
AHssoi (X1 X2) and ASssor (X1 X2) - thermodynamic parameters of solubility of complex spinels.

Calorimetric investigation of Lithiumferroaluminates’ solid solutions with spinel structure
The object of the presented investigation is the system of solid solutions
Lio,5F62,504 — Lio,5A|2,504 with general formula: Lio_sFEz_s.xA|xO4.

The nature of mixing of lithiumferroaluminate solid solutions is specific [4]. This system contains only
one ferromagnetic Fe* ion. Nevertheless, it is characterized by several types of Neel’s curves of
dependence — magnetization/temperature (likely to nickelferroaluminates), and respectively - by ordered
and disordered states of structure. In disordered state (quenched) in system continuous solubility is
revealed. So, we have single-phased solid solutions at any ratio of initial components. However, in ordered
(annealed) state we have discontinuous of the mutual solubility and two-phased mixture of initial
components which appears near equi-molar composition.

The main calorimetric experiment was carried out on Hightemperature Differential
Microcalorimeter Calve (Setaram) using the method high-temperature dissolution at 973K in a liquid melt
of oxides (9Pb0.3Cd0O.4B,0s) as the solvent. This method firstly was proposed by Jokokawa J.and Kleppa
O.J. [5]. Later it was modified by Navrotky A. and Kleppa K [6] for determination of heat of formation of
ferrites, aluminates and other spinel-structured compounds from corresponding oxides.
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Since the value of enthalpy of mixing of spinels, almost an order of magnitude is less than enthalpy of
formation of simple spinels from oxides, the higher accuracy and reproducibility of measurement of
dissolving effect is needed. The purpose was achieved by means of special installation for dissolving of
samples at Calve calorimeter, created in collaboration with scientists of department of mineralogy of
Geological faculty of Moscow State University (Fig.1).

1 \/1 l Fig. 1. Scheme of installation for high temperature dissolution at the
| A | 6 | 1 | Calve calorimeter
l i‘ =5 ~ | 1. Platinum reaction vessel with solvent (1)
u | 4 | 2. The nest (2) (from special alloy) for reaction platinum vessel with top
(@)
i 3 . 3. Suspended little spoon with the sample under investigation (3)
- ' 4. Ceramic tubes (5) and
2 5. Mobile corundum rod (6)

The samples of initial components and intermediate compositions are

prepared by ceramic method, identified by Chemical and X-ray analysis.

The previous information about the functions AH = f(T), C,=f(T) and enthalpies of phase transformations

are published earlier [7-8]. Together with the present results of high-temperature dissolution experiments
they are necessary to calculate the excess thermodynamic parameters of mixing.

The important condition for carrying out such complex calorimetric investigation suggests - all this
information should be taken from the same or absolutely identically prepared samples. This provides taking
into account the factor of non-equilibrium and prehistory of samples under investigations. Knowing
previously about the opportunity of decomposition of solid solution with ordered structure [4], we
pretreated appropriately the sample LiosFeAlisO4 before experiment. It was quenched in a stringent
condition to fix disordered single-phased structure.

Obtained by dissolving of four compositions and two initial components in liquid oxide melt
(9Pb0.3Cd0.4B,03) experimental data of AHgis(973) are presented in Tablel and the concentration
dependence of AHgis(973) on Fig.2. Calibration of calorimeter was carried out before each series of
dissolution throwing the pieces of platinum into liquid melt. Each sample was dissolved 5 times, standard
error was estimated by formula: S = + 2[(3Ai)2/n(n-1)]*?, where A; is deviation of each result of
dissolution from the average AHgis.

Table 1. Experimental data of dissolution of solid solutions LiosFezsxAlxO4

Number | Composition M, AHgis(973)kd/mol AHgis £ s
X
1 0 207,18 59.65 + 0,45
2 0,5 192,67 59.56 + 0,59
3 1,0 178,24 55.65 + 0,90
4 15 163,82 49.22 + 0,45
5 2,0 149,40 49.20 + 0,52
6 2,5 134,92 52.12 + 0,82

As it is seen from Fig.2 the new portion of Al ions entering the structure of LiosFe2s04 decreases
the value of AHgis (973K). Obviously, the calculated values of mixing enthalpy of solid solution AHpmix®*"
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of LiosFess«xAlOs (x=0,5; 1,0; 1,5; 2,0) will be positive. This is the first observed difference of this
system compared with investigated earlier [1-3] systems, where AHmix®®"® were negative.

AT, (973)kJ/mol

0 0.5
Li, sFe, sO,

15

2 2,5
Li, sAlL, 0,

Fig. 2. Concentration dependence of
enthalpy of dissolution AHgis (973K)

The excess enthalpy of mixing AHm®”® , as the difference between enthalpy of dissolving of the
investigated composition of solid solution and the sum of initial pure components in relevant mole ratio is

calculated by expression:

AHmix3"? = [XAHdi5973(LiF62O4+(1-X)AHdi5973LiA|204)] - AHdi5973Lio,5Fez,5.xA|XO4
where x and 1-x are the mole fractions of components.
Availability of calorimetrically stated high-temperature functions AH = f(T), C, =f(T)
and phase transformation enthalpy of each individual members of system LiosFez5xAlxO4
(0; 0,5; 1,0; 1,5; 2,0; 2,5) [8-9], allows us to calculate the standard mixing enthalpy - AHpmix®* 2%
Calculated results are given on the Table 2 and Fig.3. The average value AHmix>"® have been estimated
by means of statistical method of “errors accumulation”. On the Table 2 and the Fig.3 curves (1) and (2)
the concentration dependences of AHmix® " and AHmix® 2% respectively, are presented.

8H,, kJ/mol

0 0.5
Liﬂ,SFEE,SD-I

Liy sAlL 5Oy

Fig.3 The excess enthalpy of mixing
AHmi)(ex973 (1) and AHmixeX298 (2) Of SO|Id
solution Lio,sFez,s.xA|xO4

Table 2. Mixing enthalpies - AHmix®?*® and AHmix®®"® of solid solution LiosFez5xAlxO4

Number X AHmix®"® kd/mol AHmix®?%8kJ/mol
1 0,5 -0.37+1,27 2.43
2 1,0 1.00+ 1,14 4.60
3 1,5 5.92+1,09 9.82
4 2,0 439+ 1,33 6.59
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Four systems [1-3] investigated earlier are characterized by negative AHmx®?%® . Differently from this
case they all contain sp® hybridized Zn?* ion, which creates covalent bonds in spinel’s structure using d-
orbital of d?sp® hybridized Ni, Fe and Co ions. The energy of these bonds is changed in dependence with
concentration. This provides the negative signs of AHmix®™ 2® and according to “Isomorphic Theory of
Solid Solubility” [7] leads to unlimited solubility of components.

That’s why ZnFe,O, often is used as a universal solvent in technology of ferrites.

As it is concerns to our case, both initial components of LigsFe,sxAlxOs solid solution are
characterized by super-structural order [1:3] of Li*/Fe®* and Li*/AI** ions in octahedral sub-lattices of
spinel. During the process of mutual dissolution of lithium ferrite and lithium aluminate this order is
destroyed. Solid solubility breaks and two-phase mixture should be appeared. To take into account the
positive sign of only one fundamental energetic factor - AHmix?%, which notes on impossibility of mutual
solubility of initial components across the entire length of concentration, we can’t identify the real process
of mixing in the given system. Together with AHmix®?% it is necessary to know also entropy and free
energy of mixing ASmix®*?% and as a result AGmix®™* 2%

The excess entropy of mixing ASqmi* 2% is the second fundamental parameter which is necessary to
determine free energy of mixing AGmix®* 2%,

Since the mixing entropy ASmix** is the difference between entropy S of the given composition and the
sum of entropies of initial pure components in corresponding mole ratio, for calculation of ASmix the
following expression should be used:

ASmix = S(solid sol) - ( Sx + Sx-l), where
Ssolid soly ; Sx and Sy 1 are calculated by semi - empirical method D. Zagareishvili [10]:
Szggat = 2,3 szgsat/ (7,25 — 2,3 szgsat)lls, where
Cpass™ = (Cpas™)?/ [Cpoos™ + 298 (9Cp/OT )05 ]

This method is based on the known and experimentally proved postulate that standard entropy can not
be characterized universally and certainly only by means of heat capacity Cpaos.

As a rule, in reality, to the same values of two or more substances’s standard heat capacity Cpaos
corresponds the different values of Syes. It significantly depends on the rate of change of function C,=f(T)
near the standard temperature, i.e. on the derivative (0Cy/0T )298) 0f C,=f(T) at T= 298 (Table 3, Fig.4)

Table 3. Calculation of ASmix, for solid solutions LigsFezsxAlxOs [10]

Composition

X Cpos (ﬁcp/aT)atzgg éngs S ASmixJ/molK
0,5 17.37 0,0085 15.16 155 14
1.0 18.54 0,010 15.97 171 17
15 19.49 0,009 17.07 187 22
2,0 20.0 0,0054 18.51 210 33
00 15.8 0,0117 12.97 129
2,5 21.8 0,0198 17.15 189
35
i
s 30
E
ﬁﬁ 25 N - . . 298
o Fig. 4. The excess entropy of mixing ASmix
< 20 J/molK of solid solution LigsFe2s-xAlxO4 in
15 4 dependence with concentration
10 -
5 4
0 . . : .
0 0,5 1 15 2 2,5
LiysFe, :0, Liy sAl, 504
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The used semi-empirical calculation method of entropy ASmix** has its advantage above other known
calculation methods. First of all, it is based on experimental information about the nature of individual
characteristic curvature of function C, = f(T) of investigated substance near standard temperature:

1. Systematic error of this method extinguished in difference type of expression

ASmix = Sesolisoly - ( Sx + Sx-1)

2. The configuration disorder actually is frozen in function Cp,= f(T) measured at very low
temperature, and as a result it contains much less information about redistribution of ions inside of spinel’s
structure in comparison with C,=f(T) measured near the room and ambient temperature.

3. The using of the method is justified also, because all needed experimental information: (Cp®ss ,
(OCploT)*es , AHmix®®) are taken on the samples with the same prehistory. This fact is extremely
important for such complex spinels with nonequivalent positions in the structural sublattices, as the solid
solutions under investigation. In the Table 3 experimental and calculated data of determined ASmix** J/molK
are presented.

It is known that entropy of mixing is always positive. Even for ideal mixing of two simplest
component configuration entropy AScons is 1,38 entropy unit. For such complex system as LigsFe25xAlxOa4
ASmix®* J/ImolK  should be significantly bigger. As it is seen from the Table 3 and Fig. 4, it reaches about
30J/molK, and naturally it can gain the energy for creation and stabilization of solid solution.

The main advantage of this approach is: it excludes the need in special laborious low temperature
calorimetric investigation of C,=f(T) for calculation ASmix®®

The analysis of obtained data on the light of second thermodynamics law, shows that in the area near
to composition LiosFe1sAlOs the entropy of mixing ASmix®® can not compensate the destructive influence
of positive sign of AHmix?®® and in this region solid solubility is excluded.

It should be emphasized that needed information about C,=f(T) near ambient temperature and Cpz9sare
have been taken from [9], where the investigation were carried on the samples prepared absolutely
identically as the samples used in present dissolving experiment.

Free energy of mixing AGmix®® according to the second law of thermodynamics includes two
themls: AHmix and 'TASmix .
Necessary experimental and calculated data are presented in Table 4 and Fig.5.

i
E 3
E.E 2
g 1]
o a b Fig. 5. Concentration dependence of the excess
. energy of mixing AGmix*® of solid solution
P~ ¢ LoysFez.xAle4
21 | T~=ea_
=l TTe~a -
d bl I
-4 ' " " ’
0 0,5 1 1,5 2 2,5
Liy sFe; 504 LigsAlL sO4

Table 4. Free energy of mixing AGmix®™ kJ/mol of solid solution LiosFezsxAlxO4

Number | COMPOSItion | gy kimol | TASKkJmol | AGmxZAH-TAS
X kJ/mol
1 05 2.4 4.2 18
2 1,0 4.6 5.1 05
3 15 9.8 6.6 -3.2
4 2,0 6.6 9.8 3.2

As it is seen from Fig.5 the free energy of mixing AGmix®?® changes its negative sign into positive in
the region of concentration a - b ; [1,1<x<1,55; (22% — 63,5%)]. It means that here the solubility is
completely excluded and composition (x =1,5) falls in two-phase area.
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The common tangent’s two projection (c and d) on the abscissa axes relates practically to x= 0,5 and
x=2,0, actually to maximums of negative values of AGmix™?% .

According to Fig.5 we can judge about the character of change of free energy dependently on the
structural peculiarity of system under investigation, also we can fix correctly the beginning and the end of
the area of formation of two immiscible phases.In the work [4] enthalpies of order-disorder transformation
have been studied and proved that for all compositions (except x=1,5 which is homogeneous only in
disorder state) enthalpy of transformation reduces from the boundary components and became almost zero
at the equimolar composition. The initial component Fe**[LiosFe1s]O4 is characterized by super-structural
ordering [1:3] inside octahedral sub-lattice of spinel, which begins to be destroyed as the ions AI** enter
the structure at mixing process.

From the Fig.5 it is seen also that negative value of AGmix®?*® from composition x=0,5 begins to
decrease. That reflects the difficulties of dissolution tied with the process of violation of the super-
structural order in both initial spinels which is accompanied by competition for octahedral positions of ions
with equal preference energy to octahedral sublattice in oxygen surrounding, until the rivaling ions size
factor prevails.

At x=1,1 the excess free energy of mixing AGmix™?*® changes its sign into positive and keeps it until
x=1,55 (ab segment on Fig.5. Then with recovering of super-structural [1:3] order in octahedral sub-lattice
characterized for pure lithium aluminate, AGmix*?% of solid solution gains its negative sign and the solid
solution is stabilized.

The results of investigation allow us to calculate AGmix™ in a wide temperature interval. Results are
given in Table 5. So, on the basis of these data the state phase diagram of investigated solid solution is built
Fig.6.

TK

1800 - - -

P—
e e — - — - = -

1400 | F!g. 6. The phase diagram of state of solid solution
Solid Solution LiosFez25xAlxOs
1000 -

Dome decay
600 - /—\
200 ; : : :

0 0,5 1 1,5 2 2,5
Liy sFe, 50, Liy AL, 50,

Table 5. The temperature dependence AGmix Of solid solution LiosFez5xAlxO4

X
T K 0,5 1,0 15 2,0
298 -1.8 -0.5 3.2 -3.2
300 -1.8 -0.5 3.2 -3.3
400 -3.2 -2.2 1.0 -6.6
500 -4.6 -3.9 -1.2 -9.9
600 -5.9 -5.6 -3.4 -13.2
700 -1.4 -7.3 -5.6 -16.5
800 -8.7 -9.0 -7.8 -19.8
900 -10.2 -10.7 -9.9 -23.1
1000 -11.6 -12.4 -12.2 -26.4
1100 -12.9 -14.1 -14.4 -29.7
1200 -14.4 -15.8 -16.6 -33.0
1300 -15.8 -17.5 -18.8 -36.3
1400 -17.9 -19.2 -20.9 -39.6

From the phase diagram of state it is seen that the top of the “cupola of decomposition” of the solid
solution is about 500K. This is the temperature above which the process of structural disordering inside the
structure of composition LiosFeAl1504 begins and the one-phased solid solution can be received.
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09MHIMNWOo ©3MT5390000 353MBGHOMMWMm 8Ysro blibsmol bgdolidogmo 30m33mboEool ORI BoBMBs. 53
39000l 95dmygbgdom Bz9b 89230005 Mzs¢ro 3500936mm bgdolidogMo LolBgdol 8gMgzol 8gdsboBAl s
MBOHMB39w3ymm 656930L bo33wo® 9MHRsH0sbo 383MmboEool Fowgds.

OINPEJEJEHUE YCJOBHUS HENNPEPBIBHOM TBEPJIOM PACTBOPUMOCTU CUCTEMBI
LiosFe2s5xAlkOs ITYTEM KAJIOPUMETPUYECKOT' O UCCIEOOBAHUS N3BBITOYHBIX
MHAPAMETPOB CMEIIEHUSA AHmix®™* U ASmix®*

H.I".JIexasa, M.I'. Xynnanze, B.C.Bapazamsunu, T.E.Mauananze, T.A.IlaBneranmsunu, M.C.Ilapaxos
Hucmumym neopeanuueckou xumuu u snekmpoxumuu um. P.1.Aenaoze Tounucckozo 2ocyoapcmeentozo
yuusepcumema um. U [ocasaxuweunu, 0186, yr. Munoerull, Tounucu, I pysus
PE3IOME
Ha npumepe tBepmoro pactBopa LigsFers.xAlxOs OblTa moKa3aHa HaIEKHOCTH MeTOMA. | paHHIBI Pa3phiBa
pPacTBOPUMOCTH COBIANAIOT C JUTEpaTypHbIMH JaHHBIMH. Kpome Toro, 3adukcupoBaHa BepmiuHa *apku
pacmamga* TBepHoro pactBopa — Temmeparypa S5S50K, BbIle KOTOpOH HAYMHACTCS XapaKTEpHOE IS
HCCIIElyeMOr0 TBEPAOTO PACTBOPA MPEBPAICHHE *MOPSIIOK-0eCOPSIIOK™, 9TO AaeT BO3MOXKHOCTh C ITOMOIIBEO
CHETMAIbHOH TepMUYECKOH 00paOOTKHM KOHTPOJIUPOBATH IMPOIECC M3TOTOBJICHUS OMHO(DA3ZHONH KOMITO3UITUH
TBepAOTro pacTBopa. C MOMOIIBI0 METoJa MBI MOKEM HaOI0AaTh MEXaHW3M TpoIlecca CMEIIESHHUsS J00H

CHCTEMBI M TIPEIOTBPATUTH MOJTYYCHHE CMECH BMECTO OHO(DA3HONH KOMITO3HITHH.
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OZONE IN AGRICULTURE

Rimzet Tushurashvili, Merab Panchvidze, Tsiuri Basiladze, Genrieta Shanidze, Manana Mamardashvili,
Nino Kvirkvelia, Givi Khidesheli, Vazha Matsaberidze

R.Agladze Institute of Inorganic Chemistry and Electrochemistry of lvane Javakhishvili Thilisi
State University, 0186, Mindeli st.11, Thilisi, Georgia, ninokvirkve@gmail.com

The influence of ozone on certain agricultural crops, in particular on cucumber and tomato seeds, has been
studied for the purpose of acceleratingtheir germinationand achieving an increase in yields. Prospects for ozone
treatment of seeds using ozonisedwater and ozone-air mixture have been established. Besides, the influence of
ozone-air mixtureon extension of storage life of tangerines has been studied and it has been established that daily
treatment of tangerines with ozone-air mixture during their storage can extendtheir storage life to three months.

Very powerful and strong oxidation capability of ozonehas lately made it an element widely used in
chemical, pharmaceutical and lightindustries as well as in medicine and agriculture — for the purposes
ofproduct storage and product disinfectionduring storage. Various chemical agents are widely used to make
seeds free from internal and external phytopathogenous micro flora before their sowing, to activate their
natural processes and to protect plants during the process of their vegetation. However the positive effects
of chemical agents have some negative impacts as well: environmental pollution caused by toxic chemicals
and their accumulation in the soil and subsequently in the plants and their products.

Especially noteworthy is the fact that development of technologies that are based on using ozone is
largely owed toozone being environmentally friendly. Unlike other oxidants, reactions cause 0zone to
decompose into oxygen molecules and oxygen atoms. All these products are known as the agents neither
participating in pollution nor producing the carcinogenic substances that are produced in the process of
oxidation by chlorine or fluoride. Ozone only remains in the air for several minutes and in water - for 1.5-2
hours. [1,2]

The purpose of the research was to study the influence of ozone on certain agricultural crops, in
particular on cucumber and tomato seeds, for the purpose of accelerating their germination and achieving
an increase in yields.

Ozone-air mixture flow was being produced using a 220 Watt Ozonator. The concentration of ozone
in ozone-air mixture flow was 0.6 g/L, and in ozonised water - 3mg/L. The rate of ozone-air mixture flow
was 2.4g/hour.

The influence of ozonized water and ozone-air mixture flow on cucumber and tomato seeds was
studied for the purpose of evaluating the quality of their germination.In both cases the seeds were
previously soaked in water for two hours. Ozonized waterwas produced by barbotaging ozone-air mixture
flow into water until saturation. The treated seeds were put into Petri dishes on appropriate soil. 50 seeds
were put into each Petri dish. After a week the quality ofgermination was evaluated.

The results showed that the quality of germination of the seeds treated with ozonized water, ozone-air
mixture flow and potable water for potato seeds was 96%, 80% and 80%, respectively; and for cucumber
seeds - 96%, 90% and 74%, respectively.

The colour of the leaves of the plant samples germinated from the seeds treated with ozonized water
was darker green than that of the plant samples germinated from the seeds treated with ozone-air mixture
flow and potable water.

After a week the seedlings were replanted from Petri dishes into the boxes full of soil. The seedlings
were systematically watered with ozonized water and observed during the next four weeks. After the four
weeks the damaged leaves on each plant sample were counted. In the case of cucumber samples treated
with ozonized water andpotable water, the number of damaged leaves was approximately the same (9% and
10%, respectively), whereas in the case of potato samples the number of damaged leaves was - 12% and
24%, respectively.
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Four weeks after being sown the heights of the seedlings as
well as their leaf areaswere measured. The findings showed that
heights and the leaf areas of the seedlings treated with ozonized
water and ozone-air mixture flow exceeded those of the seedlings
treated with potable water, namely,the heights of the cucumber
seedlingswere 37 cm, 33 cm and 30 cm, respectively, and the leaf
areas - 64 cm?, 33 cm?and 28 cm?, respectively (picture 1).

Many countries throughout the world face the problem of and
are in search of the ways for extension of storage lifefor food
products, in particular, for perishable fruit and vegetables. Ozone is
a particularly effective disinfectant which fights molds, bacteria,
viruses, toxins and other contaminators in air and in water and helps
to remove them from surfaces. [3,4]

Georgia faces the similar problem of treatment and extension of storage life for citrus fruit, especially
for tangerines. The harvest season in Georgia lasts for 1-1.5 months.

The longest storage life for citrus fruit is achieved by wrapping each fruit separately in a wrapping
paper impregnated with diphenyl. Diphenyl is a petroleum product, which is considered to be a substance
of mild toxicity,protecting the fruit from fungal infection. It is prohibited in the European Union and the
United States as a carcinogen known to cause cancer.In some countries paraffin is added to diphenyl, i.e.
boxes are impregnated with the mixture. Sometimes synthetic antiseptics are used and fungicides are
applied to citrus peel. The above mentioned methods can substantially extend the storage time of citrus
fruit.

Currently,new, environmentally friendly technologies are being introduced. The use of ozone is
considered to be among one of the most important and effective methods.

It has been estimated that ozone does not have harmful effect on food products and does not cause a
change in their nutritional value. In addition, the products maintain their delicate flavours.This is caused by
the fact that ozone,as antiseptic, affects only the exterior surface of the product, and then it quickly
decomposes to safe oxygen. [5]

In our case two lab-made ozonators of different capacities and product sterilization chambers were
used to extend the storage life for tangerines.

In the experiment certain number of tangerines (ten) was placed in a sterilization chamber (Nel), and
ozone-air mixture was injected into the chamber. The time of exposure varied from 20 minutes to 60
minutes. During the exposure that lasted for 20-30 minutes the ozone-air mixture flow rate provided by the
ozonator was 1gr/hour, whereas during the exposure that lasted for 60 minutesthe ozone-air mixture flow
rate provided by the ozonator was 2-2.5 gr/hour. Simultaneously, the same number of tangerines (ten) was
placed into a control chamber (Ne2).

At the first stage of the experiment, the tangerines were treated with ozone-air mixture flow for ten
days (every other day, treated for 20 minutesper day). During this period the product loss in the chamber
Nel was 2 out of 10 tangerines (20%), whereas in the control chamber Ne2 the product loss was 1 out of ten
(10%). The findings indicated that it was necessary to prolong the time of exposure to ozone.

At the second stage of the experiment, after being treated with ozone-air mixture flow for 30 minutes
per day (every other day, for the duration of ten days), the product loss in both chamberswas one tangerine
out of ten. The results were the same in the case of 60 minutes per
day treatment. The results revealed that increase in the amount of
ozone has positive effects on the storage process. In view of the
findings, anewdoubled capacity ozonatorwas developed in the
laboratory.

At the third stage of the experiment, application of ozone-air
mixture flow for 60 minutes per day using the new ozonator
duration 10 days changed the picture: product loss in the chamber
Nel was one tangerine, whereas in the control chamber (Ne2)
product loss was 4 tangerines.

At the fourth stage of the experiment, application of ozone-air
mixture flow for 60 minutes per day during 32 days resulted in no
product loss in the chamber Nel and subsequently 40% of the

293



LOdS@®MBINML 3IG60IBIBSMS IBMBEIRO S35RIFOOL 85B6J, Jodoolk ByBos 2016 &. 42 \o 3

D s ———————————————— —————— ————————————————

tangerines treated with ozone-air mixture flow maintained their initial quality, whereas all the tangerines in
the chamber Ne2 were damaged (picture 2).

At the fourth stage of the experiment, the process of ozonation was ceased and the observation
continued for the next 19 days. The tangerines, which were not damaged by the time the process of
ozonation was ceased, maintained their initial quality for the next 3 weeks.

Thus, as a result of the experiment, it was found that daily treatment of tangerines with ozone-air
mixture flow for 60 minutes per day can extend their storage life to three months, and after ceasingthe
process of ozonation,the product maintains its quality for 3 weeks.
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PE3IOME

H3yyeHo BIMsSHUE 030HA HA CEMEHA HEKOTOPBIX CEIbCKOXO03IHCTBEHHBIX KYIbTYp (IIOMHIOPOB U OT'YPLIOB)
C IOCJIBIO I/IHTeHCI/I(i)I/IKaHI/II/I HX IpopacTaHusA UITOBBINICHUA ypO)KafIHOCTH. Taxxe N3Yy4YCHO BJIMSAHHE ITOTOKA
030HHO-BO3yITHOW CMECH HAa MaH/IAapHHBI C LENbI0 YBEJIWYEHHSI CPOKA UX XPAHEHMUS.

ITokazano, 4yTo 00pabOTKa CEMBSH 3THUX KYJIBTYP O30HHPOBAHHOHN BOJOH M O30HHO-BO3AYLIHOW CMECHIO
WHTEHCU(HIIUPYET X BCXOXKECTh, YTO BBIPAKAECTCS KaK B OOJIBIIEH TUIONIAJIH JIMCTHEB PACTCHUH, TaK U B
Oonbmeid BoicoTe. Takke yCTAaHOBJIEHO, YTO €XKEHEBHON O00paOOTKOW MaHJIapWHOB TOTOKOM O30HHO-
BO3/IYIITHON CMECH MOKHO 10OUTHCS YBEITMUCHHS CPOKA UX XPAHEHUs 10 TPEX MECALIEB.
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PRODUCTION OF POTASSIUM PERMANGANATE
IN THE FLOW ELECTROLYZER

V.Kveselava
R.Agladze Institute of Inorganic Chemistry and Electrochemistry of lvane Javakhishvili Thilisi State
University, 0186, Mindeli st.11, Thilisi, Georgia

The paper presents the electrochemical process of oxidation of potassium manganate into permanganate (KMnQO,) in a
flow reactor of tubular (hollow) shape. The internal surface of the stainless steel tube serves as an anode and a current-
carrying wire, which is coaxially fixed inside of the tubeserves as a cathode. At high current densities to decrease
cathode reduction obtained at the anode KMnO, the ratio of the cathode and anode surfaces should be 1:100.
Therefore, the surface of the coaxially disposed wire was covered with an insulating material at some equal intervals.
The current efficiency of the final product in the presented reactor was more than 80%.

Potassium permanganate is a universal oxidizing agent. Today it is industrially obtained by a
combined semi-electrochemical two-step method: 1) production of potassium manganate from manganese
ore; 2) electrochemical oxidation of manganate to potassium permanganate.

Production of potassium permanganate is realized in Germany (Bitterfeld), Czech Republic, USA,
China and Russia (Saki).

The article gives an overview of the electrochemical oxidation of potassium manganate into
permanganate in different design electrolyzers.

In Germany they use red- and green-alkaline variations of potassium permanganate manufacturing. In
both methods, the production of potassium manganate and the oxidation of manganate into potassium
permanganate proceed identically except the decomposition of starting manganese ore: in red-alkaline
method the ore is processed by pure alkali, whereas in the green-alkaline - by 50% circulating KOH
solution [1].

The red-alkaline method envisage the supply of unfiltered manganat melt (210 g/L K:MnO4 and 160
g/L KOH) and 1-2N KOH solution into an iron cylindrical electrolyzer with the capacity of 4 m3. Between
the nickel, nickel-copper alloy or nickel-plated steel sheet of anodes the iron cathode rods are placed.
Electrolysis is carried out up to a conversion of 85-90% manganate into potassium permanganate. The cell
is operating at of 5 kA and 2.2-2.5 V; at the anodic current density - 0.07 kA/m? and the cathodic current
density - 0.7 KA/m2. After electrolysis, the pulp is directed to carbonation. The rest of the K:MnQ4
isdisproportionate to KMnO, and MnO.. Raw permanganate is obtained after cooling and decantation of
the pulp. It is further subjected to crystallization. The mother solution containing 750 g/L of K>CO3 was
evaporated, cooled and filtered, and then the deposit of raw permanganate is sent to the crystallizer. The
obtained KMnO; is centrifuged, dried, and is issued as a commodity product. KMnOy current efficiency is
60%. Remaining in the filtrate KMnO4 (~1 g/L) is reduced by calcium formate to MnOzand after re-
filtration together with other impurities is separated as slime. Potassium in the filtrate is supplied to the
consumer as a concentrated solution (750 g/L). This method gives about 1100 kg K,COs for every 1000 kg
of KMnOa.

In order to reduce the consumption of potash in Bitterfeld the green-alkaline method of producing
KMnO; is used in parallel. The pulp obtained from the electrolysis is cooled and filtered to obtain raw
permanganate crystals and green filtrate, which contains KOH, K>COs, K:MnOs, silicates and aluminates.
To remove silicates and aluminates the solution is passed through a heat exchanger and is treated with lime
(Ca0). The suspension is filtered; the filtrate is evaporated in two steps. At the first step the alkali
concentration is adjusted to 600 g/L. A mixture of permanganate and potassium permanganate crystals
returns to the electrolysis process. At the second step of evaporation the alkali concentration reaches 750
g/L. Potash formed on the expense of COair, is filtered and the filtrate containing 50% KOH is directed to
the oxidation of the ore. The obtained potash crystals are dissolved in water.The solution is decolorized by
calcium formate and is filtered. With the use of this option 200 kg of K,CO;3 falls for every 1000 kg of
KMnOa.

In Czech Republic the electrolyzer for the production of KMnQO, is a rectangular iron box (0.5 md)
with six anodes and cathodes separated by the asbestos diaphragm.The electrolyte (90 g/L KoMnQy4, 90 g/L
KOH, 30 g/L K,CO3) is constantly supplied to the electrolyzer. After the pulp is cooled and centrifuged the
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crystals containing 70% KMnO, are crystallized. Fugate is evaporated to a density of 1.2 g/ml and is
cooled. The separated crystals of KMnOy are centrifuged.Heated to 60°C manganatefugate flows into the
second electrolytic cell. The pulp obtained after the electrolysis is cooled and is centrifuged. The KMnQO,
obtained at this stage makes 21% of the total product. 50% of the fugate is used to make the initial
electrolyte and 50% - is evaporated to separate potassium permanganate which is 3% of the total product.
The residual filtrate is evaporated to obtain a 50% KOH solution which contains an excess of K,COs. The
solution is treated with CaO and further centrifuged. Fugate used for the preparation of the initial
electrolyte. Part KOH solution is used for decomposition of the ore and the other part is bleached [2].

In the town of Saki, to obtain KMnOjuthe rectangular electrolytic cells are used with stainless steel
anodes and cathodes arranged in parallel at a distance of 15 mm from each other. In the process of
electrolysis gases are emitted through the fitting on the top of the bath. The electrolyte is fed from the
bottom up with axially pump providing mixing of electrolyte and collection of the crystallized potassium
permanganate in the so-called "pockets"”. Current load is 5-10 kA; cell voltage - 2.5-3.2 V; anodic current
density - 0.08-0.09 kA/m?, the ratio of the anodic and cathodic current densities - 1:10; KMnO4 current
efficiency - 80% [3].

In the USA (the company «Carus Chemical») there is a flow electrolizer for the production of KMnQO,
which consists of many individual bipolar cells. The base of the bipolar electrode consists of a steel sheet
to one side of which a Monel wire working as anode is welded. The anode current density is 50-90 kA/m2,
The other side of the steel sheet presents perpendicularly welded steel pins that work as a cathode. The area
between the pins is covered with an insulating material. Ratio of the anodic and cathodic current densities
is 1:120-150. Moving of electrolyte and gases between the electrodes is provided by directing partitions.
Electrolyte flows from one cell to another through the hole which is located between two adjacent cells.
The electrolyzer consists of three series of 20 cells in each.The electrolyte with initial concentration of 120
g/L KOH, 53 g/L KaMnQO4 and 30 g/L KMnQy is simultaneously supplied to all three series. The solution
moves upwards. After passing of 20 cells the electrolyte with concentration of 128 g/L KOH, 24 g/L
K2MnO, and 53 g/L KMnOQ;, flows out of each series and is sent to a separator as one stream. The cells are
connected coherently, the voltage of each cell - 2.5-2.8 V, current - 1.2 A. After crystallization and
centrifugation the mother solution is returned to various process steps, the potassium permanganate crystals
are dried and packaged. Despite many advantages the described electrolyzer has a very complex structure

[4].
For the organization of high-performance electrochemical processes the correct selection of the
electrolyzer structure is considered to be one of the most important factors. This can be explained by the
fact that for the production of the same product - potassium
il permanganate - electrolyzers of different designs are used.
6 8 The aim of the present work is to provide a simple and
ﬁ( user-friendly design of the high performance electrolyzer
. : for the production of potassium permanganate its testing on
H-ﬁ = the laboratory scale.
[', e =, Potassium manganate, used in our experiments, was
= ﬁ provided by the laboratory of chemical processing of local
= resources and raw minerals. Potassium manganate consisted
E = of 87.8% of K:MnQ,, 9.4% of K,COgz, 0.16% of MnO.. For
e ;j electrosynthesis of potassium permanganate the potassium
manganate was dissolved in a solution of potassium
=M z . hydroxide.

Figure. Flow electrolyzer for production of potassium
3 permanganate

= e The electrolyzer consisted of tubular cells with circular
N cross section, the inner surface of which served as anodes

4 (1). Conductive wires were coaxially mounted in the

stainless steel tubular cells (2), their surface was coated at regular intervals with a dielectric material (3);
the uncovered parts of the wire were the cathode (4). Thus, a ratio of the anodic and the cathodic current
densities was as 1: 100, which minimizes the share of cathodic reduction of permanganate-manganate ions.
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The cells are interconnected by tubes (5) made of insulating material (these tubes are attached to the
beginning and to the end of each cell). Cells in the electrochemical network are connected in parallel.

The principle of the operation of electrolyzer is: electrolyte is supplied through the tube (7) to the
bottom of the electrolytic cell by a centrifugal pump. Redox reactions accompanied by release of gases
occur at the anode and the cathode. The electrolyte and gases move in parallel and are pumped through the
connecting tube (5) in the subsequent cell, and finally in the last upper cell and through the outlet tube (8)
into the separator, then enters the crystallizer and on the centrifuge to obtain the final product.

A single unit cell of the described electrolyzer was constructed for the production of potassium
permanganate, the length - 4.26 m; diameter of the inner surface of the tube (anode) - 0.024 m; diameter of
the cathode - 0.0035 m; distance between the anode and the cathode - 0.00975 m. The volume of
electrolyte in the cell - 1.8 L. Composition of the initial solution: 53 g/L of K:MnQ4, 30 g/L KMnQO,4 and
120 g/L of KOH. The cell was connected to a power supply;current - A 30, cell voltage - 2.6 V;the anodic
current density -93.5 mA/cm?, the cathodic current density - 9500 A/m2.The ratio between the anodic and
cathodic current densities - 1:100. The centrifugal pumpwas placed in an intermediate steel tank with a
thermometer and a mixer with horizontal blades. The electrolyte in the tank was heated to 70°C. Through
the feed tube he solution was getting into a cell and then back into thetank.The flow rate was 8.5 g/min.
The duration of the electrolyte circulation was recorded;the electrolyte temperature at the output of the cell
- 60-64°C. The duration of electrolysis was 20 min. The KMnO.current efficiency was 80.4%.
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PE3IOME
B pabore mpencTtaBieH NPOTOYHBINA peakTop TpyOuaToi (hOpMBI A AIEKTPOXMMHYECKOTO Ipolecca
OKHCNIeHHWsT MaHraHata kamusg B mnepmapradatr (KMnOg). BHyTpeHHsIE TOBEpXHOCTh TPYOBI W3
HEepKaBeIoLIe CTaly CIy)XHja aHOAOM, KOAKCHAJIBHO 3aKpeIUIeHHas BHYTPU TPYObl TOKONPOBOZSILIAS
MPOBOJIOKA — KaTooM. C IeNbI0 yMEHBIIEHNS MTPH BHICOKHUX TUIOTHOCTSIX TOKAa KaTOJAHOTO BOCCTAHOBIICHUS
nony4deHHoro Ha aHojge KMnNO., cooTHOIIEHHWE KAaTOMHOW ¥ aHOJHON IIOTHOCTEH TOKa JIOJHKHO
coctaBiATh 1:100. [ToaTOMy NOBEPXHOCTh KOAKCHAIIBHO PACIIONIOKEHHON ITPOBOJIOKU Y€PE3 ONPEACICHHBIE
paBHBIE MHTEPBaIbl MOKPBHIBAJIACh M3OJSALUOHHBIM MaTepuanoM. BrIXonq Mo TOKy LEIEBOrO NMPOAYKTa B
MIPEJICTaBIEHHOM peakTope coctaBui bomnee 80%.
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COMBINED HYDROMETALLURGICAL TREATMENT OF JOINT CHALCOPYRITE
AND OXIDIZED MANGANESE CONCENTRATES

Lamzira Bagaturia, Boris Purtseladze, Nana Barnovi
R.Agladze Institute of Inorganic Chemistry and Electrochemistry of lvane Javakhishvili Thilisi State
University, 0186, Mindeli st.11, Thilisi, Georgia, lamzirabagaturia@mail.ru

The proposed joint hydrometallurgical processing of sulfide concentrate and the poor of manganese raw
materials. Proven effectiveness of joint processing of copper-sulfide and manganese concentrates from the
environmental point of view. It is shown that sulfide sulfur is partially transferred into the sediment in the form
of free sulfur, partly in solution in the form of sulfuric acid, and therefore, it is possible the emission of sulfur
dioxide in the atmosphere.

Developed and theoretically substantiated the process of joint processing of copper oxide and
manganese concentrates, in which instead of the prior high-temperature reductive roasting is used, the
reception of mechanical activation, the process includes the subsequent sulfuric acid leaching [1+3].

Performed work on complex processing chalcopyrite concentrate in Madneuli and  Chiatura
manganese oxidized concentrate. For research was used chalcopyrite concentrate mineralogical
composition of the concentrate are summarized in table 1 and Chiatura manganese concentrate the
following chemical composition, %: Mn-32,5; Mn0>-29,84; MnCOs; -29,2; SiO;-19; CaO —5,75; Fe;0s3
- 1,96; Al,03 — 1,64; MgO - 1,58; H,O — 1,85; P,0s- 0,55.

Table 1. The mineralogical content of the concentrate chalcopyrite

content,%
Name Cu Fe S Si0, [CaO [MgO [AlLOs |[H.O [the sum
others
CuFeS;, 1264 | 1127 | 1291 36,32
FeS; 20,13 | 23,0 43,13
CuS 0,5 0,25 0,75
Cu,S 0,61 0.154 0,764
CaCOs 2,79 2,19 4,98
Si0; 10,75 10,75
MgCOs 0,45 049 | 0,94
Al(OH)3 0,55 03 0,85

Chalcopyrite concentrate also contains precious metals gold -3,2 g/t, silver -14,6 g/t; for their
selection, you need a full autopsy concentrates

In the concentrate the noble metals are present in the form of isomorphic. To separate them requires a
complete autopsy of the concentrate.

The shows the efficiency in the environmental sense, the joint processing of chalcopyrite and
manganese oxide concentrates [5]. Sulfur, containing in the mixture, partially passes into the in the form
elementary sulfur, partially - in solution in the form of sulfuric acid, and accordingly, eliminates the
pollution of the atmosphere by sulfur dioxide

The observations indicate that the gas phase in the form of SO, or H,S from the slurry is not allocated.

Analysis of the sediment (table 2) obtained after sulfuric acid leaching the ground mixture
chalcopyrite and oxidized manganese concentrate showed that the amount of sulfur in it slightly, it does not
correspond to the amounts of sulfide sulfur.

Part of the sulfide sulfur in the sediment is transferred in the form of free sulfur [4], and the rest
contributes to the formation of sulfuric acid. This conclusion is based on calculations: despite the fact that
sulfuric acid added to the powder mixture, used to obtain sulfates of iron, manganese and impurity, its
amount in solution is not reduced, but rather increases.
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Table 2. The composition of the precipitate obtained after sulfuric acid leaching the ground mixture
chalcopyrite and oxidized manganese concentrates; grind time — 2 h, the ratio of liquid:solid 10:1, the
concentration of sulfuric acid 20%, (d=1,1400), leaching time — 3 h.

The composition of the sediment, %
Fe Mn Cu Scommon Stree
12,37 Traces 0,62 17,84 2.5

Table 3. The composition of solution obtained after sulfuric acid leaching of the mixture of jointly ground

chalcopyrite and oxidized manganese concentrates; grind time — 2 h, the ratio of liquid:solid 10:1,the
concentration of sulfuric acid 20%, (d=1,1400), leaching time — 3 h.

The composition of the solution, %
Fe Mn Cu H2SOu4free
0,51 9,26 1,472 54,53

From table 3 it can be seen that a portion of sulfide sulfur is consumed for the formation of the sulfate
ion.

The proposed technology gives the possibility of regeneration of sulfuric acid from the resulting
solution and apply it to the first stage for leaching the ground mixture.

To reduce the ratio of liquid:solid and increase in the degree of leaching conducted countercurrent

leaching.

Cu, Mn fresh solution of
concentrate the spent solution (I) the spent solution (II) H:504

B T

sludge(I)

Y

The working solution to obtain Cu, Mn the final tails

Diagram of countercurrent leaching.

The results confirm the advantages of countercurrent leaching. The copper recovery amounted to
99,7, but of manganese - 99,8%.
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COBMECTHAA THAPOMETAJITYPITHUYECKASA IEPEPABOTKA
MEJHOCYJb®UJIHOI'O 1 OKUCJIEHHOI'O MAPI'TAHIIEBOI'O KOHIIEHTPATOB

JI.B.bararypusa, b.X.Ilypuenaaze, H.B.bapHosa
Hucmumym neopeanuueckoti xumuu u saekmpoxumuu um. P.U.Aenaoze Tounucckozo eocyoapcmeentozo
yrusepcumema um. Y. Jcasaxuweunu, 0186, yn. Munoenull, Tounucu, I pysus

PE3IOME

Pa3pabotan u TeopeTnuecku 000CHOBAH MPOLECC COBMECTHON NEepepadOTKH MEIbCOAEPKAIINX U OKUCHBIX
MapraHieBelX  KOHLEHTPATOB, B KOTOPOM B3aMEH IPEIBAPUTENBHOIO  BBICOKOTEMIIEPATYPHOIO
BOCCTaHOBHUTEJIBHOTO O0XHIa MCIONB30BaH MIPUEM MEXaHWYECKOM aKTHBALMH, MPOLECC BKIIOYAET B ceOs
NociIeayIoniee CEpHOKUCIOTHOE BhillenaunBanue. Jlokazana 3¢ ¢eKTHBHOCTh COBMECTHOW HepepaboTKu
MEIHOCYIB(UAHOTO M MapTaHIEBOTO0 KOHIEHTPATOB C AIKOJOTHYECKOH TOYKHM 3peHus. IlokazaHO, 4to
Cyab(uIHAas cepa YaCTHYHO MEPEXOAMT B OCAAOK B BUAE CBOOOIHON Cepbl, YACTHYHO — B PACTBOP B BUIC
CEpHOM KUCIIOTHI, H, CJIEI0BATENbHO, UCKIIIOYEHA SMUCCHSI CEPHUCTOTO ra3a B atMocdepe.
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OXIDATION OF MANGANEZE NITRATE SOLUTIONS BY OZONE - AIR MIXTURE

Boris Purtseladze, Marina Avaliani, Rusudan Chagelishvili, Lamzira Bagaturia, Zurab Samkharadze,
Eter Shoshiashvili, Makvala Svanidze, Nana Barnovi, Marina Gvelesiani

R.Agladze Institute of Inorganic Chemistry and Electrochemistry of Ivane Javakhishvili Thilisi
State University, 0186, Mindeli st.11, Thilisi, Georgia, rusudanch@yahoo.com

The developed chemical method of obtaining manganese dioxide, which consists in the oxidation of manganese-
containing solutions by mixture of ozone — air with a formation of g-MnO,. Simplicity, reliability, efficiency and
the absence of ballast are those main features, which allows to create the waste-free production by means of
ozone method.

The various methods of ozone production are available all over the world. In the most countries the
ozonators are mainly manufactured, where the graphite or aluminum layer is applied on the inner side of
milli-dielectric, which is placed in cylindrical stainless body. In ozonators as a result of supplying current
is “quiet” discharge effects on the air with production of ozone [1].

Ozone synthesis may be realized by another method, where feeding is carried out in “cascaded”
manner. In this case the current discharge is distributed at “needle” surface. There is no need in ozonator
cooling by water and in air drying.

Over many years our laboratory and the firm “Hydrogen Technologist” are connected by official
friendly relations. In 1980-th the ozonator construction was jointly elaborated, which is protected by
author’s certificate [2]. Ozonator worked under the action of photochemical , ultraviolet light and by
“quiet” discharge. The disadvantage of ozonator involves a low efficiency. At now the firm “Hydrogen
Technologist” made ozonators of new generation , which are introduced in various fields of Georgian
industry.

The technology of the enrichment of Chiatura manganese-containing ores is tested, where the
reduction-leaching process is realized in the reactor from the usual stainless steel by 40-45% nitric acid.
Precipitation of admixture is carried out by ammonia. After filtration the silt is extracted from the system
and ozone-air mixture is fed into manganese nitrate solution and formed y-MnQO; .

The chemistry of this processed is expressed by the following equations:

Leaching stage:

MnO+2HNO3;—Mn(NOs), +H.0
CaO+MgO+4HNO3;—>Ca(NO3); +Mg(NOs3), +2 H.0
Fe,03+Al,03+12HNO3;—2Fe(NOs)s+ 2AI(NO3)3+6H,0

Stage of admixture Precipitation pH=4-5;
2Fe(NQO3)3+3Mn0O+3 H,O0—2Fe(OH)3+3Mn(NOs)
2AI(NO3)3+3 MnO+3 H,0—2AI(OH)s+3Mn(NOs),
HsPO4+ FE(OH)3—)FGPO4 +3H,0

At the stage of obtaining of active manganese dioxide:
Mn(NO3),+0 3+H 20 — MnO; |+2HNO3 + O>

In the paper [3] oxidation of Mn (II) by ozone was studied where oxygene isotope O was used. It
was ascertained that one oxygen atom passes from ozone to MnO- and the second one — from the solvent -
H-0.

It was established, that oxidation of Mn? to Mn*" in acid medium proceeds by reactions:

1. Mn#+2H"+ O3 > Mn3*t+ 0O+ H,O
OH'+ Mn?+H* — Mn3*+ H,0
2Mn?*+2H*+ O3 — 2Mn**+ O+ Hz0 K =6,4x 10%
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2. Mn®*+ Os+ H* > Mn*+OH + 0,
Mn®* + HO'+ H*— Mn*"+ H,0
2Mn®* + 2H* +0 35— 2Mn * + 0.+ H,0 K=1,73x 108

Overall reactions are of the form:
MnZt+ 0; > Mn3*+ 0,

Oz + H,O— OH + HO'+ 0,

Mn* + OH"— Mn*+ OH"

Mn?*+ Osz+ H,0— MnO2+2H*+ O;

To research the optimal conditions of this process, precipitation of MnO, was performed from
manganese nitrate solutions. Ozone was prodused at laboratory ozonator JIT'O-15 with efficiency of 17-
18 g Os/hour, solution amount - 1 L.

Degree of ozone use was calculated in the terms of amount of obtained precipitate and its composition
(table 1). Maximum degree of the use — 87%, and at acid addition (100g/l) reduces and comprises 52%,
when the content of HNOs in the solution is equal to 320g/1.

From the table 2 it is evident, that in neutral solutions the precipitate is fine dispersed - MnO170-1, 01
and in acid medium — MnOx,92-1,90.

Oxigen feeding rate — 300 I/hour; ozonator efficiency 15g Os/hour; composition of 1-st solution: Mn
- 56,60/l, HNO3 — 6,0g/l; composition of 11 solution: Mn — 53,3g/l; HNO; — 100g/l; solution volume — 1L.

At the begining the precipitation of manganese dioxide intensively proceeds, but after 40 minutes the
process become slower. The manganese oxidation degree from the I-st as well as from the Il-nd nitrate
solutions after 2 hours composes 1,9398 and 1,9433 respectively.

Table 1. Obtaining of manganese dioxide from manganese nitrate solutions

Initial solution, obtained Precipitate amount, % Precipitate | Degree of
g/l solution, g/l weight, g | ozone use, %
NeNe
Mn HNOz; | Mn HNO; | Mn MnO; | O:Mn
1 51,6 6,0 40,1 56,8 59,82 | 89,06 | 1,9379 | 19,2 76,2
2 53,3 100,0 | 41,6 124,6 | 58,18 | 86,59 | 19377 | 20,3 77,5
3 97,3 0,0 80,7 333 58,11 | 87,29 | 1,9464 | 30,6 87,0
4 89,5 78,9 77,3 1155 | 57,38 | 87,85 | 19645 | 30,0 85,8
5 92,5 155,0 | 78,7 180,2 | 57,20 | 88,10 | 1,9705 | 25,0 70,2
6 92,2 263,0 | 85,5 2838 | 56,32 88,49 | 19895 | 24,0 66,3
7 92,8 320,0 | 82,2 3350 55,2 87,0 1,9920 | 19,2 52,0

Table 2. The effect of the duration of the experiment on the oxidation degree of manganese

Experiment I solution IT solution

duration, min Mn, g/l | HNO; | AMn, g MnOx Mn,g/l | HNOs,g/l | AMn, M
all g nO

0 51,6 6,0 0 - 533 100 0 -
10 50,6 12,3 1,0 1,906 50,0 98,7 3.3 1,9491

20 473 259 43 1,927 48,0 1024 53 -

40 434 432 8,2 1,928 45,7 114,8 7,6 -

60 40,1 56,8 11,5 1,929 41,6 124,6 11,7 -
120 24,1 94,8 27,5 1,940 29,5 1604 238 1,9430
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OKHCJIEHUE HUTPATHBIX PACTBOPOB MAPI'AHIIA
C IOMOIbIO O30HO-BO3YIIHOU CMECH

b.X.Ilypuenanze, M.A.ABanmany, P.Jl.Yarenumswnn, JI.B.bararypus, 3.B.Camxapanse,
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yrusepcumema um. Y. [icasaxuweunu, 0186, yr. Munoenull, Tounucu, I py3us

PE3IOME
Pa3paboTtan XMMHYECKUIl METOJ TMOJNYYCHUS JUOKCHIA MapraHia, KOTOPhIH COCTOMT B OKHCJICHUH
MapraHel-CoJIepKaliX pPacTBOPOB CMECH O030H — BO3ayx ¢ oOpaszoBanueM  y-MnO.. Ilpocrora,

HaJCXKXHOCTD, Bd)d)eKTHBHOCTB U OTCYTCTBHUC Oamnacta — 3TO T€ OCHOBHEIE XApPaKTCPUCTUKH, KOTOPLIC
IIO3BOJIAIOT CO31aTh 6630TXO]1HO€ IMPOU3BOJCTBO METOJOM O30HA.
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ADSORPTION OF TETRABUTYLAMMONIUM IODIDE AT THE MERCURY ELECTRODE /
ETHYLENE GLYCOL SOLUTION INTERFACE

Shukri Japaridze, Irina Gurgenidze

R.Agladze Institute of Inorganic Chemistry and Electrochemistry of lvane Javakhishvili Thilisi State
University, 0186, Mindeli st.11, Thilisi, Georgia

The ionic liquids — melts of organic salts, being in the liquid state in a wide temperature range find
extensive practical application at the present time. lonic liquids are composed of bulky organic cations and
inorganic anions [1]. The most important characteristics determining the prospects of the use of ionic
liquids in electrochemistry shouldbethe ionic conductivity, the hydrophobicity and the width of the
electrochemical "window". The width of electrochemical "window",the electrochemical stability of the
ionic liquids (border "window" match the beginning and the end of the electrochemical decomposition of
these ions) determine the potential range available for carrying out of electrochemical transitions thatdo not
affect the solvent [2]. lonic liquids have not only the catalytic activity but in some cases are able to
maintain and enhance the biological activity of biosensor [3]. They are widely used in the field of
electrochemical analysis in medicine, food industry, etc. [1,4]. All this make ionic liquids attractive to
many areas of science and technology. Quaternary ammonium salts, in particular tetrabutylammonium
iodide (TBA-I) also refer to ionic liquids. The data on adsorbability of TBA-1 on mercury from ethylene
glycol (EG) solutions is given in this paper. Tetrabutylammonium iodide - quaternary ammonium salt -
(C4Hg) 4aNI contains a volumetric organic cation of TBA-I and an inorganic iodide anion. TBA-I is slightly
soluble in water (hydrophobic). TBA-I refers to ionic liquids by its structure and properties, right this causes
the interest of studying ofitsadsorbability from the EG solutions.

EXPERIMENTAL

Adsorption was studied using a stationary Hg electrode by measuring the differential capacity (C) as a
function of potential E by means of an a.c.bridge at 400 Hz [5]. The temperature of the solution was kept at
20°C. Potentials were measured against a 0.2 M calomel electrode in EG whose potential differed by 6 mV
from the potential of the saturated aqueous calomel electrode. The potential of zero charge of Hg in this
solution was 0.35 V [6]. All chemicalswere purified according to methods given in the literature. EG was
prepared as described in Refs.[5,7].

RESULTS AND DISCUSSION

Figure 1 shows the curves of the dependence of differential capacitance (C) from the electrode
potential (E), C, E-curves were measured in 0.2M potassium iodide solution in EG (Fig.1, curve 1), and
also with various additives TBA- I (Fig.1, curve 2+7). As can be seen from the figure, C, E-curves have the
shape characteristic for solutions containing small amounts of neutral organic compounds. Indeed, in
minimum of C,E-curves, with increasing concentration of added TBA-I, capacitance decreases respectively
reaching values 6 uF/cm?, which indicates significant absorptivityof TBA-I from EG solutions.Cathode
desorption peaks (Fig. 1, curve 4+7)appear when increasing the negative electrode polarization.Because of
considerable specific adsorption ofiodide ion of base electrolyte (KI) in EG [5, 6] anodic desorption
peakcan’tbeobservedexperimentally. Comparing obtained results with the data of aqueous solutions [8, 9,
10] we conclude, that the adsorbability of TBA-I from the EG is less than from water.The adsorption effect
of TBA-I begins to appear in the EG at concentration equal to 10°M, whereas in water solutions - at 10°M
[8, 9, 10]. The reason for this fact is above mentioned hydrophobicity of ionic liquids, which include
quaternary ammonium salts [1-3] and their relatively better solubility in the EG.Up to a concentration of
organic substance ¢ = 8.2 « 10° M cathode desorption peaks were not observed on C, E-curves (Fig. 1
curves 2+4), although from capacitance depression one can see, that at such concentrations adsorption of
these substances is appreciable. It can be assumed that, as in aqueous solutions [9],50 in the EG TBA-I
exists mainly in ionic and molecular forms. At low concentrations TBA-I is preferably in the ionic form,
the retraction of these cations occurs in the double electric layer by specifically adsorbed anions of the base
electrolyte. When the concentration of TBA-I ¢=8.2 + 10 M, while the value of the electrode potential E =
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- 1.6 V (Fig.1, curve 5) there is an inflection in the C, E-curve, which transits into pronounced desorption
peak, when the concentration of organic matter increases (Fig.1, curve 5).

60 F

_— Fig. 1. Differential capacity curves of a Hg electrode in

) contact with a 0.2 M KI solution in EG containing
tetrabutylammonium iodide (TBA-I) in the following

i concentration :
1-0;2-1.12103 3-22°10% 4-4-103 5-8.2:107;
6 —1.4¢102; 7 —2.2°102 M; 8 — 0.2 M TBA-I (without a

30 F supporting electrolyte)

20 F After certain TBA-I concentrations at considerable
negative electrode potentials (-1.6V) (whichshift to the
cathode side with increase of concentration of added

10 F substance) cathode desorption peaks characteristic for the
adsorption of neutral organic substances appear on C, E-
curves. Height of these peaks increases with the increase

0 " . . : X ; of concentration of organic substances (Fig.1, curve 6 and

7). Thus, in terms of the nature of the solvent and
dissolved substance, i.e. taking into account property of
EG - a low dielectric constant (D = 38), in comparison with water, and spatial isolation of charges, a high
polarity and solvation ability of TBA-I [1], one may assume, that at high concentration of TBA-I (above 8 ¢
10 M) at accumulation in the solution of a large number of ions their mutual influencewill affect andthe
conditions for the electrostatic interaction between the solvated ions of opposite signswill be created.In
doing so they come close to each other and form an ion pair consisting of two oppositely charged ions,
surrounded by EG molecules in which electric charges are mutually compensated, ie, are formed associates
- uncharged, neutral molecules. Desorption of these formations is observed on Figure 1, curves 6 and 7. On
the Fig. 1, curve 8 is presented C, E-curve corresponding to purely no-background TBA-I. This figure
shows that the riseon C, E-curve from the EG solution occurs at much less negative potential, namely,
when E =- 2.0V, against E = - 2.5 V from aqueous solutions, i.e.width of electrochemical "window" in the
EG is narrower than in water. Experimental data on the TBA-I adsorption on mercury from EG solutions
were processed by the calculation methods developed by B.B.Damaskin [11] and is based on the
Frumkin’sisotherm and model of two parallel-connected capacitors. The adsorption isotherm was
determined at a potential of maximum adsorption E = - 1.2 V (Fig. 1 curves 2+7), when regardless of
particular isotherm’s equation the capacity is transferred by the equation:

-0.5 -1.0 -1.5 -2.0

C=Co(1-0)+CO(l)

where C, is the electrode capacity for the coverage by organic substance© = 0; C ' is theelectrode capacity
at © = 1, C is the capacity at 0 <O<1 . From this equation was calculated © for different concentrations of
TBA-I by the formula

0=(Co-C)/(Co-C) (2

and was constructed the concentration curve ¢ for TBA-I (Fig. 2). The value C '= 6 uF cm™ was obtained
by the extrapolation of the curve 1/ Ck as a function of 1 / c— 0. As can be seen from Fig. 2, the isotherm
has an S-shape, which is typical for attracting interaction of adsorbed molecules. S-shaped form of
isotherm is steep in its middle part, as well as in case of isotherm of cations of quaternary ammonium salts
constructed from data on their adsorption from aqueous solutions [9]. When the isotherm is S-shaped, most
preferred to describe C, E- curves in the presence of organic substances is Frumkin isotherm, which is in
good agreement with the experimental data. By the form of adsorption isotherm the value of attraction
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constant has been determined at a potential of maximum adsorption E = - 1.2 V.For this, from the 6, c-
curve, at first the TBA-I concentration was found equal to half the value of the coverage of the electrode by
theadsorbateCy - o5 = 2  10° M.There was thus calculated averaged value a = 1.62, which indicates a
strong attractive value ofadsorbed molecules of TBA-LIf the adsorption of organic matter obeys the
Frumkin isotherm, it should be observed by linear changeof function Ig [© / (1 - ©) c] to the degree of
coverage 0, as revealed in the case of TBA-I adsorption in EG solution (Fig. 3). From Fig. 3 was calculated
the value of a = 1.63. It was obtained entirely satisfactory agreement between the values calculated by the
different methods. The value of the free energy of adsorption of TBA-1 was calculated from linear
dependence oflg [© / (1 - ©) c] toO (Fig. 3) by the equation

AG =RTIn (17.8 Bo) (3),

where 17.8 - the number of moles in 1 | of ethylene glycol, and Bo - adsorption equilibrium constant
the value of which is determined by extrapolating the straight line on the y-axis (Fig. 3). Calculated from
the equation (3), the value of AG = 17.6 kJ mol™.

12 r [®)
1.0 +

0.8 Fig. 2. Adsorption isotherm of
- tetrabutylammonium iodide on Hg from
0.6 | solution in ethylene glycolat E=-1.2 V.

04

02 r

0.(] i 1 i L 1 L i L L ]
0.000 0.005 0.010 0.015 0.020 0.025

Ig(©/[(1-O)cl)

Fig. 3. Test of the Frumkin isotherm for adsorption of
tetrabutylammonium iodide in ethylene glycolat E=-1.2V

1'5 (' 1 1 1 1 1 A 1 F— |

0.0 02 04 06 08 1.0

CONCLUSIONS

Thus, the shape and the analysis of the curves of the dependence of differential capacitance from the
electrode potential, the adsorption isotherm at a potential values of maximum adsorption, values of
calculated parameters: attraction constant, constant of adsorption equilibrium, the free energy of adsorption
indicate a significant adsorption capacity of tetrabutylammonium iodide on mercury from ethylene glycol
solutions.
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36m©Id0). BM¥YI306-sdsl3060L Mmool Asdmygbgdom gsmzgwowo gJudgmodgb@ o Bmbs3gdgdol sbswobo
30mmomgdL 005%y, Mmd (TBA-1)-0l s>@LeMdE0s s0ofg®gds gMwyd3060L 0bmmgmIom, GMBgwbsg Jggbodsdgds
2LMOBOMYOMEO B5foes3gd0L Hm0gMmdoborymmds. 6583969005, MM (TBA-1)-0l 356339090 3mbiagb@®sgool
99900093  9w9dBHOMEOL  1s335m©  MIOYNR0MO  3mGIBE0swgdol  ©MML  C,E-06vgdby Rbogds Bgo@®swto
MO6Mwo  60300gHgdOLIMZOL  sTobolNMIBIWO  FSNMPMOO  EILMMBEOVO 303900, MMBgwms LTy
0BMEIds MMHY6Mwo BogmggMgdol 30b3EI6EHMIE00L BMHEOL Fgbsdsdolsg. gsdblbgwol s goblbowo Bogmogmgdol
3969006 godmdobsdy  (fysemsb 8godgdom  gmowgbamozmeol  ©ogmgd@®ozmo  3Mdogsl  adIEO
960836gcmds, dbGHoL LogHEMdIMOZ30 0BMEOGMYds, (TBA-I)-0l Bomswo 3mEsGMdS ©s bMEZs@sgool Mbsto)
8900wgds  3035M0Mmm, GMd  (TBA-I)-ob dowowo 3mbEgb@Mmogogdol Mml 0ddbgds ombmMo fiygowo, 6w
abME3053JO0 - oINbEH30, BIoGHMIWMMO Tmeg3Mwgdo. C,E-00m@gdol s sLmMdE00L 0BMmmgMdol Bm®ds ©s
0bo0Bo,  gomzwoo  35M53gBHMHgdoL  (s¢H®odaoryro 3993035, SELMOBE0WEO  Fmbslm®mdol  3w9dogs,
oLMOMBE00L Mo30LwBIWo 9bgMans)  36033bgEmdgd0 FoMmImMIdI6 BHYGMIOMMOEsdMBOMToL 0MEOEOL ©OE
LM YbsHBY gmowgbawozmeol blbsmgdowsb.

AACOPBIUA UOAUJIA TETPABYTUJIAMMOHNUSA HA PTYTHU U3 DTUJKEHIJIUKOJIEBBIX
PACTBOPOB
II.C. Dxanapumze, . A.I'yprenumze
Hncmumym neopeanuueckoti xumuu u snekmpoxumuu um. P.M.Aenadse Tounucckozo eocyoapcmeennoz2o
yrusepcumema um. U [ocasaxuweunu, 0186, yir. Munoenull, Tourucu, Ipy3sus
PE3IOME

Ancopbumst momnna  terpadyrunamMmonus (TBA-I) M3 STHIEHTIMKONICBBIX pPacTBOPOB HM3ydaslaCh H3MEPEHHEM
3apucuMocT auddepennmanbaoil Eémkocta (C) ot nmotennunana pryraoro snekrpona (E), (C,E-kpurpie). AHamu3
9KCIIEPUMEHTAIILHBIX JAHHBIX, MPOBEJCHHBIN ¢ MCIONIb30BaHHEM Teopun PpyMkuHa-/[amacknHa ykasbIBaeT Ha TO,
4TO ancopomms  (TBA-I) omnuceiBaeTcss u3oTepMoi @DpyMKHHA, COOTBETCTBYIOUIEW NPUTAraTeIbHOMY
B3aMMOJICHICTBHIO a/cOpOMPOBAaHHBIX YacTHI. [lokazaHo, 4TO TOCHE ONpeAeTeHHBIX KoHIeHTpaunii TBA-I mpu
3HAYUTEIBHBIX OTPUIATENbHBIX MOTEHIMAaNax ekTpoaa Ha C,E-KpHUBBIX MOSBIAIOTCS, XapaKTepHBIE IS aICOPOIIH
HEUTpaNbHBIX OPraHMYECKHUX BEIIECTB KATOIHBIC IECOPOIIMOHHBIE IHKH, BBICOTA KOTOPBIX PAacTeT C POCTOM
KOHIICHTPAIIMH OPraHWYEeCcKOro BemiecTBa. VICXOAs W3 MPHUPOABI PACTBOPHUTENS M PACTBOPEHHOTO BEIIECTBA, T.C.
YYUTBIBAS HU3KYI0 IUAJIEKTPHUUECKYIO IPOHMIIAEMOCTh Ol, TO CpPaBHEHHIO C BOAOH M MPOCTPAHCTBEHHYIO
U30JIMPOBAHHOCTh 3apsA0B, BBICOKYIO HMOJSIPHOCTh U cosbBaTHpyeMocTs TBA-I  MoOXHO mpeanonoXkurs, 4To mpu
BBICOKOH KoHIeHTparuun TBA-I o0pasyrorcsi MOHHBIE Tapbl, T.€. acCOLMaThl — He3apsHKEHHbBIE, HEHTpajbHbIC
Mojekynsl. dopMa M aHaMM3 KPUBBIX 3aBUCUMOCTH A (PepeHINanbHON EMKOCTH OT TOTEHIHMaNa 3JEeKTPoJa,
n30TepMa ajacopOLMK TP IOTEHIMAlNe  MAaKCUMalbHOW aacopOIMu, 3HAYEHWs PAcCUMTaHHBIX  I1apaMeTPOB:
aTTPaKIMOHHOW  TIOCTOSIHHOW, KOHCTaHTBI aJCOPOIMOHHOTO pPaBHOBECHs, CBOOOJIHON JSHEprum aacopoOuwuy,
YKa3bIBalOT O 3HAYMTEJIbHOW aJCOpOLMOHHOM CrocoOHOCTH HOoAMAa TeTpaOyTWIaMMOHHMSI Ha pPTYTH U3
STHIICHIINKOJIEBBIX PACTBOPOB.
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INVESTIGATION OF POLY-COMPONENT SYSTEMS IN AIMS FOR SYNTHESIS OF
A NEW GROUPE OF INORGANIC POLYMERS - CONDENSED PHOSPHATES

Marina Avaliani, Marina Gvelesiani, Nana Barnovi, Boris Purtseladze,
Dali Dzanashvili, Eteri Shoshiashvili

R.Agladze Institute of Inorganic Chemistry and Electrochemistry of lvane Javakhishvili Thilisi State
University, 0186, Mindeli st.11, Thilisi, Georgia

The chemistry of inorganic compounds of phosphorous has developed intensively in the last few years. Very
significant development of condensed crystal chemistry was due to the rapid progress of innovative methods of
analysis, as well as to the achievements in this domain. Double condensed phosphates — in fact inorganic
polymers of poly- and monovalent metals have a various interesting properties and numerous areas of
application [1-7]. The offered data are the records of our studies — synthesis, analysis, examination of the
experiments and their evaluation in correlation with achievements in inorganic polymer’s chemistry. Condensed
phosphates of polyvalent metals, containing monovalent metals are obtained by us during systematic
investigation of M}0-M"0,-P,05-H,0 systems at temperature range 100°C -550°C. (M"' are Ga, In, Sc, M' —
alkali metals and partially Ag). Compounds were wholly examined by chemical analysis and the structures are
determined by X-ray structural techniques. During our fundamental researches numerous unknown condensed
phosphates have been obtained. Dependency of composition VS temperature and molar ratio, reliance of
structure from duration of synthesis are revealed.

In aim to search for new materials as well as to study the influence of trivalent and monovalent cations
for the formation of anionic radical and the level of condensation, we have studied multicomponent
systems containing monovalent and trivalent metals. Earlier we have done systematic study of systems
Mi0-MT05-P,05-H,0 at 130° ‘550 °C, in which M' are alkali metals and M "' — Ga, In and Sc; Molar
ratio P,Os: M',O:M",03=15:2,5:1,5; 15:5:1,5; 15:7,5:1,5; 15:10:1,5.

Some double oligo-, poly- and and cyclophosphates are primarily synthesized and firstly examined by
us [8-12, 14-15]. These recent achievements are examined and cited in significant monographs of Professor
DURIF and Dr. Averbuch-Pouchot (France) [2, 4], Dr. I. Grunze and X. Grunze (Germany) [3, 6-7], I. V.
Tananaev and N.N. Chudinova ) [6, 8] etc. General dependency of structural composition and stability of
double condensed phosphates from ion radius of M are also examined [8-11].

In extent of our previous exploration the present work is dedicated to the synthesis and studding of the
system M10-M!"05-P,0-H,0 at the temperature interval 120-160°C where M! are not any more alkali
metals, but silver (Ag), M- Sc. In earlier studies we found that these and similar molar ratio of initial
components help to obtain pure crystals, rather than the metastable phases or mixtures of compounds [9-
11].

Thus, now we offer experimental data - the results of synthesis and investigation of compounds
obtained by us at the variable molar ratio P/M'/M' = 15/2,5/1; 15/3,5/1; 15/5,0/1; 15/6,0/1; 15/8,5/1;
15/10,0/1.

The most stable phase at relatively low temperatures from 130°-150° and even to the 165°C — is
double acid diphosphate compounds AgSc(H,P,0,),,Ag,ScH3(H,P,0), and acid triphosphate
AgScHP304,. For the first time the capacity of the synthesis of these compounds was mentioned by us in
works [12-13], although there were not clearly defined nor optimal synthesis conditions neither the
composition of the initial components. At that moment the reproducibility of the results was not entirely
satisfactory, as well as were interfered with the impurity (due to crystallization of additional phases) or
metastable phases.

We performed an analysis and comparison of analytical preparative data with literary publications
available to date [16,17,7-12]. We did not find mention on these dual acid di- or triphosphate scandium-
silver, although analytical chemistry is adequately and systematically described in the superb monograph
[16]. It should be emphasized that Ag,ScH3;(H,P50), composition is similar to our earlier obtained
crystals of Cs,GaH3;(H,P,05),. The heating conditions in molten mixtures of polyphosphoric acid at a
temperature ranging from 130° to 165 -170°C during about three to four days.
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Detailed Information:

Double hydro-diphosphates are received by heating of mixtures at molar ratio M';0:M",05=5:1,5;
7,5:1,5; 10:1,5 (in the case of systems with Sc and Ag), and 5:1; 7,5:1; 10:1 (in the case of process of
synthesis in systems with Ga and Cs). The heating conditions in molten mixtures of polyphosphoric acid
(polyphosphoric acid melts) are: the temperature range from the 130° to 165 -170°C during approximately
three or four-five days. This phase is less or more metastable (the similar situation was in the system of
gallium-caesium). If the heating will be pursued for more than 10-12 days and longer, it gradually becomes
more stable double acidic diphosphate with formula AgSc(H,P,05), (at M'; O:M",0 3=10:1,5), and
double hydro-triphosphate AgScHP3044 (at M':0:M",0 5=10:1,5 ), The full finalization the phase
transition demands 25-30 days...Obtained condensed compounds are insoluble in water, but they are able
to dissolve in the acids. Similarly to the previously published works and the recent experiences referred in
our articles [8-15], double hydro- triphosphate AgScHP304o is a few soluble (more or less) in
polyphosphoric acids. For removing obtained crystals from melts the synthesised mixture was cooled down
and after in small doses was ported inside the glass vessel (volume 1-1,5 litres), quickly mixed with 500-
700 ml distilled water.

Meanwhile, polyphosphoric acids have slowly dissolved with time undissolved part:
Ag,ScH3(H,P,07), was filtrated, because the acidity of solution was not sufficient to dissolve
synthesized Ag,ScH;(H,P,0-),. Moreover it is also worth mentioning the problem consisting in the
following fact: during parallel synthesis it is sedimentation of sufficient sludge - it’s relatively
problematic given the circumstance that this phase is not very stable.

Phase formation in system Mi0-M"05-P,0s-H,0 and the microstructure of synthesized double

condensed compounds Ag,ScH;(H,P,0,), and triphosphate AgScHP;0,, are investigated by X-Ray
diffraction analyses (data summarized in table 1).

The powder diffraction data for cited compounds,
Table 1. XRD data for AgScHP;014

T ETETTA intensity data collections are obtained on diffractometer

AgScHP3010 AgsP3Oi0 DRON-3M, anodic Cu-Ko radiation, the range 20=10°-
don,A | Ul d/n, A s 60°, detector’s speed 2%min., lattice spacing d./n in
= = 4.81 20 Angstroms A, and I/l — it is relative intensity (used
4.04 24 566 & model/ standard data — by American Society for Testing

) i 3160 5 and Materials — ASTM).

3.36 72 = = Detailed comparison with our previously obtained

- - A 5 XRD data for similar compounds of Gallium, Indium and
3.20 29 3.21 15 Scandium are also carried out /performed.
= - -1 25 On the assumption of the fact that combinations of
"?’ ? J'?d' _15 cations (Ag-Sc) for di- and triphosphates have not been

. . 2.96 50 studied and hence are not given in the file index (typical
o o 250 65 XRD data), roentgenograms was compared to our

- - = - standard data models, to similar compounds of Ag-P and

i i %;g gg our standard data prototypes for similar double

- - - condensed phosphates of Gallium, Indium, Scandium
2.64 s - - . .

5.50 69 2.60 100 with alkali metals.

= > 5 - We perform, that any initial components: K2COs,
2.52 14 2.52 30 : :

: . 2.46 15 Sc203, AgNOs are already completely irreversibly
3‘3‘? Z a3 1t interreacted during synthesis process. Based on the
o d 2.33 5 founded and published literary data [16-17, 8,9,1-2] also
91 0 : : on our synthesis conditions, on experiences in this field,
2:13 31 2.15 g and to our standard data models, the structural
2.03 20 %:(l)g 10 composition of the compounds is set up. Phase’s
e = ::(9)2 ;5 identification was given an accordance with standard
1.89 10 1.89 15 data of International Center for Diffraction Data base of
o % }:gg :g American Society for Testing and Materials — ASTM.

The composition of the synthesised condensed

compounds are AgSc(H,P,07), and AgScHP304,.
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XRD data for Triphosphate AgScH P30, are presented in Table 1.
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3MR03MB3M6I6S IM0 LOLBIBIBOL 33RIZS SbIRD BO30L dSMHdMMdSE IR0 3(MRNFIGISOL-
3MBRILOGISIRO BMLBHBIBOL OO 30LENON)

356067 838m0360, dst0bs azgemglinsbo, 6sbs ds¢bmgo, dmeols guM3gmsdy,
o dsbsdzoemo, gmgMo BmBosdgzomo
03569 305356033000l Lsbgermbolb 0doerobol bsbgerdpoger @16039GLoBIHOL 4.58¢rsdol s(scbgs6w9emo
Jodoobs s gergddtemdgodool obbhodeudo, 0186, dobrgerol 4.11, 08o¢robo, bsgs®Goz9¢me

®3J3%033I
3begblocgdgmo  gmbgsdgdol  Jodool  LFsgo  asbzomgdads  deemem  Femgddo 3363060396memas
31mG3 60 Imeody®gdoleedo, Gmame bsghoms sbamo ymsbolswdo oo 0bBgtgbon ©s 33930l
sbogmo  3gomEgdol  sbgMgzom.  Rzgbl  dogd  domadmemos  egdeg  3bmdo,  bsdzsemabBosbo s
96035mabosbo  dgBemgdols mAdsgo  3mbrgbbomgdmmo bsgMmgdo, Gmameaiss asmoandol, obeoydol ©s
b3ebondals m@dsgo  Badee-3gdbs-, Gogmmmdde-, (30gememEggegmbosdgdo. Fomdmeggbomo  sdndsm
9bgds  Lgsbeondobs ©s  gadEbmol  @dsy  3mbegblodadnm  gmligsdgdl, Gmdmgdoi  domgdmmos
15015@3)3332501) MéO—MéIIO3-P205—H20 JBQ’UBOB‘)L @383360({5)"36";]@ 06@363&@80 120—160(170)°C, 15.5;3.58
M- Ag, MM_Sc, 3ofrggemsss  bobogbodgdgmo  ligebrond-gg@ibmol  o@dsgo  Lbgeeslibgs
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Fgg960emmdols 35030 ogmbgsgde  AgSc(H,P,07)2,Ag,ScH3(HyPy07), s 39030 $eogmbasdo
AgScHP;0;( bsghmgdo  gbfagmomos  GgbBagbmagebgmo  sbamobols  dgd3gmdom.  dm@sbogmas

obro(30698mmo M9b@#a9bma®sdals dcmbs3gdgdo.

HNCCIEAOBAHUE NNOJUKOMITIOHEHTHBIX CUCTEM C IEJBIO TIOJIYYEHUA HOBOT'O
THUIIA HEOPTAHUYECKHX NOJIMMEPOB - IBOMHBIX KOHJIEHCUPOBAHHBIX
DPOCPATOB

M.A.Aanuanu, M.K.I'senecuanu, H.B.bapnosa, b.X.Ilypuenaaze, J././[3anamBuny,
O.H.llommamBuim
Hucmumym Heopeanuueckoti xumuu u snekmpoxumuu um. P.H.Aenaoze Tounucckozo 2ocyoapcmeeHno2o
yrusepcumema um. Y. Jicasaxuweunu, 0186, yr. Munoenull, Tounucu, I pysus

PE3IOME

BreicTpoe pasBuTHE XMMHHM KOHACGHCHPOBAaHHBIX (ocdaToB 3a mociemHue AecATHIETHS O00YyCIOBJICHO
BO3PACTAIOLINM HMHTEPECOM K KJaccy HEOPraHW4YeCKWX IOIHMEPOB W BHEAPEHHEM IPOTPECCHUBHBIX
METOJOB aHalM3a M CHHTE3a HOBBIX COEIMHEHWH. Hamu ToiydeHBl He H3BECTHBIC paHEe JIBOMHBIC
KOHJCHCHPOBaHHBIE (HOCQaThl TPEXBAJICHTHBIX METAIUIOB C MICNIOYHBIMA MeTailaMu: onurodocdarsl,
nonudocdarsl U 1EKIOhocdaThl, Takue, KaK JBOMHBIC TETpa-, TeKCa-, OKTa WX JojaekapochaThl TauIus,
UHOUS W cKkaHaua. JlamHas pabora TOCBSIIEHa CHHTE3y W HCCICHOBAHUIO HOBBIX JBOMHBIX
KOHJICHCHPOBAaHHBIX (ocaToB cKammus-cepedpa, momydeHHBIM B cuctemax ML0-Mi10;-P,05-H,0 B
unTeppate Temmepatyp 120-160°C, rme M! — Ag, M- Sc. CunresupoBanbl IBOiHBIE KHCIIBIE
mudocoaret AgSc(H,P,07),,Ag,ScH3(H,P,05), w kucnelit tpudochar AgScHP304¢ . Coenunenus
ObUTM W3y4eHBl Takke U PEHTTeHO(a30BBIM aHANM30M. [IpuUBeNeHBl JaHHBIE WHAWIMPOBAHUS
PEHTTEHOTPaMBI.
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SOLVENT EFFECT ON COMPLEX FORMATION OF DIMETHYL SULFOXIDE

Nana Gegeshidze***, Lali Skhirtladaze*, Aivengo Mamulashvili**,
Tamar Edilashvili**, Neli Maisuradze**

*R.Agladze Institute of Inorganic Chemistry and Electrochemistry of Ivane Javakhishvili Thilisi State
University, 0186, Mindeli st.11, Thilisi, Georgia
**Georgian Technichal University, 77 Merab Kostava St., Thilisi, Georgia, 0175
nana.gel8@yahoo.com

Energetic, geometric and structural characteristics of Dimethyl sulfoxide are determined by quantum chemical

method AM1. According to electronic structure, solvent effect on its complex formation ability with metals is
established.

The goal of our research was to study properties of complex

formation of Dimethyl sulfoxide in different solutions, manifestation of its 5 4 10
donor properties and synthesis of new coordination compounds on the N &
basis of obtained results, and also study of physical-chemical properties of 1 [ 2
synthesized compounds. w ‘ £ ‘ )8
Based of the quantum-chemical metod AM1 [1, 2] calculated the 3 i

power, geometrical and structural features of Dimethyl sulfoxide.

According to electronic structure, solvent effect on its complex formation 6 ) 9
ability with metals is established. Water, acetone, methanol, ethanol, ® O & 2
dimethyl sulfoxide, chloroform, hexane are selected as solvents. C H S O

Picture 1. Molecul of of Dimethyl sulfoxside

Molecule formation heat, value of total energy, dipole moment, ionization potential, valence angles
between atoms and bond lengths, effective charges, atomic orbitals filling with electrons etc. are calculated
in all cases. These quantum-chemical calculations are shown in Table 1.

Table 1. Final heat of formation, net atomic charges and dipole contributions, atomic orbital electron
populations in the molecul of dimethyl sulfoxside

Atomic orbital electron

Ne Solvent, ¢ AKI?]’ p, I | Atom Charge, Edlsr(ig;)n populations
9 Y 725 [ 2p, [ 2P, | 2P,
S@) | 1.393 | 4.607 | 1.712 | 0.853 | 0.897 | 1.144
! Gas 164.88 | 395 oy [ 0778 | 6.778 | 1.946 | 1.844 | 1.649 | 1.338
Water, | _ S(3) | 1581 | 4.419 | 1.726 | 0.814 | 0.872 | 1.006
2 78.5 262.80 | 639 M5 1025 | 7.025 | 1.939 | 1.907 | 1.793 | 1.386
Dimethyl S(3) | 1579 | 4.422 | 1.726 | 0.815 | 0.872 | 1.009
3| suroxde. | 2612 1639 | 0wy | 1021 | 7021 | 1930 | 1905 | 1791 | 1385
4 | Methanol, | oo oo | a0 |_SG) | 1574 | 4.4%6 | 1725 | 0.815 | 0872 | 1.012
32.6 O(4) | -1.016 | 7.016 | 1.940 | 1.904 | 1.788 | 1.384
s | Ethanol, | oo | <o | S(B) | 1574 | 4.426 | 1725 | 0.816 | 0872 | 1.015
24.3 O(4) | -1.016 | 7.016 | 1.939 | 1.903 | 1.787 | 1.381
o | Acetone, | .. | .. | S(8) | 1569 | 4431 | 1725 | 0.816 | 0.873 | 1.017
20.7 ' 1 [TO(4) | -1.008 | 7.008 | 1.940 | 1.903 | 1.786 | 1.370
- | chioroform, | ¢ 4, S(3) | 1522 | 4478 | 1.718 | 0.825 | 0.877 | 1.057
47 °% | 550 | O@4) | -0.943 | 6.941 | 1.941 | 1.887 | 1.748 | 1.367
Hexane, S(3) | 1456 | 4544 | 1.714 | 0.839 | 0.885 | 1.106
8 1.9 19488 | 465 5 T 0857 | 6.857 | 1.943 | 1.865 | 1.695 | 1.353
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Table 2. Interatomic distances, bond orders and valencies in the molecule of dimethyl sulfoxside

Solvent, Ri13 P13 R23 P23 R34 P34

1 Gas 1.739 0.796 1.739 0.796 1.491 1.336
2 Water 1.724 0.856 1.723 0.856 1.533 1.152
3 Dimethyl sulfoxide 1.725 0.855 1.724 0.855 1.532 1.155
4 Methanol 1.725 0.853 1.725 0.853 1.530 1.163
5 Ethanol 1.725 0.853 1.725 0.852 1.530 1.165
6 Acetone 1.725 0.853 1.725 0.852 1.530 1.165
7 Chlotofom 1.729 0.836 1.729 0.836 1.515 1.217
9 Hexane 1.734 0.815 1.734 0.815 1.50 1.280
Table 3. Values of bond angles between the atoms in the molecule dimethyl sulfoxide
Angle Solvent

Gas Water DMSO Methanol Ethanol Acetone | Chloroform | Hexane
Ci1-S3-Ce 113.90 | 114.74 114.46 114.44 114.20 114.10 114.17 114.29

Analysis of the values of electron densities (formal population) and effective charges shows that the
high values of the electron density is characterized by an Oxygen atom O (4), which is typical of any
solvent. The Oxygen atom O (4) has a lone electron pair of 8-type. More precisely, he has a hybrid-type
nuclear obrital sp? with s —component.

This circumstance determines the basic properties of the Oxygen atom O (4), i.e. its properties form
the metal donor-acceptor bond.

Regarding Sulfur atom S (3), it can manifest electron-donor properties. Electron pair is on 3p;
orbitale, which is not capable of participating in bond formation with 5-type metal-complexing. The Sulfur
atom S (3) can provide n-type bond and does not have possibility to provide 5-type bond with metal.

Compounds of copper(Il), cobalt(ll) and nichel(Il) with Dimethyl sulfoxside are received. Copper(ll),
cobalt(Il) and nichel(ll) sulphates, chlorides and bromides have been taken as initial salts. Synthesis has
been carried out in hot ethanol solutions.

New coordination compounds are received in solid state. Their composition is determined using
elemental analysis, while individuality is defined via determination of melting temperature. Some physical-
chemical properties are studies, namely: solubility in different inorganic and organic solvents. Synthesized
compounds are studied using absorption infrared spectroscopy method.

ROBIBGSBHIBS - REFERENCES — IUTEPATYPA

1. Dewar M.L.S., Zoebich E.G., Rcoly E.F., Stewart I. AM1: A new purpose quantum mechanical molecular model.
A.Amer. Chem. Soc. P. 3902-3909.
2. Xumunueckas csa3b. Mappen k., Kenr C., Texep k. M.Mup 1980. 383 c.

358bLEIROL 3593RI6S RNFINORKRLIRBMILOKOL 3MIIRIILY S@IMJIF60L 65 DI
B5Bs 39298099%**, oo LboMEwadg*, 503963m 359@wsd30¢0™, 16050 JE0sdz0wo™, bgwo dsobm®msdg™
#.58 500 553 5629e0 Jo8oobs s JergddHmdodoolb obbBHodoiBHo
##b555(039e02ls (99760329050 #960396LoBAIAO
®%3%0339

J396@Me-Jodory®o dgmmom AMI gs8mm3wowmos  ©odgmowbvyeamdlool gbgtyg@odmwo, 3gmdgdMvmo s
LEAONIGHYOMWO TobslosMIPBWYDO. JEgdGHMbawo LEOYIBHMOMOL Fobg3z000 ©IYJBOWOs AsbLBIWOL gogwgbs
@0om®bgdmMsb dolo 3MI3egdufo®dmddbol Mbseby.

BJIMAHHUE PACTBOPUTEJISI HA KOMIIVIEKCOOBPA3YIOIYIO CIOCOBHOCTD
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H. Teremmmze* **, JI.Cxupmnanze*, A.Mamynamswiun™, T.Equnamsuwm™, H. Mauncypanze™
*Hnucmumym HeopeaHuueckou Xumuu u snexmpoxumuu um. P.Aenaosze
** [ py3uHCKULl MexHu4ecKuti yHugepcumem
PE3IOME
KsanroBo-xumuueckum MerogoM AMI  BBIYHCIEGHBI JHEPreTUYECKHE, TICOMETPHYCCKHE U  CTPYKTYpPHBIC
XapaKTePUCTHKH MOJCKYJbl auMeTWwICYyib(okcuaa. Ha OCHOBaHHM JJIEKTPOHHON CTPYKTYPBI OIpEAe/cHa
3aBHCHMOCTh CIIOCOOHOCTH KOMILIEKCOOOPa30BaHMsI MOJICKYJIBI C METAJIIIAMHU OT PACTBOPUTEIICH.

313




LOdS@®MBINML 3IG60IBIBSMS IBMBEIRO S35RIFOOL 85B6J, Jodoolk ByBos 2016 &. 42 \o 3
D s ———————————————— —————— ————————————————

MIXED-LIGAND COORDINATION COMPOUNDS OF 3d-METALS WITH ORTO-AMINO-4,5-
METHILPYRIDINE AND ISONYCOTINOILHIDRZONE OF PARA-
DIMETHILAMINOBENZALDEHIDE

N.Kilasonia™", M.Kereselidze*, N.Tabuashvili™, M.Mamiseishvili**, N.Endeladze™
*R.Agladze Institute Of Inorganic Chemistry and Electrochemistry
**Georgian Technical University
***Akaki Tsereteli State University, Kutaisi

The goal of our research was the study of properties of complex formation of para-dimethylaminobenzaldehyde
isonicotinoil-hydrazone, as well as methyl derivatives of aminopyridine, namely ortho-amino-4 and ortho-
amino-5 methylpyridine molecules in different solutions, manifestaion of their donor properties and synthesis of
new, different-ligand coordination compounds on the basis of obtained results, and also study of physical-
chemical properties of synthesized compounds.

Calculation are made using quantum-chemical, semi-empirical AM1 method [1] in different
solutions in order to study the property of complex formation of para-dimethylaminobenzaldehyde
isonicotinoil-hydrazone, as well as ortho-amino-3,4,5 and 6-methylpyridine molecules and to study their
electronic structure. Water, acetone, methanol, ethanol, dimethyl sulfoxide, chloroform, hexane are selected
as solvents. Molecule formation heat, value of total energy, dipole moment, ionization potential, valence
angles between atoms and bond lengths, effective charges, atomic orbitals filling with electrons etc. are
calculated in all cases.

Hs

2

N
ortho-amino-5 methylpyridine

para-dimethylaminobenzaldehyde isonicotinoil-hydrazone

Calculation are made using quantum-chemical, semi-empirical AM1 method in different solutions in
order to study the property of complex formation of para-dimethylaminobenzaldehyde isonicotinoil-
hydrazone, as well as ortho-amino-3,4,5 and 6-methylpyridine molecules and to study their electronic
structure. Water, acetone, methanol, ethanol, dimethyl sulfoxide, chloroform, hexane are selected as
solvents. Molecule formation heat, value of total energy, dipole moment, ionization potential, valence
angles between atoms and bond lengths, effective charges, atomic orbitals filling with electrons etc. are
calculated in all cases. Oxygen atom of carbonyl group and nitrogen atom of azomethine group are
manifested as donor atoms in hydrazone molecule. These atoms create c-donor-acceptor bond with metal
atoms. Besides, results of quantum-chemical calculations in different solutions show that coordination of
hydrazone molecule with complex-former metal is possible both in cetonic and enol form, and as a result
stable five-membered (pentatomic) metal cycles are forming.

As to molecules of methyl derivatives of aminopyridine, according to calculation results a nitrogen
atom of heterocycle is manifested as donor atom.
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Manganese (I1) cobalt (I1), nickel (11) and copper (I1) chlorides, nitrates and sulfates are taken as
initial substances for synthesis of different-ligand coordination compounds with ortho-amino-4 and ortho-
amino-5 methyl pyridines and with para-dimethylaminobenzaldehyde isonicotinoil- and nicotinoil
hydrazones. Synthesis is carried out in hot ethanol solutions. Ratio of salt, hydrazone and methyl pyridine
is 1:1:2. Cake (sediment) formation became visible directly as soon as hot ethanol solutions of salt and
ligand were mixed. Obtained sediment has been filtrated, washed with cold ethanol and dried. Resulted
substances have been cleaned by preliminary recrystallization from ethanol. 15 new coordination
compounds are received in solid state. Their composition is determined using elemental analysis, while
individuality is defined via determination of melting temperature. Some physical-chemical properties are
studies, namely: solubility in different inorganic and organic solvents. Synthesized compounds are studied
using X-ray diffraction method and absorption infrared spectroscopy method [2].
Infrared spectra (400-4000! ¢cm range) of synthesized complex compounds’ absorption are studied.
Rule of organic ligands, water molecules and acido ligands coordination in synthesized compounds is
established. Study of infrared spectra of coordination compounds’ absorption shows that hydrazone
coordinates with complex-former metal via oxygen atom of carbonyl group and nitrogen atom of
azomethine group, while methyl pyridine molecules coordinate via nitrogen atoms of heterocycle that
testifies the data of quantum-chemical calculations.
Presumable structure of synthesized complex compounds are offered on the basis of quantum-
chemical, absorption infrared spectroscopy and X-ray diffraction data.
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CHUHTE3 U UCCJEJOBAHUE ®U3NKO-XUMHUUYECKHX CBOVICTB
CMEINAHHOJIMTAHJHBIX KOOPAUHALIMOHHbBIX COEJUHEHNH 3d-METAJIJIOB
H.Kunaconus ™, M.Kepecemunze”, H.TaGyamsmmm**, M.Mamucenmsunu**, H.Dugenanze”™
*Uncmumym Heopaanuveckoll Xumuu u dnekmpoxumuu um. P.Aenaose
** [ Dy3uHCKULL MEXHUYECKULl YHUsepcumem
***[ocyoapcmeennviii ynusepcumem um.A.1lepemenu, Kymaucu
PE3IOME
C wmenplo H3yYeHHS KOMIUIEKCOOOpa3ylomeld CIOCOOHOCTH M 3JEKTPOHHOM CTPYKTYpPBl MOJIEKYI
W30HUKOTHHOWITH/IPa30Ha, Tapa-TUMETHIAMHHOOCH3IBJCTHIA W OpPTO-aMHUHO 4,5-METHUIITUPUIHHOB
NPOBEJIEHBl PAacYeThl KBAHTOBO-XMMHUYECKHM MOIYIMIUpPHUYECKHM MeTogoM AMI1 B pa3nmuuHbIx

pacTBOpHUTENSIX (BOJA, alETOH, AUMETHIPOPMaMUIL, TUMETWICYIbPOKCHA, XI0POPOPM, TEKCaH).
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CHROMIUM CHELATES WITH BIOLOGICALLY ACTIVE LIGANDS

Spartak Urotadze, lamze Beshkenadze, Nani Zhorzholiani, Maia Gogaladze, Nazibrola Klarjeishvili,
Vladimer Tsitsishvili
Thilisi State University, Petre Melikishvili Institute of Physical and Organic Chemistry
spartakurotadze@yahoo.com

Synthesis of trivalent chromium amorphous chelates Cr(Mt)s-2H,O (Mt — methionine anion) and Cr-Lig-nH20
(Lig — citrate ion (n=4), nitrilotriacetic acid anion ( n=3)), as well as crystalline chelates of general formula
Cr,.Ligs-nH20 (Lig — anions of succinic acid (n=0), tartaric acid (n=2), glutaminic acid (n=4), and cystine (n=5))
has been carried out for their further testing to define possibilities of their agricultural application as fertilizers,
premixes, biologically active fodder additives. Experimentally defined elemental composition of synthesized
compounds is in good accordance with corresponding calculated values; solubility of compounds in water and
organic solvents is determined, and it is postulated, that chelates containing bivalent ligands are practically
insoluble; said crystalline chelates are characterized by X-ray diffraction pattern parameters.

Introduction

Chromium (Cr) has been studied since the end of the 19" century, when carcinogenic effects of
hexavalent Cr were discovered [1]. Essentiality of trivalent Cr was demonstrated in 1959; Cr3* has been
studied in humans and laboratory animals since the 1970-ies and it is only since the 1990-ies that Cr has
been studied as an essential element in livestock animals with the same intensity. Trivalent chromium is
essential to normal carbohydrate, lipid and protein metabolism, it is biologically active as a part of an
oligopeptide — chromodulin — potentiating the effect of insulin by facilitating insulin binding to receptors at
the cell surface. With chromium acting as a cofactor of insulin, Cr activity in the organism is parallel to
insulin functions.

The demand for Cr has been growing as a result of factors commonly referred to as stressors,
especially during different forms of nutritional, metabolic and physical strain. Absorbed Cr circulates in
blood bound to the B-globulin plasma fraction and is transported to tissues bound to transferrin. Absorbed
Cr is excreted primarly in urine, by glomerular filtration; a small amount is excreted through perspiration,
bile and in milk. Review describing Cr metabolism, the different biological functions of Cr and symptoms
od Cr deficiency was published in 2007 [2].

Cr absorption is low, ranging between 0.4 and 2.0% for inorganic compounds while the availability of
organic Cr is more than 10 times higher [3]. There is information about the successful application of
chromium coordination compounds in poultry and livestock [4-9], although published evidence [10] that
chromium picolinate (Tris(picolinate)chromium(lil), Cr(Cs¢HsNO)s) and nicotinate (Chromium(3+)
tri(pyridine-3-carboxylate), Ci1sH12CrN3Og) can be dangerous just because of organic parts (residues of
picoline and nicotine acids) of said coordination compounds.

The aim of present study was to prepare chromium coordination compounds (chelates) with safe and
nontoxic biologically active organic part (ligands) for their further testing to define possibilities of their
agricultural application as premixes and fodder additives. Methionine (HO,CCH(NH2)CH,CH,SCH; =
HMt), cystine (CeHi12N204S; = HoCst), glutaminic acid (CsHsNO. = H.GI), as well as citrate acid
(H3(CesHsQO7)), nitrilotriacetic acid (Trilon A, N(CH,COOH)s; = HsNTA), succinic acid (C4HsOs = H2SA)
and tartaric acid (CsHsOs = H>TA) have been used for construction of chelates.

Experimental
Trivalent chromium chelates Cr(Mt);:2H.O (Mt — methionine anion

(O2CCH(NH2)CH,CH2SCH3)") and Cr-Lig-nH,0 (Lig — citrate ion ((CsHsO7)*, N~
n=4), nitrilotriacetic acid anion (N(CH.COO")s;, n=3)) and chelates of general ’
formula Cr».Ligs.nH2O (Lig — anions of succinic acid ((CsH404)?", n=0), tartaric o- o=
acid ((CsH406)*, n=2), glutaminic acid ((CsH;NO4)*, n=4), and cystine cr3t
((CeH10N204S,)?, n=5)) have been prepared from the Chromium(lll)acetate “
(CsHoCrOs) taking coordination compound and organic part in corresponding N

molar ratio. Optimal conditions (reactor vessel, solvent, temperature, duration, ‘

etc.) of reaction to be carried out, and tools for separating and cleaning targeted

products have been chosen experimentally; chemical content of prepared compounds was testified by
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“
partial elemental analysis (CHN Analyser, Labertherm GmbH), X-ray diffraction patterns have been
recorded on DRON-3M instrument, melting temperatures measured on Dynalon SMP10.

Results
Chemical content of prepared chelates is given in the Table 1, experimentally measured values are in a
good agreement with calculated ones for the metal, carbon, hydrogen, and nitrogen content.

Table 1. Data of elemental analysis for prepared compounds

Molecular Measured, % Calculated, %
Formula mglsfg a | ¢ H | N Cr C H N
Cr(Mt)s;2H,0 532.69 953 | 34.21 | 598 | 7.56 9.76 33.82 | 6.39 | 7.89
Cr-L-4H,0 313.19 16.30 | 23.25 | 4.00 - 16.6 23.01 | 4.18 —
Cr'NTA-3H,0 291.45 17.66 | 2454 | 435 | 478 | 1784 | 2473 | 415 | 4.8
Cra:(SA)s 452.27 22.69 | 31.75 | 4.49 — 2299 | 31.87 | 2.65 —

Cr2:(TA)3-2H.0 584.3 1757 | 24.77 | 2.95 — 17.8 24.67 | 2.76 —
Cr2:(Gl)s:5H,0 629.465 | 16.76 | 28.02 | 4.68 | 6.47 | 16.52 | 28.62 | 4.48 | 6.67
Crz:(Cst)s-4 H20 890.96 12.01 | 2487 | 45 | 931 | 1167 | 2427 | 43 | 943

Several characteristics of synthesized compounds are given in Table 2, trivalent chromium chelates
Cr(Mt);-2H,O and Cr-L-4H-0 are amorphous compounds, and chelates of general formula Cr».Ligs.nH,O
(Lig = (C4H404)%, n=0; (C4H406)*, n=2; (CsH:NO.,)*>,, n=4; (CsH1oN204S;)*", n=5) are crystalline
compounds with well-resolved X-ray diffraction patterns (see Table 3).

Table 2. Colour and solubility of synthesized compound

. Solubility

Chemical formula Colour H,0 | CoHsOH | (CHs),CO CHNO
Cr(Mt);-2H-0 Violet + Low — Low
Cr-L-4H,0 Dark green +t — — —
Cr'NTA-3H,0 Gray green +t Low Low —
Cra:(SA)3 Green — — — -
Cry (TA)3:2H.0 Green Low Low — -
Cry+(Gl)s-5H,0 Gray violet Low - — -
Cry:(Cst)s-4 H.O Gray Low Low Low Low

Table 3. X-ray diffraction characteristics of chromium (l11) synthesized compounds

Crz-(Gl)3-5H,0 Crz:(SA); Crz:(Cst)34H.0 Cry:(TA)32H,0

20 D /1o 20 d /o 20 D /1o 20 D /1o

5.13 17.218 1.0892 5.19 17.027 0.7767 10.85 8.154 0.2144 10.80 | 8.192 | 0.3615

10.79 8.201 0,7321 7.74 11.422 0.9328 12.31 7.190 0.1566 11.01 | 8.036 | 0.8384

13.16 6.729 0.3714 9.03 9.793 0.3357 13.33 6.642 0.0955 13.22 | 6.697 | 0.4076

15.68 5.651 1 10.34 8.555 0.3728 15.80 5.609 1 13.40 | 6.607 0.700

16.22 5.465 0.1357 12.26 7.219 0.5271 17.11 5.182 0.1366 15.90 | 5.574 | 0.9384

17.10 5.185 0.2883 15.53 5.706 0.1614 18.35 4.835 0.1000 17.25 | 5.140 | 0.3923

18,29 4.849 0.3714 17.29 5.129 0.1557 19.35 4.587 0.0577 18.56 | 4.780 | 0.3923

19.82 4.480 0.1214 18.09 4.904 0.3642 19.82 4.479 0.1800 20.19 | 4.398 | 0.2846

20.21 4.393 0.0428 20.07 4.424 1 21.80 4.077 0.1211 20.77 | 4.277 | 0.5538

20.68 4.295 0.1642 | 20.34 4.366 0.3900 23.15 3.842 0.1422 21.83 | 4.071 | 0.6076

21.58 4.118 0.8428 20.74 4.283 0.6671 23.84 3.732 0.0377 22.02 | 4.036 | 0.3769

22.24 3.998 0.1750 21.60 4.114 0.3328 24.62 3.616 0.0566 23.05 | 3.858 | 0.1615

22.67 3.922 0.1000 22.00 4.040 0.0928 25.46 3.498 0.0977 23.92 | 3.720 0.400

23.60 3.769 0.3178 22.22 4.001 0.2114 26.41 3.375 0.1944 26.51 | 3.362 1

24.02 3.705 0.0571 | 23.34 3.811 0.0800 29.03 3.076 0.0722 29.15 | 3.063 | 0.2769
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Table 3 —continueed

CI’z'(Gl)s'SHzO CI’z'(SA)3 CI‘z'(CSt)3'4H20 Crz'(TA)3'2Hzo

20 D I/lo 20 d I/l 20 D I/l 20 D /1o

26.04 3.421 0.1321 24.43 3.643 0.3200 30.52 2.929 0.0600 30.23 | 2.956 | 0.2846

26.23 3.397 0.8464 25.86 3.445 0.1357 31.05 2.880 0.0933 3111 | 2.875 | 0.9461

29.07 3.072 0.1142 26.38 3.378 0.0857 31.85 2.810 0.0788 32.02 | 2.795 | 0.1307

30.54 2.927 0.5714 | 26.84 3.322 0.0714 34.04 2.634 0.0854 33.92 | 2.643 | 0.2384

31.25 2.862 0.1964 | 27.59 3.233 0.0500 37.35 2.408 0.0755 34.42 | 2.605 | 0.1230

31.63 2.829 0.1607 28.47 3.135 0.0242 37.82 2.379 0.0688 35.37 | 2.538 | 0.1538

32.67 2.741 0.0750 28.84 3.096 0.2014 40.47 2.229 0.0711 35.82 | 2.507 | 0.4230

33.29 2.712 0.1464 29.88 2.990 0.0842 44.29 2.045 0.0488 37.74 | 2.384 | 0.3000

33.84 2.649 0.3571 | 30.05 2.974 0.1442 45.80 1.981 0.0233 37.88 | 2.375 | 0.3538

35.09 2.557 0.2357 | 30.17 2.962 0.0714 46.96 1.935 0.0488 40.33 | 2.228 | 0.3307

35.90 2.501 0.2250 30.55 2.926 0.0371 48.72 1.869 0.0944 40.71 | 2.216 | 0.3692

37.08 2.425 0.2034 31.40 2.849 0.2785 50.20 1.817 0.0366 4426 | 2.046 | 0.4538

37.47 2.400 0.4301 | 32.48 2.757 0.3857 4457 | 2.033 | 0.3538
38.25 2.353 0.3464 | 33.88 2.646 0.2585 47.02 | 1.932 | 0.2153
40.10 2.248 0.3254 | 3491 2.570 0.0728 46.99 | 1.934 | 0.2230
40.15 2.246 0.1324 | 3591 2.501 0.2385 48.71 | 1.869 | 0.2076
40.15 2.246 0.1324 | 3591 2.501 0.2385 48.71 | 1.869 | 0.2076
42.39 2.132 0.0857 | 38.64 2.330 0.1100 48.87 | 1.864 | 0.2528
42.92 2.107 0.0392 | 38.91 2.315 0.0714 54.69 | 1.678 | 0.0923

43.86 2.064 0.2964 | 39.81 2.264 0.0814

44.69 2.028 0.0678 | 40.64 2.220 0.1000

46.62 1.948 0.1821 41.22 2.190 0.1442

48.16 1.889 0.1392 | 43.16 2.096 0.1327

48.61 1.873 0.0392 | 44.74 2.026 0.1800

49.25 1.850 0.1142 | 46.34 1.959 0.0900

50.57 1.805 0.0857 | 47.57 1.911 0.0600

52.68 1.738 0.1107 | 48.26 1.886 0.0447

53.07 1.704 0.1142 | 49.34 1.847 0.0300

54.58 1.681 0.0642 | 50.34 1.813 0.0514

57.92 1.592 0.0285

X-ray diffraction pattern of chelate containing glutaminic acid residue is nearly similar to pattern of
chelate coordinated by cysteine residue, that can display possibility for compounds Cr;-(Gl);-5H.0 and
Cr2'(Cst)3*4H20 to have the isomorphous crystal structures, but it is impossible to solve such problem
without X-ray structural study.

Chelates containing bivalent ligands are practically insoluble, which limits their applicability.
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L3oMF53 YOMEIg, 059Dg 0993965dg, b560 FMMHME0sbO, Fo05 MYswsdg, BoBOdOMMS JwsMxgodzowo,
3w50d9M (3030030¢00
390909 G9¢crododzoemol 3ob0zIH0 ©s MEH3sbrIero Jodool oblbBodryBHo

®3%0339

Bo@o®g0m@os 1sdg35egb@osbo JHmdol (I) sdm®Ewmmo bgwsdwo bsgmgdol Cr(Mt)s-2H0 (1) o
Cr-Lig-nH,0 (Lig — go@®s@-ombo (n=4), bo@HOHowmm@®oddsdssgsl sbombo (N=3)), s3mgm3zg 360obEH@Go
bgs@meo Boghomgdol Cra.LigsnH20 (Lig — Jo®gol 8gs30L (n=0), 03060l 97530L (N=2), 24e<9Es380bol
95530Ls (N=4) ©s 3obGHYObOL (N=5) 560mbgd0) LobmgBo LILMPWM-LsYMEBIM OB gdom Fsmo
d90pmdo  godmygbgdol  dobboom. Fomgdmwo  bsgBmgdol  gdudgModgbG e  eblsbrzMmo
9w9896@m0 99050 9bmds gdmbgzg3s 490mmzEowls, gsblsBrgzmmos dsmo blbsmds {gsels o
mO2obmen  459blbgergddo. ©IEIBoE0s, GMI  MMZ35¢gbEGH0B0  Woysbgdol Fgdggwo  bgws@gdo
365dBH03wo©  Mblbsos, o3 bBOMEsgl Fomo  asdmyggbgdols  LEgMML.  IOOLEIWNMO  boghmgdo
boLOsMYOME0s MYBE B ORMIEHMTYEHOOOL 356509EHMJOOm.

XEJIATBI XPOMA C BUOJIOT'MYECKU AKTUBHBIMMU JINT' AH/IAMUA

C.Vporanze, U.bemikenanze, H.2XKopsxonuanu, M.I'orananze, H. Knapmxenmsuny, B.uuumsunu
Hucmumym guszuueckou u opeanuueckoi xumuu um. 111" Meruxuweuiu
Tounucckuii 2ocyoapcmeentulil yHusepcumem um. 1s. [{casaxuweunu

PE3IOME
[TpoBenéH cuHTEe3 aMOphHBIX XenatoB TpéxpaneHTHOro xpoma Cr(Mt)s-2H.0 (Mt — aHroH MeTHOHMHA) U
Cr-Lig-nH,O (Lig — uwmrpar-uoH, N=4; aHHOH HHUTPWIOTPUYKCYCHOM KHCJIOTBI, N=3), a TaKKe

KpuCTa/uTHYecKux xenaroB xpoma Cra.LigsnH2O (Lig — anmonsr cykuuroBoit (n=0), tapraposoii (N=2),
[IFOTaMUHOBOM (N=4) KHMCIOT ¥ mucThHA (N=5)) Ul MX JAIBHEHIINX HUCIBITAHUN C LENBI0 ONPEIETUTh
BO3MOYKHOCTH  CEJbCKOXO3SHCTBEHHOTO  HCIIOJNB30BAHHMsA B KayeCcTBE  yAOOpEHHH, IPEMHUKCOB,
OMOJIOTMYECKH aKTUBHBIX MHIIEBBIX J100aBOK. OmnpeaeséHHbIi SKCIEPUMEHTAIBHO 3JEMEHTHBIH COCTaB
CHHTE3UPOBAHHBIX COEJMHEHHMH COBIANAcT C PACYETHBIM; ONpEJeeHa HMX PacTBOPUMOCTh B BOJE M
OpPraHWYECKUX PAaCTBOPUTENSAX, M YCTAHOBIEHO, YTO COJEpIKAIIUE IBYXBAJICHTHBIE JIMTAHbI XEJAThI
NPAKTHYECKH HEPACTBOPUMBI, YTO OTPaHMYMBAET 00JACTh WX IMPUMEHEHHs. KpUCTaJIMYeCKUE XelaThl
0XapaKTepU30BaHbI TapaMeTpaMu PEHTIEHOBCKOM M (HpakTOMETpUH.
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SOLVENT EFFECT ON COMPLEX FORMATION OF
DIMETHYLACETAMIDE AND N,N-DIMETHYLFORMAMIDE

G.Tsintsadze, D.Lochoshvili*, T.Giorgadze, E.Topuria, T.Tusiashvili
Georgian Technical University, Thilisi, Georgia
*R.Agladze Institute of Inorganic Chemistry and Electrochemistry of the lv.Javakhishvili
Thilisi State University, Thilisi, Georgia, dimitri.lochoshvili@tsu.ge

Various characteristics: formation heat, dipole moment, interatomic distances, bond orders, valence angle and
electron population at atomic orbitals were calculated for dimethylacetamide and N,N-dimethylformamide by
means of quantum-chemical semiempirical AM1 method in gaseous phase and in seven various solvents.The
coordination ability of these molecules with organic ligands as well as with complex former metal was
established.

It was expected, that dimethylacetamide and N,N-dimethylformamide (Fig. 1) as organic
ligands will form a coordination bond with complex former metal by means of nitrogen as well as
by oxygen. Actually x-ray structural analysis and infrared spectra of coordination compounds,
obtained with above-mentioned ligands, have shown that the bond with complex former metal is
formed only by oxygen atom. The aim was to ascertain the cause of coordination by oxygen atom
instead of nitrogen one. For this purpose the use of semiempirical method — AM1 of modern
computer quantum chemistry was decided which allows to calculate the structure and properties
of interested molecules by means of relatively low power computer in rational time by
experimentally closer [1-4].
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Fig. 1 a—Dimethylacetamide and b—N,N-dimethylformamide molecule

Energetic and structural characteristics of organic ligands — dimethylacetamide and N,N-
dimethylformamide, were determined by calculation in gaseous phase as well as in various
solvents, particularly, in water, dimethylsulfoxide, methanol, ethanol, acetone, chloroform and
hexane.

Analysis of calculated formation heats and dipole moments (Tables 1-2) shows, that the
stability of both molecules increases in the solvents in comparison with gaseous phase. The
maximum value of this parameter is attained in water and minimum — in hexane. As to dipole
moment, it also increases in solvents and maximum value is attained in water and
dimethylsulfoxide. This fact may be explained by formation of dipole induction moment. From
mentioned tables is also evident that in the case of both molecules oxygen s-orbitals and nitrogen
pz-orbitals are characterized by high electron density. Since it is well known that p;-orbital may
participate in the formation of n-bonds instead of o-bond, it is apparent that nitrogen atom can not
form o-bond with complex former metal. Also an attention must be drawn to two methyl groups,
associated with nitrogen atom, which form steric hindrances for bond with complex former metal.
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All aforementioned explains the formation of monodentate bond with complex former metal only
by oxygen atom instead of nitrogen atom. Analysis of the interatomic distances and bond orders
value (Tables 3-4) shows, that respectively the maximum and minimum values of these
parameters are is attained in water. Taking into consideration the fact, that an increase of bond
length and order decrease causes an increase of reactivity, it may be suggested that for synthesis of
coordination compound the use of water is reasonable.

It should be noted that calculated energetic and structural characteristics of the molecules of
dimethylacetamide and N,N-dimethylformamide (Tables 3-6) are in close with X-ray structural
data of Ni(NCS)2[CH3CON(CHs)2]s and Me(NCS)2[HCON(CHs)2]4, where Me=Mn(I1); Co(ll);
Ni(ll) [5-7].

Table 1. Solvent dielectric permeability (€), heat of formation(AH), dipole moment (i), charge on atom (q),
atomic orbital electron population (s,p) of molecule dimethylacetamide.

AH Atomic orbital electron population

kJ/mole D Atom Q

N Solvent,e
2S 2px 2py 2pZ

Cc(2) | 0303 | 1.225 | 0.896 | 0.828 | 0.748
1 Gas 17339 359 [ N@) [ 0343 | 1.470 | 1.067 | 1.055 | 1.752
0@) |-0370 | 1.917 | 1.692 | 1.287 | 1.473
C(2) | -0.348 | 1.227 | 0.905 | 0.818 | 0.702
2 Water, 78.5 22267 599 [ N@3) | -0.307 | 1.460 | 1.078 | 1.064 | 1.696
0@) | -0575 | 1915 | 1.731 | 1.322 | 1.607
C(2) | 0348 [ 1.227 | 0.905 | 0.818 | 0.703
3 | Dimethylsulfoxide, 49.0 -221.79 | 5.95 | N(3) | -0.308 | 1.469 | 1.078 | 1.636 | 1.698
0@) | 0571 | 1.915 | 1.730 | 1.321 | 1.604
C(2) | 0347 | 1.227 | 0.905 | 0.818 | 0.703
4 Methanol, 32.6  |-22057| 5.90 | N(3) | -0.300 | 1.469 | 1.078 | 1.063 | 1.699
0@4) | -0567 | 1.915 | 1.730 | 1.320 | 1.601
C(2) | 0346 | 1.227 | 0.904 | 0.819 | 0.704
5 Ethanol, 24.3 219.43| 584 [ N@) [-0310 | 1.469 | 1.078 | 1.063 | 1.701
0@) | -0562 | 1.915 | 1.729 | 1.319 | 1.598
C(2) | 0346 | 1.227 | 0.904 | 0.818 | 0.705
6 Acetone, 20.7 21866 | 580 | N@3) [-0311 | 1.469 | 1.078 | 1.063 | 1.702
0@4) | -0558 | 1.915 | 1.727 | 1.320 | 1.596
C(2) | 0335 [ 1.226 | 0.901 | 0.822 | 0.716
7|  chloroform, 47 | -204.08| 513 [ N@) [ -0.326 | 1.469 | 1.074 | 1.061 | 1.722
0@4) | -0500 | 1.915 | 1.715 | 1.312 | 1.557
C2) | 0317 | 1.225 | 0.899 | 0.825 | 0.734
8 Hexane, 1.9 -186.13 | 4.34 | N@3) [ -0.340 | 1.468 | 1.070 | 1.058 | 1.743
0@4) | 0428 | 1.916 | 1.699 | 1.303 | 1.509
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Table 2. Solvent dielectric permeability (€), heat of formation(AH), dipole moment (i), charge on atom (q),
atomic orbital electron population (s,p) of molecule N,N-dimethylformamide.

AH Atomic orbital electron population

kiimole | D | Atom Q

N Solvent,e
2s 2px 2py 2p;

c(@) | 0.262 | 1.245 | 0.890 | 0.857 | 0.746
1 Gas -154.60 [ 355 [ o(2) [-0.365 | 1.915 | 1.110 | 1.873 | 1.466
N3) |[-0.353 | 1.471 | 1.063 | 1.073 [ 1.746
c@) | 0310 | 1.256 | 0.873 | 0.879 | 0.682
2 Water, 78.5 -208.52 ( 5.85 [ o(2) [-0588 | 1.914 | 1.156 | 1.907 | 1.610
N@3) |[-0.312 | 1.472 | 1.086 | 1.073 | 1.681
c@) | 0307 | 1.254 | 0873 | 0.882 | 0.684
3 |Dimethylsulfoxide, 49.0 -204.72| 588 [ o) | -0.580 | 1.914 | 1.156 | 1.907 | 1.601
N3) | -0.314 | 1472 | 1.082 | 1.073 | 1.685
c@) | 0305 | 1.255 | 0.874 | 0.881 | 0.685
4 Methanol, 32.6 -203.01| 581 [ o(2) | -0575 | 1.914 | 1.156 | 1.908 | 1.597
N3) | -0.315 | 1.474 | 1.082 | 1.073 | 1.686
c@) | 0309 [ 1.255 | 0874 | 0.877 | 0.685
5 Ethanol, 24.3 -205.02| 569 [ o) | -0574 | 1.914 | 1.154 | 1.905 | 1.601
N@3) | -0.316 | 1.472 | 1.084 | 1.073 | 1.687
c@) | 0308 | 1.254 | 0875 | 0.877 | 0.686
6 Acetone, 20.7 -204.23 567 | o(2) |-0.571 | 1.915 | 1.153 | 1.905 | 1.599
N3) | -0316 | 1471 | 1.084 | 1.073 | 1.688
c@) [ 0297 [ 1251 [ 0.880 [ 0.870 | 0.701
7 Chloroform, 4.7  |-188.93 ] 4.97 [ o) | -0507 | 1.915 | 1.140 | 1.896 | 1.558
N@3) [ -0331 [ 1471 | 1077 [ 1.073 | 1.710
Cc(l) | 0280 [ 1.248 [ 0.886 | 0.863 | 0.724
8 Hexane, 1.9 -17037( 417 | o(2) |-0430 | 1.915 | 1.124 | 1.884 | 1.507
N@3) | -0345 | 1471 [ 1.070 | 1.073 | 1.732

Table 3. Interatomic distances (R) and bond orders (P) of molecule dimethylacetamide.

Bond Solvent

Gas | Water | Dimethylsulfoxide | Methanol |Ethanol | Acetone | Cloroform | Hexane

CLC R, A| 1.508 | 1.503 1.503 1503 | 1.503 | 1.503 1.504 1.506
P 0.941 | 0.954 0.954 0.953 | 0.953 | 0.954 0.950 0.945

CooNs R, Al 1.390 | 1.372 1.372 1.373 | 1.373 | 1.374 1.379 1.385
P 1.066 | 1.194 1.192 1.189 1.185 | 1.183 1.144 1.101

C)-Os R, A| 1.248 | 1.267 1.267 1.266 | 1.266 | 1.265 1.259 1.253
P 1.755 | 1.568 1572 1.576 1.581 | 1.585 1.640 1.704

Na-Cs R, A| 1.435 | 1.440 1.440 1.440 1.440 | 1.440 1.439 1.437
P 0.941 [ 0.931 0.931 0.931 | 0.931 | 0.932 0.933 0.935

Ni-Cs R, A| 1.432 | 1.439 1.439 1.439 1438 | 1.438 1.437 1.433
P 0.951 [ 0.932 0.932 0.933 | 0.933 | 0.934 0.939 0.945
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Table 4. Interatomic distances (R) and bond orders (P) of molecule N,N-dimethylformamide.

Bond Solvent
Gas | Water | Dimethylsulfoxide | Methanol |Ethanol | Acetone | Cloroform | Hexane
co R, Al 1.243 | 1.264 1.262 1.262 | 1.262 | 1.262 1.255 1.248
2 [P 1780 [1.581 1.591 1597 | 1.595 | 1.597 1.657 1.727
CN R, A] 1.380 | 1.362 1.364 1.365 | 1.364 | 1.363 1.369 1.375
8 [ 1080 [1.217 1.213 1.208 | 1.207 | 1.206 1.162 1.115
NG R, Al 1.433 | 1.441 1.441 1.441 | 1.440 | 1.440 1.438 1.435
" 1p To.950 [0.933 0.930 0.931 | 0.934 | 0.934 0.939 0.945
NeC R, Al 1.435 | 1.439 1.440 1.439 | 1.439 | 1.439 1.438 1.436
2 [p 10943 0934 0.933 0.934 | 0.935 | 0.935 0.937 0.940

Table 5. Values of valence angles of molecule dimethylacetamide.

Angle Solvent
J Gas | Water | Dimethylsulfoxide | Methanol |Ethanol| Acetone| Cloroform | Hexane
C1-CoNs {118 561120.20 120.18 120.19 |120.14| 120.00 | 119.69 | 119.15
C1-C2-0u {190 92|120.31 120.32 120.31 |120.34] 120.48 | 120.72 | 121.10
Co-NsCs [ 190.90]119.78 119.76 119.79 |119.77| 119.60 | 119.47 | 119.19
Co-Ns-Ce 1120.94]120.42 120.42 120.39 |120.40] 120.54 | 120.53 | 120.70
Co-Ca-H7 | 108 58109.23 109.22 109.17 |109.16| 109.27 | 108.96 | 108.77
Co-Ci-Hs 1990.11|110.22 110.22 110.24 |110.24] 110.05| 110.34 | 110.38
Co-Ca-Ho {110 97]110.31 110.32 11032 [11032| 11051 | 11036 | 11047
Ns-Cs-Hio | 109 67]110.47 110.47 110.47 |110.47] 11051 | 11054 | 110.59
Na-Cs-Hu1 {415 19 [109.73 109.73 109.67 |109.67| 109.76 | 10068 | 110.67
N3-Cs-H12 [110.37[109.91 109.91 109.94 |109.94| 109.99 | 109.97 | 109.96
Ns3-Ce-His | 111.07 [110.27 110.27 110.30 |110.31| 110.36 | 110.44 | 11055
Na-Ce-Hus [ 11 35]110.09 110.10 110.07 |110.08| 110.14 | 110.18 | 110.30
Ns-Ce-His | 109.83110.30 110.31 110.29 |110.30] 110.40 | 110.38 | 110.45
04-C»-N3 [120.511119.49 119.49 11951 |119.52] 11951 | 11959 | 119.75
Cs-N3-Cg |117.64]119.78 119.80 119.77 |119.78| 119.81 | 119.95 | 120.06
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Table 6. Values of valence angles of molecule N,N-dimethylformamide.

Angle Solvent

Gas | Water | Dimethylsulfoxide | Methanol |Ethanol| Acetone| Cloroform | Hexane
02-C1-Ns |122.92]121.88 122.20 121.76 |121.86| 122.00 | 122.24 | 122.61
C:-Ns-C4 |121.26]120.80 119.75 119.48 |120.80| 120.87 | 121.01 | 121.15
C:-Ns-Cs |121.81]122.36 120.81 120.76 |122.48| 122.51 | 122.33 | 122.08
02-Ci-He |122.68(121.60 121.52 121.63 |121.80| 121.66 | 121.99 | 122.36
N3-Cs-H7 |110.24]109.71 110.57 110.53 |109.64| 109.63 | 109.79 | 109.99
N3-Cs-Hg |109.94]109.52 110.01 110.24 |109.54| 109.64 | 109.82 | 109.91
N3-Cs-Hg |110.88]110.83 110.44 110.03 |110,87| 110.83 | 110.82 | 110.88
N3-Cs-Hio |110.02]109.62 110.41 110.66 |109.61| 109.66 | 109.81 | 109.94
N3-Cs-Hu: |110.131110.12 110.36 110.28 |110.08| 110.02 | 110.01 | 110.03
N3-Cs-Hio 109.891110.08 109.75 109.54 |110.15] 110.13 | 110.10 | 110.00
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PE3IOME

ITony>MIupruIecKuM KBAaHTOBO-XMMHUYECKAM MeTogoM AMI, B ra3oBoil ¢aze M ceMH pPa3HBIX PACCTBOPHUTEISAX
BBIYUCIICHBI TEIJIOTa 00pa30BaHMA, AMIIOIBHBI MOMEHT, JJIMHBI MEKAaTOMHBIX CBS3€H, MOPS/AKH CBA3EH, BEAWIHHEI
MEKaTOMHBIX yIJIOB, pacIpelelieHre »3JCKTPOHOB Ha aTOMHBIX opbOurtamsax auMermnaneramuma u N,N-
quMetmidgopMamMuia.  YCTaHOBJIEHA KOMIUIEKCOOOpA3ymoOIIyl0 CHOCOOHOCTh JTHX MOJIEKYJI € MeTallaMH
KOMIUIEKCO00Pa30BaTeIsIMH.
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SOLVENT EFFECT ON COMPLEX FORMATION OF UREA

Maia Tsintsadze***, Sofio Tchitchinadze*, Nona Bolgvadze**, Nino Imnadze**, Gulnara Manvelidze**
*R.Agladze Institute of Inorganic Chemistry and Electrochemistry of lvane Javakhishvili Thilisi State
University, 0186, Mindeli st.11, Thilisi, Georgia
**Georgian TechnichalUniversity, 77 MerabKostava St., Thilisi, Georgia, 0175
m.tsintsadze@gtu.ge

Energetic, geometric and structural characteristics of Urea are determined by quantum chemical method AM1.
According to electronic structure, solvent effect on its complex formation ability with metals is established.

The goal of our research was to study properties of complex formation of Urea 6
in different solutions, manifestation of its donor properties and synthesis of new a) 5
coordination compounds on the basis of obtained results, and also study of physical- =)

chemical properties of synthesized compounds. 2
Based on the guantum-chemical metod AM1 [1-3] calculated the power, 1>)‘))”“.

geometrical and structural features of Urea. According to electronic structure, a7
solvent effect on its complex formation ability with metals is established. Water, 4
acetone, methanol, ethanol, dimethyl sulfoxide, chloroform, hexane are selected as 8
solvents. ® O 9 9

. N
Picture 1.Molecul of of urea e -

Molecule formation heat, value of total energy, dipole moment, ionization potential, valence angles
between atoms and bond lengths, effective charges, atomic orbitals filling with electrons etc. are calculated
in all cases. These quantum-chemical calculations are shown in Table 1.

Table 1. Final heat of formation, net atomic charges and dipole contributions, atomic orbital electron
populations in the molecul of Urea

Ny Solvent, & AH, n, D | Atom | Charge, | Elect- | Atomic orbital electron populations
KJ q ron 2S 2Px 2Py 2P;
density
0O(1) | -0.407 6.407 1.921 1.072 1.872 1.542
1 Gas -186.27 | 3.83 N(3) | -0.434 5.434 1.464 1.098 1.074 1.798

N(4) | -0.405 5.405 1.501 1.106 1.067 1.731

O(1) | 0650 | 6.650 | 1.920 | 1.122 | 1.913 | 1.695

2 Hzo%g\gater' 27516 | 645 | N(3) | 0411 | 5411 | L1449 | 1140 | 1.069 | 1.753
' N(@) | 0400 | 5400 | 1520 | L1136 | 1059 | 1684

C2HeSO, Dimethy] O(1) | 0647 | 6647 | 1920 | 1121 | 1.912 | L1693

3 sulfoxide, 27372 | 641 [ N@) |-041L | 5411 | 1449 | 1139 | 1.069 | L1754
49.0 N(4) | 0400 | 5400 | 1520 | 1136 | 1.059 | L.685

O(1) | 0639 | 6639 | 1.920 | 1.120 | 1.011 | 1.688

CH30OH, Methanol,

4 o 27164 | 631 [ N@) [-0413 | 5413 | 1449 | 1138 | 1.070 | 1.756
' N(4) | 0399 | 5399 | 1523 | 1.136 | 1060 | 168l

O(1) | 0636 | 6636 | 1.920 | L118 | L1911 | 1687

5 CZHSO';;‘ Etham" 26479 | 627 [N@) |-0414 | 5414 | 1448 | 1.137 | 1.069 | 1759
' N(@) | 0401 | 5401 | 1519 | 1134 | 1060 | 1688

(CH2)2CO, O(1) | 0632 | 6632 | 1920 | 1118 | L1910 | Lesa

6 Acetone, 26850 | 622 [ N@3) [-0415 | 5415 | 1449 | 1137 | 1.070 | 1.760
207 N(4) | 0400 | 5400 | 1520 | 1.134 | 1.060 | 1685

chch, O(1) | 0554 | 6554 | 1.920 | L.105 | 1898 | 163l

7| chloroform, 24470 | 525 [ N@) |-0417 | 5417 | 1475 | 1124 | Lo73 | L1745
4.7 N(4) | 0398 | 5398 | 1519 | 1124 | 1068 | 1687

O(1) | -0473 | 6473 | 1920 | 1087 | 1885 | 1580

8 Clj:';;’nt'g 21391 |443 [N@) [0426 | 5426 | 1473 | L1l | L1074 | 1768

N(4) | -0.400 5.400 1.513 1.115 1.068 1.704
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Analysis of the values of electron densities (formal population) and effective charges shows that the
high values of the electron density is characterized by an oxygen atom O (1), which is typical of any
solvent. The Oxygen atom O (1) has a lone electron pair of &-type. More precisely, he has a hybrid-type
nuclear obrital sp? with s —component. This circumstance determines the basic properties of the Oxygen
atom O (1), i.e. its properties form the metal donor-acceptor bond.

Regard to the Nitrogen atoms N (3) and N(4), it can manifest electron-donor properties. Electron pair
located on 3p.orbitali, which is not capable of participating in bond formation with &-type metal-
complexing. The Nitrogen atoms N (3) and N(4) have not possibility to provide n-type bond and they can
provide & -bond with metal - N (3) or N(4).

Molecule formation heat, value of total energy, dipole moment, ionization potential, valence angles
between atoms and bond lengths, effective charges, atomic orbitals filling with electrons etc. are calculated
in all cases. Thesequantum-chemicalcalculationsareshowninTable 1.

Compounds of copper(Il), cobalt(Il) and nichel(Il) with Urea are received. Copper(Il), cobalt(ll) and
nichel(Il) sulphates, nitrates, chlorides and bromides have been taken as initial salts. Synthesis has been
carried out in hot ethanol solutions.

Sediment formation became visible directly as soon as hot ethanol solutions of salt and ligand were
mixed.Obtained sediments has been filtrated, washed with cold ethanol and dried. Resulted substances
have been cleaned by preliminary recrystallization from ethanol.

New coordination compounds are received in solid state. Their composition is determined using
elemental analysis, while individuality is defined via determination of melting temperature. Some physical-
chemical properties are studies, namely: solubility in different inorganic and organic solvents. Synthesized
compounds are studied using absorption infrared spectroscopy method.
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396 M-JodonMo  9gom@om  AMI1  g4s8mm3owos 3900500l (BoMMmgzebsl)  gbgMagEHo3mwo,
39039 GHOWMo @  LEHOMIGMOMWOo  TobsbosmgdEgdo.  gEgdBHOMmbywo  LEGHMWIGHOHOL dobgzom
©oiagbowos  godblbgeol  gogargbs  omMbgdmsb  dobo  3m33Egdufemdmddbol  Mbatby.
Lobomgbomgdmwos  3mdse@HoL(II), 6ozgeob(l) s b3owgbdol JmmGEobsgomwo bsghmgdo
856H0M35b5Lmsb. Fgbfagarowos Lobmgbomgdmo bsgHmadol Bmyo MmO ZoB03ZNM-JodomMo M30L9ds.

BJUSIHUE PACTBOPUTEJISI HA KOMIIVIEKCOOBPA3YIOHIYIO CTIOCOBHOCTD
KAPBAMUJIA (MOYEBHWHBI)
M.unnagze* **, E.Ununnanze*, H. bonksagze**, H Mmuanze**, I’ Maupenuaze**
*nucmumym neopeaHuyeckou Xumuu u daexkmpoxumuu um. P.Aenaoze
** [ py3suHcKuii mexHuyueckull yHusepcumem
PE3IOME
KBanToBo-xuMuueckuM MetojioM AMI1 pacuuTaHbl SHEPreTHUECKUE, TEOMETPUYECKUE U CTPYKTYpHBIE
XapaKTepUCTUKU MOJIEKYJIbI JUMETHICYIb(okcuna. Ha ocHOBaHMM 3JIEKTPOHHOM CTPYKTYpHI ONpeneneHa
3aBHCUMOCTb CIIOCOOHOCTH KOMIUIEKCOOOPa30BaHMsI MOJIEKYJIbl € METaJulaMH OT pPacTBOPHUTEICH.
CunTe3npoBanbl KoopauHaMoHHbIe coenuHenus kobOanbra(ll), Hukemsa(ll) n memu(ll) ¢ modeBHHOMH.
WzyueHsl HeKOTOPbIE HUBNKO-XHUMHUUECKUE CBOMCTBA CHHTE3UPOBAHHBIX COEAUHEHUH.
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LizMnO3z DEVELOPMENT AS A COMPONENT OF HIGH-VOLTAGE LITHIUM-RICH
COMPOSITE xLi2MnOs: (1-x) LiMnO, CATHODE MATERIALS FOR Li-ION BATTERIES

Eteri Kachibaia, Ruth Imnadze, Tamar Paikidze, Dali Dzanashvili, Tengiz Machaladze

R.Agladze Institute of Inorganic Chemistry and Electrochemistry of lvane Javakhishvili Thilisi
State University, 0186, Mindeli st.11, Thilisi, Georgia
kachibaia@hotmail.com

Physical and chemical basis production of Li-MnOs3 as a part of high-voltage lithium-rich composite xLi,MnQ3 -
(1-x) LiMnO; cathode materials for Li-ion batteries has been developed. In this case, various methods of
Li,MnO3 preparation have been tested. Among them, a method based on thermal decomposition of the eutectic
mixtures of starting materials has been used. Phase-pure, nano-sized compounds with monoclinic structure have
been obtained.

Nowadays batteries represent a very important technology. Electrodes (anode and cathode) and
electrolyte are three major components of most batteries, including lead-acid batteries, used for startup of
car engines, as well as compact lithium cells widely used in different applications (e-books, watch, etc.).For
these new batteries all developed countries intensively search for above mentioned components that would
be efficient in terms of price and operational performance. Lithium-ion batteries (LIB) are now ubiquitous.
Recently they have been applied in electric and hybrid vehicles. There is an inevitable shift underway as
the automotive industry transitions from traditional gasoline powered vehicles to more efficient,
environmentally responsible modes of transport. Hybrid electric vehicles and electric vehicles are making
inroads into the global marketplace, but the going is slow and the obstacles are many. As yet, these vehicles
have not returned much profit for their manufacturers. However the problems can be solved with the
improvement of batteries technology. There are opportunities to increase the energy of lithium batteries and
reduce their prices by 30-40%. Currently new fuel sources are being developed. Meanwhile, lithium-ion
power sources continue to be the most preferable in the next 20 years.

A class of cathode materials that emerged recently displays increasing reversible capacity upon
oxygen release during the first charging. These compounds are referred to as ‘‘composite cathode
materials” - layered-layered composites - xLioMnOs-(1-x)LiMO; (M=Mn, Ni, Co, Cr).Initial charge to >4,5
V(Li*/Li) removes lithium to the negative electrode with oxygen ions being removed from the initially
inactive Li-MnOs; component activating it for subsequent electrochemical cycling. Today these materials
are the subject of intense international research and development. It is considered that lithium-rich cathode
materials can provide LIB with high electrochemical characteristics due to Li:MnOs; properties.
Meanwhile, the preparation and characterization of nanoscale lithium rich cathode materials are still
insufficiently studied. Particularly relevant is development of affordable and safe, modified, nanoscale
materials based on xLi:MnOs-(1-x)LiMyMn1.,0> (M = Ni, Co, Cr), capable to replace commercially
available LiCoO..It is assumed that maximum oxidation state of manganese in an octahedral oxygen
environment cannot exceed +4. Subsequently, Mn** compounds, such as Li.MnOs (having a layered
structure - monoclinic structure), while rich with Li* ions, were considered electrochemically inert.
Recently, it has been suggested that Li+ may be removed from Li-Mn** oxides. It was shown, that lithium
extraction from these materials is possible, not by Mn*%oxidation, but by the simultaneous removal
(elimination) of oxygen in order to balance the charge and stabilize structure. In A. Robertson, et al.,
Chem.Mater., 15 (2003) 1984 paper, LioMnOs is presented as cheap component of Li;MnOsz - LiIMO, (M =
Cr, Co, Ni and Fe) solid solutions, since in the activation process they deliver high reversible capacity of
200mAh/g by removing oxygen during the initial charge. When all the lithium ions are utilized, theoretical
capacity of Li,MnQs is 458 mAhg™.

To obtain phase pure, nanosize Li-MnOs;, with monoclinic structure, as a component of above
mentioned XLi-MnOs-(1-X)LiIMO- -type composite compounds, a number of methods have been tasted in
the framework of presented study:1. Method, based on mechanochemical treatment of initial reagents
during solid state reaction, followed with calcination. MnCOs, LiOH, y-MnQO; (3IM), Li,CO3 were used as
initial reagents. Synthesis | step — preparation of the intermediate product: a) mechanochemical treatment
of initial reagents mixture using spirit as dispersant; b) removal of the spirit at 60°C, 1=30 min; c) heat
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treatment at T1=350°C, t:=2h. Synthesis Il step —treatment of the intermediate product at T=500°C,
11=2h.2. Malting-saturation method, where mixture of LiOH and MnO./MnsO4 was pre-fired at 470 and
530°C on air, followed by heat treatment at different temperatures in the range of 1000°C.3. Method based
on thermal decomposition of eutectic mixture of initial reagents — Li and Mn acetates, followed by heat
treatment. Table 1 summarizes the results of X-ray diffraction patterns of Li.MnOs samples, prepared by
solid state method as a result of Li.COs and MnCOs/ MnQ; interaction.

Table 1.

Sample Ne Heat treatment mode Phase composition

Samp.Nel T.=350°C. 71=5h Main phase Li-MnQOs;, ASTM 27-1252

MnCOs ! AT Sample contains an impurity of Li>COs (2.93, 2.83)
Samp.Ne2 T,=350°C, ;=5 h. Li.MnOs-monoclinic structure,

MnCOs T,=500°C, 1,=5h. ASTM 27-1252

Samp.Ne3 T.=350°C. 1:=5 h Main phase LiMnQs, sample contains large amount of
y-MnO; ! T Li>CO;3 (2.93, 2.83, 2.49, 3.03) impurity

s_a,\rjllrﬁ’gf“ %;gggg E;g E: ASTM 27-1252, minor impurity of Li,COs
Samp.Ne5 ?;gggog g:mpg monoclinic structure,

MnCOs 2 P ASTM 27-1252

T5=1000°C, =5 h.

Tables 2-5 show the diffraction characteristics of the synthesized samples.

Table 2. Diffraction characteristics of Li,MnOs; samples, synthesized by different methods

Samp.Ne2 Samp.Ne6

Samp.Nel Li,MnOs, Samp.Ne4 Samp.Ne5 Li-MnOs,
LiMnOs | Ti=d00C | MRS 1 Limnos | LiMnos | Ti=180C, | ASTM 2
T:=400°C | T»=600°C, - i350°c3£ T;=350°C | T:=180°C, | T,=600C, LiMNO.
T,=600°C (Li -2% ! T,=500"C T,=600°C (Li -2% 2

eXCess) eXxcess)
un | Mlo| duw| Wlo| duw| Wlo| dan| Wo| dun| Wio| dun| Wlo| dun| Wl
469 | 95| 471| 62| 474| 50| 476| 39| 467| 48| 473| 41| 474 100
423| 26| 418| 57| 423| 21| 423] 20| 423| 20| 426| 20
404| 17| 408| 26| 3,78 8| 37 7] 41| 17| 408 17| 408] 30
37| 14| 366| 19| 3,03| 12| 2,93 6| 3,66 8| 366| 10| 366| 20
3,16 8 293] 63 242 44 242 42 317 20
249 41 247 8| 283] 100] 283 14| 23 4] 231 5 - -
246 66| 242 15| 263 24 201] 100| 2,02 100| 2.43] 20
241 29 249 49 1,85 9] 1,86 8| 242 30
237 19| 237 19| 243] 63| 243] 43| 159] 10 237 10
2,04 100 | 2,04] 100 2,26 8| 231 6| 1,57 15| 157] 16| 2.03] 50
202 71| 203] 57| 202] 100 143| 28] 2.02] 90
1,86| 15| 1,88 19| 1,83 12| 1,86 7 142] 28] 1.86| 10
158 23| 16| 26| 157 21| 157 14 158 | 10
154] 33| 157 32 156 | 30
1,44 50 144 30

Phase pure, nanosize (D=9.3+11.3 nm) Li,MnOsz samples, obtained on the bases of lithium and
manganese acetates are characterized by monoclinic structure
X-ray diffraction and X-ray structural analyses of the mixture’s annealing products at 230-310-400-
500°C confirm decomposition of double eutectic mixture and formation of Li-MnOjs, with monoclinic

structure and particle size about 9.3+11.3 nm.
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Table 3. Diffraction characteristic of Li,MnO3z (samples 1 and 2), obtained by the interaction of LiOH-H20

and Mn304
Samp.Nel Li,MnOs, Samp.Ne2 LioMnQO3, ASTM - 27-1252,
T,:=400°C, T,=600C T:=400°C, T,=600°C, Li,MnOs
(Li -2% excess)

Aown 1/ Aown I/lo Aown /1o HKkI
4,69 95 4,71 62 4.74 100 002
- - 4,23 26 4.26 20 020
4,04 17 4,08 26 4.08 30 111
3,7 14 3,66 19 3.66 20 111
3,16 8 - - 3.17 20 022
2,49 41 - - - - -
2,46 66 2,47 8 2.43 20 200
2,41 29 2,42 15 2.42 30 131
2,37 19 2,37 19 2.37 10 113, 004
2,04 100 2,04 100 2.03 50 202
- - 2,02 71 2.02 90 133
1,86 15 1,88 19 1.86 10 133
1,58 23 1,6 26 1.58 10 006
1,54 33 1,57 32 1.56 30 242,135
1,44 50 - - 1.44 30 -
1,42 34 - - 1.42 40 -

In sample Nel impurity of LiMn,Os (2.43, 2.37, 1.58, ASTM 18-736) is fixed.

Table 4. Diffraction characteristic of Li.MnO3 samples, obtained by the interaction of
Li2C03 and ’Y-MﬂOz

Samp.Ne3 Samp.Ne4
Li;MnOs, Li,MnOs, ASTM Mzn7c-)1252,
T:=350°C T:=350°C, T,=500°C 2V
da/n |/|0 d(x/n |/|0 dq/n |/|o
474 50 4,76 39 4.74 100
4,18 57 4,23 21 4.26 20
3,78 8 3,7 7 4.08 30
3,03 12 2,93 6 3.66 20
2,93 63 - - 3.17 20
2,83 100 2,83 14 - -
2,63 24 - - 2.43 20
2,49 49 - - 2.42 30
2,43 63 2,43 43 2.37 10
2,26 8 2,31 6 2.03 50
2,03 57 2,02 100 2.02 90
1,83 12 1,86 7 1.86 10
1,57 21 1,57 14 1.58 10
1.56 30
1.44 30
1.42 40

The lithium-ion accumulators and batteries based on them have become part of people's daily lives.
Cars and other devices operating on Li-ion batteries have been invented. The problem however is battery
capacity fade during charging-discharging. This problem triggers development of Li-ion batteries.
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Large amount of Li.CO3 (2.93, 2.83, 2.49, 3.03) impurity is fixed in sample Ne3. LiMnOz with
monoclinic structure and minor impurity of Li»Cos is fixed in sample Ne4.

Table 5. Diffraction characteristic of Li,MnO3 samples, obtained by the interaction of Li and Mn acetates

Samp.Ne5 Samp.Ne6
. oo Li2MnOs, ASTM - 27-1252,
Li-MnO; T1=180C, _ 0 _ 0 . .
e T1=180°C, T,=600C, (Li- LizMnOs
T,=600C
2% excess)
dom I/lo o I/o Awn /o HKI
4,67 48 4,73 41 4.74 100 002
4,23 20 4,23 20 4.26 20 020
4,1 17 4,08 17 4.08 30 111
3,66 8 3,66 10 3.66 20 111
- - - - 3.17 20 022
- - - - 2.43 20 -
2,42 44 2,42 42 2.42 30 200
2,3 4 2,31 5 2.37 10 131
- - - - 2.03 50 113,004
2,01 100 2,02 100 2.02 90 202
1,85 9 1,86 8 1.86 10 133
1,59 10 - - 1.58 10 133
1,57 15 1,57 16 1.56 30 006
1,43 28 1.44 30 242,135
1,42 28 1.42 40 -
a sinf} = 0,4835 nm a sinf = 0,484 nm
b =0,8459 nm b =0,8459 nm
¢ sinf = 0,935 ¢ sinf = 0,946
o =0,4909 o =0,4914
<« B=99°10 <« B=99°10
¢ =0,9492 um ¢ =0,9604 am

Physicochemical and electrochemical characteristics of cathode materials depend on their syntheses
methods. Conventional solid-state reaction has several drawbacks, such as huge energy consumption due to
prolonged high-temperature multi-stage process, heterogeneous composition and particles agglomeration.
Low concentrations of starting materials are used to obtain the cathode material by soft chemistry methods
(hydrothermal method, co-precipitation, etc.). Hence a small amount of the desired product is obtained.
Therefore, these processes cannot be used for industrial production. Development of special synthesis
methods suitable for creating nanosized cathode material can improve its kinetic performances. Reducing
particle size to a nano-scale can lead to increased electrode/electrolyte interface area, decreased mechanical
stress (tension) during lattice delithiation, and reduced lithium/ electron transport length in cathode
material. Due to the small particles, lithium ions can diffuse through lattice from the particle’s center
towards its surface along the short path. This could ensure high electrochemical characteristics and good
capacity stability. Well crystallized nanoparticles will provide for more rapid diffusion of lithium and
hence provide high rate capability.

X-ray studies of samples were carried out using DRON-3 diffractometer in the focused CuKa
radiation. The phase identification was carried out using diffractometric data for nonorganic compounds
along with latest corresponding literature data. Evaluation of coherent scattering regions (d.nm) was carried
out by the Debye-Scherer formula: d=0,91/B-cos8, where A is wave length, B is line broadening at half the
maximum intensity, 6 - diffraction angle. Particle size of synthesized samples was calculated using
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transmission electron microscope (TEM). Thermogravimetrical studies were carried out using Q-1000°C
derivatograph with simultaneous recording of T, TG, DTA and DTG curves. Chemical analysis of the
samples was determined by atomic absorption method, as well as by traditional methods of chemical
analysis.
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PA3PABOTKA Li;MnO3; B KAUECTBE COCTABJISIIOIIEN YACTHU BBICOKOBOJIbTHBIX
BOTI'ATBIX IMTUEM KOMITIO3HLIMOHHBIX KATOJAHBIX MATEPUAJIOB
XLizMnO3-(1-x)LIMnO; AJIA Li-MOHHBIX BATAPEU

9.1.Kaunbas, P.A.Vimuanze, T.B.[Taukuaze, JI.W.J3anamsunu, T.Mauananze
Hucmumym neopeanuueckoti xumuu u saekmpoxumuu um. P.U.Aenaoze Tounucckozo eocyoapcmeentozo
yrusepcumema um. Y. Jcasaxuweunu, 0186, yn. Munoenull, Tounucu, I pysus

PE3IOME
[IpuBeneHBI HCCIICNOBaHHS CTPYKTYPHBIX XapakTepucTHK U (a3oBoro coctaBa LixMnOs; B kauecTBe
COCTaBIISIFONIEH YaCTH BBICOKOBOJIBTHBIX OOTAThIX JIMTHEM KOMIIO3UIIMOHHBIX KATOJHBIX MAaTepUaliOB
XLizMnOs-(1-X)LIMNO, mns Li-nonnsix Oartapeit. [{ns momyueHust (pa3oBO-YMCTBHIX, HAHOPa3MEPHBIX
obpasioB LiMnOs ¢ MOHOKIMHHOW CTPYKTYypOil ObUTH OMPOOOBaHBI PAa3IMYHBIC METObI, TaKUe, Kak
METOJI PACIUIABa-HACHIIICHHS, METO/, OCHOBAaHHBIN HAa TEPMUYECKOM PA3JIOKECHHH 3BTEKTHUECKUX CMeceit
MCXOJIHBIX PEareHTOB -alleTaTOB JUTHUS U MapraHua u Jip.
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ELECTROPLATING AND SURFACE ALLOYING OF METALS IN MOLTEN SYSTEMS

N.Gasviani, G.Kipiani, M.Khutsishvili, L.Abazadze, S.Gasviani, G.Imnadze
R.Agladze Institute of Inorganic Chemistry and Electrochemistry of Ivane Javakhishvili Thilisi State
University, 0186, Mindeli st.11, Thilisi, Georgia
nodargasviani@mail.ru

The properties of metals are mainly determined by composition of surface layer. Therefore the variation of their
surface composition is profitable in place of the variation of whole volume. This process is possible only in
molten systems at (873-1173) K at preparation of metals electroplating. In parallel, the surface-diffusion alloying
of the metals-bases takes place. In the paper the results of electroplating and surface alloying of metallic titanium
and steels (CT-3, CT-40, X18H10T) by metallic molybdenum and intermetallides in oxy-halide melt at (873-
1173) K are presented.

The preparation of electroplating of a number of metals, characterized by valuable properties, from
aqueous solutions is impossible. From molten electrolytes the preparation of electronegative metals (Al, Ti,
Zr, Hf, V, Nb, Ta, No, W and etc.) is possible. But in this case the difficulties appear which are excluded at
the electrolysis of aqueous solutions. This is mainly caused by process high temperatures which
occasionally exceed the temperatures of re-crystallization of plated metals. As a result, on one side, the
macro-crystalline, loose, dendrite plating is formed, hindering the preparation of pure metal uniform plating
at the cathode. On the other hand, the diffusion of separated metals into the cathode depth takes place by
formation of alloys or intermetallides. This fact is very useful and profitable in many cases. Metals
electrochemical deposition from molten electrolytes is associated with a process of alloy formation
between separated metal and cathode. In this case, on one side, the regulation of the rate of metal plating
appearance at the cathode is possible by variation of current density and, on the other hand, the regulation
of the rate of diffusion of deposited metal is also possible by temperature variation independently of one
another. In this case the diffusion (alloyed) layer of definite thickness is obtained in a base metal (for
example, in the steel). Metal properties (hardness, corrosion-, heat- and thermal resistance) are determined
by the composition of surface layers. For economy of alloying metals it is profitable to vary the
composition of metal surface layer instead of the whole volume. Preparation of the plating in the metals
and in their surface layers involve the compounds obtained by electrolysis. Explanation of alloyed layer in
a solid metal only by diffusion is difficult to imagine. This well-known effect is referred to
"electrochemical implantation™ and may be explained by the fact that at the electrolysis the microscopic
cracks are formed between the boundaries of cathode grains which determine a rapid diffusion of alloyed
compound into the cathode depth. Therefore the surface electrochemical alloying in the melts proceeds
relatively easier and is substantially profitable from economic viewpoint.

The investigations were carried out for the purpose of electrochemical plating and alloying of titanium
and steels: CT-3, CT-40, X18H10T by molybdenum and intermetallides: MoCosz and MoNis.

Titanium plays a great role in the development of new technique because of many unique properties.
Along with it, titanium is characterized by low anti-frictional properties, high braking factor, intense wear
and etc. Plating and alloying by molybdenum enhances the surface strength of titanium hard ware,
improves anti-frictional properties.

Equimolar mixture of KCI-NaCl was used as a background, molybdate: Na.MoO. - as a depolarizer.
Its electroreduction proceeds by the following scheme:

MOOZ y2+1¢>M0O+0? 0
MoOn2 + ne <> Mo + n/20%  (lI)

O% - ions, formed by acid - base reaction (l), suppress the reaction (lI) or the auto-inhibition of
electrode process takes place. For neutralization of O% the scavenger of oxygen-ions is necessary. For this
purpose PO3(NaPOs) is added to the melt [1]. Therefore primarily in the practice metallic molybdenum
was obtained from oxygen compound [2]. This is the most rational and short way in the technological
cycle: "ore - finished products".
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The most optimal is the following: electrolyte which involves (in mass %): eutectic K,Na/Cl (78-79) -
Na,MoO4 (10-12) - NaP5(1-2); cathode current density (0.01-0.025) A/cm?. At the temperatures of (973-
1173) K the smooth molybdenum plating of 80-120um thickness are obtained with a good adhesion with
titanium; current efficiency comprises 90-94%.

At the micro-section of titanium cathode lateral section the diffusion layer was determined. Micro-
hardness of titanium comprises 209kg/mm?. In diffusion layer the micro-hardness is gradually increased in
surface direction and comprises 680kg/mm?. The thickness of diffusion layer attains 80-110um at 6 hour
electrolysis. At the electrolysis process the surface electrochemical alloying of titanium takes place. As a
result titanium micro-hardness increases by a factor of 3-4, the wear- and corrosion - resistances are also
enhanced. The corrosion of alloyed titanium composes 0.2g/m2hour, whereas for usual titanium it
comprises 0.82g/m?2.hour.

Research goal involves electroplating and diffusion alloying of the steels under study by molybdenum
and molybdenum - cobalt (nickel) intermetallides in oxy-halide melts. Preliminary preparation of the
surface of plated ware is of a great importance which was performed by thorough attention. The
electrolysis was carried out in corundum glasses at the temperatures of (973-1073) K in air atmosphere.
Steel plate of 10 cm? area was used as the cathode. Plating and alloying was performed in the following
molten systems (mass %):

Eutectic: K,Na/CI-89; NaMo004-10; NaPOs-1 |
KCI-50; BaCl,-25; SrCl,-15; Na;Mo00O;-10; 11
KCI-50; NaCl-25; BaCl,-15; Na;Mo00O4-10; 111

PO wasn't added to Il and 111 melts since the cations - Ba?*, Ca?*, Sr?* are the strong scavengers of O,

In the temperature range of (973-1073) K and at current densities: 0.01-0.2 A/cm? the shining plating
of tight adhesion with a base are obtained. At 6 hour electrolysis the surface is plated by molybdenum layer
of 30-50um thickness. For example, a micro-hardness on the micro-section of the lateral section of
molybdenum plated steel at a distance of 100pm from the edge comprises 310kg/m? Micro-hardness
gradually reduces and at a distance of 160um from the surface comprises 150 kg/mm?.

By increase of electrolysis duration to 12-15 hours the thickness of alloyed layer increases to 450-
550um. The picture is similar for all steels and in the case of all three melts. X-ray structural analysis has
shown that the alloyed layer consists of the solid solution of molybdenum in iron.

For all samples the micro-hardness of plating surface is equal to the micro-hardness of molybdenum -
1220 kg/mm?,

Plating of steels (plates or cylinders) and alloying by intermetallides: MoCosz and MoNis was carried
out in the molten system:

K,Na/Cl - Na2MoO; - CoCl(NiCl,) - NaHPO3

The optimal case takes place when the compounds are added to the background: KCI-NaCl by the
following ratio:

[M0oO?4]:Co? (Ni?*):PO3=4:1:2.5

Their total amount in the melt mustn't exceed to 20-25 mass%. Working temperature comprises (973-
1073) K, current density - (0.01-0.25)A/cm?. The thickness of diffusion layer on the electrolysis duration.
When electrolysis lasts 4-6 hours the silvery, smooth plating of (40-60) um thickness are prepared with a
good adhesion with a base. X-ray structural analysis confirms the presence of uniform plating - MoCos
(MoNis). The thickness of alloyed layer comprises (70-100) pm.

It is evident that in molten systems the metals (steels) gain a number of important properties by
electrochemical plating and diffusion alloying
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T'AJIBBAHUYECKOE INOKPBITHE U ITIOBEPXHOCTHO-IN®®Y3UOHHOE
JIETUPOBAHUE METAJIJIOB B PACIIVIABJIEHHBIX CUCTEMAX

H.I'acBuanwy, I'.Kunuanu, M. Xyuumswim, JI. A6azanze, C.I'aceuanu, [.Mimuanze
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PE3IOME

CocTaB HOBEPXHOCTHOTO CJIOSI METaUIOB, B OCHOBHOM, OIIpeleNsieT uX CBOWCTBAa. 1loaToMy BBIrOAHO
U3MEHEHHE WX TOBEPXHOTHOTO COCTaBa, a HE IMEIMKOM OOBEMHOro. OTO BO3MOXKHO TOJBKO B
pacmiaBiIeHHbIX cucTeMax mpu Temmeparypax (873-1173) K Bo Bpems moiydeHHs TalbBaHOMOKPBITHN
MeTauioB. [lapannenbHO Takke NPOUCXOIUT TOBEPXHOCTHO-IU((HY3MOHHOE JIETUPOBAHUE METAJLIOB-
nouiokek. B pabore mnpuBeneHbl pe3yabTaThl TajJbBAHUYECKOTO IOKPBITUSI M MOBEPXHOCTHOTO
JISTUPOBaHUs MeTajundeckoro tTutana u craneit (CT-3, CT-40, X18H10T) mera/inueckum MOJIMOICHOM U
uaTepmetanaamMu — MoCos u MoNi3 B okcuranoreHuAHOM paciuiase npu (873-1173) K.
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ELECTROCATALYTIC PROPERTIES AND PHOTOELECTROCHEMICAL
CHARACTERISTICS OF NANOSIZED TITANIUM DIOXIDE FILMS
MODIFIED BY La AND Nd

V.S.Vorobets, G.Ya.Kolbasov
V.1. Vernadsky Institute of General and Inorganic Chemistry of National Academy of Sciences of Ukraine,
Kyiv, Ukraine
kolbasov@ionc.kiev.ua, vorobesvs@i.ua

Nanostructured TiO; films modified by La and Nd have been produced by sol-gel method and characterized by
x-ray diffraction and ultraviolet-visible photocurrent spectra. The average size of nanoparticles was no more
than 10 nm, the average thickness of the deposited layers was 800 — 1000 nm. The XRD results indicated that
TiO2, TiO2/La and TiO2/Nd electrodes calcined at 430°C consisted of anatase as the single phase. The
photocurrent spectra of the TiOy/La and TiO2/Nd electrodes showed a stronger current in the UV range and a
shift in the flat-band potential (Es) towards more negative values than that of TiO, electrodes. Electrocatalytic
properties of TiO,, TiOz/La and TiO2/Nd electrodes in the process of oxygen electroreduction have been
investigated. Modifying of TiO; films by neodymium and lanthanum improves catalytic activity of TiO»/Nd and
TiO2/La electrodes in the reaction of oxygen electroreduction. Improvement of electrocatalytic activity in
comparison with unmodified TiO, has been observed for films with dopant concentrations up to 3 %. The
correlation between electrocatalytic activity of electrodes and energy position of conduction band Ex, iS
determined. Synthesized films can be used in electrochemical sensors for the determination of O, in biological
liquids.

Introduction

Titanium dioxide is a promising material for application in environmental photocatalysis, for the
generation of electricity in the solar and fuel cells, gas sensors, optical and protective coatings,
electrochemical devices, as oxygen reduction catalyst etc. [1,2]. The catalytic activity of titanium dioxide
increases greatly when nanoparticles are used. This paper presents results of studying the electrocatalytic
properties and photoelectrochemical characteristics of electrodes based on nanosized titanium dioxide films
modified by La and Nd. The prepared samples were characterized by using x-ray diffraction and
ultraviolet-visible photocurrent spectra. Band gap energy and the position of flatband potentials were
estimated by photoelectrochemical measurements.

Experimental
Synthesis of Materials. Electrocatalytic films based on nanosized titanium dioxide modified by La

and Nd were produced by combined coprecipitation and sol-gel method on a Ti substrate from solutions
containing titanium chloride, lanthanum nitrate and neodymium chloride according to the following
procedure: at first aqueous TiCl. solution was prepared. A prescribed amount of lanthanide nitrate and
neodymium chloride were dissolved in the aqueous TiCl, solution to form mixed ion solution. The
transparent solution was added to aqueous ammonia solution slowly under vigorous stirring until the pH
value of 10. After this, the reaction system was continuously stirred for 10 min at room temperature to
obtain a homogeneous precipitate in composition, and then placed for separation. After that precipitate was
rinsed by deionized distilled water to remove NH** and Cl-ions. Then a prescribed amount of hydrogen
peroxide solution was added to precipitate under vigorous stirring to form a clear yellowish sol, after that
the reaction system was continuously stirred for 30 min at ~ 5° C. The sol was then dried at 100° C for 6 h
to remove the water. The dip-coating technique was utilized for film deposition on titanum substrates. After
that the electrodes were annealed in air at 430-500°C.

To facilitate structural investigations by XRD powders have been prepared via gelation of the films’
precursors, and their drying in air with following heat treatment to 450 or 500 °C. XRD analysis of
crystalline phases was performed using a DRON-4-07 (Burevestnik, St. Petersburg) diffractometer (CuK,
radiation with Ni filter, A=1.5418 /&) with Brag-Brentano registration geometry (26 = 10-80°). The average
size of crystallites was determined using Sherrer equation applied to the most intensive peak [3] at k=0.9.
The degree of the powders crystallinity was estimated as the ratio of integrated intensities, such as for the
(101) line of the studied and reference standard samples (reference standard: TiO,, anatase 100%).
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Photoelectrochemical investigations were carried out in the wavelength range 250 — 600 nm in a
quartz electrochemical cell under irradiation of a high-pressure 500 W xenon lamp.The
photoelectrochemical properties of the TiO,, TiOz/La and TiO2/Nd electrodes were estimated using the
spectral dependence of the photoelectrochemical current (ipn), measured by commercial spectrometer
KSVU-1 (LOMO, Russia) with spectral resolution 1 nm. The experiments were carried out at 22°C in the
quartz cell. The iy spectra were measured with usage of the mechanical light chopper of 20 Hz frequencies
and standard circuit synchronous detection. The ipn Spectra were expressed in units of quantum efficiency
(electron/photon). Ag/AgCl electrode was used as the reference electrode on the pH value of the
electrolyte.

Electrocatalytic properties of TiO,, TiOz/La and TiO2/Nd electrodes in the processes of oxygen
electroreduction was studied in potentiodynamic mode using electrochemical PC-based stand, having the
following characteristics: measured currents - 2 « 10° = 101 A, potential sweep speed v= 0,01 + 50 mV * s~
! measurement range of working electrode potential -4 + +4 V. Electrochemical measurements were
carried out in a three electrode cell with separate anode and cathode space. Platinum electrode was used as
the auxiliary electrode. Reference electrode was silver chloride electrode (Ag/AgCl). Measurements were
carried out in physiological (0.9%) and isotonic (7.5%) solutions of NaCl.

Results and Discussion

Phase composition of TiO,/Nd Films.The crystalline structures of TiO2/Nd nanocomposites with
dopant contents in the range 1 —10 mol. % were studied by XRD measurements of powders prepared from
the precursors. Only anatase phase (JCPDS-ICDD, Ne21-1272) was identified in XRD patterns of TiO, and
TiO2/Nd powders [3]. XRD measurements of TiO2/Nd powders in the range of Nd concentrations 5-10
mol.% did not reveal any peaks, typical for crystalline neodymium phase, or neodymium oxide [3]. Halo
in the range of 20 <20° was observed on diffraction patterns of TiO2/Nd samples with high neodymium
content (> 5%) [3], caused probably by the presence of amorphous phase of TiO, and Nd compounds. The
crystallinity of the samples was 80-85%.

The average crystallite size determined from the peak (101) broadening by Scherrer equation
decreases with increasing content of neodymium (Table 1).

Table 1. Influence of Nd on structural characteristics of TiO- films. Ta.=430°C

No Sample 20, ° Average crystallite a, c,
n/n sized, A A A
1 TiO; 25.45 94.77 3.756 | 9.453
2 TiO2:1 mol.% Nd | 25.44 93.68 3.758 | 9.466
3 TiO2:2mol.% Nd | 25.40 90.45 3.775 | 9.484
4 TiO2:3mol.% Nd | 25.35 86.15 3.783 | 9.515
5 TiO2:5mol.% Nd | 25.30 74.59 3.801 | 9.532
6 TiO2:8 mol.% Nd | 25.30 74.41
7 TiO2:10 mol.% Nd | 25.44 66.56

These results indicate that in the TiO2/Nd composites, crystallization of titanium oxide is suppressed
when Nd content increases due to the neodymium retarding effect on anatase crystallites growth. Detailed
analysis of XRD spectra of the TiO./Nd powders proved the formation of solid solution NdyTi@-O2, with
anatase structure as resulted from the anatase (101) crystal plane reflection shift into lower 26 region (Table
1) due to the differences in the ionic radii of Nd** and Ti** and agree with data reported in [4.5]. The
increase of lattice parameters a and ¢ of solid solutions Ti1.xZrO; as function of neodymium content (x) up
to mol. % 5 was observed (Table 1) and agrees with [4,5].

Photoelectrochemical Characteristics of TiO2/La and TiO2/Nd electrodes. Spectral dependences of
photocurrent were measured for the TiO,/La and TiO2/Nd electrodes (films were coated on Ti substrate) to
obtain the value of the band gap energy.

Quantum yield of photoelectrochemical current 77 in semiconductors can be expressed as [6]:

A
=—(hv-E )"
n hv( i
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where Av is the photon energy, m=1/2 for the direct transition and m=2 for the indirect transition.

For the tested TiO2/La and TiO»/Nd electrodes, photocurrent spectra were presented as (i-4v)"? = f{hv)
dependence which was linear in the wide range of wavelength. Band gap (Eg) values (Table 2) were
calculated [7] by extrapolation of straight line of these dependences to the abscissa.

The position of the flatband potential (Ew) of TiO2/La and TiO2/Nd electrodes was determined by the
electrochemical measurements of photocurrent (ipn) as a function of applied potential. Flatband potentials
were estimated from ipn changes measured at the photocurrency maximum for TiO,, TiO2/La and TiO./Nd
electrodes plotted against applied potential by extrapolation straight line of these dependences to the
abscissa.

Table 2. Influence of Nd and La on photoelectrochemical and electrocatalytic characteristics of TiO;
films in 0,9 % solution of NaCl. T, =430°C

Ne Sample Flat-band Band-gap Potential of oxygen Width of
/i potential, Es, Eq, eV | electroreduction Eop, V | "electrochemical
Vv window" AE, V
1 TiO; -0,30 3,20 -0.60 0.17
2 TiO2/Nd -0,54 3,10 -0.49 0.24
3 TiO2/La -0,60 3,20 -0.43 0.25

The photocurrent spectra of the TiO./La and TiO./Nd electrodes showed a stronger current in the UV
range (Figure 1) and a shift in the flat-band potential (Em) towards more negative values than that for
undoped TiO: electrodes (Table 2). For TiO2/La electrodes the photocurrent spectra showed a shift in
photocurrent maximum toward longer wavelengths (Figure 1).

0.6 r

0.4

0.2

0

2.8 3.3 3.8 4.3 4.8
hv,eV
Fig. 1.Quantum yield of photocurrent for modified TiO; electrodes in 1 N KCI:
1-TiO2; 2-TiO2/Nd; 3-TiOz/La

The enhancement of photocurrent efficiency indicated that Nd** and La®** ions addition is beneficial to
promote charge separation within nanostructured TiO; film and to improve interfacial charge transfer
process due to formation of impurity electron levels in the band gap of titanium dioxide [8], acting as traps
of charge which retard the recombination process.

Electrocatalytic properties of TiOz/La and TiO,/Nd electrodes. Catalytic properties of TiO,,
TiOy/La and TiO2/Nd electrodes were investigated in the reaction of oxygen electroreduction in
physiological (0,9 %) solution of NaCl. One current wave is observed on the current-voltage curves at
potentials -0,45 + -0,9 V (vs. Ag/AgCI electrode) (Figure 2). Important characteristic of electrodes for
analysis of dissolved oxygen concentration is the oxygen electroreduction potential, or current half-wave
reduction potential E1» on the cathodic polarization curve, value of which should be minimum to avoid
adverse electrochemical reactions when measuring the oxygen concentrationin.
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Fig.2 Current-voltage curves for oxygen reduction in solution of 0,9% NaCl at the electrodes:
1-TiOz; 2-TiOz/Nd; 3—-TiOz/La. v=10mV «s?

It has been found by I-E curves measurements that the potential of oxygen electroreduction varies
from the film composition (Table 2).

It is shown that modifying of TiO- films by neodymium and lanthanum improves catalytic activity of
TiO2/Nd and TiO2/La electrodes in the reaction of oxygen electroreduction, which is manifested in
decreasing of oxygen reduction potential Eo, and increasing of dynamic range of O electroreduction
potentials (“electrochemical window") (Table 2). As shown in [9], the high catalytic activity of TiO;
electrodes in the electrochemical reduction of oxygen due to the existence at the TiO. surface
nonstoichiometric titanium oxide TiO191(OH)o0e and its hydroxide phase. Introduction into the crystal
lattice of TiO, Nd or La, probably leads to the formation of additional catalytic centers, which also
participate in this reaction.

The mechanism of oxygen reduction at the investigated electrodes is determined by mixed kinetics.
We have shown that limiting current of oxygen electroreduction for studied semiconductor electrodes
(Figure 2) is the limiting diffusion current.To prove this, the dependence of limiting current maximum from
the potential sweep velocity v has been investigated. We have obtained that this dependence was straight in
coordinates i;=f(v)>> and cut the x-axis at iz=0, which due the diffusion control of oxygen reduction in
this area [9]. In this case the dependence of density limiting current on the concentration of dissolved
oxygen in NaCl solution for electrodes based on nanosized TiO: films is, as a rule, linear [9].

The correlation between electrocatalytic activity of electrodes and energy position of conduction band
Ef, is found. Overvoltage oxygen reduction Eo, on TiO,, TiO2/La and TiO./Nd electrodes significantly
depends on the flat-band potential value Eg ( Table 2). Modification of TiO; electrodes by Nd and La
nanoparticles leads to increasing of E. into the region of more negative values and increase the energy of
conduction band electrons, which are involved in the process of oxygen electroreduction. Thus, the
decrease of half-wave potential of O, electroreduction for investigated electrodes associated with the shift
of conduction band bottom toward more negative values.

The modified TiO, electrodes characterized by a high sensitivity to dissolved oxygen ((4-5)-10° g/l)
and high reproducibility of characteristics in long-time cycling. These electrodes are promising for use in
electrochemical sensors for the determination of oxygen in biological liquids.
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095J30500.  gordxmdalgds odbs dgdkbgmo TiO2 -09b  Fgx3sMHgdom 3% -0y ©@M30Mgdn
999G gddo. gegdBHOH™M@OL gErgdBHMISGHIWODBNM 5dE0MMmMDILS S PodBMo Bmbol gbgtyosl (Em)
meob  3mMguogos 0dbs  ©oagbowo. LobmgBoMmgRdMWo GoMgdo Tgodewrgds  yodmygbgdmwo  ogdbsl
00MEMy0© blbsMgddo gargd@Hmdodon® LgblmMgddo O2 -ob gEYJEooLsm30L.

JNEKTPOKATAJIMTUYECKHUE CBOVMCTBA U ®OTORJIEKTPOXUMUYECKHE
XAPAKTEPUCTUKHU IVNIEHOK HAHOPAZMEPHOI'O IMOKCHUJIA TUTAHA,
MOAUPULIUPOBAHHOI'O La 1 Nd
B.C.Bopooer, I'.51.Konbacos
Hucmumym obweii u neopeanuueckotl xumuu um. B.H.Bepnaockoeo HAH Ykpaunwl, Kues, Ykpauna

PE3IOME

Hanoctpykrypubie mienku TiOz, momupuimpoBanHoro La m Nd, momydeHHBIE 307b-T€Ib METOIOM,
0XapaKTepU30BaHbl METOJAMH PEHTTCHOBCKOW NU(paKkiud u CrekTpoB (ororoka B YO u BUANMOM
nuanasonax. B cnekrpax ¢ororoka TiO2/La u TiO2/Nd 3mekTpo10B Ha0JII01aJI0Ch MOBBIIICHHE (HOTOTOKA
B Y®-1nana3zone u caABUT noTeHIMana miockux 30H (Em) B cTOpoHY OoJiee OTpHLIATEIbHBIX 3HAYCHUH 110
cpaBHeHHnto ¢ TiO2 anektponamu. YcCTaHOBIEHO, uTo MomudunupoBanue TiO; TIIEHOK HEOJUMOM U
JIAHTAHOM TIOBBINIAET KaTanmuTHyeckylo aktuBHOCTh TiOz/La m TiO2/Nd snektpomoB B peakinuu
JIICKTPOBOCCTAHOBJICHHSI KUCIIOPO/A. YCTAHOBJIEHA KOPPESIIUS MEXKIy OJIEKTPOKATAIUTUYECKOI
AKTHBHOCTBIO DJIEKTPOJOB W DHEPreTUUECKHM IOJOKEHHEM 30HBI MPOBOAUMOCTH. CHHTE3MPOBaHHBIE
IUICHKH MOTYT OBITh HCIIOJNIb30BaHbI B 3JEKTPOXUMHYECKHX CEHCOpax Ul OIpEICNICHHs COACPKaHUsI
KHCIIOPO/Ia B OMOJIOTUIECKHUX KHKOCTSIX.
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VOLTAMMETRIC STUDIES OF Ca DOPED Y-114 LAYERED COBALT PEROVSKITE
ELECTRODES WITH CATALYTIC EFFECT FOR ETHANOL ELECTROOXIDATION IN
ALKALINE SOLUTIONS

Dan Mircea Laurentiu, Duca Delia Andrada, Vaszilcsin Nicolae, Craia-Joldes Victor-Daniel
University Politehnica Timisoara, Faculty of Industrial Chemistry and Environmental Engineering,
300223, Parvan 6, Timisoara, Romania
mircea.dan@upt.ro

In this paper, ethanol anodic oxidation reaction on YosCaosBaCosO- electrode in aqueous alkaline solution was
investigated using voltammetric studies. The catalytic activity on ethanol anodic oxidation becomes a serious
issue, mainly in order to use layered cobalt perovskite as anode in fuel cells. The research is necessary to
understand the ethanol oxidation reaction (EOR) mechanism on the surface of these type of compound
electrodes. Electrochemical behavior has been studied by cyclic voltammetry and linear polarization. Obtained
results have shown that layered cobalt perovskites are appropriate as anodes in high temperature fuel cells.
Keywords: Yo5CagsBaCo40y7, cobalt layered perovskite, ethanol electrooxidation, voltammetric studies

Introduction

During the last period fuel cells have been found as an energy source for various applications in fields
such as telecommunications, transport, medicine, and others [1]. The alkaline fuel cells (AFCs) were
developed between 1950 and 1980, and are the oldest fuel cells that combine hydrogen with oxygen to
produce electricity and water in alkaline media (potassium hydroxide) [2]. The most known AFC are Direct
alcohol fuel cells (DAFCs). The increased interest and rapid development are due to the possibility of their
use as alternative power sources for automobile and portable consumer electronics [3]. Their principal
advantage consists in using of liquid fuels (alcohols) with low-molecular weight which can be easy
handled, stored and transported [3]. Primary alcohols such as methanol and ethanol have relatively high
mass energy density, comparable to that of gasoline. The utilization of alcohols as fuel would reduce the
requirements of establishing totally new infrastructure as required for hydrogen initially used in fuel cells
[4]. Most of the liquid electrolyte based DAFC research has concentrated on methanol or ethanol mixed
with alkaline electrolyte media [4].

Methanol was considered the most promising liquid fuel for use in DAFC because it has the simplest
molecular structure without carbon bonds and it is easily oxidized [5]. Methanol toxicity is its major
disadvantage, which makes the fuel unsustainable and unsafe for many applications [4,5].

In contrast, ethanol is not toxic and has an approximate 30% higher energy density than methanol [5].
Also, it can be produced in big quantity from biomass using a fermentation process from renewable
resources [3-5].

In acid media, platinum is the only known active and stable noble metal, the best known material for
the dissociative adsorption of small organic molecules and the most effective catalyst for ethanol oxidation
reaction (EOR) [5,6] Unfortunately the Pt catalyst do not show good tolerance to the CO containing
intermediates obtained in EOR [5]. Generally, palladium is used as a catalyst-base for EOR in alkaline
media [1]. The oxides of V, Fe, Ni, In, Sn, La and Pb were earlier used as anode materials [7]. In recent
years, studies on various transition metal mixed oxides have shown that the perovskite oxides can be used
as fuel cell electrodes [7]. Perovskite can be use in oxygen electrochemical evolution/reduction, alcohols
oxidation, nitrogen oxides reduction and CO and hydrocarbons oxidation [7].

In the last period, layered cobalt perovskites type 114 were most investigated due to their structural,
magnetic and electrochemical properties. Based on these properties cobalt perovskites can be used as
membranes with high oxygen permeability, oxygen sensors and fuel cells electrodes. Ys5CaosBaCo4Oy,
was first synthesized by M. Valldor by half substitution of Y3 with low valence Ca?* cations in YBaCo40-
structure [8]. A correlation between the compound structure and its properties was presented in previous
studies. Especially due to the variable cobalt ions valence it was found that oxygen adsorption properties
can be modified greatly by Y3 ions substitution. [8].

In this paper, new aspects of the electrocatalytic oxidation of ethanol on YsCaosBaCo4O7 electrode
have been studied using cyclic and linear voltammetry. Also, a mechanism was proposed for the
electrochemical reaction. The results are expected to provide basic information in order to understand the
mechanism of EOR on cobalt layered perovskites catalysts.
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Experimental
Yo5CaosBaCo407 perovskite was obtained using solid state reaction, mixing Y0z (Aldrich 99,99%),

CaCOs; (Aldrich  99,99%), BaCOs; (Aldrich 99,99%) and CoOi3s (99,99% Normapur) precursors
according to the stoichiometric cations ratio. Electrodes preparation consisted of the following steps:
decarbonation at 600°C, fired in air for 48 h at 1100°C and then rapid removing from furnace and set
ambient temperature. After reground, the mixture was pressed into discs (1 cm?) and sintered at 1100°C for
24 hin air.

Electrochemical tests were performed at room temperature using a SP-150 potentiostat/galvanostat
(Bio-Logic, SAS, France). A 100 mL typical glass cell was equipped with three electrodes: working
electrodes consisting of perovkites samples, Ag/AgCI reference electrode and two graphite rods used as
counter electrodes. For performed experiments, the exposed surface of working electrode was 0.2 cm?. All
potentials are given versus the reference electrode (Err = 0.197 V vs NHE).

Cyclic voltammograms (CVs) were recorded at different scan rate, between 5 and 500 mV s. Linear
polarization curves were registered potentiostatically with 1 mV s scan rate. 1 M KOH solution (prepared
using Merck KOH, p.a.) ensured the alkaline media used in all experimental studies. Different
concentrations of ethanol were added: 0.06, 0.12, 0.25, 0.5, 1 and 2 M, prepared from Sigma-Aldrich
reagent p.a. min 99.8%.

Results and discussions

In a direct ethanol fuel cell (DEFC), with ethanol mixed in an alkaline electrolyte, EOR occurs
according the reaction:

C2HsOH + 120H — 2CO; + 9H,0 + 12¢ Q)

In EOR, different intermediate chemisorbed species are produced, including carbon monoxide,
acetaldehyde and acetate ions. EOR mechanism involves the water molecules or its adsorption species, so
that a adequate anodic electrocatalyst should activate both ethanol and water chemisorption. Finally, EOR
to CO; requires C-C bond breaking. The complexity of the process mechanism make EOR more difficult
than that of methanol (MOR).

In Figure 1 linear voltammograms (LVs) recorded with 1 mV s scan rate are shown, in absence and
presence of ethanol different concentrations used in the alkaline electrolyte. LVs shape analysis indicates
only one oxidation process on perovskite electrode surface.

1 L 1 . T v 1 3. 1
700 7 71— (1) KOH 1M (BS)
——(2) BS + EtOH 0.06M
: (3)BS+EtOHO0.12M /7
600 -~ {——(4)BS+EtOHOSM /
| <0 = 1 (5)BS+EtOH 1M/

500 |- ... B 1 Figure 1. LVs recorded on
| = ) J* | Yo5CagsBaCo4O- electrode in 1 M

o 400 KOH solution with different ethanol
E concentration, at 1 mV s
< 300 -
200
100 B
I 0:Ca,,BaCo 0, electrode|
/ dE/dt =1 mV/s
(0] =% X . 5 1 2 1 5 -
0.00 0.25 0.50 0.75 1.00 1.25

E[V]

In 1M KOH solution, without ethanol the anodic behavior of perovskite electrode can be described by
the following reaction (2) in a potential range between open circuit potential (OCP) and +1.50 V [9]:

Yo5CagsBaC0407 + 20HO < Yo5CagsBaC0407+5 + SH.O + 20¢e” (2)
After overcomint the potential of +1.50 V anodic oxygen evolution occur (3):
4HO — O, + 2H,0 + 4e ®)
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In this circumstances, the anodic oxidation of perovskite becomes prosible. This consists in oxygen
insertion in oxide structure, assigned by the equation (4):

Co(ll) — Co(II) + ¢ 4)

In alkaline solution with ethanol, EOR on Y 5CagsBaCo0407 perovskite occurs with similar mechanism
as on La,xSrkNiO4 in KOH solutions and it involves the following steps [10]:

Co(ll) — Co(lll) + e (5)
Co(lll) + OH <> Co(lIl)-OH + & (6)
Co(ll) + CH3CH,0H «> Co(lll): CHsCH,OH (7
Co(lll)- CH3CH20H + Co(l11)-OH + OH — Co(lll)- CH3CHO + Co(Il) + 2H,O (8)
Co(lll)- CH3CHO + Co(lI)-OH + OH" — products 9

EOR seems to be mediated by the Co(l11)/Co(ll) redox couple from inside of perovskite electrode. As
well, the ethanol dehydrogenation is catalyzed by the same couple. Reactions (5) and (9) take place rapidly
[10].

On LVs from figure 1 it can be observed the potential domain specific for EOR, between +0.25 and
+1.50 V, including Co(ll) to Co(lll) oxidation potential. This behavior is somehow specific for layered
perovskites in alkaline media [10].

Besides, EOR limiting current density increase along with the increasing of ethanol concentration in
alkaline electrolyte.

1500 LA LTI I L O T
Y,:Ca,,BaCo, O, electrode
[ dE/dt = 100 mV/s
—— (1) KOH 1M (BS)
1000 -~ 5) Bs + EtOH 0.06M 1
i (3) BS + EtOH 0.12M |
B Figure 2. CVs recorded on
500 . Yo5CaosBaCo.0y in BS without and
K with different ethanol concentrations
£
= of 1
-500 B
_1 000 L 1 L 1 " 1 " 1 L 1 " 1 1 1 "
20 -15 -10 -05 0.0 0.5 1.0 1.5 2.0

E V]

In figure 2 are depicted CVs recorded at 100 mV s in alkaline solutions, in the absence and presence
of ethanol, in a wide range of the potential (+1.75 and -1.75 V). It can be observed a pronounced anodic
peak between -0.50 and 0.00 V and a cathodic current plateau at -1.40 and -1.70 V potential range. These
are associated with acetaldehyde/acetate redox couple in alkaline medium for ethanol solution and Co(ll)
to Co reduction/oxidation for blank solution. In alkaline electrolyte with ethanol concentrations higher than
1 M characteristic peaks which may be attributed to EOR are not distinguished. At higher potentials, over
+1.50 V, the increase of the current was associated with the oxygen evolution reaction (OER). At more
negative electrode potentials than -1.70V hydrogen evolution reaction (HER) occurs.

Cyclic voltammetric studies have shown that it is possible to separate the peaks associated with the
electrochemical processes occurring at the interface Yos5CaosBaCosO7 — 1 M KOH without (figure 3) and
with 0.12 M ethanol (figure 4) only if the potential scan rate is around 5 mV s*. According to possible
processes at the interface electrode/electrolyte, CVs can be divided in four potential domains for both
perovskite oxidation and EOR: | - HER domain, Il - redox couple domain - Co/Co(ll) and
acetaldehyde/acetate, 1l - oxidation domain - EOR and Co(l1)/Co(l1l) and IV - OER on electrode surface
domain.
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Conclusions

Experimental data presented have confirmed the possibility to oxidize ethanol in alkaline media on an
electrode based on cobalt layer perovskite type 114.

From the perspective of using cobalt layered perovskite as potential electrode materials in alkaline
direct ethanol fuel cells, the possibility to oxidize ethanol on their surface provides a good reason for
continuing studies presented in this paper. A deepening of the research is necessary both for complete
characterization of processes occurring at the interface by electrochemical impedance spectroscopy.
Furthermore, optimum characteristic parameters will be accessible.
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BOJIbLTAMIIEPOMETPUYECKHUE UCCIIEAOBAHUSA JTETUPOBAHHOI'O Ca CJIOUCTOI'O
KOBAJIBTOBOI'O IEPOBCKUTA THUIIA Y-114 B LIEJIOYHBIX PACTBOPAX C
KATAJIMTUYECKUM 3PPEKTOM JJIA QJEKTPOOKNCJIEHUSA OTAHOJIA
Jlan Mupxkes Jlaypentn, lyka Jlemus Anapana, Bacsunmun Huxonas, Kpas-Ennec Bukxrop-Jlanuan
Tonumexnuueckuti Ynusepcumem Tumuwioapuvl, @axynvmem uHOyCmpuaibHOU XUMUY U OXPAHbI
OKpydicaroweli cpeosl

PE3IOME

B »oT0#i paboTre u3ywanach peakius aHOJHOTO OKHCJICHUS 3TaHona Ha aiekTpone YosCagsBaCosO7
IIEJIOYHBIX PACTBOpaX C HMCIOJIb30BAHUEM BOJIFTAMIIEPOMETPUYECKHX HcCienoBanuid. KaramuTudeckas
AKTUBHOCTb MPHM AaHOJHOM OKHCJIEHHHM JTaHONa SABJSIETCS CEpPhEe3HOM mpobiemoii, 0coOeHHO B
BOIPOCEHCIIONB30BAHUS CIIOMCTOTO KOOATBTOBOTONIEPOBCKUTA KaK aHOAa B TOIUIMBHOM 3JIEMEHTE. JTO
UCCIICZIOBAHUE HEOOXOAMMO JUIS TOHMMAaHMs MeXaHH3Ma peaknuu OokucieHus ostaHona (POD) Ha
MOBEPXHOCTH COCTaBHBIX JJIEKTPOAOBTAKOBO THMA. IJIEKTPOXMMHYECKOE IOBEACHUE H3Y4aJoCh C
MIOMOIIBI0 LUKINYECKON BOJIBTAMIEPOMETPUM U JIMHEWHOH mossipu3anuu. IlomydeHHblE pe3ysbTaThbl
MOKa3alli, 4YTO  CIIOUCTBIe  KOOAIbTOBBICTIEPOBCKUTHI ~ NPUEMIIEMBI B BHJE  aHOJOB  JUIS
BBICOKOTEMIIEPATYPHBIX TOILTHBHBIX AJIEMEHTOB.

KmroueBnlie ciioBa: Yos5Ca05BaCo0407, cioucTsiii K00aNbTOBBINH MIEPOBCKUT, IIEKTPOOKUCICHHE 3TAHOJIA,
BOJILTAMIIEPOMETPUICCKHE HCCIIE/IOBAHUS
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VOLTAMMETRIC STUDIES ON ANODIC OXIDATION OF SULPHITE IN ALKALINE
SOLUTIONS ON SMOOTH NICKEL BASED 3 LAYERS PLATINUM NANOPARTICLES
ELECTRODE

Enache Andreea Floriana, Dan Mircea Laurentiu, Vaszilcsin Nicolae
University Politehnica Timisoara, Faculty of Industrial Chemistry and Environmental Engineering,
300223, Parvan 6, Timisoara, Romania
andreea.enachel3@yahoo.com

In this paper, anodic oxidation of sulphite ions on smooth nickel electrode based 3 layers platinum nanoparticles
(Ni—Pt) in aqueous alkaline solutions has been investigated by electrochemical techniques in order to find
optimum parameters of the process. Electrochemical behavior of sulphite ions has been studied by cyclic
voltammetry and linear polarization on Ni-Pt electrode as a function of sulphite concentration at different
polarization rate. The research is necessary to establish the oxidation mechanism on the surface of this kind of
electrodes, taking into account both chemical and electrochemical reactions.

Keywords: smooth nickel, platinum nanoparticles, sulphite electrochemical oxidation

Introduction

Nanoparticles are the key elements in the energy technology development. The range of nanomaterials
applications in catalysis is growing rapidly, as a result of using these materials in a large variety of catalytic
reactions. Therefore, new strategies are required in order to achieve nanoparticles in large volume through
techniques that are advantageous in terms of cost. Thus, nanoparticles of metals, semiconductors, oxides
and other compounds have been widely used in important chemical reactions such as for hydrogen
production from solid material, liquid or gaseous energy carriers [1], in electronics and optics [2], enzyme
immobilization [3], for industrial synthesis of nitric acid [4], reduction of exhaust gases from vehicles [5]
and as catalytic nucleating agents for synthesis of magnetic nanoparticles [6].

The basic role of the catalyst layer in a fuel cell is to provide a conductive environment for
electrochemical reactions. The main processes that occur in the catalyst layer include mass transport,
interfacial reactions at electrochemically active sites, proton transport in the electrolyte phase, and electron
conduction in the electronic phase.

Platinum is still the dominant catalyst both as anode and cathode in almost all types of fuel cells, due
to the high catalytic activity and long-term stability of operation [7]. Among the most important challenges
for the commercialization of fuel cells achieving of catalysts with high activity, robust and low cost is
included. The number of researches relevant for fundamentals of fuel cells with nano-catalysts is steadily
increasing [8-12].

In a fuel cell, the electrolyte is essential for a proper work. Therefore, the electrochemical oxidation of
sulphite ions has been a subject of great researches regarding the possibility to use SOs* as electrolyte in
alkaline fuel cells [13]. Sulphite ions oxidation can lead to a variety of sulphur compounds as elemental
sulphur, polysulfide, thiosulphates and sulphates. The properties of sulphur dioxide, and more specifically
its oxidation to sulphur trioxide, have been extensively investigated [14]. Electrochemical oxidation of SO,
has been studied since 1930s, usually on noble metals electrodes and their oxides [15]. The mechanism of
the electrochemical oxidation of sulphur dioxide was investigated on platinum, gold and graphite
electrodes. On platinum electrode were revealed two possible oxidation mechanisms: first, a direct electron
transfer at low anodic polarization and second, oxidation of the sulphur dioxide by the surface metal oxides
at higher anodic polarization [14].

Sulphite oxidation under alkaline conditions has been studied in order to find new electrode materials
with high catalytic activity. The research started from the premise that the electrodes must have catalytic
properties also for oxygen reaction evolution (OER). In this case, nickel is commonly used to obtain
anodes for OER. The issue associated with long-term electrochemical application is the fact that the anodic
potential is unstable over time, which has as result an increase of power consumption [16].

The main purpose of this study is to obtain a catalyst that can be used in a fuel cell SOs* / O,. It is
desirable to obtaine a catalyst with increased selectivity and activity, low energy consumption and long
lifetime. As well, it aims to reduce the amount of noble metal by obtaining nanometric particles, thus
improving chemical reactivity and reducing process costs.
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Experimental
Electrode preparation

Chloroplatinic acid hexahydrate (H2PtClg-6H,0) and isopropanol (Sigma-Aldrich, 99.7%) were used
to obtain platinum salt precursor solution.

Platinum nanoparticles were deposited on smooth nickel substrate by spray-pyrolysis technique using
an ultrasonic nebulizer SONO-TEK Corporation Exacta Coat. After the deposition process, electrodes were
heated at 350°C for 30 minutes to evaporate the solvent and obtain Pt nanoparticles on smooth nickel
substrate [17].

Electrochemical measurements

Experimental data were obtained with a SP 150 Bio-Logic potentiostat/galvanostat in a three-electrode
electrochemical cell consisting of Ni — Ptaiayers €lectrode as working electrode with a surface area exposed
of 0.8 cm?. Two graphite roads were used as counter electrodes and placed symmetrically to the working
electrode. All potential values are presented versus the reference electrode Ag/AgCI (Eagagei = 0.197 V vs.
SHE; SHE represents the standard hydrogen electrode).

Electrochemical experiments were carried out in 1 mol L™ NaOH solution (Merck NaOH, p.a.) in
which different concentrations of Na,SO3z (Merk, p.a. min. 98%) were added: 103, 102 and 10"t mol L.

Cyclic voltammograms were recorded at different scan rate between 5 and 500 mV s™. Linear
polarization curves were registered with 1 mV s? scan rate.

Results and disscusion
Figure 1 illustrates the comparative cyclic curves obtained in 1 mol L't NaOH solution in the absence
of SOs? ions and presence of 103, 1072, respectively 102 mol L™ SOz?".

X T 1 . I ) 1 . I y I > T v 1
[ —o—(1 NaOH 1 mol L
300 | —0—(2) NaOH 1 mol L™ + Na,SO, 10 mol L™

)
)
L —A—(3) NaOH 1 mol L™ + Na,SO, 10 mol L™
200 | —0— (4) NaOH 1 mol L™ + Na,SO, 10™ mol L™

w'g‘ 100 | -4 Figure 1. Cyclic voltamograms
< recorded on Ni — Ptspayers electrode in 1
= sl | mol L** NaOH wihout/with different
concentration of Na,SOz at 500 mV s
-100 F .
200 i

1 2 1 1 1 N 1 L ! L ! " 1 L 1

-100 -075 -050 -025 0,00 025 0,50 0,75

E [V] vs Ag/AgCI

Based on these curves it can be seen that the only electrode process on the cathodic scan is the
hydrogen evolution reaction (HER). When the potential is shifted towards anodic values in the absence of
sulphite ions, in 0.5 - 0.75 V potential range, it can be seen the wave associated with OER. In the presence
of 10° mol L? sulphite, the process is shifted to more negative potential values, starting at 0.4 V.
Analysing the obtained curves it can be considered that at this potential, sulphite oxidation begins, process
in which additionally dissolved oxygen from electrolyte solution is involved, contributing to the unfolding
of sulphite oxidation.

In figure 2a, on the curve corresponding to the electrolyte solution containing 10 mol L SOs%, a
limited current plateau around 0.70 V potential value, associated with OER, is observed. This plateau
cannot be observed when a concentration of 10"t mol L* sulphite is used, as it is shown in figure 2b. Based
on these results, it can be stated that the corresponding potential for sulphite oxidation increases with
increasing concentration of sulphite ions.
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Figure 2a. Cyclic voltamograms recorded on
Ni — Ptayers €lectrode in 1 mol L't NaOH
wihout/with 10 mol L Na,SO; at 50 mV s,

Under alkaline conditions, the generally mechani

is described by steps (1) - (4). Reaction (2) is the rate-

is rate-determining at higher potentials [18-20]:

OH" = OHags + €

OHoags + OH" = Oy¢s” + H20

Oadgs = Oads + e

Oads + Oads = O2

Linear voltammetry technique was applied to
obtained at 5 mV s* in alkaline media with SOs% ions
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confirm the above presented results. The curves
are shown in figure 3.
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The two possible mechanisms which can describe the electrochemical oxidation of sulphite to sulphate
ions in alkaline media presented by Skavas comprise the reactions (5) - (9) [21]. According to the first
mechanism, SOz is oxidized to SO4>~ in two successive steps, each implying one electron transfer:

SOs2 - SO; +e (5)
SO;™ + 20H — SO + H,0 + e~ (6)
2503~ — S;06*" (7)
S,06> + 20H — SO3* + S04 + H,0 (8)
25057+ Oy — 25042 9)

In the second mechanism, sulphite anion is oxidized to sulphite radical (5) followed by the interaction
between two sulphite radicals forming dithionate ions (7). Finally, these ions consecutively cleave in SO4>~
and SOz> ions (8).

OER mechanism on Ni — Pt electrode takes place according to reactions (1) - (4) and SOz* ions
oxidation is conducted directly in alkaline electrolyte by a chemical irreversible process (9) in which the
molecular oxygen was produced on electrode active surface in OER.

Based on Tafel plots # = f (log i) inserted in figure 3, kinetic parameters (transfer coefficient « and
exchange current density i,) for electrochemical oxidation of sulphite ions in alkaline solution on Ni— Pt
electrode have been calculated (Table 1).

Table 1. Kinetic parameters for sulphite oxidation in alkaline solutions:

Na,SOj3 concentration b i
[mol LY [mV dec] @ [Am?]
107 116 0.51 14.6
Conclusions

Smooth nickel based platinum nanoparticles (3 layers) electrode prepared by spray-pyrolysis
technique has been characterized by cyclic voltammery technique according with its applicability as
electrocatalytic material in fuel cells for sulphite ions oxidation in alkaline solution. The insertion of Pt
nanoparticles has significantly increased the activity of studied reaction and the presented results confirmed
the possibility of oxidizing electrochemically SO3* to SO4* on smooth nickel based platinum nanoparticles
electrode.
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BOJIbTAMIIEPOMETPUYECKHUE UCCJIEAOBAHUA AHOJAHOT'O OKUCJIEHUSA
CYJIb®UTA B HIEJOYHBIX PACTBOPAX HA TPEXCJIOMHOM DJEKTPO/IE
INJIATUHOBBIX HAHOYACTHUIL,OCHOBAHHOM HA OJHOPOJHOM HHUKEJIE
Onax Auapea ®nopuana, Jlan Mupkes Jlaypentu, Bacsunun Hukomnas
ITonurexunuyecknit YHusepcureT Tumuioapsl, @akyabTeT UHAYCTPHAIBHON XUMHH U OXPaHBI
OKpYKaroIen cpedsvl
PE3IOME
B aT0#t paboTe mpoBeneHO MCCIETOBaHUE aHOTHOTO OKHCIEHHUS MOHOB CYyJIb(UTa B BOJHBIX IIEIOYHBIX
pacTBOpax Ha OCHOBAaHHOM Ha OJHOPOIHOM HUKeJe 3-CIOHHOM DJIEKTpoje IIaTHHOBBIX HaHO4acTUI(Ni—
Pt),oneKTpOXUMHYECKHX ~ METOAOM, JJsl  ONpEAETCHUS  ONTHMAaJbHBIX IapamMeTpoB  Ipolecca.
ONEKTPOXMMHUYECKOE TMOBEIEHHE MOHOB Cylb(pHUTa OBUI0O H3YYEHO C TIOMOIIBI0 HUKINYECKOM
BOJIbTAMIIEPOMETPHM W JHHEiHOW nomspuzanuu Ha Ni-Pt anexTpoge kak (yHKIMHM KOHICHTpAIMU
CyJb(HTa TIPU PA3NUYHBIX CKOPOCTSX MOJIIPH3AaLMH. JTO UCCIENI0BaHUE HEOOXOAUMO ISl YCTAHOBIICHHS
MEXaHN3Ma OKHCJIEHHsS] Ha MOBEPXHOCTH TaKOTO THIIA 3JIEKTPOAOB, C YYETOM KaK XMMHUYECKHX, TaK U

JNEKTPOXUMUIECKUX PEAKINH.
KuroueBble cji0Ba: OZHOPOAHBIN HUKENb, IJIATHHOBBIE HAHOYACTHIBI, 3JIEKTPOXHMHUYECKOE OKUCIIEHUE
cyibdura.
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VOLTAMMETRIC STUDIES OF METHANOL ELECTROOXIDATION IN ALKALINE
SOLUTIONS ON SKELETAL NICKEL BASED 6 LAYERS PLATINUM NANOPARTICLES
ELECTRODE

Duca Delia-Andrada, Dan Mircea Laurentiu, Vaszilcsin Nicolae
University Politehnica Timisoara, Faculty of Industrial Chemistry and Environmental Engineering,
300223, Parvan 6, Timisoara, Romania
duca.delia@gmail.com

In this paper, new aspects of methanol electrocatalytic oxidation on skeletal nickel based 6 layers platinum
nanoparticles electrode in aqueous alkaline solution were investigated. Pt and its alloys are the most commonly
used catalytic materials as anode of direct alcohol fuel cells, taking into account their excellent adsorptive
properties and easy methanol dissociation. New electrodes have been prepared by spray pyrolysis technique and
are propose for methanol oxidation reaction (MOR). The electrochemical activity for MOR was investigated by
cyclic voltammetry and linear polarization techniques. The present study concerns the preparation of several Ni
based platinum electrode materials and evaluation of their electrocatalytic properties toward MOR.

Keywords: skeletal nickel electrode, platinum nanoparticles, methanol electrooxidation

Introduction

Currently, an attractive alternative for fossil fuels combustion is the fuel cell, the most efficient and
ecological energy source [1]. Among different types of fuel cells, alkaline fuel cells (AFCs) are the most
developed. AFCs have numerous advantages over proton exchange membrane fuel cells (PMFC) of which
the best known is the less corrosive nature of an alkaline environment which ensures a greater longevity
[2]. As well, AFCs consist in a low cost technology compared to PEMFCs, which are equipped mainly
with platinum catalysts [2].

Direct alcohol fuel cells (DAFCs) are electrochemical energy supplies that continuously remain the
focus of research, especially in terms of finding new electrode materials with high efficiency for alcohols
oxidation. Liquid fuels, such as alcohols with low molecular weight, have several advantages compared to
pure hydrogen. Methanol is the most commonly alcohol used in DAFCs because it is a renewable energy
source, available in big quantities, and easily stored and handled [3].

A large part of researches on direct methanol fuel cells (DMFC) were conducted in order to elucidate
aspects of methanol oxidation mechanism on the anode surface [4]. Literature data emphasizes a complex
reaction mechanism, underlining that methanol oxidation electrocatalysis is the most difficult task in a
DMFC achieving [4]. It was proved that platinum has the best catalytic activity for MOR in both alkaline
and acid media [2-4]. Alkaline media open the possibility of using non-noble, less expensive metal
catalysts. MOR on other metal electrodes such as: gold, palladium, nickel or their alloys has been the aim
of numerous studies, mainly due to the possibility of using them as anode in fuel cells.

In MOR, one of the intermediate product is CO. It is also the most harmful product for anode metal
materials. Searching for efficient electrocatalysts that offset CO poisoning of Pt-based anode, binary or
ternary alloys have shown considerable alternative for MOR [5-7]. Among these catalysts, PtNi alloy has
received attention [7,8]. Nickel and nickel oxy-hydroxide are good materials for organic compounds
oxidation in alkaline media [9]. From the alloys anode material point of view, the MOR rate depends on
factors such as: amount of second metal content, degree of its alloying with Pt, electrode pretreatment, and
supporting substrate material [7].

Formaldehyde, formate and CO are considered reaction intermediates in alkaline media. MOR
mechanism involves a reaction of adsorbed intermediates and adsorbed OH" on anode surface. So far, the
final product of MOR in alkaline media is not clearly defined.

In this paper, skeletal nickel based 6 layers platinum nanoparticles electrode electocatalytic activity
was evaluated performing MOR in alkaline medium using cyclic and linear voltammetry.

Experimental
Skeletal nickel electrode was prepared in two steps. For skeletal Ni electrodes preparation, Ni (Fluka,

99.2%) and Al (Fluka, 99.5%) have been used as anode, respectively as cathode. In first step, using thermal
arc spraying technique, the arc current and voltage were set to 200 A and 30 V. In order to remove Al from
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the coating, the electrodes were submitted into alkaline solution 1 M NaOH for 2 h at about 80°C [10].
Finally, the electrodes were cleaned for 15 minutes in distilled water using an ultrasonic bath.

In a second step, chloroplatinic acid hexahydrate (H.PtCls:6H.O, Sigma-Aldrich) and isopropanol
(Sigma-Aldrich, 99.7%) were used for preparation of Pt salt precursor solution. A smooth nickel disk with
a diameter of 10 mm was used as electrode substrate. A fixed quantity of mixture was then sprayed, using
an ultrasonic nebulizer SONO-TEK Corporation Exacta Coat, onto the top surface of the nickel plate to
prepare the electrode. After deposition, the electrode was heated at 350°C for 30 minutes, achieving the
solvent evaporation and obtaining the Pt nanoparticles. The process was repeated 6 times [11].

Cyclic and linear voltammetric measurements were performed using a SP 150 Bio-Logic
potentiostat/galvanostat. Electrochemical experiments were performed in a three-electrode typical glass
electrochemical cell. The three-electrode system consisted of a working electrode skeletal Ni based 6 Pt
nanoparticles), embedded in a Teflon holder, exposing a geometric surface area of 0.5 cm?, two graphite
roads as counter electrodes, and a Ag/AgCI as reference electrode. Potentials are given versus the reference
electrode (Erer = 0.197 V vs NHE). All experiments were carried out in 1 M KOH (prepared using Merck
KOH, p.a.) supporting alkaline electrolyte solution. Different methanol concentrations were added: 0.125,
0.25, 0.5, 1 and 2 mol L%, all prepared from Sigma-Aldrich reagent p.a. min 99.8%.

Cyclic voltammograms (CVs) were recorded at different scan rate, between 5 and 100 mV s, Linear
polarization curves (LVs) were registered potentiostatically with 1 mV s scan rate.

Results and discussion

CVs recorded in alkaline solutions, in the absence and presence of methanol, in a wide range of
potential (from -1.20 to +0.70 V), at 100 and 5 mV s* are depicted in Figure 1a and b. Starting from open
circuit potential (OCP) towards anodic polarisation it is observed an anodic plateau (especially at methanol
low concentrations) associated with MOR and with Ni(OH), to NiOOH oxidation for blank solution. When
the electrode potential is over +0.60 V, oxygen evolution reaction (OER) on electrode surface can be
noticed. On the backward scan, a reduction peak (with high intensity on CVs recorded at 100 mV s?),
associated with adsorbed oxygen reduction, was recorded. When the electrode potential becomes more
negative than -1.10 V, hydrogen evolution reaction (HER) occurs. Further, when the potential is scanned in
anodic direction, up to OCP, an oxidation peak is observed at approximately -0.25 V due to the
formaldehyde oxidation to formate ions or other products. This anodic peak is inserted in both figures.
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Figure 1. Cyclic voltammograms in 1M KOH without and with methanol different concentration, scan rate
100 mV s'(a) and 5 mV s, Inserted anodic peak for formaldehyde to formate oxidation

In order to identify how methanol concentration in alkaline media influences the MOR, polarization
curves were recorded separately at higher sensitivity in anodic domain, as shown in Figure 2.
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Figure 3. Cyclic voltammograms (formaldehyde/formate redox couple domain) in 1M KOH without and
with methanol different concentration, scan rate 5 mV st

In Figure 3a and b CVs recorded for formaldehyde/formate redox couple in two potential ranges are
presented. Only if CVs are recorded up to MOR potential value, a peak characteristic for formate reduction
to formaldehyde appears on the backward scan. Electrochemical parameters from CVs (peaks current
density) are shown in Table 1.

Table 1. Electrochemical parameters from CVs (Formaldehyde/Formate redox couple) and LVs (MOR):

CVs LVs
Electrolyte Formaldehyde/Formate redox couple MOR
it [Am?] i, [Am?] Eox range [V] | iiimox [A m?]
BS+ MeOH0.125M | 2.34 0.31 0.45 +0.56 91.3
BS + MeOH 0.25 M 4.96 1.46 0.44 + 0.60 201
BS + MeOH 0.5 M 5.84 2.63 0.43 +0.62 402
BS + MeOH 1 M 12.25 5.64 0.43 +0.64 407
BS + MeOH 2 M 26.71 14.58 0.42 +0.66 446
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The relationship between oxidation current (i1 and i, - current density for forward and backward scan)
characteristic for formaldehyde/formate redox couple and methanol concentration is linear and can be
described by the following equations, obtained by linear regression:

i1 = 0.51 + 12.7 Crethanol (1)

i2 =-0.89 + 7.5 Crmethanol 2
where: 12.7 and 7.5 are scan rate constants depending and Cretmanot 1S methanol concentration in alkaline
electrolyte.

LVs plotted at low scan rate (1 mV s*) in alkaline media with different concentrations of methanol are
shown in Figure 4. The curves shape indicates only one oxidation process on electrode surface. Specific
parameters (oxidation range potential and limiting current density) for MOR on skeletal nickel based 6
layer platinum nanoparticles are presented in Tablel.

—— (1) KOH 1M (BS)
——(2) BS + MeOH 0.125M
750 + (3) BS + MeOH 0.25M
——(4) BS + MeOH 0.5M
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Ni_ - Pt electrode

Z sk Glayers

0 dE/dt =1 mV/s -
7 1 L 1 " 1 L 1 "

0.3 0.4 0.5 0.6 0.7 0.8
E [VI/Ag/Ag/CI
Figure 4. Linear voltammograms (anodic domain) in 1M KOH without and with methanol
different concentration, scan rate 1 mV s

Anodic methanol oxidation process is really complex, involving 6 electron transfers and forming
several intermediate organic species. MOR overall equation in alkaline medium is given by equation (3):

CH3OH + 60H™ — CO; + 5H, O + 6e~ (3)

MOR in alkaline medium on Pt or Pt-alloys electrode was described by S. S. Mahapatra and J. Datta
and proceeds through the following steps [12]:

Pt + (CH3OH)soi — Pt — (CH3OH)ags 4)
Pt — (CH30H)ags + OH — Pt — (CH30)ags + H20 + € (5)
Pt — (CH30)ags + OH" — Pt — (CH20)ags + H20 + € (6)
Pt — (CH20)ags + OH — Pt — (CHO)a0s + H2O + &7 (7)

Pt — (CHO)ags + OH — Pt — (CO)ags + H2O + € (8)
Pt — (CO)ags + OH — Pt — (COOH)aqs + € 9)

Pt — (COOH)ags + OH — Pt + CO2 + H,O + € (10)

Reactions (8) and (9) can proceed directly to CO- production [12]:
Pt — (CHO)ags + 30H — Pt + CO, + 2H,0 + 3™ (11)
Pt — (CO)ags + 20H — Pt + CO; + H,0 + 2¢ (12)

Conclusions

In this study, 6 layers Pt nanoparticles with an electroless method were deposited on the skeletal nickel
electrode. The electrodes prepared using this method has a high surface area and increased catalytic activity
for MOR in alkaline media. Due to ease way of preparation, high performance in MOR, and good
adherence of Pt nanoparticles, the proposed electrode is suitable as anode in DMFC.
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BOJIbTAMINEPOMETPUYECKHUE NCCIEJOBAHUS DJIEKTPOOKNCJIEHUS METAHOJIA B
IEJJOYHBIX PACTBOPAX HA IECTUCJIOMHOM SJIEKTPOJIE INIATUHOBBIX HAHOYACTHII,
OCHOBAHHOM HA CKEJIETHOM HUKEJIE
Hyxa Jlenust Aanpana, Jlan Mupkest Jlaypentn, Bacsunmumna Hukonas
Tlonumexnuueckuti Ynusepcumem Tumuwioapsvl, @axyromem uHOYCMPUATbHOU XUMUU U OXPAHbI OKPYIHCAlouel
cpeovl
PE3IOME
B 310i1 paboTe IpoBeICHO UCCIICIOBAHUE HOBBIX aCIIEKTOB JICKTPOKATATUTUICCKOTO OKHCICHUSIMETAHOA B BOJTHBIX
LIeJIOYHBIX PACTBOPAX HAa OCHOBAHHOM Ha CKEJIETHOM HUKeJe 6-CIIOHHOM 3JIEKTpOJie TUIATUHOBBIX HaHOYacTul. Pt u
€€ CIUIaBbI SABJISIOTCS MIMPOKO NMPUMEHSIEMBIMU KAaTaJIUTHYECKUMU MaTepuajaMH JJIsl aHOJOB MPSIMBIX aJKOTOJBHBIX
TOILTMBHBIX JIEMEHTOB, C YYETOM UX OTIUYHBIX aJICOPOIIMOHHBIX CBOWCTB U JIETKOW TUCCOIMANUU MeTaHoia. HoBbie
AIEKTPOJBI MPUTOTOBIISIIUCH METOJOMCTPYHHOTO THUPOJIM3a W TPEJIaraloTcsl IS peaklud OKHWCISHUS MeTaHOoJIa
(POM). DnextpoxuMudeckas akTUBHOCTH POM Oblia mcciemoBaHa METOM IUKIMYECKOW BOJIBTAMIIEPOMETPUU U
TUHEWHOH nonsipu3anuu. JlanHas paboTa KacaeTcs MPUTrOTOBIIEHUSI HECKOJIBKMX OCHOBAHHBIX Ha HUKEJE TIATHHOBBIX

AJIEKTPOIHBIX MATEPHUAJIOB U OIICHKH MX 3JIEKTPOKATATUTHIECKUX CBOMCTB OTHOCUTENhHO POM.
KiroueBble ¢JioBa: CKENETHBI HUKETIEBBINA AJIEKTPO/I, TUIATUHOBBIC HAHOYACTHIIBI, JIEKTPOOKHCIICHHE METaHOJIA.
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INHIBITORY EFFECT OF RESVERATROL ON ALUMINUM CORROSION IN ALCOHOLIC
SOLUTIONS

Cristian George Vaszilcsin, Mircea Laurentiu Dan*, Delia-Andrada Duca*, Mihaela Labosel*
National Institute of Electrochemistry, Dr. A. Paunescu Podeanu 144, 300569, Timisoara, Romania,
*University Politehnica Timisoara, Faculty of Industrial Chemistry and Environmental Engineering,
300223, Parvan 6, Timisoara, Romania, cristi_vasz@yahoo.com

This paper presents results obtained using resveratrol as corrosion inhibitor for aluminum in ethanol solutions.
Inhibitory properties of resveratrol were studied in 12% ethanol + 0.25 M Na,SO4 solutions in the presence of
different concentrations of inhibitor, between 10 and 10-* M. Electrochemical tests have been performed on two
materials types: polished and brushed aluminum. Resveratrol electrochemical behavior in ethanol solutions was
examined by cyclic voltammetry on platinum electrode. The inhibitory effect was studied by linear polarization
(Tafel method) in order to determine the kinetic parameters, providing thus information about the inhibitory
effect mechanism.

Keywords: resveratrol, corrosion inhibitor, aluminum corrosion

Introduction

Corrosion resistance is the main property to be considered in the materials choice for food industry,
but the final selection must be a compromise between technological and economic factors [1,2].

Aluminum is present in food naturally, as a food additive, and also is used in food preparation and
storage. The use of aluminum in cookware has begun around 1900 due to its thermal conductivity. The
aluminum surface oxidizes forming a few nm thick layer of aluminum oxide, which is corrosion resistant in
a wide pH range [1]. Aluminum as substrate for food packaging has become increasingly popular due to its
durability, low transportation cost and recyclability. As packing, aluminum cans are also widely used as
containers for pressured beverages which are designed to have the strength required for operation with a
minimum material consumption [2]. Aluminum is used in the wine industry as material component for cans
and screw cap [3]. It has been demonstrated that aluminum affects the human brain; patients with
Alzheimer or Parkinson disease have elevated levels of aluminum traces in their brain [4].

Resveratrol (3,5,4'-trihydroxy-trans-stilbene) is a stilbenoid, a type of natural phenol, and at the same
time, a phytoalexin produced naturally by several plants as response to the injuries or attacks of pathogens,
such as bacteria or fungi [5]. As a chemical entity, it is known since 1940, when it was first isolated from
the roots of white hellebore (Veratrum grandiflorum) and later from Polygonum cupsidatum, a medical
plant [6]. Food sources of resveratrol include the skin of grapes, blueberries, raspberries and mulberries. As
well, it can be found in wines [7].

Resveratrol exists in two isomeric forms, as trans- and cis-resveratrol, whereas the trans-form is the
most abundant one [8-9]. Both isomeric forms have been detected in wines. The chemical structures of
resveratrol (C14H1203) are presented in Figure 1 [10]. However, trans-resveratrol can be easily converted
into its cis-isomer under the influence of heat and UV-light [9].

N OH
A 9
A, =

HO OH CH

Figure 1. Chemical structures of cis- and trans-resveratrol [10]

The aim of this study is to investigate the inhibitory effect of resveratrol in 12% ethanol solution using
linear polarization and cyclic voltammetry methods. The results are expected to provide basic information
about the inhibitory effect of resveratrol from wines on aluminum corrosion process.

Experimental
Two types of aluminum, polished and brushed, were used as working electrodes in corrosion tests. To

determine the inhibitory effect of resveratrol on the corrosion rate of aluminum in alcoholic solution,
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different concentrations of the natural extract, between 10 and 10 M, have been used. The 12% ethanol
(prepared from 96% ethanol Merck, 99.9%) corrosive media in witch was added 0.25 M Na,SOs (prepared
from Sigma-Aldrich reagent p.a. min 99.8%) for increase the electrolyte conductivity was used in tests.

The cyclic voltammetry and linear polarization (Tafel polarization method) were used in order to
notice the inhibitive properties of resveratrol on aluminum corrosion process.

The electrochemical studies were recorded using a SP150 BioLogic potentiostat/galvanostat in a
typical corrosion flat glass cell consisting of aluminum specimen with 1 cm? exposed area as working
electrode (WE), platinum counter electrode (CE), and Ag/AgCl reference electrode. All potentials are
referred to the saturated Ag/AgCI reference electrode. The polished aluminum electrode has been cleaned
in ultrasonic bath, washed with distilled water and finally dried. The brushed aluminum electrode was
pickled 5 minutes in 15% NaOH solution, than cleaned, washed and dried. Before each experiment, the test
solutions were deaerated bubbling high purity nitrogen. The electrode potential was stabilized 60 min
before starting the measurements.

Results and discussions

In order to obtain information about resveratrol oxidation/reduction resistance, as well as about its
influence on cathodic and/or anodic processes, voltammetric measurements were carried out on platinum
electrode. In figure 2 are shown the cyclic voltammograms recorded on platinum in 12% ethanol + 0.25 M
NazSO4 solutions in the absence and presence of different resveratrol concentrations, at 100 mV s,

. —

a0} \ ]
f

20} | ]
qg 0r r\_/ S i
< d
--20 | / | A

/ ‘ Pt electrode
-40 - | dE/dt = 100 mV/s .

—(1)sB

-60 —— (2) SB + Resveratrol 10° M
(3) SB + Resveratrol 10° M
-80 —— (4) SB + Resveratrol 10™ M
|~ (5) SB + Resveratrol 1?'3 M

_100 1 " 1 " 1 i
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

E [VV/Ag/Ag/CI
Figure 2. Cyclic voltammograms in 12% ethanol + 0.25 M Na,SO4 (SB) in absence and presence of
resveratrol different concentrations, scan rate: 100 mV s™.

The base curve obtained in blank solution (12% ethanol + 0.25 M Na>SO4) presents the characteristic
polarization curve drawn in ethanol solutions. Starting from open circuit potential (OCP), on the anodic
branch of the voltammogram, after +0.50 V, three peaks corresponding to ethanol oxidation reaction on
platinum electrode can be distinguished, as well as the characteristic plateau for oxygen release. On the
backward scan, can be observed an anodic peak around +0.25 V, associated with ethanol oxidation on
cleaned platinum surface, uncovered with platinum oxides, and a cathodic peak at approximately -0.60 V,
corresponding to acetate ions reduction to acetaldehyde. Further, at more negative potentials then -1.0 V,
the increasing current can be associated with hydrogen evolution reaction. Scanning the potential back to
OCP, two anodic peaks are recorded, first at -0.80 V, associated with adsorbed hydrogen oxidation and
second, at -0.25 V, characteristic to acetaldehyde oxidation.

The addition of resveratrol in the electrolyte leads to decrease of characteristic peaks intensity for all
electrochemical reactions in platinum - ethanol system. According to Figure 2, both hydrogen and oxygen
evolution reactions in the presence of resveratrol in test solutions are inhibited due to the organic
compound adsorption onto platinum surface. The effect is more obvious at 10 M resveratrol concentration
in alcoholic media.

Resveratrol effect on aluminum corrosion was studied in 12% ethanol + 0.25 M Na,SO, corrosive
environment by linear polarization method. Studies were carried out after about 1 hour, enough time to
establish an electrode equilibrium or a quasi-equilibrium state. Potential values (Eocp) are presented in
Table 1 for both polished and brushed aluminum electrodes.
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Table 1. Aluminum open circuit potential values (Eoce) after 1 hour:

Eocp [mV]
Electrolyte Polished Al | Brushed Al
12% ethanol + 0.25M Na»SO, (BS) -506 -411
BS + 105 M resveratrol -546 -423
BS + 10° M resveratrol -554 -438
BS + 10*M resveratrol -564 -459
BS + 10° M resveratrol -576 -484

In solutions with different concentrations of inhibitor, aluminum electrode equilibrium potential is
shifted to more negative values, phenomenon that can be attributed to adsorption of resveratrol molecules
or deposition of corrosion products on the electrode surface.

The manner resveratrol acts as corrosion inhibitor for aluminum in test solutions and its effect on the
corrosion rate can be estimated by different procedures, one of the most used being Tafel polarization
method. The potentiodynamic polarization curves recorded without and with various concentrations of
resveratrol are shown in Figure 3 for polished aluminum and in Figure 4 for brushed aluminum electrode.

-0.2 T T T T T T T T
Polished Aluminum

— —(1)BS

0.3 (2) BS + 10°M Resveratrol
(3) BS + 10°M Resveratrol
(4) BS + 10'M Resveratrol
(5) BS + 10°M Resveratrol

04}

05 E—— 1

-0.6

E [V]/Ag/AgCI

07}

-0.8 }

-7.0 -61,5 -6I40 -51,5 -5l.0 -4I.5 -4I4O -3‘,5 -3I.0 -25
Igli| [mA cm?]
Figure 3. Linear polarization curves on polished aluminum electrode in test solutions in the

absence/presence of resveratrol, scan rate: 1 mV s,

-01 T T T T T T T T T
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Figure 4. Linear polarization curves on brushed aluminum electrode in test solutions in the
absence/presence of resveratrol, scan rate: 1 mV s,

-0

Polarization parameters for the corrosion of aluminum, i.e., corrosion potential (Ecor), corrosion
current density (icor), cathodic and anodic Tafel slopes (b and ba), polarization resistance (Rp) and corrosion
rate (Vcor) Were determined extrapolating potentiodynamic curves. The inhibition efficiency 1E(%) and has
been calculated with equation (1) and the results are gathered in Table 2 for polished aluminum and in
Table 3 for brushed aluminum electrode.

IE(%) = (( i?orr - iégﬁr)/igorr)XIOo(l)
where i%,., i are the uninhibited and inhibited corrosion current densities, respectively.
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Table 2. Polarization parameters for polished aluminum corrosion process in test solutions at 25°C.

Inh.conc. icor, Ecor, -b, ba, Rp, Veor, IE,
[M] [HA ecm?] [mV] [mV dec?] | [mV dec?] | [k] | [mm an?] - 103 %
BS 0.162 -494 205 242 223 4.5 -
10 0.087 -520 204 241 488 2.5 46.30
10° 0.067 -545 201 236 654 1.8 58.64
10* 0.044 -567 193 226 867 0.9 72.84
103 0.012 -578 189 201 1210 0.1 92.59

Table 3. Polarization parameters for brushed aluminum corrosion process in test solutions at 25°C.

Inh.conc. icor, Ecor, -be, ba, Rp, Veor, IE,
[M] [HA ecm?] [mV] [mV dec?] | [mV dec?] | [k] | [mm an?] -10° %
BS 1.112 -413 259 288 22 37 -
106 1.034 -423 262 291 26 34 7.01
10° 0.404 -453 229 298 50 16 63.67
10* 0.293 -493 214 287 86 11 73.65
103 0.109 -477 207 284 96 7 90.20

From the results presented in Table 2 and 3, it can be stated that increasing the inhibitor concentration
in test solutions, corrosion rate is diminished and the inhibition efficiency is elevated. Also, can be
concluded the inhibitor do not cause significant changes in the anodic and cathodic Tafel slopes. This
suggests that resveratrol behaves as a mixed-type inhibitor and can be classified as adsorptive-type.

Conclusions

The diminution of corrosion rate of aluminum in the presence of resveratrol can be attributed to the
adsorbtion of organic compound onto the metal surface, blocking the active sites, or depositing corrosion
products on the aluminum surface. Resveratrol act as an efficient corrosion inhibitor in alcoholic test
solutions and it exhibits a maximum inhibition efficiency of 93% for polished aluminum and 90% for
brushed aluminum.

The inhibitory properties of resveratrol on aluminum corrosion process offers considerable prospects
for wines or other alcohols industry, also defining it as a natural or eco-friendly corrosion inhibitor in
alcoholic media.
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UHTUBUTOPHBIN Y®DEKT PECBEPATPO.JIA HA KOPPO3HUIO AJTIOMUHUS B
CIIUPTOBBIX PACTBOPAX

K.I".Bac3wun, ML Ian*, [1.A.[lyka*, M.JIabocen™
Hayuonanvnviii uncmumym snexkmpoxumuu, Pymoinus
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PE3IOME

B nmanHON paboTe mpencTaBieHBI PE3YJIbTAaThl, IMOJNyYEHHBIE C MCIIOJIb30BAaHHUEM pECBEpaTposa Kak
WHTUOUTOpa KOPPO3MHM aJIOMHUHUS B CHHPTOBBIX PacTBOpax. VHrHOMTOpHBIE CBOWCTBAa pecBepaTrpoia
n3yyanuch B 12% stanone + 0.25M Na,SO,; B NpHCYTCTBHH Pa3IMUHBIX KOHLUEHTPALUUH MHIHOUTOpA, OT
10 10 1073, DneKTPOXMMHYECKHUE OMBITHI ObLITH BHITIONHEHBI HA MATEPUAIIaX JBYX THUIIOB: TIOJMPOBAHHOM U
OUUILEHHOM AJIOMHHUU. DJIEKTPOXUMHUUYECKOE IIOBEIEHHE PECBEPATPOJIa B PACTBOPAX 3TUJIOBOIO CIMPTa
OBLIO MCCNIEIOBAHO METOJOM ILHUKJINYECKOH BOJIBTAMIIEPOMETPHH HA IUIATMHOBOM 3yeKTpone. DddexT
MHruouTOpa OBUI HM3y4YeH METOJOM JHMHEeHHOW mnoispuzaumu (Metox Tadenst) mnst ompeneneHus
KHHETHYECKHX ITapaMeTpOB.

KaroueBsble cioBa: pe3Beparposi, HHTHOUTOP KOPPO3UH, KOPPO3HUS AMFOMHHUS.

359



LOdOGMZIRML 3IGE0IBIBSDS IBMB6IRNO 535RIFOOL 85G6J, Jodoob LyHos 2016 &. 42 \o 3

D s ———————————————— —————— ————————————————

THE SEQUENCE OF THE PREPARING PROCESS OF OPTIMAL COMPOSITION OF
ANTISUBLIMATION COATINGS FOR SEMICONDUCTING BRANCHES OF
THERMOELEMENTS

Fridon Basaria, Guram Bokuchava, lasha Tabatadze, Meri Rekhviashvili
Ilia Vekua Sukhumi Institute of Physics and Technology,Thilisi,Georgia,sip@sipt.org.ge

The sequence of the technological process for preparing optimal chemical composition of
electroinsulatingantisublimation coatings based on inorganic vitreous enamels have been developed for
protecting all types semiconducting branches of thermoelements against sublimation. Proposed method gives
possibilities to create antisublimationcoatings in a short time with using the minimum amount of materials,
which perfectly satisfy requirements.

It is know, that the most effective thermoelectric materials and alloys based on them at hot junction
temperature of thermobatteries350-1100°Carecharacterized by noticeable volatility [1], therefore during
fabricating branches of thermoelements based on them beforehand is required creation of
electroinsulatingantisublimation coatings on their surfaces.

Based on formerly conducted works were established, that the best antisublimation material for
medium temperature branches of thermoelements (p-GeTe, n-PhTe, junction temperature below 550 °C) is
coating based on inorganic vitreous enamels [2]. Analogous results were obtained for
lowtemperature(junction temperature below 350 °C) branches of thermoelements based on alloys of p-
Bix(TeSe)s, n-(BiSh),Tesand hightemperature(junction temperature below 1100 °C) branches of
thermoelements based on alloys of p-and n-SiGe.

Based on the temperature characteristics and properties of the branches of thermoelement,
development of specific optimal composition of antisublimation coatings should be carried out in
compliance with the following sequence of execution of mentioned works:

1. Drawing up the technical tasks;

2. Drawing up the technical requirements, which must be satisfied by materials for antisublimation
coatings.

3. Analyzing the relevant literature [3] and revealing materials and their compounds suitable for
branches of thermoelements;

4. Mixing selected metal oxides,substances and compoundswith powder of given semiconducting
alloys and annealing on air at temperatures (400-500°C)for formation of antisublimation coatings for
revealing process of chemical interaction of contacting materials. Annealing duration of 25-30 minutes.

5. Observing (visually or by optical microscope)annealed samples and separation of metal oxides
(substances or compounds) into strongly, weakly and not interacting, i.e. inert materials.

Taking into account the received results we choose suitable metal oxides for these branches of
thermoelementsand create systems of glasses and based on them vitreous enamels with specific
compositions (at least 5 compositions from each selected system) for investigation. We consider the
sequence of preparing process of electroinsulating—antisublimation coatings for lowtemperaturebranches of
thermoelements based on semiconducting alloys ofn- type Bix(TeSe)sand p-type (BiSb),Tes.

On the basis of the technical requirements to the newly createdcoatings, taking into account physical
and chemical properties of metal oxides and obtained results, liquid glass (LG) as the liquid phase of
vitreous enamels slips and PbO, B,03,Bi,03, TeO,, SiO, and Na,O as solid fillers were chosen [3].

Experimental results of branches of thermoelements without coatings, and also with the known and
proposed coatings are presented in table 1.

It's clear that antisublimation properties of vitreous enamels are much better and more stable,
thanorganosilicate material used in practice.

Table 1 shows, that vitreous enamel especially based on Na20-B203-Bi203-Te02-Pb0O-SiO2 is the
best material for application as electroinsulatingantisublimation coating of lowtemperature branches of
thermoelements of n- and p-types.

It follows from the foregoing that the proposed sequence of theoretical and experimental works, in
order to reveal optimal chemical composition of inorganic vitreous enamel coating for
lowtemperature(temperature of the hot junction below 350 °C) branches of thermoelements, is the fastest
and most optimal way to solve this task. This method was successfully applied for solution similar
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“
problems for medium temperature - (temperature of the hot junction below 550 °C ) [2] and
hightemperature(temperature of the hot junction - 1150 °C )branches of thermoelements [4].

Table 1. Antisublimation properties of coatings at 300 °C

Amount of the evaporated Te, Se,mg/cm?hrs
Type of . . (the average of 5 tests)
br)allﬁches Materials for coating In vacuum 10%-10° In helium atmosphere,
2Torr.,during 20 hrs. during 500 hrs.
Without coating 0,20 0,25
N Organosilicate KO-89 0,08 0,10
BiTeSe Vitreous enamelbased onNa,O-
BzOs - BizO3-T€Oz PbO - SiOz 0’005 0’01
Without coating 0,36 0,26
P Organosilicate KO-89 0,10 0,09
BiShTe Vitreous enamelbased on Na,O- 001 0.01
B,O; — BizO3-T€Oz PbO - SiOz ' '

Therefore it recommended to carry out the development of electroinsulatingantisublimation coatings
based on inorganic vitreous enamels for protection of semiconducting branches of thermoelements from
sublimation, taking into account the physical-chemical properties of metal oxides and chemical interactions
of the selected oxides with the respective thermoelectric materials.
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THE LIQUID SORBENT CONDITIONAL SYSTEMS ON GEOTHERMAL WATER BASE

K.Vezirishvili-Nozadze, 1.Zhordania, N.Mirianashvili, T.Nozadze,
Z.Lomsadze, T.Tsotsonava-Durglishvili

The Technical University of Georgia, The Centre Studying Productive Forces and Natural
Resources of Georgia. 69, M. Kostava 3 str. 0175 Georgia. Ketivezirishvili@mail. com

The World energetic crisis forces the countries to look for new alternative energy sources. Such sources can be
clear, non-traditional energy resources, like: solar, wind, bio and geothermal. Our object of research in this
article concerns the geothermal energy resources. Geothermal energy provides a huge, reliable, renewable
resource, unaffected by changing weather conditions. It reduces reliance on fossil fuels and their inherent price
unpredictability and when managed with sensitivity to the site capacity, it is sustainable. Geothermal energy is
relatively environmentally friendly. The use of conventional polluting fuels such as oil and coal can be reduced
if geothermal and other alternative energy forms be used (reducing pollution).

Georgia is rich by geothermal resources, but today they are not used effectively. One of the ways of effective use
of geothermal water resources suggested by us is their use in refrigerating equipment of fruit and vegetable
store-houses. Besides, the scheme is already developed for using geothermal water for drying and cooling
cereals in grain-elevators. For cooling atmospheric air the special air-cooling units are developed.

Key Words: non-traditional energy, geothermal water, liquid sorbents, conditional systems

In different branches of agriculture the acceleration of refrigerating equipment development is
possible only with inculcation of cheap cool supplying systems on native non-traditional energy resources
with minimal expenditure. Such systems are: absorbing water-ammoniac refrigerating aggregates and
liquid sorbent units on geothermal water base.

For optimum maintenance of temperature-moist conditions (t=2-4°C, ¢=85-95%) in fruit and
vegetable cool chamber we have suggested for the first time air cooling system with liquid sorbent which
uses prior utilized thermal water (fig. 1). The air processing principle is based on the different
salts(sorbents) and chemical solutions’ feature of moisture absorption.

d /43

Wy

Fig. 1. The process on id-diagram.

The preliminary air drying process with liquid sorbents allow the conditional air to be reduced to the
necessary parameters cooling exactly in the evaporator( adiabatic moistening). It is very perspective in fruit
and vegetable store-houses for technological air conditioning, when along with low temperature(4°C), high
relative humidity(95-98%) is necessary.

Our research confirms the high efficiency of air conditioning units on liquid sorbents. They allow us at
the equal energetic expenditures to get cold 3- times more, than with Freon, or steam-rejecting refrigerating
machines and on 30% more, than with ammonia refrigerating machines.

On fig.2 is presented the principle scheme of air technological conditioning with liquid sorbent on
different objects suggested by us. The processing air passing in apparatus- 1 is contacting with liquid
sorbent. At first ,the air is drying and cooling somehow, then it passes injecting chamber -2 , contacting
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with constantly circulating water, cooling and moistening up to technologically needed parameters and by 3
ventilators is passing to the premises. The part of impoverished solution after chamber 1 is pumping over to
the solution regenerating chamber-4. The regenerated solution is warming by used thermal water in warm-
exchanging chamber-5. Therefore in chamber-4 evaporation of absorbed moisture and restoration of
sorbent concentration takes place. The restored solution is passing to the drying chamber-1 again and the
cycle is repeated.

e
-
il

A

Fig.2. Fruit-vegetable store-houses’ cool-supplying scheme on geothermal base.
1-contacting apparatus 2-sparkling chamber 3- ventilator 4- liquid sorbent
refrigerating apparatus 5-6 heat exchangers 7- fruit-vegetable store-house

'F"""“M'

Apparatus 1 and 4 can be with sparklers, as well as, with membranes. For determination of heat-
technical efficiency between air and sorbent solution and getting characteristics of heat and mass-
exchanging processes we have made special experimental research of liquid sorbent air conditioning
system on geothermal water base.

As we have already noted the air cooling system on liquid sorbent can be successfully used for
technological and comforting purposes in all branches of the national economy. For example, it is already
developed the scheme of using geothermal water for drying and cooling cereals in grain-elevators. For
atmospheric air cooling are specially developed air-cooling units where for heat-exchanging are used
membrane spray-coolers of 40-50 type and ,,KTC-3"’ type central conditioners.

The suggested air processing system can be principally developed in climatic conditions of Georgia
and its cooling and moistening be ensured by cooling water of 17-18°C temperature. Sorbent solution
regeneration can be ensured at water temperature of 60-65°C.

As the geothermal springs of Georgia have enough high temperature potential the suggested system
can be successfully used for supplying fruit-vegetable store-houses in the zones of geothermal wells. It will
annually save more than one million kilowatt .electric power on each fruit-vegetable store-house of
1000ton capacity and that is very important for country’s economic development.
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CO3JAHUE CUCTEM KOHINLINPOBAHUSA BO3IYXA C UCIIOJIB3OBAHUEM
AKNJKHUX COPBEHTOB HA BA3E 'EOTEPMAJIBHBIX BO/{

K.Besupumsunmn-Hozanze, Up. XKopnanus, T.Hozanze, 3.Jlomcanze,
H.Mupunanamsunu, T.Jypravmsunu-L{ononasa

PE3IOME
B cratee paccMOTpeHBI HaMU BIIEPBBIC MPEJIOKEHHBIE CHCTEMBI OXJIaXIEHHS BO3/IyXa COpOCHTaMH Ha
0a3e TepMaJIbHBIX BOJI.
[TpuHIMI MOATOTOBKY BO3/1yXa OCHOBAH Ha CBOWMCTBA Pa3NIMUHBIX coyiel (COpOCHTOB) aKTUBHO MOTJIAIIATh
Biary. IlpenBapuTenbHas TOATOTOBKA BO3/AyXa C JKWIKHMH COPOCHTAMH JaeT BO3MOXKHOCTH, UTOOBI
KOHJIMIIMPOBAHHUE JIOBECTH K MOTPEOISIEeMBIM MapaMeTpaM Bo3lyxa, a UMeHHO: (1=2-4°C, oTHOCcHTeNbHAs
BIOKXHOCTh (0=85-98%). UTo oueHb BaXHO IS (PPYKTO-OBOIIHOXPAHWIMII WU JIs JAPYTUX OOBEKTOB
arpoIpoMBIIIIIEHHOTO KOMIUIEKCA.
Hamu BmepBble OBUTM NPOBEACHBI SKCHEPUMEHTAIBHBIE OMNBITBL € JKAIAKUMHU COpOEHTaMu st
KOHIMLMPOBaHUs BO3AyXa, YTOOBI 10Ka3aTh BHICOKYIO 3()()eKTUBHOCTH 3TOI CUCTEMBI.
IIpn onmHaKOBBIE SHEPTETHYECKNE 3aTPAThl HAIIMM METOIOM OBLT TOJIy4eH B 3 pa3a O0IbIe X0JI0/a, YeM
NIPY UCIIONB30BaHUH (PpeoHa U aMMHUaKa.
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TECHNOLOGY FOR PREPARATION OF ECO-FRIENDLY HIGH-TEMPERATURE HEAT-
INSULATING MATERIALS ON THE BASIS OF LIQUID GLASS AND SWOLLEN PERLITE

D.Gventsadze, B.Mazanishvili, L.Robakidze
LEPL RafielDvali Institute of Machine Mechanics, Mindeli str. 10, 0186, Thilisi, Georgia
david.gven@gmail.com

In the paper the technology is presented for preparation of eco-friendly high-temperature heat-insulating
materials on the basis of liquid glass and Georgian swollen perlite by the use of modifiers of various nature as
clinoptilolite, plastic clay and carbon black. It was established that the indroduction of the modifiers in materials’
composition improves their compression hardness by a factor of 1.8 — 2.3. The density of materials is in the
range between 250kg/m3 to 450 kg/m2 and the coefficient of the heat conductivity comprises 0.06-0.08 W/m-°C.
Key words: liquid glass, swollen perlite, heat-insulating materials

At present there is a large demand on high-temperature and power-consuming materials in mechanical
engineering, food industry and in other fields. They are used in cabinet driers of various function, in
thermostats, in the furnaces of technological and domestic function. In all above-listed devices the use of
high heat-resistant, low heat-conducting and relatively cheap heat-insulating materials is desirable.
Nowadays the heat-insulating materials of such type aren’t produced in Georgia and foreign ones are
relatively costly. The price of the devices, manufactured on their basis, comprises several thousands of
dollars.

By our opinion the particular emphasis must be placed upon the search of the technologies for
preparation of new, eco-friendly, high-temperature heat-insulating materials and the creation of new
materials.

At present the materials prepared on the basis of swollen perliteare of significant importance among
existing high-temperature, heat-insulating materials.

They are widely used in various fields of mechanical engineering as well as in constructions. They are
characterized by good heat-insulating properties, by lightness and cheapness. Their indroduction in mineral
binders allows to prepare the incombustible materials, characterized by high rigidity and good thermal-
physical properties. As it is well-known, glass-perlite or perlite goods on basis of liquid glass are
manufactured in various versions such as perlitephosphogenic, perlite-burnt, light and etc [1-6].

Preparation of high-temperature, heat-insulating materials by our technology involves the following
main technological operations: mixing, compressing, drying and thermal treatment. Research objects
involve: liquid glass of 1300kg/m3 density and of silicate modulus 2.8, swollen perlite of middle fraction
(production of Ltd “PARAVANPERLITE”) of grain size 2.5mm. Modifiers were: clinoptilolite powderof
grain size: 5-10 um, plastic clay of grain size: 0.5-5 pm and carbon black (ITM-803) of grain size 30-250
nm. For preparation of small size samples the mixing was carried out manually and for large samples the
mixer of “drunk barrel” type was used. After mixing of the ingredients compression of the samples was
performed by 0.3, 0.5, 0.8 and 1.0 MPa pressure in three moulds of various size which comprised
40x40mm, 50x50mm and 400x300mm, respectively. By means of first two moulds the compressing of
thesamples was carried out at universal stretching machine by means of special devices. Large samples
were compressed in the mould of our elaboration at technological press of 63 ton power.After cold pressing
of the samples their thermal treatment was carried out at 350°C overb3-3.5 hours.

The results of the research of physical-mechanical properties are presented in table 1 and on the
graphs in fig.1.

From the table 1 it is evident that the indroduction of corresponding modifiers in the composition of
heat-insulating material causes the increase of the density of all obtained compositions. It is obvious that
this process in large extent depends on the pressure of samples preparation. Plastic clay causes the
minimum increase of weight of samplesand in the case of clinoptilolite the weight increase is maximum,
hardness of materials is also increased at indroduction of the modifiers. Compression hardness increase is
maximal in the case of the compositions modified by clinoptilolite and plastic clay.

At preparation of the compositions at low pressures (0.3-0.5MPa) the hardness is increased by a factor
of 1.5-1.8. At high pressures (0.8-1.0 MPa) the hardness is enhanced by a factor of 1.8-2.3 and the best
index is fixed in the case of modification by plastic clay. At compressing by pressure of 1.0 MPa the
hardness value comprises 2.81 MPa. It may be suggested that, probably, in mentioned composition the clay
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acts as an additional binder in spite of the fact that the temperature of the thermal treatment (350°C) is low
in order for perfect revelation of the properties of the clay as a binder.

Table 1. Physical-mechanical properties of obtained materials

Modifier Physical-mechanical Pressure of sample production, Mpa
properties 0,3 0,5 0,8 1,0
Without modifier 220 270 325 360
Carbon black Density. ka/m3 260 350 410 435
Clinoptilolite Y. kg 310 368 420 485
Plastic clay 250 310 400 450
Without modifier 0,46 0,65 1,16 1,24
Carbon black Limit of compression 0,48 0,88 1,20 1,30
Clinoptilolite hardness, Mpa 0,68 1,12 1,46 2,42
Plastic clay 0,85 1,15 2,09 2,81
O [MPa]
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Fig. 1. Effects of modifiers and compression pressure on materials hardness:
1 — without modifiers, 2 — carbon black, 3 — clinoptilolite, 4 — plastic clay.

The measurements by means of express Lambda Meter have shown that the coefficient of heat
conductivity of elaborated materials varies in the range from 0.06 W/m -°C to 0.08 W/m -°C which is in
accordance with the indexes of international standards.
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PE3IOME
B cratbe onmcaHa TEXHOJIOTHS TOJIYYEHHUS JKOJIOTMYECKH OE30IMaCHBIX BBICOKOTEMIIEPATYpPHBIX
TETUIOM30JIIIUOHHBIX MaTEepPUaNOB Ha OCHOBE JKHJIKOTO CTEKJIAa M BCIIYYEHHOTO IepiuTa [ py3MHCKOTOo
NPOM3BOACTBA C NPUMEHEHHEM MOIU(PHUKATOPOB Pa3IMYHON NPUPOABI, TAKUX KaK KIWHONTHJIOJMT,
TUTACTHYHAS TJIMHA U TEXHUYECKHUH Yriepol. Y CTAaHOBJIEHO,4YTO BBEICHHE MOJU(PUKATOPOB B KOMIIO3ZUIIHIO
MaTepHaIOB yIydIlIaeT uX IPOYHOCTh Ha ckatue B 1.8-2.3 pasa.YnenpHbIA Bec MaTEepHalIOB HAXOAUTCS B
npenenax 250-450 kr/m3,a koo puument reronpooanocty B npeaeiax 0.06-0.08 sr/m-°C.
KiroueBble ci10Ba: )KHIKOE CTEKJIO0, BCITyUSHHBIH HEPIJINT, TEIJION30JISIIHOHHbBIE MaTepHaIbl
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ELECTRIC CONDUCTIVITY OF LASER DOPED POLYMER SURFACES

Jimsher Aneli, Nana Bakradze*, Teimuraz Dumbadze*

R. Dvali Institute of Machine Mechanics, 10, Mindeli str., 0186, Thilisi, Georgia
jimaneli@yahoo.com
* Georgian Technical University 77, M. Kostava str., 0175, Thilisi, Georgia

Physical-chemical processes in the polymer surfaces initiated by laser irradiation with use of modern physical
experimental methods are studied. It is established the regularities of the dependences between laser beam
parameters and polymer structures and physical-chemical transformations in laser irradiated polymer materials.
It is established that the transition of type dielectric - conductor is due to formation of the conjugated double
bonds in the polymer macromolecules having semiconducting character of p-type (at moderate laser beam
energy) and n-type (at more high energies). Temperature dependence of electric conductivity of laser irradiated
polymers is described by the Mott formulas.

Keywords: CO- laser; irradiation; phenol-formaldehyde resin; electrical conductivity; conjugated bonds;
paramagnetic centers.

Introduction

The studies of chemical modifications of polymer materials under influence of laser radiation have
sufficiently spread character [1]. It is known the initiation of photo-polymerization after absorption of the
light by sensitive molecule [2] or directly —by monomer [3]. The quant output strongly depends on the used
photo-sensitive material. It must be existed a possibility of monitoring of the polymer molecular weight by
change of the laser irradiated conditions. The substances under conditions of laser irradiation undergo to
double influences of laser beam — effect of electromagnetic waves and thermal heating at rather high
temperatures. It is known that high temperature (higher 500-600°C) treatment (pyrolysis) of polymers in
vacuum or in the inert atmosphere leads to deep structural transformations of these materials [4]. First of all
these changes are expressed in excitation of macromolecules with consequent formation of free radicals
and the systems of conjugated double bonds with linear or cyclic structures. In the presented work some
local physical and chemical transformations on the surfaces of polymer plates due to laser irradiation at
normal physical conditions have been studied.

Experimental
The composites were prepared using the well known technological method (mixing of components

with planned ratio of ones and following heating of mixture up to 240°C under pressure and cooling).The
experiments were carried out on the plates with thickness of 4 mm. The irradiation was proceeded at using
of CO; laser generator of type LGI-702 (A = 10.6 mcm, power 800 W). The scheme of irradiation is given
on the Fig.1. The laser beam generated from source 1 reflected on the reflector 2, passes through the lens 3
with focus distant 300mm and falls on the sample 4, which is placed

2 /A~ ""] 1 on the table 5 automatically movable in three coordinate directions.

The diameter of light spot on the polymer plate surface was changed

3 in the interval 1-8mm. Laser irradiation doses were changed in the
—_ interval 20-40 J.

Fig. 1. Scheme of irradiation of samples:
1 - laser source; 2 — reflector; 3 — lens; 4 —sample; 5 — moving table

— By means of displacement of the table with sample on it at

| 1 5 regulated rate there were formed the black paths with different width
and configuration. These paths are characterized with electrical

conductivity and ESR spectra depending on irradiated energy. Irradiated samples were tested by
polarization microscopy technique, electric conductivity — by two-contact method. Paramagnetic properties
of the probes took from path materials were measured using of ESR spectrometer. The type and mobility of
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charge carriers investigated were measured by the Hall effect technique. The structure changes in the
macromolecular system was established by infrared spectra.

Results and Discussion

On the Fig.2 the electrical conducting channels with different shapes on the surface of polymer
material plate on the basis of phenolformaldehide resin, polymethylsilsesqwioxane and fiber glass are
shown. The channels were formed after laser irradiation at energy up to 40 J by means of straight line
moving of plate with different rate under focused laser beam.

Fig. 2. Electrical conducting channels with different shapes formed on the surface of sample plates after
focused laser beam irradiation

Infrared spectra of the alloys of the black material took from path shown the existence of definite
amount of conjugated double bonds with linear structure of carbon chain of type ~CH = CH —-CH =CH ~.
It was established that the concentration of such bonds depends on type of irradiated material, the laser
source power, beam intensity, the rate of table displacement of spot diameter of light on the sample surface

[5].

Electric conductivity of the channels on the surface of polymer materials on the laser beam energy
grows monotonously. This dependence points out a constant accumulation of poly-conjugation systems due
to initiated by electromagnetic waves and high temperature photo- and thermo-chemical complex reactions.
As to our point of view formation of poly-conjugated systems is rather probable at laserolysis of a
compound containing phenoloformaldehyde resin and of polymethylsilsesqwioxane at the glass surface.
These conjugated systems are covalently linked to Si-O groups on the glass surface by the skeleton of
polymethylsilsesqwuoxane (‘a cube’). The electrically conducting system of the materials can be
considered as a heterogeneous composite material, consisted of highly conducting spheres of poly-
conjugation and barrier interlayers between them [6,7]. Volumetric part of the poly-conjugation spheres is
determined by the pyrolysate production technique. It increases gradually with temperature of pyrolysis and
the conductivity of composites increases.

The most apparently true model of electric conductivity in materials with the system of double
conjugated bonds seems to be the change transfer in the ranges of polyconjugation possessing metal
conductivity and jump conductivity between polyconjugation spheres. Such systems are known as the
organic semiconductors, conductivity of which is described with formula (1) [8,9]:

Y = Yo exp (-AE/KT), Q)
or with formula (2) proposed by N. Mott (Nobel laureate) [9]:
14
-toen] {1}
YT=Yo T ,

where To and yo are parameters of the present model.
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Fig. 3 shows that the temperature dependence of conductivity of the polymer composite irradiated by
three energy of the laser beam satisfactorily well described by the Mott formula (2) in the coordinates Igy -
T-Y while preliminarily proceeded analogical measurements elucidate essential deviations from data
calculated with using formula (1). However, the difference in temperature dependences of conductivity,
composed in both coordinates, become so smooth with beam energy rises that they are nearly drawn
together for the sample with laser beam energy higher 40 J. On the other hand, the same dependences show
that the activation energies (according to the curve slope) decrease with laser beam energy increase. It is
explained by intensification of processes promoting increase of the polyconjugation regions (clusters) and
their drawing together, which result in continuous decrease of the potential barrier height, and conductivity
approximates to the metal type. Evidently, at very high energies electric conductivity dependences on
temperature cannot be described by equations noted above.

logy, Sm/m : T-1x103, Kt

3¢ 4 Fig. 3. Temperature dependence of y for
Y—*—ﬁ——— composite materials based on ED-20 + PFS +
KO-812 + FG, pyrolized at 873 (1, 1°), 1173 (2,

2°), 1373 (3, 3°) and 1573 K (4, 4°) in the lgy - T

B , (1-3)and gy - T¥ (1’ - 3°) coordinates,
\L respectively

0.18 0.21 0.24 0.27
T-14x103, K14

A/B Nx1022, spin/kG AH, mT!
2.0 -
dx"

dH

&

Fig. 4. Temperature dependence of
paramagnetic centers N (1), ESR line
width (2) and ESR line assimetry
parameter A/B (3) on the pyrolysis
temperature for the ED-20 + PFS + KO-
812 + FG composites

873 1073 1273 LK
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Pyrolysis of the investigated surfaces leads to formation of the paramagnetic centers, dependence of
concentration of which on the energy of laser beam has an extreme character (Fig. 4). Curve of the present
dependence possesses maximum, which is corresponded to 600 - 700°C range. Change of the ESR
absorption line intensity is accompanied by a definite change of its width. In this case, the form and width
of the ESR line changes (at constancy of the g-factor) - lines are broadened, and asymmetry of singlet
occurs. These changes are more effective for composites, pyrolized at rather high temperatures.

Maximum on the concentration dependence for paramagnetic centers on pyrolysis temperature is
corresponded to the temperature range, in which volatile products of pyrolysis are released and poly-
conjugated systems occur (possessing linear or cyclic structure). Decrease of concentration of the centers
above 700°C proceeds due to coupling of a definite amount of unpaired electrons. According to this
coupling new chemical structures occur (for example, polyconjugation responsible for electric conductivity
increase). Some authors [6] think that this is bound to graphitization of the carbonic skeleton. However,
according to X-ray analysis absence of the lines, characteristic for graphite, makes doubtful the occurrence
of graphite spheres in pyrolysates.

At more high temperatures of pyrolysis the ESR line width and the asymmetry parameter increase due
to the following phenomena. Deepening of thermo-chemical reactions in composites leads to formation of
local paramagnetic centers due to thermal decomposition of organic chains of polymer substrates of
composites with further localization of an unpaired electron in oxygen atoms, possessing increased affinity
to electron. Due to occurrence of the spin-orbital interaction contribution into the spin-Hamiltonian the
time of spin-spin relaxation, responsible for ESR line broadening, decreases. On the other hand, it is
probable to increase the contribution of free charges-current carriers into ESR signal, the line of which is
characterized by asymmetry (so called Dayson form [10]).

Conclusions

1. The irradiation of surfaces of some plate of the glass textolyte containing of carbon chain and
polyorganosiloxane polymers with focused laser beam leads to formation of electrical conducting channels,
the sizes of which depend on the energy of irradiation.

2. Irradiation of the polymer materials by laser radiation stimulates the processes of formation of the
polyconjugated systems, in the frames of which the transport of the electric charges proceeds with a very
low activation energy (it has semimetal character).

3. Charge transfer between polyconjugation systems is ruled by the jump conductivity mechanism
with variable jump length. In this case, its temperature dependence is described by the Mott formulas.

4. Irradiation of the polymer materials by laser radiation stimulates the processes of formation of
paramagnetic centers, dependence concentration of which on pyrolysis temperature has an extreme
character and possesses both to localized in defects centers and free (conducting ) electrons.

Presence of a glassy fiber and polymethylsilsesquioxane in composites promote formation of covalent
bonds between organic and inorganic parts of the composite, at laserolysis of which good contacts between
glass surface and conducting clusters is ensured.
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JASEPHBIM U3JIYYUEHUEM
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PE3IOME

N3ydeHbl CBOHCTBA 3JICKTPONPOBOJAIIMX KaHAIOB, 00pa3oBaHHBIX B pe3yinbrate COz Ja3epHOro
00y4YeHHs MTOJIMMEPHBIX KOMIIO3UTOB Ha OCHOBE (peHOI(pOopMabaeTrHIHON U TMOKCHAHON CMOJI, a TAaKKe
MOJIMMETUIICUIICECKBUOKCAHA W YIVIEBOJOKHA B NPUCYTCTBUM  Bo3ayxa. lloka3zaHo,  4TO
3JIEKTPOTIPOBOJIHOCT, M KOHIICHTpAIUS IMapaMarHUTHBIX IICHTPOB OOpa30BaHHBIX HA IOBEPXHOCTH
KOMIIO3UTOB 3aBUCAT OT THUIA MOJUMEPOB U SHEPTUU Ja3epHOro jyda. llosBlieHHE 31EKTPONPOBOIAIIUX
COWMCTB BENIECTB B KaHAlaX IMPUIHCHIBACTCS OOPa30BaHWIO B TIOJIMMEPHOM MarepHalie JIBOHHBIX
COMPSKCHHBIX CBS3€H MO JACHCTBUEM Jla3epHOro o0iyueHus. OOpa3oBaHUE aHATOTUYHBIX BEIIECTB B TEX
JK€ MaTepuatax UMEET MECTO B MPOLIECCE BBICOKOTEMIIEPATYPHOr0 MUPOJIN3a, OAHAKO U3BECTHASI METOJUKA
MUPOJIA3a HE TIO3BOJISET MOMYyYUTh KaHANBI C JKeIaTelbHON KOH(UTypalueld U 3JeKTPOIpOBOIHOCTH Oe3
MIPUMEHEHUS BEICOKOTO BaKyyMa.
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COMPOSITES BASED ON POLYESTER LACQUER AND MINERAL FILLERS

L.G.Shamanauri, J.N.Aneli
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lana-shamanauri@mail.ru

The work is devoted to the obtaining and investigation of some properties of composites based on polyester with
such fillers, as quartz sand, andesite, trachite and clay. The average size of these powders particles was lower
than 50 microns.  The physical-mechanical and hydrophobic properties of the composites have been
investigated. It is experimentally shown that the dependence of mechanical strengthening of the composites on
the fillers concentration has an extreme character- it is characterized with maximums at definite concentrations
of fillers. For its part location of these peaks depends on the type of filler. So for example, for composites
containing andesite and quartz sand, strength maxima occur at concentrations of fillers near 50 weight % and the
largest substantially exceed those for composites containing clay and trachyte. The effect of the type and
concentration of the filler is also reflected in the degree of hydrophobicity of composites. Composites water
absorption decreases until the keeping of the wettability of all filler particles, which is achieved at relatively low
polymer filling. With the deterioration of wetting that occurs at high filler content increases the probability of
their associates and creation of microvoids in the polymer matrix. The experimental results are explained by the
peculiarities of the microstructure of materials. Mainly it is due to the nature of interfacial interaction, what
significantly affects on the distribution of the filler particles in the polymer matrix.

Introduction

At recent time polymer materials are used in the construction industry widely. Such
consumption of the polymer materials in the construction industry is due to their high chemical
stability to atmospheric phenomena, simple technology, decorative, etc.

Progress in polymer chemistry gives lot of means for obtaining of polymer materials with
desirable properties [1]. It must be noted that now the polymer materials, in general, are yet deficit
and expensive. Therefore in the practice the polymer materials containing silicate fillers as
polymer-silicate materials are used often [2]. Polymer-silicate composition materials are new
effective ones, in which the amount of the mineral filler reaches to 90 -95wt % (for example, in
polymer-concrete) [3]. Such composition materials are characterized with high mechanical
strengthening, chemical stability in the aggressive media in the wide temperature range [4]. The
selection of polymers and fillers gives a possibility of obtaining of polymer-silicate composites
with high dielectric properties, or vice versa, the polymer-silicates with good electric conducting
properties [5].

At the recent time in many foreign countries more than 10 widely spread polymers (both
thermoplastics and thermosetting polymers) are used in the industry of polymer-silicate
composites. Among them the polymer-silicate composites based on polyester and epoxy resin are
used more often [6].

Main goal of our work is development of different type of polymer-silicate composites on the
basis of polyester lacquer for elaboration of the hydrophobic and decorative coatings on the
ceramic plate and brick surfaces.

Results and discussion

In the experiment there were used the polyester lacquer and several mineral (silicate) fillers
(clay, trachite, andesite, quartz sand, drywall) with different proportion. 2 -5wt% of hyperiz as
hardener was added initially to the mixture of polyester lacquer and silicate powders (average
diameter of the particles was lower than 50 mcm) and sometimes later the reaction accelerator —
cobalt naftenate was added with the same concentration. After this the mixture is hardened in the
special forms in accordance with the standard. 12 h later the form is opened and the sample is
ready for the thermal treatment, which proceeds in the thermostat at 150°C during 3 h. After such
treatment the samples surfaces acquire smoothness and the material become stiff (the surface not
scratched).
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Testify was proceeded for determination of the following parameters: ultimate strength at
compression, water absorption and specific weight. The numerical values of these characteristics
are presented in the table 1.

Table 1. Ultimate strength at compression, water absorption and specific weight of composites

# Filler type and content Density, g/cm3 Ultimate strength, MPa Water absorption,
(wt %) %
1 | Trachite (50) 2.4 158 2.5
2 | (80) 2.3 125 53
3 | (120) 2.1 100 4.2
4 | Andezite (50) 2.5 174 1.8
5 |« (80) 2.3 160 39
6 |- (120) 2.15 147 31
7 | Clay (50) 2.3 95 4.8
8 |- (80) 2.6 74 8.1
9 |« (120) 24 45 7.3
10 | Quartz sand (50) 2.7 169 2.7
11 |« (80) 3,4 162 34
12 |« (120) 29 128 2.9
13 | Drywall (50) 2.4 124 2.1
14 |« (80) 2.8 77 3.7
15 |« (120) 2.2 68 2.4

The table data show that the technical characteristics of the composites essentially depend on
both the type and concentrations of the fillers. The character of such dependences it must be found
in the peculiarities of the microstructure of composites.

It is well known that the mineral fillers are characterized with different morphology and
microscopic empties. From the other side these minerals differ one from another by different
values of the interaction energies between two phases [7]. Besides of it must be took into account
the degree of dispersity of the filler particles. On the basis of this suggest the increasing of
densities of composites containing clay, drywall and quartz send (from 50 up to 80 wt %) may be
due to low degree of homogeneity of distribution of these fillers particles in the polymer matrix (it
is probability of formation of the associates-clusters of these particles). Although at relatively high
content of these fillers increasing of the degree of composite structural inhomogeneity enhances,
which is connected with formation of microscopic empties in the polymer matrix. This process is
promoted also by relatively low energy of inter-phase interactions. This situation is well reflected
on the value of the composite mechanical strengthening — it decreases at increasing of the filler
concentration. Such dependence of the ultimate strength on the filler concentration is the general
phenomenon for all composites. It is well known also that in general the dependence of the
ultimatum strength of the composites on the filler concentration is extreme — maximum
corresponds to filler concentration, when the filler particles of last maximally form the contacts
with macromolecules. At increasing of filler concentration when the formation of associates will
be started or by other words when not all particles will be coated with macromolecules and others
will be stay without organic molecular surrounding and will be not take participation in the hetero-
phase interactions. At following increasing of the filler concentration the composite strengthening
decreases. This phenomenon is known in the scientific literature as Rebinder effect.

The maximal ultimatum strength among investigated composites corresponds to composites
containing 50 wt% of filler. Relatively high significances of strengthening of the composites
containing andezite and quartz sand show that there are inter-phase interactions higher in
comparison with other composites.

The water absorption of investigated composites is in good correlation with the significances
of density. From the table data it is seen that both density and ultimate strength for composites
containing 80wt % of the filler are higher to some extent in comparison with other composites. In
this case there are two processes acting in one and same time, but one against to other: increasing
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of the density (because of increasing of more tight phase) and formation of the mineral particles
associates, which leads to increasing of water absorption because of increasing of diffusion of
water molecules between filler particles.

In the composites containing 120 wt% of the fillers the decreasing of density is observed to
some extent (in comparison with composites containing 80wt% of the filler). The reason of this
fact may be the capsulation of the filler particles by macromolecules. The decreasing of
penetration of the water trough composites with high filler concentration may be described by
same reason.

Conclusions

1. The properties of composites based on polyester lacquer generally depend both on filler type and it
concentration.

2. With high strengthening are characterized the composites containing andezite and quartz sand with
amount 50wt% because of high inter-phase interactions.

3. With low strengthening are characterized the composites containing clay, which show on the low
inter-phase interactions.

The gradation of the composite properties is the result of simultaneously action of several
physical factors, which are due to inter-phase interactions, formation of micro-empties and filler
particles association and capsulation.
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ITomydeHsl monvMepHBIE KOMITO3UTHI Ha OCHOBE MOJMA(HUPHOTO JIaka M paclpocTpaHeHHBIX B ['py3uu
MUHEpAJOB TpaxuTa, aHJe3uTa, KBapLEBOTO TecKa, Taku W TNIMHBL [lokazaHo, 9TO mpenen MpoYHOCTH
HCCJIEJOBAHHBIX KOMITO3UTOB CYIIECTBEHHO 3aBUCHUT OT COJAEp)KaHUS M THIIa HanmojHUTeNs. B uwacHocty,
MaKCHMaJbHbIE 3HAYEHHUS AAHHOTO MapameTpa cOOTBETCTBYIOT 50%-0oMy cOIepXKaHHIO HAIOJTHHUTENEH.
[TomyueHHBIE pe3yNbTaThl OOBSICHEHBI B TEPMHUHAX OCOOCHOCTEN MUKPOCTPYKTYPhI KOMITO3UTOB.
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UTILIZATION OF AGRO-INDUSTRIAL WASTE MATERIALS BY USING SEQUENTIAL
SUPERCRITICAL FLUID AND ULTRASOUND EXTRACTION METHODS

Mzia Tsitsagi, Mariam Chkhaidze, Manana Buzariashvili, Miranda Khachidze, Vladimer Tsitsishvili
Petre Melikishvili Institute of Physical and Organic Chemistry of Ivane Javakhishvili Thilisi State
University, 0186, 31 A.Politkovskaia str., Thilisi, Georgia

Extraction of biologically active compounds from agro-industrial waste materials of most common fruits and
vegetables in Georgia by sequential supercritical fluid and ultrasound methods is described. These method
provide high quality targeted products, both options have their advantages. The method you choose depends on
the class of targeted product, as well as on provided depth of extraction and release of compounds.

In recent years, there has been a growing interest in the so-called functional food additives. These
ingredients are preferred by consumers to have a natural origin, being commonly extracted from natural
sources such as plants or food by-product. Grape seeds and skin, orange and tangerine peel, tomato paste
waste are the most abundant agro-industrial waste materials in Georgia. Extraction of natural food
colorants and small scale high cost bioactive compounds from above mentioned waste materials is the main
goal of our research.

The choice of the suitable technique for extraction of bioactive compounds from botanic matrix
depends on: the desired class of compounds to be extracted, quality and yield required for extract; the
process conditions and economic feasibility for scaling up the process.

Sequential supercritical Fluid extraction and ultrasound assisted extraction, the environmentally
friendly separation techniques has been used for extraction of target products.

Supercritical fluid extraction is an advanced separation technique based on the enhanced solvating
power of gases above their critical point. One of the most frequently used supercritical fluids is carbon
dioxide. Besides the advantages of having a low critical temperature and being neither toxic nor flammable,
carbon dioxide is also available at low cost and high purity; On account of these characteristics, the fluid is
an ideal solvent for in the food dye, pharmaceutical and cosmetic industries, where it is essential to obtain
final products of a high degree of purity.

Another modern technique we use is ultrasound-assisted extraction
method. The application of ultrasound disrupts the cell wall structure and
accelerates diffusion through membranes, allows cellular material release
and improves mass transfer as well. Ultrasound-assisted extraction is an
upcoming extraction technique that can offer high reproducibility in shorter
time, higher vyields of bioactive compounds, simplified manipulation,
decreased temperature during processing, reduced solvent consumption,
and lower energy input.

Figure 1. Ultrasound extractor

Sequential, stepwise supercritical and ultrasound extraction methods
makes available selective and quantitative extraction of oils, phenolics,
carotenoids, lycopene, pentacyclic triterpenes and pectins from different
botanic matrixes.

Selectivity, reproducibility was main challenge of our research. Thus, large range of  pressure,
temperature, extraction time and different solvent for sequential extraction of different class of compounds
has been studded.

Essential oil, carotenoids, hesperidin and pectin has been extracted from tangerine and orange peel;
quercetin and natural dyes from onion skin; lycopene and carotenoids from tomato peel, anthocyanins from
“Saperavi” skin, phenolics and pentacyclic triterpenes from apple peel. Optimal extraction parameters and
suitable extraction techniques have been selected for each target products. Main requirements were
selectivity, reproducibility and feasibility for industrial means.

Black grape skin contains a great number of polyphenolic compounds, the concentration of which
varies greatly according to the variety of grapevine and is influenced by cultivator, season and
environmental factors. Red grape skin is the waste of winemaking. All red grape sorts are good source of
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anticianins, colored natural compounds. They have bright attractive colors. High solubility in water of these
compounds allows their easy incorporation into aqueous food systems. Moreover, the proved antioxidant
activity of antocyanins, related to the prevention of a number of degenerative diseases. Provides added
benefits to food dyed with these natural substances. Anthocianins give rise to the plue-purple- red-orange
color of flowers and fruits. Antocyanins are chemically phenolic compounds belonging to the flavonoid
family. Antocyanins are glycosides of antocyanidins and sugar. Antocyanidins are almost always
glycosylated in the 3-possition. Color Changes with pH. At low pH3 the antocyanins are most strongly
colored, exhibits their well-known purple-red color, around pH5 it twins almost colorless and at neutral and
alkaline pH the color goes from blue to green. The use of antocyanins as natural dyes has been studied for
many years due to their ready availability. The recovery of antocyanins from wine industry by- products is
also of great importance because it could exploit a large amount of the wine industry waste, which is
mainly used today as cattle feed or for soil conditioning or it is tucked away to disposal sites, reducing
consequently their environmental impact.

= e : L \’% i
Figure 2. “Saperavi” grapes and extracts from grape skin

Ultrasound extraction of anthocyanins from “Saperavi” skin, byproduct of winemaking by using
different ratio of ethanol/water mixture, gives very good recovery of target products at 25C°. Method is
fast, cheap and highly reproducible.

Figure 3. Grape seed and grape seed oil

The grape seed is another by product of winemaking. Valuable by- product of grape seed is grape seed
oil. The grape seed oil is a vegetable oil, abundant by product of wine making. This oil is high in nutrients,
being rich in vitamin E, single and polyunsaturated fatty acids of which linolenic acid an essential fatty acid
70%. The oil is primarily used for cooking and in salads, marinades, deep frying, flavored oils, baking,
massage oil, sunburn repair lotion, hair product, body hygiene creams, lip balm and hand creams. In all
products grape seed oil is a preferred cosmetic ingredient for damaged and stressed tissues possessing
regenerative and restricting qualities which allow a better control of skin moisturizations. It can help skin
refine the normal structure of epithelium cells and nerve cells via supporting the cell membranes. It has a
relatively high smoke point approximately 216 C so it can be safely used to cook at high temperature. The
metabolic energy density of the grape seed oil is comparable to of other oil: about 120Kcal per tablespoon
(34Kj/ml) however because less oil is needed for cooking it can be used within low-fat diet. The grape seed
oil is reputed to contain plentiful antioxidant as well as to lower cholesterol levels. In a study presented in
1993 at the American College of Cardiology Scientific Session Nagh and collegues showed in 56 men and
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women using up 43 g per day, an amount that one can cook with, that grape seed oil raised HDL levels by
13% and reduced LDL levels by 7% in three weeks. The total cholesterol/HDL ratio fell 15.6 % and the
total LDL/HDL ratio fell 15.3% which could be significant for these at risk of heart attack.

One of the main aspects that should be considered in SFE of oil is the extraction optimization. The use
of the optimum values for the different variables influencing the SFE extractions could significantly
enhance the recovery of extraction yield of a target compound. On the one hand, the increasing of
temperature results in the decrease of solvent density thus decreases the solubility and yield of oil. Increase
of pressure increases density of CO,, which induce complex extraction and difficult analysis. The
ultrasound technique is based on the formation of ultrasonic waves of high frequency, which are
capable of causing cavitations due to expansion and contraction cycles undergone by the material.
Such cycles disrupt the cell walls of the vegetable matrix, favoring the penetration of the solvent and mass
transfer, thus increasing the extract yield.

Influence of ultrasound on subcritical fluid extractions of the grape seed oil has been studied. While
ultrasound was applied as in USFE, the following parameters were preferred: T at 25 °C, P at 100 atm. The
results show that subcritical fluid extraction with the assistance of ultrasound could reduce the temperature
and pressure used in the process. Compared with SFE, USFE could give a 5% increase in the yield in case
of the grape seed oil.

As it was mentioned above tangerine peel is one of the most abundant agroindustrial waste materials
in Georgia. Sequential supercritical fluid extraction method were used for extraction of essential oil,
carotinoids and bioflavanoids from tangerine (Citrus Unshiu) peel. First step of this process is supercritical
CO;, extraction of oil. Major constituent of
tangerine oven dried peel oil is d-limonene
(> 90% ). Second step is 7% V/V acetone
modified supercritical CO; extraction of -
carotene. Third step is 5% methanol
modified supercritical CO. extraction of
hesperidin. Studied and determined optimal
parameters provide efficient, fast and
selective extraction of target products.
Method can be used for utilization of any
other citrus peel.

Figure 4. Tangerine peel and tangerine peel oil

drving and grinding of
tangerene and orange
peel
|

Extraction of essential oils by using
supercritical CO.

| I -

Acetone modified supercritical CO,
extraction of f-carotene

Methanol modified supercritical CO,
extraction of flavanoids

recovary of pectine from drv
waste material

recovary of hesperidin
from extract

Figure 5. Scheme of tangerine and orange peel processing
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Limonene is a chemical found in the peels of citrus fruits and in other plants. It is used to make
medicine. d-Limonene is used to promote weight loss, prevent cancer, treat cancer, and treat bronchitis.
In foods, beverages, and chewing gum, limonene is used as a flavoring.
In pharmaceuticals, limonene is added to help medicinal ointments and creams penetrate the skin.
In manufacturing, limonene is used as a fragrance, cleaner (solvent), and as an ingredient in water-free
hand cleansers.

Hesperidin is a plant chemical that is classified as a “bioflavonoid.” It is found primarily in citrus
fruits.People use it as medicine. Hesperidin alone, or in combination with other citrus bioflavonoids
(diosmin, for example), is most often used for blood vessel conditions such as hemorrhoids, varicose veins,
and poor circulation (venous stasis). It is also used to treat lymphedema, a condition involving fluid
retention that can be a complication of breast cancer surgery.

Beta-carotene is one of a group of red, orange, and yellow pigments called carotenoids. Beta-carotene
and other carotenoids provide approximately 50% of the vitamin A needed in the American diet. Beta-
carotene can be found in fruits, vegetables, and whole grains. It can also be made in a laboratory.
Beta-carotene is used to decrease asthma symptoms caused by exercise; to prevent certain cancers, heart
disease, cataracts, and age related macular degeneration (AMD); and to treat AIDS, alcoholism,
Alzheimer’s disease, depression, epilepsy, headache, heartburn, high blood pressure, infertility, Parkinson’s
disease, rheumatoid arthritis, schizophrenia, and skin disorders including psoriasis and vitiligo.

Figure 6. Hesperidin crude and after purification

The last step of this process is recovery of pectin from dry waste material. Our study was focused on
the potential of tangerine peel as a source of pectin. Pectin was extracted from tangerine peel powder
remained after supercritical fluid extraction of essential oil, B-carotene
and hesperidin using H form of clinoptilolite. Extraction conditions
are T= 80C°, pH= 1,5-2, extraction time= 1h. The percentage yield is
69.3%, equivalent weight of extracted pectin was 760, methoxyl
content 6.5 %, total anhyrouronic acid content 78%, degree of
esterification 47.3%. From the result obtained, tangerine peel can be
considered in commercial production of pectin alongside with other
citrus sources.

Figure 7. Dry waste material after extraction of oil, f-carotene
and hesperidine.

. o
Figure 8. Pectin extracted from dry material
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Red onion (Allium cepa) is the most common and richest natural source of flavonoids and
anthocyanins.

Our study was focused on the influence of some operative parameters and co-solvents on sequential
supercritical fluid extraction employed for the extraction of quercetin and colorants from red onion outer
skin. Supercritical CO. modified with
acetone was used for the extraction of
guercetin  and  supercritical CO;
modified with ethanol/ acetic acid
(80:1) was used for extraction of
colorants.

Figure 9. Red onion and extracted
material

Extraction of quercetin and colorants from onion skin also has been done by using sequential
ultrasound extraction method. Method is simple, rapid and provides high yield of target products.

The carotenoids are natural pigments that provide the natural yellow, orange and red colors of fruits.
According to epidemiological studies carotenoids play an important role in prevention of cancer, cataracts,
and aging diseases. Besides some applications of carotinoids for provitamin A activity, they are widely
used as colorants in food.

Supercritical fluid extraction method was used for extraction of lycopene and p-carotene from the
skins of ripe tomato. Optimal operative conditions are 65-70°C temperature, 250-300 atm pressure, 5%
acetone as a co-solvent, static extraction time 1h, dynamic- 2h.

“ Figure 10. Extracts from tomato skin

Uninspected result gave ultrasound extraction of lycopene and carotene from tomato skin. First step of
extraction by using acetone as a solvent obtains complicated mixture of different compounds with low
content of target products. The second step is highly selective and major components are lycopene and beta
carotene. Method is fast and selective.
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YTUWIN3ALUA ATPOITIPOMBIINIJIEHHBIX OTXOIOB METOJIOM CTYIEHYATON
IKCTPAKIIMN CYNNTEPKPUTHYECKUMHU ®JIIOUJTAMUA U YJIBTPAZBYKOM

M.IIunaru, M. Uxaunze, M.bysapuamsuinu, M. Xaunaze, B.Lunumsunu
Huemumym guszuueckou u opeanuueckoti xumuu um. 1.1 Menukuweunru Tounucckoeo 2ocyoapcmeentozo
yuusepcumema um. U./icasaxuweunu, 0186, yia. A.Ilonumxosckoii 31, Tounrucu, I py3us

PE3IOME
B cratee ommcaH MeTON CTYNEHYATOW SKCTPAKIMH CYMEPKPUTHYECKUMH (DIIOUIaAMH U yIbTPa3BYKOM
OMOJIOTMUECKA aKTUBHBIX COCAMHCHUUN W3 arponpOMBIIUICHHBIX OCTATKOB IEPEPadOTKH  CaMBIX
pacrnpocTpaHeHHbIX B ['py3un (pykToB M oBoIIeH. /laHHBIE METOABI 00CCIICYMBAIOT BBHICOKOE KayeCTBO
I[EJIEBBIX TPOIYKTOB, y O0OMX METOJOB €CTh CBOM NpeiMyIecTBa. BrIOOp MeToma 3aBHCHT OT Kilacca
EJIEBBIX MTPOAYKTOB, YCIIOBUH MPOIIECCa, TITyOUHBI SKCTPAKIIUHN U BBIX0/1a COSTMHEHUH.
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CREATION OF CELLULOSE ACETATE MEMBRANE ON THE BASIS OF DIFFERENT
COMPOSITIONS

G.Bibileishvili, N.Gogesashvili
Engineering Institute of Membrane Technology, Georgian Technical University, Godziashvili second-side
street 19, 0159, Thilisi, Georgia
bibileishvili@hotmail.com nanagogesashvili@gmail.com

Today polymer membranes are widely used to filter solutions. Theyconstitute 80 % of the world production of
membranes. The usage of polymers is due to their physical structure and their chemical properties. The Goal of
polymermodification is to obtain the membrane with a structure desired for the particular process of filtering.
Properties of polymer membrane in exploitation depends on polymer, its concentration, composition of the
polymer solution, solvent type and the concentration of nonsolvent. Cellulose Acetate areoften used for
preparation of membranes [1]. Their properties are moderate hydrophilic, inertto filtering components of the
solution and relatively cheap raw materials. The research was conducted on solutions with different
concentration of cellulose Diacetate (5-7%) in DMAC/LICI for creation of Cellulose Acetate membranes in the
Engineering Institute of Membrane Technology [2].The study of the process of phase inversion ofobtained
solutions in different correlation conditions ofsolvent and nonsolvent revealed that the range of this correlation
for Coagulation bath is 0-20%. The research was conducted on the automated laboratory instrument created in
the Institute. The instrument allowed to control the membrane precipitation process by regulating bath
temperature and the speed and angle of immersing of the polymer solution in the bath. The morphology of the
obtained samples is studied by the microscope which is equiped with a digital camera (x5000). The structures of
obtained membranes differ. The pore size of some microfiltration membrane is 0, 3-0, 45mkm.

To study creation and properties of Cellulose Acetate membranes the scientific research was
conducted in the Engineering Institute of Membrane Technology. For preparation of membrane cellulose
diacetate was used. The degree of esterification is y =250-270, while the degree of substitution is 2,5-2,8.

Using Mark-Kuhn-Houwink’s equitation [] = KxM?® the average viscous molecular weight was
calculated; K and a was determined according to the known method , K=0,8 x 10*, a = 0,78.

Properties of polymer membrane in exploitation depends on polymer, its concentration, composition
of the polymer solution, solvent type and the concentration of nonsolvent, also temperature and
composition of coagulation bath.

The change of each of these parameters can alter the properties of the received membrane. Taken into
consideration of these factors the research was conducted with a variety of polymeric composition and
precipitation in different conditions.

For dissolution of cellulose diacetate aprotic substance dimethylacetamide was used. It is known that
by using this solvent highly porousmembrane can be received. Lithium chloride was solved in
dimethylacetamide in advance. Lithium chloride aids dissolution and is the pore-forming agent for
Cellulose Acetate. It also causes change of the structure of polymer solvent [2]. Solvents of different
concentration were prepared. Data of the received solvents is given in table 1.

Table 1.
Cellulose diacetate concentration, mass % 5 6 7 8 9 10
Dimethylacetamide concentration, mass % 94 92 90 88 86 84
Lithium chloride concentration, mass % 1 2 3 4 5 6

The process of phase inversion was conducted on the automated
laboratory instrument created in the Institute (picture 1).

Laboratory instrument controls the process of membrane
precipitation. Particularly: a) regulation of bath temperature; b)
regulation of speed of immersing sample in the bath; c) regulation of
angle change while immersing in bath.

Picture 1. Instrument of phase inversion

Thickness of all sample was 0.1 mm. Precipitation was conducted in the water bath.
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The conditions of phase inversion process of some of the samples and permeabilityof obtained
membrane is given in table 2.

Table 2.
N Concentration of | Bath immersing | Bath immersing Bath Permeability
cellulose angle,° speed mm/min temperature °C I/m2.h
diacetate, mass%
1 5 10 300 20 70
2 5 45 200 30 160
3 5 80 200 40 100
4 7 10 300 20 50
5 7 45 200 30 80
6 7 80 200 30 40

Table shows that increase of polymer concentration and
coagulation bath temperature causes the decrease of
membrane permeability.The optimal conditions of phase
inversion process is established- the angle of bath
immersing 45°, bath immersing speed 200 mm/min, bath
temperature 30°C.

The pore size of the membrane was determined on the
bubble-point test apparatus created in the Institute. The size
of some of the membrane is 0,3-0,45mkm. The sample of
one of the membranes is given in picture 2.

Picture 2. Membrane of Celluloce Acetate (X 5000)
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CO3JJAHUE AHETATHEJJJIIOJO3HBIX MEMBPAH HA BA3E PA3HBIX KOMIIO3ULIN I
I'.B.bubuneumsunu, H.H.I orecamsuim
Huorcenepnolii uncmumym memopannou mexrnonoauu I pysuncrkoeo Texnuueckoeo Ynusepcumema
PE3IOME

Ha aBTOMaTH3upOBaHHOM J1TA0OPATOPHOM TpUOOpPE, CO3MaHHOM B MHKEHEPHOM HHCTUTYTE MEMOpaHHOW
TEXHOJIOTMH, OBbUI Hu3ydeH mporecc (a30BOW HHBEPCHU PACTBOPOB Pa3IMYHOW KOHIICHTpAIUU
JIMaIeTaTaleIIF0IO3bl. Y CTaHOJICHA B3aUMOCBSI3b ¢ YCIIOBUSAMH IIPOBEACHUS Iporiecca (pa3oBOi MHBEPCHU
Y TIPOU3BOJIUTEIBHOCTHIO TOJTYYSHHBIX MeMOpaH. Pa3mep mop mMeMOpaHBI ONpeieNsuiid Ha J1a0opaTOPHOM
npubope, co3maHHOM B WHCTUTYTE, B OCHOBE KOTOPOTO JIEKUT METOJ TOYKH Iy3bIpka. Pasmep mop
HEKOTOPbIX MeMOpaH coctarisiet 0,3-0,45 MkM.
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INFLUENCE STRUCTURE MATRIX TO ACTIVITY OF NANOCATALYSTS ON
ACTIVATED CARBON FIBERS

Tokhir Kh. Rakhimov, Mukhtor Ganievich Mukhamediev

Department of Chemistry, National University of Uzbekistan named after M.Ulughbek,
Tashkent, 100174, Uzbekistan

The aim of investigation is to reveal there is or not influence thin differences of structure matrix-bearer on
border dimension of active nanoparticles bearing on fiber polymeric materials. In experiments activated carbon
fibers with similar physico-chemical characteristics and differences determined by nature of precursors have
been used as matrixes. Nanoparticles have presented themself an active component by composition of
palladium-containing nanocatalysts which have been tested in reaction of low-temperature of CO oxidation. By
bordering dimensions were supposed minimal and maximal dimensions of particles in limits of which they
retained special properties of nanoparticles-in this case responding for unusually high catalytic activity.
Boundary dimensions were calculated by methods of mathematical statistics on the base of model “coloring
bolls”. Investigations have shown that activity is inherent only to particles of determined diameter which is
limits not only from above but also from bellow. Interval of boundary dimensions in dependence on of nature of
carbon fiber and degree of reduction treatment can be both sufficiently wide and also maximum by narrow. In
case of using more homogeneous by composition precursors the calculated diapason of dimensions of active
particles was in considerable degree narrow. Thus the determined role of polymeric matrix on properties
nanostructures has been proved what has opened way to purposeful obtain functional nanomaterials with high
effectiveness.

Keywords: nanocatalyst, catalysis, oxidation, carbon oxide (Il), palladium, carbon fibers, dimensions of
nanoparticles, phase transition.

Introduction

Before last quarter of last century the fallowing ideas about dispersion state of substance have been
prevailed: the more surface the stronger are properties connected with area of surface; as fares at decreasing
of particles dimensions the area of surface smoothly has increased and correspondently all processes
surface effects including catalytical processes must also smoothly increase with decreasing of particles
dimensions. Additional increasing of surface are a can be carried out at distortion of particles form.

Sometime this station is confirmed. However it has determined that as some different substances in
dimensions of particles there anamalical changings properties what at present time is object of
investigations of such science as nanotechnology. In connection with this, following consequences are
appeared: 1) There are borders of dimensions in limits of which anomaly has preserved but behind there- it
has disappeared; 2) Particles with dimensions which are more them dimension from which anomaly has
disappeared mast be carry away to massive state.

To present time numerous investigations have shown that upper borders of particles are in limits 2-1000
nm but usually-50 nm and by this reason they were named conditionally “nanoparticles”. Therefore
dispersion systems with particles dimensions on nanometre level (from 1 nm to 1 pm) which haven’t
anomaly can not by attributed to nano objects. If there are particles dimensions of which are behind levels
of manifestation of anomaly then their contribution in common surface of particles of sample must not tack
into account (if there dimensions are less than 1 nm)-this position is essence of nano objects. At this
particles, with dimensions exceeding dimensions of the anomaly borders can to contain greater part of
dispersion phase by mass. By this reason it is incorrect to find correlation between dimensions and
properties without determination of these levels. However before appearance of model “coloured balls”
have been absent methods of estimation values of above mentioned levels. And what is more such
estimation is estimated as main question at investigation of nanocrystalline state formulated as!” there is or
no some critical dimension of particle bellow of which there are properties characteristic for nanocrystall
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and above which-for massive substance? That is question is raised-from the point of thermodynamics:
transition from massive substance to nanocrystallical is or not a phase transition of first order [1].

If there is phase transition than it will inevitably wash away owing of dispersion of particles by their
dimensions. For determination of dependence any property from dimensions of particles that is dependence
is continuous or not it is necessary to except influence of dispersion of particles by their dimensions.
However experiments on series of materials of the same chemical composition but different granulometric
composition when each from these materials must to consist from particles only the same dimension it is
impossible to carry out at present time.

The main scope of investigations of the nanocrystalline state is to answer the following questions: ... Is
there some critical grain (particle) size below which the characteristic properties of nanocrystals become
observable, and above which the material behaves as a bulk one? In other words, is the transition from the
bulk to the nanocrystalline state the phase transformation of the first order from the thermodynamic
viewpoint?» [i].

For decision of this problem model “of colouring bolls” using mathematical statistics was applied [1].
This model is based on experiments with polydispers particles without carrying out above described
experiment. This model was investigated on samples of palladium-containing nanocatalysts at low-
temperature oxidation of CO. Catalysis in the presence nanocomponents which are noble metals or their
salts are very sensible to surface structure. By this reason using of this model in one case is proved and
calculation on it’s base are in good consent with experimental data.

This is signified, that in limits of above-mentioned anomaly there is smooth dependence between
catalytic activity and value of active surface. For minimal dimensions of border of phase transition it was
determined that physical and catalytic properties are changed at achievement of particles with dimensions
2-8 nm. Experiments have shown however that some time the catalytic activity has raised with increasing
of particles dimensions in particular for oxidation of CO by oxygen on platinum nanocatalyst [3]. Thus
model “colouring balls” has proved that from the point of view of thermodynamics that transition of
massive compound to nanocrystallic can be a phase transition of first type and has opened some new
perspectives for metabolically right carrying out experimental investigations on the nano-level and right
understanding of obtained results.

The following step is an investigation of characteristics of nanocatalysts from matrix structure because
this fact has important significance both theory and for practical application.

In accordance with above-stated the aim of this work was concluded in revealing of influence of thin
exchanging of structure of matrix on border dimensions of active nanoparticles.

Experimental

Materials
In the present work are used:

Carbonated polymeric fibers of two marks: activated carbon fibrous mats (CFM) of mark “Mtilon-M” of
production MTI (Moscow); activated thick felt “ Karbopon — Active” on the base of grafting copolymer of
hydrate cellulose and poly acrylic nitryl fabric from viscous thread (further “Mtilon”) of production PUP
JPI “Chimfiber”, Svetlogorsk, Beylorussia.

Helium gaseous of high purity of mark A, TC 0271-135-312323949-2005; 99,95%. Hydrogen gaseous
pure, 1 sort, GOST P 51673-2000; 99,99%.

Measurements

Average-square diameter of nanoparticles and coefficient of poly dispersion were used as and
quantitative statistical characteristics reflected average relative values of active surface of nanomaterials.
Values of these characteristics were determined from experimental data-microphotography.

Dimensions of particles were determined by data of electronic microscopy JEOLIT 300, JEOL, Japan).
Structural data were obtained with using atom-power microscope “Nano-Observe AFM” (CS Instrument,
Switzerland).

Catalytic activity was determined by method [1] by decreasing of CO contend in gas-air mixture at initial
it’s content 2 vol.%.
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Figure 1. Microphotography carbon fibers with palladium-containing nanoparticles with different middle
dimension and dispersion of distribution by dimension (from left-karbopon; from right-Mtilon).

Synthesis

Palladium-containing nanocompesitional catalysts were obtained by drawing of it’s salts on activated
carbon fibrous mates (CFM) with regulation of drying parameters by method [4]. The obtained samples
have contained 1,0 mas % of Pd in calculation on metal.

Reduction of palladium-containing nanocomposits was carried out by action of dosed amount of
hydrogen dissolved in helium. For this sample of palladium containing fibre was placed in hermetic glass
vessel filled by helium. Mixing in vessel was caused by micro ventilation. Then calculation amount of
hydrogen dissolved in helium was added and mixture was contained in there conditions no less than
twenty-four hours. Than the catalytic activity was determined in impulse regime.

Calculation of border dimensions

The middle dimensions of nanoparticles and dispersion have been calculated by small excerpt no less
than 40 treating obtained results by means MS Excel 2013. The main approach for carrying out of
calculation of border dimensions was model of “colouring balls” colouring[5], corresponding calculations
were carried out by method [1].

Results and Discussion

For achievement of aim in this work calculation of border dimensions of active nanoparticles of
palladium-containing nan catalysts bearing on CFM obtained from precursors of two types was carried out
marked nan catalysts with different middle dimensions and dispersion by dimensions were obtained by
regulation of parameters of synthesis.

The very important question consists in the following-in influenced whether the nature of bearer on the
dimensions of active fractions or else active particles are particles with the same dimensions independently
from nature of bearer. The last assumption is more probable if inert materials such as carbon fibers are
used.

For elucidation of this question series of samples for which CEM differing by middle dimensions of
particles and their dispersion. Then samples from each series were subjected to reduction treatment by
hydrogen with different degree: such were obtained about 100 samples differing by middle dimensions of
particles, dispersion of distribution of them by diameters and depth of reduction by hydrogen. Each sample
was tested on catalytic activity in impulse regime [6] in reaction of carbon oxide (CO) with oxygen of air at
room temperature (298K).

Obtained results are presented in Table 1. Take into account that reaction has autocatalytic character than
it’s rate and catalytic activity of samples are function of reaction duration; by this reason lower the initial
rate and initial vales of activity are presented. From these data it is shown that in spite of wailings the
nature of bearing has an essential in influence on the bordering dimensions of fractions.
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For nanoparticles nan catalysts on the Carbon not only displacement of activity in side of particles with
smaller diameter but also essential narrowing of interval of diameters (in limits of which nanoparticles have
retained activity) have observed (Figure 2).

Table 1. Catalytic activity palladium-containing nanoparticles bearing on different carbon fibers in
oxidation of CO by oxygen of air (T=298; content of Pd-1,0%; initial concentration of CO vol.%.

Bearing - Karbopon

Middle diameter, nm | 29 | 6,4 |125| 33,2 | 63,6 | 143 | 187 | 222
Dispersion 28 | 50 | 106 | 27,3 | 54,3 | 119 | 142 | 187
H2/Pd, % Activity A*10° mole/kg

0 0,10 | 0,12 | 0,14 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00

5 0,10 | 0,40 | 0,28 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
10 2,00 2,30 | 4,20 | 0,44 | 0,08 | 0,04 | 0,01 | 0,00
15 0,20(094|730| 470 | 1,10 | 0,22 | 0,08 | 0,00
20 091110 4,20 | 11,40 | 17,40 | 11,00 | 3,90 | 1,18
25 0,92 1,08 |1,10| 2,20 | 9,00 | 9,00 | 0,20 | 0,18
50 0,01(008|0,11| 0,21 | 2,00 | 1,40 | 1,00 | 0,18
75 0,00 | 0,00 | 0,00 | 0,04 | 0,16 | 0,27 | 0,00 | 0,00
100 0,00 (0,00|0,01| 0,00 | 0,10 | 0,08 | 0,11 | 0,07
200 0,00 | 0,00 | 0,04 | 0,20 | 0,10 | 0,10 | 0,10 | 0,10

Bearing - Mtilon

Middle diameter,nm | 94 | 34,3 | 60,4 | 91,6 | 136 | 250 308 350

Dispersion 36138 |14,1|30,0| 33,6 |109,3|150,1| 176,2
H,/Pd, % Activity A*10° mole/kg

0 0000|001/ 00| 0,0 0,0 0,0 0,00

5 00|00 |00 00|00 0,0 0,0 0,00

10 09120201100 0,0 0,0 0,00

15 09 13|82 |74 32 0,9 0,1 0,00

20 11| 42 | 114272182 | 39 1,2 1,18

25 11111 )21 116 9,0 0,2 0,2 0,18

50 011010211619 1,2 0,2 0,18

75 00700 |00 /|02] 03 0,1 0,1 0,00

100 0000 |001]01] 01 0,1 0,1 0,07

200 00{00|01]01] 01 0,1 0,1 0,10

Reduction has carried out to continuous narrowing of above-mentioned interval and by this reason
summary activity has lowered with increasing content of reduced phase. That is for increasing of activity of
nan catalysts on Karbopon it is necessary to use methods of synthesis allowing to obtain nanoparticles with
narrow distribution by dimensions. Mtilon has allowed to obtain marked catalysts with wide distribution by
dimensions but at this only exceptionally large particles (dimensions of which have approached to micron
dimensions) have displayed activity.

The observed phenomenon has waited of it’s explanation. Obviously it is necessary to remember that
initial fibres by carbonization and activation of which have obtained an activated carbon-fibrous materials
possessing by different degree of chemical homogeneity. Mtilon-M is obtained on the base of grafting
copolymer acrylonitrile (50%)-viscousestople fiber [7], but Karbopon is obtained on the base of viscous
technical thread that is it is more chemically homogeneity.
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Figure 2. Low (A) and upper (B) values of border dimensions of particles displaying catalytic activity in
reaction of low-temperature oxidation of CO: 1-nanocatalysts on the Mtilon; 2-on the Karbopon

Conclusions

Calculation by methods of mathematical statistic of border dimensions of existence of nanoproperticles
at dispersion systems has allowed to make conclude about influence of matrix on properties of
nanosystems. Investigation of border limits of dimensions of particles displayed activity in composition
palladium-containing catalysts of low-temperature oxidation of CO on carbon fibrous materials has shown
that only particles of definite diameter (limited not only from above but also from below) have possessed
by activity. Interval of border dimensions in dependence from nature of carbon fibre and degree of
reduction treatment can be both enough wide and also maximally narrow. Calculation of the activity
borders has open way to purposeful increasing of affectivity of low-temperature catalysis construction of
deco rational materials with functional activity for their using for purification of atmosphere of habitable
compartments in industry, transport hermetically-reserved objects of special purpose.
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BJAUAHUE CTPYKTYPbI MATPULIBI HA AKTUBHOCTDHb HAHOKATAJIU3ATOPOB
HA BOJIOKHAX AKTUBUPOBAHHOTI'O YTJIA
Toxup X. Paxumos, Myxtop I'. Myxamenues
Xumuueckuii paxynoemem Hayuonanonozo ynueepcumema Y3zoexucmana um. M. Ynyeoexa, Tawxenm
100174, Y36exucman
PE3IOME

Lenpto uccnenoBaHus SABISETCA TOKa3 BIMSHUS TOHKUX Pa3lIUYUM CTPYKTYpPHl MaTpPUIBI-HOCHUTENS Ha
TPaHUYHBIE pa3Mepbl aKTHBHBIX YaCTHI] HA BOJOKHAX IOJMMEPHBIX MaTepuayloB. B skcrepuMeHTax B
KayecTBE MAaTpUIIBl HCIOJB30BAMCH BOJIOKHA AKTUBUPOBAHHOTO YIJISl C aHAJIOTHYHBIMH (DU3HKO-
XUMHUYECKUMH XapaKTepUCTHMKAaMH W C PaslIUYMsIMH, OIpPEAEICHHBIMH IPHUPOJION IPEeKypCcCOpOB.
Hanowactuupl  mpencTaBisitoT  coOOM  aKTUBHBIA ~ KOMIIOHEHT € NaJUTaJUi-COAep KaluMHU
HaHOKAaTaJIN3aTOpaMH, KOTOpble ObLIM NPOBEPEHBI B HU3KOTeMIepaTypHoW peakuuu okucienus CO. C
OTpaHMYEHHEM Pa3MEPOB MPEANONIOTaINCh MUHUMAIbHBIE 1 MAaKCUMAaJIbHBIE Pa3Mephl YacTHIl, B IIpeaenax
KOTOPBIX OHU COXPaHSJIM CHEeNHANbHbBIE CBOWCTBA HAHOYACTHII (B 3TOM CJIy4ae, BHICOKYIO KaTaJIUTHUECKYIO
AKTUBHOCTb). [ paHMYHBIE pa3Mepbl PACCUUTHIBAINCH METOAAMH MAaTEMAaTHUECKOH CTAaTHCTHUKH Ha OCHOBE
MOJIEJH “‘OKpacKa CEMEHHBIX KOPOOOUeK”.

HccnenoBanns mokazany, YTO aKTUBHOCTH CBOMCTBEHHA JIMIIIh YaCTUIAM C OIPEAeIEHHBIM IuaMeTpoM. B
Cllydae HCIIONIb30BaHUsl 0ojiee TOMOI€HHOI'O COCTaBa MPEKypCOPOB PACCUMTAHHBIM JUANa30H pa3MEpoB
AKTUBHBIX 4YacTUIl OBLI JIOCTATOYHO Y30K. TakuMm oOpasoM, Oblla JIOKa3zaHa OINpe/eNeHHas poJb
MOJIMMEPHOIN MaTpPUIIBI HA CBOMCTBA HAHOCTPYKTYP, YTO JaJ0 BO3MOXHOCTH IIEJIEYCTPEMIICHHO IOJTy4aTh
(GyHKIMOHAIbHBIE HAHOMATEPHAJIBI C BEICOKOW 3P (PEeKTUBHOCTBIO.
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SEMICONDUCTOR OPTICAL AMPLIFIER IN COMMUNICATION

David Lapherashvili
Georgian Technical University, Thilisi, Georgia

As the optical signal is translated by fiber waveguide for a long distance, it attenuated and it can become very
weak and photo detector of receiver would not detect signal. Optical amplifiers are key devices that reconstitute
the attenuated optical signal, thus expanding the effective fiber span between data source and destination. For
fiber optical communication needs amplifiers at electromagnetic wavelength at 1300-1550 nm. I-V
semiconductors (InP, InGaAsP) are suitable for such devices. The method fabrication and optical properties of
semiconductor optical amplifiers are studied in this work.

Introduction

The needs of communication often were a driving force of rapid increasing in studies of the physical
chemical sciences and technology, and nowadays requirements increasing enhancement in speed of
information translation cause development of new directions of nano science and nanotechnoloqy. Because
secure and safe communication is one of the key technologies to support our present society, guantum
information and communication is guaranteed of its safety with quantum mechanical principle and is
expected to be the way to realize secure information networks in near future.

The optical communication link comprises a transmitter, a receiver and optical fiber cable connecting
them. Optical signals are attenuated during propagation in optical fiber. In Fig.1. The variation of
attenuation with wavelength of a typical modern silica fiber, absorption peaks and low-los windows are
shown. As the optical signal is translated by fiber waveguide for a long distance, it attenuate and it can
become very weak and there is a limit of about 100 km on the distance the signals can travel before
becoming too noisy to be detected [1].

Absorption
peaks,

Low-loss
windows

Loss (dB/km) ==

800 1000

1200 1400 1600

Wavelength (nm) —=

Fig.1. Attenuation Spectrum of Silica Fibers.[1]

Optical amplifiers are devices that reconstitute the attenuated optical signal. There are three most
important types of optical amplifiers: the erbium-doped fiber amplifier, the semiconductor optical amplifier
(SOA), and the fiber Raman amplifier. Semiconductor optical amplifiers SOA have shown great promise
for use in evolving optical communication networks, especially long-reach passive optical networks (LR-
PONS). These networks can be beneficial in reducing the number of required optical line termination sites
(i.e., to a few major central offices) [2].

As can be seen from Fig.1, fiber optical communication system needs amplifiers electromagnetic
waves at wavelength 1.30 and 1.55 pum, but there are no single elements or binary semiconductor
compounds compatible with commercial substrates and emitting light at 1.3 um or 1.55 pm. The most
suitable materials for amplifier are complex alloys of I11-V semiconductors. The principles of SOA, method
fabrication and optical properties of 111-V semiconductor based devices are studied in this work.
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Semiconductor Optical Amplifier

A semiconductor optical amplifier is essentially like a laser diode where the end mirrors have been
replaced with anti-reflection coatings. Input and output faces of the amplifier are antireflection coated in
order to prevent optical feedback to the gain medium and lasing. A semiconductor optical amplifier (SOA)
is pumped with electrical current. The injection current creates a certain carrier density in the conduction
band, allowing for optical transitions from the conduction band to the valence band. The gain maximum
occurs for photon energies slightly above the bandgap energy. SOAs are noisier than the erbium-doped
fiber amplifier and generally handle less power, however, SOAs are less expensive and are therefore
suitable for use in local area networks where best performance is not required but cost is an important
factor.

In literature is reviewed recent progress in development of quantum-dot semiconductor optical
amplifiers (QD SOA) as ultra-wide band polarization-insensitive high-power amplifiers, high-speed signal
regenerators, which gives perspectives on optical amplifiers in the next-generation communication systems
[2-5]. The fundamental requirements imposed on the material and structure of QDs for broadband
amplification are, emission wavelengths covering 1.3 - 1.6 um. The most extensively investigated QD
system is Indium Arsenide (InAs) embedded in a Gallium Arsenide (GaAs) matrix. The 1.3 um lasers and
amplifiers were fabricated using this system [3].

Quantum-dot semiconductor optical amplifiers (QDSOA) have been extensively investigated during
the last years. Both theoretical and experimental studies have proven the unique capabilities of these
devices. The Full Service Access Network and the International Telecommunication Union's
Telecommunication Standardization Sector have recently defined the next-generation passive optical
network (NGPON) wavelength window. Within this window, an initial future time and wavelength division
multiplexed passive optical network (TWDM-PON) has been identified. And was shown, that it is
necessary for SOAs to have a 3dB bandwidth of at least 80nm to fully cover both the upstream (US) and
downstream (DS) operation wavelengths [4].

For this purpose, QD SOAs are quite suitable because they not only have freedom of wavelength
choice like other SOAs, but also have capability to drastically expand the operating wavelength range. QD
SOAs have already realized and operating wavelength range drastically exceeding any other existing
optical amplifiers. The key feature of QD SOAs which provides unusual amplification characteristics is
ultrafast gain response of QDs. Semiconductor optical amplifiers (QD SOAs) offer unique features, the
most important being the inhomogeneous gain broadening due to the dot size and strain distribution of self
organized QDs. This broadening caused complex carrier and gain dynamics. The important practical
characteristics are ultra-fast response, large saturation power, pattern effect free amplification of fast
signals under saturated conditions and amplification of multi channel high bit rate signals with no cross talk
[3, 4].

QD SOA properties benefit from their discrete electronic structure consisting of a ground (GS) and
excited states (ES). Complex carrier dynamics governs the coupling between the confined states and high
energy states through which carriers are fed to the QD. A novel theoretical time-domain model for a
quantum dot semiconductor optical amplifier, which allows simulating sub picoseconds pulse propagation
including power-based and phase-based effects, is elaborated in [5]. .

Fabrication of 111-V Semiconductor Based Semiconductor Nanomaterial

As was mentioned above, semiconductor alloys of 111-V elements are the best materials for optical
amplifier. The object of our study are semiconductors GaAs, GaP and InP. The electro deposition method
and electron less were used for fabrication of 111-V based semiconductor devices, such as high-
frequency detector on GaAs [6] and infrared photodiode based on In/GaP [7]. The Technology
electrodeposition of different metals on the semiconductor surface, and the results of investigation of photo
spectral characteristics of structures obtained by annealing contacts metal-semiconductor in hydrogen
environment show interesting features of spectral characteristic [8].

For measurement of the photospectral characteristics was developed and used an equipment the
principal scheme of which is shown in Fig.5., where 1 and 2 are light sources; 3, 4 and 8 are lenses; 5 is
mechanics for converting of incident light into impulses; 6 is photodiode, 7 is monochromator of type
DMR-2; 9 and 10 are selective amplifiers; 11 is detector; 12 is recorder; 13 is resistance; 14 is an object
for measurement; 15 is capacitor and 16 is switch. The high measurement sensitivity is achieved using
synchronous detection system embedded in the equipment.
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Fig.4. The Photo absorption of In/GaP before Fig.5. lllustration of InP nanoclasters formation on
annealing (1) and after annealing at 270 °C (2) the GaP surface

Spectral studies of In/GaP structures show, that after annealing at 250 - 350 0C  the photoelectric
characteristic consists of two separated from each other regions of photosensitivity (1-2.2) eV and (2.6-3)
eV. Photoresponce of In/GaP afther annealing at 290 0C during 3 min. at 0.2 V reverse bias is shown in
Fig.3, and tail of absorption spectera of In/GaP after annealing at 270 0C (1) and without annealing,
measured on the AvaSpec-2048 Fiber Optic Spectrometer is shown in Fig.5.

It is known, that GaP has a number of unique aspects because its surface is unstable against loss of
phosphorous. It is interesting to study the influence of annealing on the properties of GaP based devices [6]

After deposition of metal, semiconductor wafer were annealed in hydrogen atmosphere during various
time at the various temperature and photo spectral characteristics of annealed structures have been
investigated. At first time was found, that after annealing of In/GaP exhibits the region of the strong
photosensitivity[7], that was related with the formation of a new material (InP or InGaP nanocrystals) on
the surface of GaP via interaction between metal (In) and semiconductor (GaP) during annealing of the
In/GaP. We have no technical possibilities to approve this assumption directly, but the mechanism of
formation of the InP NCs on the GaP surface is discussed taking into account the publications [9],
according of which PL from InP/GaP QDs have peak between 1.9 and 2 eV.

So, mechanism of nanoclasters formatting process are not clear yet. But in [10] is presented
phenomenological model formation of the InGaP nanocrystals on GaP surface., according which the
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technology of formation of the InP nano crystals on the GaP surface (see Fig.5), consists of four main
stages: Electrochemical etching of semiconductor surface; Electro deposition of the thin metallic film on
the freshly cleaned semiconductor; Heating of metal-semiconductor contact for generation of metal
droplets on the surface, and Annealing of samples in hydrogen. At the last step, crystallization takes place.
Under phosphorous pressure, In droplets on GaP surface transforms into crystalline nanostructures via
phosphorous diffusion from GaP substrate to metallic droplet during heath treatment. The size and
distribution of the nano crystals depend on the thickness of deposited metallic film and on further annealing
regime, which is characterized by time, temperature, type of substrate etc. Fig.5. shows the proposed steps
of crystallization process.

Conclusion

Both theoretical and experimental studies have proven the unique capabilities of SOAs especially QD
SOAs For next generation communication. It was shown, that the excellent materials for fabrication QD
SOAs are complex alloys of the III-V semiconductor. Nowadays are realized and operate optical
amplifiers based on such materials, already.

From investigation photoelectric characteristics of the devices based on [11-V semiconductor was
found, that after annealing of contacts In/GaP exhibits the region of the strong photosensitivity, which was
related with formation of a new nanostructuredmaterial InP or InxGal-xP (0,x,1) nanocrystals on the
surface of GaP via interaction between metal (In) and semiconductor (GaP) during annealing of the In/GaP
in hydrogen environment.  Proposed simple technology of electrochemical deposition of thin metallic
films of Indium and low temperature annealing may be in principle used for fabrication nano materials
based on 111-V based semiconductors suitable for communication application.
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HOJYINIPOBOJHUKOBBIE OITUYECKHUE YCHUJIUTEJIN B CBA3U

M. J1.JIanepamBuiu
Tpysunckuii mexuuueckuu ynusepcumem, 77 Kocmasa yn. 0175, Tounucu, I py3us
dlaferashvili@mia.gov.ge

PE3IOME

ITo mepe ToOro, Kak ONTHYCCKUI CHUTHANl TPAHCIUPYETCS HAa BOJIOKOHHBIA CBETOBOJ HA NANBHUE DPACCTOSHUS, OH
3aTyxaeT W (POTOACTEKTOP HE CMOXET OOHApYXHUTh CHUTHAN. ONTHYSCKUE YCHIUTENH SBISIOTCS KIIOYCBBIMHU
YCTPOHCTBAMH, KOTOPHIC BOCCTAHABIMBAIOT OCIA0ICHHBIA ONITHYECKUN CUTHAI, PACIIUPSIS TeM caMbIM 3¢ peKTHBHBIN
YYaCTOK BOJIOKHA MEX/y UCTOYHUKOM IaHHBIX M ITyHKTOM Ha3Ha4eHHUs. /i1 BOIOKOHHO-ONTHYCCKOW CBSI3U HY)KHBI
YCHITUTEIH 3JCKTPOMAarHUTHOW BONHBEI B oOnactu jumH BoiH 1,30-1,55 mMrM. Takum 00pa3oM BO3HUKIA HYXIa B
Pa3BUTHU BBICOKUX TEXHOJOTHN 151 (POPMHUPOBAHUS HOBBIX HAHO MaTepuasioB. KBaHTOBO- pa3MepHbIC CTPYKTYPhI Ha
ocuose II1-V monymnposoauukos (GaAs, InAs, InP, InGaAsP, GalnNAs, etch.) sBistoTcss NOAXOASNIMMH HAaHO-
MaTepHajaMHu il TAKOTO PUMEHEHus. B maHHO# paboTe HCCIeIyIOTCsl CBOWCTBA MMOJYPOBOIHUKOBBIX OMTHYECKUX
YCWJINTENEH U CTIOCOOBI MX U3TOTOBJICHHUS.
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POPs MANAGEMENT ISSUES IN GEORGIA

A.M.Berejiani
Ministry of Environment and Natural Resources Protection of Georgia, 6 Gulua str, 0114, Thilisi,
Georgia, falestras@gmail.com

Georgia has signed and ratified the Association Agreement with the EU. According to this Agreement, the
parties shall develop and strengthen their cooperation on environmental issues, thereby contributing to the long-
term objective of sustainable development. Policy objectives concerning management of chemicals, are included
in the 2014 Association Agreement with the EU. Also, Georgia is a party to the Multilateral Environmental
Agreements (MEAS) in the field of chemicals management.

Georgia has signed and ratified the Association (Agreement with the EU Association Agreement
between the European Union and the European Atomic Energy Community and their Member States, of
the one part, and Georgia, of the other part and Association Agenda Between the European Union and
Georgia). According to this Agreement, the parties shall develop and strengthen their cooperation on
environmental issues, thereby contributing to the long-term objective of sustainable development. Policy
objectives concerning management of chemicals, are included in the 2014 Association Agreement with the
EU. [6] Also, Georgia is a party to the Multilateral Environmental Agreements (MEAS) in the field of
chemicals management.

The Stockholm Convention on Persistent Organic Pollutants is a global treaty to protect human health
and the environment from chemicals that remain intact in the environment for long periods, become widely
distributed geographically, accumulate in the fatty tissue of humans and wildlife, and have harmful impacts
on human health or on the environment. Exposure to Persistent Organic Pollutants (POPs) can lead to
serious health effects including certain cancers, birth defects, dysfunctional immune and reproductive
systems, greater susceptibility to disease and damages to the central and peripheral nervous systems. [8]

The Rotterdam Convention (formally, the Rotterdam Convention on the Prior Informed Consent
Procedure for Certain Hazardous Chemicals and Pesticides in International Trade) is a multilateral treaty to
promote shared responsibilities in relation to importation of hazardous chemicals. The convention promotes
open exchange of information and calls on exporters of hazardous chemicals to use proper labeling, include
directions on safe handling, and inform purchasers of any known restrictions or bans. Signatory nations can
decide whether to allow or ban the importation of chemicals listed in the treaty, and exporting countries are
obliged to make sure that producers within their jurisdiction comply. [9]

In order to translate the EU Association Agreement into more specific actions, the Government
adopted the 2014 National Action Plan for the Implementation of the Association Agreement. The National
Action Plan for the Implementation of the Association Agreement presents a road map for development of
legislation that is necessary for the implementation of EU directives that are relevant for chemicals
management. [7]

The Ministry of Environment and Natural Resources Protection is responsible for the chemicals
management planning. [4] The responsibilities of the ministry include general chemicals management
planning and elaboration of legislation. The Ministry of Environment and Natural Resources Protection is
responsible to implement international obligations, mainly control and management of chemicals according
to the Rotterdam Convention on the Prior Informed Consent Procedure for Certain Hazardous Chemicals
and Pesticides in International Trade and Stockholm Convention on Persistent Organic Pollutants. [3] Also,
Georgia has signed The Minamata Convention on Mercury on October 10, 2013, but not yet ratified it. [2]

Environmental pollution is one of the major issues in Georgia. Among the problems POPs Pesticide is
one of the important as character of those chemicals is dangerous and cause acute risk on Environment and
human health. In 1970 use of DDT was banned and to avoid further use of the chemicals Soviet time
government of Georgia decided to build a toxic waste polygon where was taken DDT, but later all other
chlor-organic chemicals which was banned later period. According the dates from Ministry of Agriculture
who was the owner of the Polygon in that time there amount of the chemicals buried in Tranches and
concrete pits where 2700t. Problem comes from the mismanagement and stile of soviet planning system.
After the collapse of the USSR the supplies of the agrochemicals stopped. To compensate a shortfall in
agrochemicals farmers/people took out the useful agrochemicals from the trenches and sarcophagi. In the
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period 1998-2000 and later outdated pesticides and other agrochemicals were dumped in trenches In 2001
Georgia was one of the country who signed the Stockholm convention on “Persistent Organic Pollutant”
(POPs) and in 2007 it was ratified by Georgian Government. [4]

In 2003-2007 the Government of Georgia with assistance of GEF/UNDP developed draft National
Implementation Plan (NIP) on Stockholm convention on “Persistent Organic Pollutant” (POPs). In 2011
NIP was adopted by the Order of Government of Georgia. According to the inventory data of UNDP/GEF
project “Initial Inventory and preparation National Implementation plan” there were 46 warehouses in
Georgia with POPs and Obsolete pesticides and Polygon with 2700t of banned and centralised in lagluja
polygon. Inventory was not carried out according FAO standard and no PSMS data. FAO Inventory forms
were use during the project supported by Dutch government and NGO Milieukontakt International in 2005-
2006. In 2009-2012 - FAO/GEF/IHPA/GC/MKI — EECCA project trained the representatives from
governmental organizations and initiated the mini-grant where food agency (MoA with collaboration of
MoE) was leading the activities. [5]

One of the top priorities of NIP is reduction of releases of POPs pesticides. The Inventory of POPs
pesticides was defined as first activity of the action plan under this target. Moreover this issue is in line
with draft NEAP 2 document (Target 2: Reducing environmental pollution from accumulated waste).
Situation was that total amount of POPs and obsolete Pesticides were 2700t banned pesticides + 600t
contaminated soil + 230t OP from different region of Georgia collected and taken to sarcophagus in the
above mentioned polygon. There were still some of the sites in the regions of Georgia and total amount
known sites are 15 with up to 5t of OP. So if we summarise the situation there was - 3 530t OP centralised
in lagluja Polygon and 35 t of OP in 16 sites in different regions of Georgia.

In 2007 state project “Inventory, repackaging and safety store the outdated and obsolete pesticides in
Georgia” was carried out and 50t of OP from 12 top priority sites were repacked, transported and stored in
central storage. 200t of contaminated soil was disposed in lagluja Polygon. [4]

In 2009 second state project “Inventory, repackaging and safety store the outdated and obsolete
pesticides in Georgia” was carried out and 60t of OP from 7 sites identified by MoE by claims coming
from local population - were repacked, transported and stored in central storage. [4]

In 2009 - After complains rising from local population related to the unwillingness to have central
storage in their village - all repacked 230 t of pesticides were taken to the lagluja polygon.

The ongoing Global Environmental Facility (GEF) funded project “Review and update of the national
implementation plan for the Stockholm Convention on Persistent Organic Pollutants (POPs) in Georgia” is
implemented by United Nations Environment Programme (UNEP) in cooperation with the MENRP.
Project envisages the new POPs inventory, assessment of the existing plan and development and adoption
of the new plan, as well as public awareness raising regarding POPs. [2]

Within the UNDP project “Disposal of POPs Pesticides and Initial Steps for Containment of Dumped
POPs Pesticides in Georgia” 230 tones of POPs Pesticides were collected, packed and exported to Belgium
and France for disposal in 2014. The territory of lagluja Dumpsite was fenced and the warning signs has
been installed, lagludja chemicals landfill remediation action plan is elaborated (for site remediation and
environmental improvement three conceptual scenarios). Also, POPs inventory and Awareness raising
activities has been carried out. [1]

Additional 208 tones of POPs Pesticides were collected, packed and sent to France for disposal in
April 2016 within the FAO/EU project “Improving capacities to eliminate and prevent recurrence of
obsolete pesticides as model for tackling unused hazardous chemicals in the former Soviet Union”.

Furthermore, it is agreed that UNIDO will implement in Georgia project on PCB management
(inventory, collection, packaging, disposal, public awareness raising).

In the scope of the GEF/UNDP project "Demonstrating and Scaling up Sustainable Alternatives to
DDT for the Control of Vector Borne Diseases in Southern Caucasus and Central Asia“ the demonstration
of viability and cost-effectiveness of the use of sustainable alternatives of DDT was held on the selected
sites and DDT was replaced by pyrethroids.

Additionally, to meet the the requirements and procedures of Rotterdam and Stockholm Conventions,
the Decree of the Government “on Rule of Import and Export of Certain Hazardous Chemicals and
Pesticides and Implementation of Prior Informed Consent Procedure” was Adopted on 13.06.2016
(Governmental decree N263).
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BOITPOCHI YIIPABJIEHUSI CTOMKUMHU OPTAHUYECKUMU 3ATPA3SHUTEJISIMU (CO3)
BI'PY3UN
A.M.bepexunanu
Munucmepcmeso Ilo Oxpane Oxpyorcaioweni Cpedwi u Ilpupoousix Pecypcos, Tounucu, I py3us,
falestras@gmail.com

PE3IOME
I'py3us monmucana u parudunuposana Cornamenue o0 acconmanuu ¢ EC. B cooTBercTBHM € 3THM
CoramieHneM, CTOPOHBI JOJDKHBI pa3padoTaTh U PaCIMPHUTH CBOE COTPYAHUYECTBO IO BOIIPOCAM OXPAaHBI
OKPY’KaIOIIeH Cpeapl, TEM CaMBbIM CIOCOOCTBYS OJTOCPOYHOU IIEIM YCTOHYMBOTO pa3BuTHA. Llemm
MOJIUTUKU B OTHOLLCHHU PETYIUPOBAHUS XUMHUYECKHX BEIIECTB Takxke BkiItoueHbl B Cornamenue 2014
roga 06 accouuanuu ¢ EC. Kpome Toro, ['py3us sBnsieTcsi CTOpPOHOH MHOTOCTOPOHHHUX IPHUPOIOOXPAHHBIX
cornamrenuit (MIIC) B o61acT peryaupoBaHusi XAMUIECKHX BEIIECTB.
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QUANTITATIVE DETERMINATION OF TOTAL MANGANESE IN ZESTAFONI SOIL
AND DRINKING WATER AND ABNORMALITIES CAUSED BY ITS ABUNDANCE

l.Lomsianidze, L.Khvichia, B.Chkheidze
Akaki Tsereteli State University, Kutaisi
izoldalomsianidze@yahoo.com

According to the statistical indicators of the non-commercial legal entity "Municipal Public Health Center"
Zestafoni residents are plagued by nervous system diseases including the so called “manganese-induced
parkinsonism” and musculoskeletal disorders.The total amount of manganese in the soil ranges between2100
mg/kg and 3045 mg/kg, and in the drinking water it is between 1.25 mg/l and 3.05 mg/l.Such amount of
manganese endangers human health.

The Zestafoni ferroalloy plant was founded in 1933 on the base of Chiatura manganese ore _
pyrolusite MnO.

Over time, due to the growth of the capacity of electric furnaces and the use of low-grade manganese
ore the plant has become one of the sources of environmental pollution. In 1975-1989 a gas cleaning
system was installed in the plant. It had to ensure the collection of toxic dust in the atmosphere. [3]

Today the shareholders of the plant claim that new filters have been installed. However, according to
statistical data provided by the non-commercial legal entity "Municipal Public Health Center" diseases of
the nervous system are common among the residents of the city of Zestafoni, including the so-called
"manganese-induced parkinsonism" and musculoskeletal disorders.

The excessive amounts of manganese compounds are potent poisons thatdamage CNS, the
cardiovascular system and parenchymal organs. [2,3].

In the early stages of poisoning extreme tiredness, weakness, dizziness, memory impairment, dull pain
in the temples and the forehead area are observed. Hindered processes prevail in nervous system, liver is
enlarged and bilirubinemia is observed in blood. [2,3]

The second stage — slowed movements, distorted walking, paraesthesia, sexual weakness, insomnia,
stiffness in movements, interstitial lung disease. [2,3]

The third stage — “manganese-induced parkinsonism”, serious disorders of CNS; face looks like a
mask without any emotions; movements are very slow.

Table 1. Manganese norms in 24 hours
Age Manganese daily norm in mg.
adolescent | from 2,5mg to 9mg

1-15years | 2mg
1 year 1 mg

Intake of 40 mg manganese causes poisoning. Poisoning may be caused by the following: air, soil,
water, plant. [2]

Therefore, we aimedat determining the content of manganese in arable soils and drinking waters
(springs, wells) of the city of Zestafoni. Research was carried out in chemistry research laboratory of Ak.
Tsereteli State University and in laboratory of physico-chemical analysis of R. Agladze Institute of
Inorganic Chemistry and Electrochemistry.

Soil and water samples were obtained within 15 km away from the Zestafoni ferroalloy plant in full
compliance with the methodology. 4 samples _ 3 km; 6 km; 10 km; 15 km; (Village of Zeda Sakara).

Methods: Folgard’s and Potentiometric methods formeasuring total manganese content in the soil
were used. [4]

The persulphate-photocolorimetric method for measuring total manganese content in drinking waters
was used. [1,5,6]

The soils taken for research are podzolic soils with low acidity pH=6. Themaximum permissible
concentration (MPC) of total manganese content for such type of soils is 500 mg/kg [1, 4]and 0.4 mg/l in
drinking waters.

The results obtained are presented in Tables 2,3.
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Table 2. Total manganese in the soil Table 3. Total manganese in the drinking waters

Distance Potentio- Distance Total
Ne | fromthe | Folgard’s X The final from the
metric method Ne manganese
ferroalloy | Method g/l I resultmg/kg ferroalloy I
plant g plant Mg
1 3 km 3,145 3,045 3045 1Sample (spring) 3 km 1,25
2 6 km 2,320 2,30 2300 2Sample(spring) 6 km 2,3
3| 10km 2,010 2,10 2100 3 Sample (well) 10 km 1,25
4 | 15km 2,560 2,400 2400 4 Sample(well) 15 km 3,05

As the survey shows, the total amount of manganese in the soil and drinking water is much higher than
the standards adopted by our country (Order Ne297/NApproval of environmental quality standards. Valid
20.09.2006 Ne70 15 January,2014, Tbilisi).

The total amount of manganese in the soil ranges between2100 mg/kg and 3045 mg/kg, and in the
drinking waters it is between 1.25 mg/l and 3.05 mg/I.

Such number of manganese endangers human health. To get a full picture it is necessary to conduct
the second phase of researchand determine total manganese content in leaves and fruits of plants.
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OBLIEE KOJIMYECTBO MAPI'AHIIA B IMTBEBBIX BOJAX U ITIOYBE I'. BECTA®OHHU U
BBI3BBAHHBIE EI'O U3BBITKOM ITATOJIOT'UA
N.Jlomcuanumze, JI. Xsuuns, b.Uxenmze
T'ocynapcrsensiit yausepcutet uM. Ak. Lleperenu r. Kyraucu
PE3IOME
H3ydeHo konuuecTBO OOIIEIO Maprasiia B BoJax U B mouse I. 3ectad)OHH, BOKPYT 3aBoja (eppoCILIaBOB
3aBojia B apeanie 15 kM. B mouBe oO0mumii MapraHel] ONpeaessuics MOTCHIMOMETPUYSCKUM METOJIOM U
metogom dosbrapiaa, a B MATHEBOW Boje mepcyibdarHbiM MeTogoM Ha ®DK-e. I[lonyueHHble TaHHBIC
obmiero maprauia npessinaroT 1K I'pysun, mis nomzonucteix nous [1JIK = 500 Mr/kr, a1 nUThbeBOH
Bonel IIJIK = 0,4 mr/n. IlomydeHbl cienyroniye jJaHHbIE: B IOYBE KOJIMYECTBO OOIIEr0 MapraHIia
koaeonercs ot 2100 mr/kr g0 3045 mr/kr., B muTheBoi Bome ot 1,25 mo 3,05 mr/n. Takoe KoIM4YeCTBO
Maprasiia OnacHo Jisi 3J0POBBS KUTEJIEH 3TOro ropoja.
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OXIDE-MANGANESE CATALYSTS FOR SOLVING OF ECOLOGICAL PROBLEMS
V.Sh.Bakhtadze, V.P.Mosidze, R.V.Janjgava, N.D.Kharabadze, M.V .Pajishvili, N.M.Chochishvili

R.Agladze Institute of Inorganic Chemistry and Electrochemistry of Ivane Javakhishvili Thilisi State
University, 0186, Mindeli st.11, Thilisi, Georgia, Vbakhtkat@yahoo.com

The brief review of the works on elaboration and study of manganese catalysts for solving of
ecological problems is given. The data are presented on improvement of the technology of coating
of manganese oxides and palladium on the fragments of alumosilicate blocks on the stainless steel: ”
20X23H18”. It wass hown that CO oxidation degree on Mn-Pd catalyst, coated on the steel, attains
90-98 % at W=30.10% hour ** and at (130 -160)°C. Dispersity of manganese oxides on the plates of
alumosilicate blocks comprises nearly 100 nm.

In the laboratory of catalysis of R. Agladzwe Institute of Inorganic Chemistry and Electro
chemistry the systematic researches from the date of its foundation (1961 year) are carried out for
elaboration and study of physical-chemical processes of manganese catalysts for gas purification as
well as for realization of other chemical-technological processes [1]. For example, for methane
conversion by water steam the cobalt-manganese catalyst on the basis of alumocalcium was
elaborated. The catalyst is characterized by enhanced activity, by thermal and chemical stability.
Manganese oxides increase the catalyst stability toward to carburizing [2]. On the basis of the
concentrates of manganese natural ores the manganese catalyst- adsorbents were elaborated for
purification of technological gases from H,S . By activity, adsorbtivity and by operation regime they
are highly competitive with industrial zink absorbers of some marks and by mechanical strength and
thermal stability surprass them [3].

The technology for modification of the carrier from y -y - AlbOs by calcium oxide was
elaboratied. Processing methods, realized in this case, allow to activate the solid- phase reaction for
formation of calcium aluminates at lower temperatures, to stabilize the surface structural
characteristics, to enhance the thermal stability and mechanical strength of the carrier [4]. On the
basis of modified carrier CaO- 2 Al,O; a number of catalysts Mn -Pd (MIIK-1), Pd (HIIK) and Pt
(TIJIK-1 or TIJIK-2) were elaborated with a low content (from 0.05 to 0.2 mass.% ) of noble
metal (Pt, Pd), which is mainly concentrated in near surface layers of carrier granule .
Proportional dependence between the amount of introduced palladium and the value of active
surface was shown at constant value of particles dispersity: 20 —34 A [5] .

Pilot batches of elaborated catalysts were promoted in some enterprises of chemical and
metallurgical industry as well as in auto transport entities. Activity and some physical- chemical
characteristics of elaborated catalyst are presented in Table 1. As evident, the low-percentage
palladium catalyst (up to 0.2 mass. % of Pd) surprasses other samples by activity. The experience
of operative testing of the catalyst HITK —2 in the systems of purification of spent gases as
well as of diesel engines has shown that they may compete with a well- known industrial
catalysts .

Table 1. Catalyst activity in the reaction of CO oxidation (W =10-10% hour *, G ca. =1 g, reaction
mixture: 1% CO + air, whole granule 4.0 mm)

Catalyst mark | Temperatures of attainment of CO | Specific | Strength | Packed | Total
transformation degree, °C surface, | th, density, | volume
25% | 50% 75% | 85% m? gr | kg/em? | g/ cm? 2;330568,
MIIK-1 151 156 159 161 98,0 114,0 0,88 0,27
HIIK-2 112 113 114 115 93,0 120,0 0,86 0,32
IJIK-2 151 153 154 156 116,0 125,0 0,85 0,35
IJIK-2 136 138 143 152 118,0 115,0 0,86 0,.33

Mn — Pd catalyst MIIK-1, containinga minimum amount of palladium (up to 0. 05 mass. %)
is perspective for the use in the systems of gas purification [6] . By means of the method of
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electron scanning microscopy it was shown that in Mn-Pd catalyst (MIIK-1) the increase of
palladium concentration from 0. 023 to 0.06 mass.% causes a nearly total overlapping of the
surface by palladium particles. In this case Pd covers exactly  the surface, occupied by
manganese oxide, without penetration in the pores depth, which are plugged by the particles of
manganese oxide [7] . The characteristic property of oxide (MnO x, CoOx, CuQ) catalysts is a
synergistic result which is revealed at the addition of noble metal (Pt, Pd or Ag). Such combined
system is more active in some processes than individual components separately.

At present the granulated and monolithic systems: metallic and alumosilicate blocks have
received wide acceptance. For improvement of the catalysts of cellular structure the researches are
carried out for coating of active component on the surface of block catalyst- secondary coating by
its further fixing.Coating technology on ceramic and metallic carriers are as yet elaborated. Below
the results of the research for creation of secondary coating on the surface of standard  ceramic
blocks-cellular structure  and on metallic plates of stainless steel are presented.Manganese oxides
are selected as asecondary coating and palladium - as a promotor component.

m r
[ 4 3 -
Figure 1. Dependence of CO conversion degree on
6of temperature at the catalysts:
u\i 1 — Mn-Pd/ stainless steel; 2 — stainless steel;
X 3 — Mn-Pd - alumosilicate
4ot
50} /
0L ‘
0 100  2po 300 4go S00
T°C

For elaboration of competitive oxide-manganese catalysts for CO oxidation the works were
performed to improve the technology of coating of manganese and palladium oxides on the
fragments of alumosilicate block and on stainless steel of “20 X 23H 18” mark. Activity of
the samples of Mn - Pd  catalysts in the reaction of CO oxidation was studied in the flowing
quartz  reactor of 15 mm diameter; catalyst volume — 1cm?, granule size 2.0 — 2.5 mm, volume
rate of gaseous mixture ( 1.0 vol. % of CO + air), W = 30.10° hour 1.Oxidation degree of
CO in the case of Mn- Pd catalyst, deposited on a steel, attains 90 —98 % in the temperature
range from 130°C to "160°C (Fig.1) . X-ray phase and thermal analyses of elaborated catalysts
were performed. On the carriers surface the phase of manganese oxide - Mn;Os; appears in the
course of the formation of Mn - Pd catalyst. By means of scanning electron microscope JSM -
65 10 LV the samples morphology, surface distribution of active components (Mnand Pd) in the
layer depth (no more than 1 pum) were studied. Manganese oxides are most uniformly deposited
on the plates of alumosilicate blocks. Dispersity of manganese oxides comprises nearly 100 nm.
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OKCUIHO-MAPT'AHIEBBIE KATAJIU3ATOPBI
B PEHIEHUHA SKOJIOTHYECKHUX 3AJIAY
B.1ll.baxramze, B.I1.Mocumze, P.B.[Ixxanmkrasa, H.J[. Xapa6anze, M.B.ITamxumsumm, H.M.Younmsunm
Hucmumym neopeanuueckoti xumuu u saekmpoxumuu um. P.U.Aenaoze Tounucckozo eocyoapcmeentozo
yrusepcumema um. Y. Jcasaxuweunu, 0186, yn. Munoenull, Tounucu, I pysus

PE3IOME

B cratbe maH kpaTkuit 0030p paboT Mo pa3paboTKe W HM3YUYEHHWIO MAapraHIEeBBIX KaTalW3aTOPOB IS
pellieHHusT DKOJOTHYECKHX 3ajad. [IpejcraBiieHbl JaHHBIE 10 YCOBEPIICHCTBOBAHHIO  TEXHOJIOTUH
HaHEeCEeHHWs OKCHAOB MapraHia W naiagus Ha (parMeHTax allOMOCHJIMKATHBIX OJIOKOB W Ha
HepkaBeromel cramun Mmapku "20X23H18”. Tlokasano, uto cremenp okucienus CO wa Mn-Pd
KaTaJIn3aTope, HAHECEHHOM Ha CTalb NMpPH O0BEMHOW CKOpocTH peakumuonHoi cvecn W= 30-10% gac?
nocturaer 90-98 % B wumHTepBaie Temmneparyp 130 —160 °C . ducnepcHOCTh OKCHMAOB Maprasua
Ha TUIACTHHKAaX aJIOMOCHIIMKATHBIX OJOKOB coctaBigeT okojo 100 HM.
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CLEARING-TREATMENT OF QUARRY WATERS OF COPPER-PYRITE DEPOSITS

Rusudan Dundua, Nana Butliashvili
R.Agladze Institute of Inorganic Chemistry and Electrochemistry of Ivane Javakhishvili Thilisi State
University, 0186, Mindeli st.11, Thilisi, Georgia

Ore sulfide deposits are significant sources of toxic pollution. Loss of nonferrous and heavy metals from quarry
water compounds tens thousands of tons. Ore operations respectively cause serious economic problem and
environmental damage of area. Copper sulfide deposit Madneuliis a typical example of deposits existing
worldwide. Quarry waters of Madneuli deposit belong to low-concentrated ones and are considered as
nonprofitable for extraction of heavy metals. By researches, cleaning-treatment of quarry waters using sulfide
methods seems perspective. The method thereby will produce barite-polymetallic sulfide sediment for further
processing and quarry water containing metal sulfates being below allowable concentration for reservoirs

Sulfide deposits represent one of the most significant sources of environment pollution by toxic
elements. That is caused by migration of heavy and non-ferrous metals into underground waters, where
they are dispersed widely and concentrated into various environment objects. Spread scale for some of the
components varies in the range of hundreds meters upto several kilometers.

Besides, with quarry waters there are thousands of tons of metals lost, that is serious economical
problem for exploitation.

The copper sulfide deposit Madneuli (Bolnisi, Georgia) is a typical example of deposits existing
worldwide with similar technocratic impacts on the environment.

According to these researches, the indexes of the contamination of the soils and water objects by toxic
elements (Cu,Zn,Cd,Fe), in the range of ~20 km range around deposit, is much greater than maximum
permissible concentrations; very high level of sickness rate of population has been revealed; fish has been
disappeared in the rivers; Joint-stock company “Madneuli” (currently, Reach Metal Group — RMG) was
repeatedly imposed to administrative sanctions [1,2,3,4].

From one side, the waters represent a powerful source for contamination of region hydrographic
system, while from the other hand, quarry waters, as valuable raw materials for further technological
processing are fled intorivers and tones of heavy and non-ferrous metals are lost, during the years (Table
1).

Table 1.Loss of metal from quarry waters - tones/year
Annual average volume of fled water - 120 m3hr

Cu Fe Zn Cd Pb Co Ni Cr
704 1198 652 47 0.5 0.7 1.0 0.1

Further problem is that quarry waters of Madneuli deposit, like many other deposits worldwide,
belong to low-concentrated ones and are considered as non-profitable for extraction of heavy metals.
Nevertheless, it is critical to request purifying quarry waters down to limit of allowable concentration
before flowing them into river.

The analysis of existing methods for purification of quarry waters of sulfide deposits shows that at
present there is no efficient and economic method for purifying from the ions of heavy metals.

Besides, the effective method for purification of quarry waters and, at the same time, for extraction of
metals for further utilization, has not been observed.

Based on researches, processing of quarry waters of copper-pyrite deposits by reagent, namely, sulfide
method has been assumed quite perspective.

Development of technology for complex extraction of metals from quarry waters will solve two
problems — will purify the deposit waters and will retain the lost heavy metals back to production.

For researches, there have been utilized quarry waters of Madneuli copper-pyrite deposit (Table 2).

For sedimentation there has been used Barium Sulfide. Experiments have been fulfilled at room
temperature. During experiments, pH level has been measured by pH-meter with £0.01 pH accuracy.
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Results of water purification have been tested by atomic absorption spectrophotometer,
photocolorimeter, chemical analysis and by use of qualitative reaction method for high sensitivity.

There has been set optimal parameters for purification of waters: pH, BaS expenditure, sulfide full
sedimentation time.

Based on gained laboratory results, experiments have been done at wide-laboratory scale. In total,
there have been purified ~35 |. quarry waters; gained ~460 gr. polimetal supfide sediment.Based on data
from chemical analysis, composition of barite-polimetal sulfide sediment has been estimated. Main
components of the sediment (%): CuS -5.14; ZnS -2.71; FeS -2.67; CdS -0.01; CaSO4 - 2.14;
BaS04-75.6.

Table 2. Madneuli quarry water sample composition
(samples have been picked up during one year, once per month)

Sample | pH Ccuw+, | Csre , | Cre2+, | Cres’, | Cznos, Cca2™,
# gr./l gr./l gr./I gr./I gr./l gr./l

1 3.5 0.43 1.45 0.81 0.81 0.269 0.0034
2 3.5 0.61 1.21 0.73 0.56 0.825 0.0054
3 4.0 0.57 1.17 0.56 0.52 0.769 0.0050
4 4.0 0.72 1.26 0.70 0.47 0.725 0.0049
5 3.0 0.96 1.64 0.46 0.61 0.700 0.0049
6 3.0 2.30 2.21 0.97 0.17 0.562 0.0042
7 4.0 0.91 0.8 0.45 0.37 0.643 0.0043
8 3.5 2.20 2.10 0.97 0.43 0.512 0.0042
9 4.0 1.56 1.47 0.42 0.45 0.758 0.0048
10 4.0 1.23 1.92 0.45 0.67 0.656 0.0042
11 3.0 1.65 1.48 0.69 0.28 0.712 0.0049
12 3.0 1.31 1.32 0.66 0.60 0.587 0.0042
13 3.0 0.63 1.80 0.62 0.51 0.746 0.0047

Concentration of metal sulfates in liquids gained after purification, is below allowed level of
concentration in reservoirs.

Based on gained results, there has been worked-out a principal technological scheme for clearing-
treatment of quarry waters. It is assumed to cover below stages:

e Sedimentation of sulfides from quarry waters by use of Barium Sulfides;

e Solution sedimentation and directing purified water for technical use or hydrographic
network;

e Mixing the sediment to locally produced sulfide deposit enrichment product or delivering it to
metallurgic production, after drying.

Technological scheme will be very simple and will not require big capital expenditures.
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OYHUCTKA-IEPEPABOTKA KAPBEPHBIX BOJ METHO-KOTYEJAHHBIX
MECTOPOXKIEHUNU

P.I''’ lyanya,H.W. Byrnuamsuiu
Hucmumym neopeanuueckoti xumuu u saekmpoxumuu um. P.U.Aenaoze Tounucckoz2o eocyoapcmeentozo
yrusepcumema um. Y. Jcasaxuweunu, 0186, yn. Munoenull, Tounucu, I pysus

PE3IOME

KapbepHble BOJBI MECTOPOXKACHUH CYIb(PHUIHBIX Py NPEACTABIAIOT cO0O0W OMH M3 BAXKHBIX UCTOYHUKOB
3arpsiI3HEHMSI OKPYIKAKOIIEH cpebl TOKCUYHBIMU 3JIEMEHTAaMH. B TO jx€ BpeMs ITOTEpU LIBETHBIX U TSKEIBIX
METaJUIOB ¢ KapbePHBIMH BOJAMU COCTABIIAIOT AECATKH ThICSAY TOHH, YTO IIPH 3KCIUIyaTaluu Py, BMECTE C
9KOJIOTHUECKUM YIIEpOOM, TIPUBOJHUT TAKKE K CEPhE3HBIM SKOHOMHYECKMM TpoOiieMaM. MajHeyabcKoe
MeHO-CYNb(QUIHOE MECTOPOXKACHHUE — THIIMYHBIA MPUMEP CYMIETBYIONIUX B MHUpPE MOAOOHBIX PY/I.
CocrosiHue ycyryomnsiercss TeM, UTO MaJHEYJIbCKHE KapbepHbIE BOABI OTHOCATCS K HH3KO-
KOHLIGHTPUPOBAHHBIM M CUHTAIOTCS HEPEeHTAaOENbHBIMU JUIsI W3BJICUEHMS TOKENBIX MeTayuioB. Ha
OCHOBAaHWHU TPOBEJEHHBIX HCCIEJIOBAHUN CUYHMTAEM TEPCIEKTUBHBIM MPOBOANUTH OUYUCTKY-TIEPEPadOTKY
KapbepHBIX BOJ C IPUMEHEHHWEM CyIb(HUIHOIO METOJla, B pEe3ylbTaTe dYero Ioiydaercs OapuTo-
NOJUMETAIUIMYECKUN CynbOUIHBIA OcaoK Uil AajbHEHIIel mepepaboTKy, U KapbepHbIe BOJbI, B KOTOPBIX
coJiepKaHue Cynb(PaToB METAJUIOB HUXKE MPEACIbHO JOMYCTHUMBIX KOHIIEHTPAIUH JUIS BOJIOEMOB.
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NEW APPROACHES AND TOOLS FOR REHABILITATION OF CHEMICALLY
CONTAMINATED SOILS

M.Kurashvili, T.Varazi, M.Pruidze, G.Adamia, N.Gagelidze,
T.Ananiashvili, M.Gordeziani, G.Khatisashvili
Agricultural University of Georgia, Durmishidze Institute of Biochemistry and Biotechnology, David
Agmashenebli Alley 240, Thilisi, 0159, Georgia, m.kurashvili@agruni.edu.ge

The main idea and novelty of presented work is development a novel approach for rehabilitation of chemically
contaminated soils. The approach based on using natural minerals composites which are comprised of natural
mineral rocks, natural biosurfactants, microorganism strains having high detoxification ability and plants-
phytoremediators. It has been established that soybean and alfalfa together with selected bacterial consortium
and natural biosurfactant are the best tools for phytoremediation of soils polluted with oil hydrocarbons.

INTRODUCTION

Nowadays global chemical pollution of the ecosystems biosphere, waters, and soil tops the hazardous
level. Succesfully and ecologically friendly method of cleansing of environment is a phytoremediation —
selection and purposeful planting of those plants, which roots provide to uptake and enzymes to transform
the molecules of toxicants from environment [1].

Phytoremediation in comparison with other nonbiological and biological technologies has great
advantages. Nowadays is very actually to use complex approaches, which provides effectiveness and
successful of remediation technologies [2, 3].

The goal of the presented work is to elaborate the new technological approach of phytoremediation for
soils polluted with petroleum hydrocarbons (crude oil and wax), based on application different tools for
improving of this technology: 1) detoxification abilities of microorganisms; 2) plants with high assimilation
ability; 3) natural biosurfactant for enhancing long chain hydrocarbons assimilation by plants; 4) natural
sorbents for avoid deep contamination of oil. Attention have been paid to enhancement of soil fertility,
which improves microorganism and plant growth conditions and is important for bioremediation processes
providing soil total rehabilitation.

MATERIALS AND METHODS

Microorganisms

Microorganisms of different taxonomic groups have been screened on solid and liquid areas contained
crude oil and wax. Microorganism collection cultures of Durmishidze Institute of Biochemistry and
Biotechnology as well as strains freshly isolated from polluted soils have been tested. After incubation in
cultivation area the concentration of residual pollutants have been estimated due to the gravimetric,
chromatographic and spectrophotometric methods. The criteria of strains selection at screening have been:
1) colony production ability; 2) biomass accumulation potential; 3) pollutants degradation ability; 4) ability
to use carbon atoms of toxic compounds as the only carbon source.

Plants

The following plant species were tested as vegetation to be used for purposeful planting during our
investigation: alfalfa (Medicago sativa) and soybean (Glycine max). The plants were cultivated by the
hydroponic method, on the running water [4].

Determination of total petroleum hydrocarbons

For analysis of total petroleum hydrocarbons (TPH) content in samples have been measured by
Soxhlet extraction and gas chromatography with electron capture (ECD) and flame ionization (FID)
detection [5,6].

Investigation of sorbents

Standard methods were applied to define physic-chemical features (volumetric weight, porosity,
displacement, filtration characteristics, oil absorption potential, absorption dependence on temperature, pH,
etc) of rocks [7].
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RESULTS AND DISCUSSIONS

Absorption ability of minerals: Bentonite and Zeolite and their composites for oil were studied. In
composites ratio of minerals was the following: oil — B/Z in ratio 2/3. Application of mineral composites is
important in case of all types of contamination, as, on the one hand, it is significant from the viewpoint of
prevention, and, on the other hand, it creates favorable conditions for growth of vegetation. After
introduction of the composites into the upper part of the soil and as a result of subsequent watering, the
composites become swollen and stimulate growth and development of vegetation at the corresponding
stage of phytoremediation.

As a result of screening 20 strains of bacteria are selected according to their abilities to effectively
assimilate oil hydrocarbons at their growth on media containing crude oil or separate individual
hydrocarbons (alkanes: CeHi4, CgHis, Ci1H24, CisHag, CiaHszo, CisHsz and CisHas, arenes: benzene and
toluene). The capability of selected strains and their consortia to utilize oil hydrocarbons was determined
by their submerge cultivation in nutrient media with crude oil (3%) as the sole source of carbon. Most
efficient combination of bacterial cultures is the consortium consisted with Pseudomonas and Rhodococcus
strains. Using of bacterial consortia for bioremediation of soil contaminated by oil hydrocarbons and wax
has been tested.

Model experiments. In field experiment the soil polluted as a result of the accidental spill near of
Baku-Supsa oil pipeline were used. In these samples were added different amounts of wax. The joint action
of plant-microbial consortium for phytoremediation of soils polluted with oil hydrocarbons has been
studied in model experiments. Four plant species (alfalfa, maize, ryegrass and soybean) together with
bacterial consortium (Rhodococcus sp. MO227, Pseudomonas sp. TP 335) were tested on soils
contaminated by oil hydrocarbons with long chains (Cs-Cgo). In tested variants the levels of soil
contamination with TPH were equal from 43 000 to 117 000 ppm. Initially, suspension of microorganisms
was inoculated in soils. Plant seeds were sowed after 30-35 days of bacteria introduction. Periodically soil
samples were analyzed on TPH content (Fig.1 and 2).
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Fig. 1. Model experiment #1: Phytoremediation of soil artificially contaminated with crude oil and wax by
using of alfalfa, bacterial consortium (Rhodococcus sp. 50 + Pseudomonas sp. 6R67) and preparation of
BR1 (complex of biosurfactants produced by strain of Rhodococcus sp. 50, concentration — 0.01%). Initial
contamination of soil by TPH - 43 000 ppm, by long chain alkanes of wax — 17 200 ppm; duration of
experiment — 3 months
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Fig. 2. Model experiment #2: Phytoremediation of soil artificially contaminated with crude oil and wax by
using of soybean, bacterial consortium (Pseudomonas sp. 6R67 + Bacillus spp.) and preparation of BB2
(complex of biosurfactants produced by strain of Baccilus spp., concentration — 0.01%). Initial
contamination of soil by TPH was 117 000 ppm, by long chain alkanes of wax — 58 500 ppm; duration of
experiment — 3 months

The effect of soil cleaning by presented technology equal 78-92% by model experiment # 1 and 85-
92% by model experiment #2. It has been established that soybean and alfalfa together with selected
bacterial consortium and natural biosurfactant are the best tools for phytoremediation of soils, polluted with
oil hydrocarbons. Bacterial consortium consisting Rhodococcus sp. MO227 and Pseudomonas sp. TP 335
is best remediation agents among tested microorganisms.

The chromatographic analysis of soil samples (initial contamination — 43000 ppm of TPH;
contaminated soil is treated by bacterial consortium (Rhodococcus sp. M0O227 and Pseudomonas sp. TP
335). Duration of remediation: 2 months) show that in case of 43 000 ppm initial contamination in the
beginning of remediation the ratio between “light” and “heavy” petroleum hydrocarbons (Cg.15 : Cie-35)
decreased from 87 : 13 to 6 : 94. These results indicate that the assimilation of Cs.15 hydrocarbons take
place mostly during bioremediation, than phytoremediation.

Periodically, in model experiment the content of microorganisms was controlled. In period of
bioremediation (120 day) bacterial content in soil was decreased. It has been supposed that for efficiency of
bioremediation process the maintenance of normal level of mineral nutrients — NPK in soil is required.

CONCLUSION

Bacterial consortium consisted with Rhodococcus sp. M0O227 and Pseudomonas sp. TP335 appeared
to be the best remediation agent among tested microorganisms and their consortia. In soils contaminated as
a result of oil pipeline spills (levels of contamination: from 43 000 to 117 000 ppm) after treatment by this
consortium the contamination is decreased by 78-92 %. The assimilation of Cs.1s hydrocarbons takes place
mostly during bioremediation. It has been established that soybean and alfalfa together with selected
bacterial consortium and natural biosurfactant are the best tools for phytoremediation of soils, polluted with
oil hydrocarbons.
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HOBBIE NOAXO0JbI J1JIA PEABUJIMTALIUN XUMHWUYECKU 3AT'PA3ZHEHHBIX I1OYB

M .Kypamsunu, T.Bapazu, M.IIpynnze, I'.Axamua, H.I'arenunze, T.Anannamsunu, M.I opaesnanu,
I'Xarucamsunu
Aepapnuuii Yuueepcumem I pyzuu, Uncmumym Buoxumuu u Buomexuonocuu um. Jypmuwudse, Annes /1.
Aemawenebenu 240, Tounucu, 0159, I'pysus, m.kurashvili@agruni.edu.ge

PE3IOME

OcHoBHas Hjes U HOBU3HA MPEJICTABICHHOW pabOThl — pa3pabOTKa HOBBIX ITOAXOMOB IS PeaOUIUTAITIN
XUMHYECKH 3arpsA3HeHHBIX TO0YB. Pa3paOoTaHHBIN TOIXOJ OCHOBAaH Ha WCIONB30BAHUU TPUPOIHBIX
MHHEPAJIOB KOMIIO3UTOB, MPHUPOIHBIX OMOCYp(PaKTaHTOB, IMTAMMOB MHKPOOPTAaHU3MOB, O00JIaIarOIINX
BBICOKOH JIETOKCHUKAI[MOHHOW CITOCOOHOCTBIO W PacTEHHH — (UTOpEeMeanaTopoB. Y CTAaHOBJCHO, 4YTO
WCIIOJb30BaHUE PACTEHUN — COM W JIIOLIEPHBI, BMECTE C BHIOPAHHBIM OaKTEPUAIBHBIM KOHCOPIIMYMOM U
MPUPOTHEIMUA OHMOCyp(]aKTaHTaMU SBISETCS OYeHb () (EKTUBHBIM WHCTPYMEHTOM sl (puTopemMennanuu
MIOYB, 3aTPS3HCHHBIX HEPTIHBIME YTIIEBOJIOPOTAMH.
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NUMERICAL SIMULATION OF DISTRIBUTION OF ARSENIC DISCHARGES INTO THE
TSKHENISTSKALI AND LUKHUNI RIVERS FROM INDUSTRIAL WASTES

Aleksandre Surmava, Leila Gverdtsiteli*, Nino Bagrationi*
M. Nodia Institute of Geophysics of the 1. Javakhishvili Thilisi State University,
*Georgian Technical University;
aasurmava@yahoo.com

Numerical simulation of distribution of arsenic discharged into the Tskhenistskali and Lukhuni Rivers will be
executed by using non-stationary linear three-dimensional equation of transition-diffusion of substances in
continuous medium. Model is intended for the study of distribution of polluting agents in mountain rivers in the
first approximation. Distribution of arsenic thrown into those rivers near the Uravi and Koruldashi villages is
modeled using numerical experiments in case of stationary sources.

Introduction

The Tskhenitskali River and the Lukhuni (inflow of the R. Rioni) Rivers have an important role in
the economy of the Georgian Republics. They are the sources of the drinking water and are intensively
used for agricultural and industrial purposes. In the bank of these rivers are located at old abandoned
arsenic warehouses, those cause a pollution of waters of those rivers. Therefore, they are the water objects
of high ecological risk factor. .

The developed countries widely use the software packages for investigation of surface water pollution
and the optimal control systems [1-4]. These packages are mainly elaborated for large water bodies, require
a special personnel training and are difficult for the use in case of mountains rivers.

According to [4], in [5], a simple numerical method for calculation of diffusion of passive admixtures
to Kura River was elaborated. In the presented work use model [5], is investigated a kinematics of
propagation of contaminant in the Tskhenitskali and Lukhuni Rivers.

Formulation of the Problem

For numerical modeling of the pollution distribution the upper parts of the Tskhenitskali and Lukhuni
Rivers are divided into 8 and 6 hydrological conventionally uniform sections, accordingly. It is assumed
that each of the river’s section is a linear canal and river’s hydrological parameters are constant along it.
Therefore, in this sections the distribution of pollution may be described by transfer-diffusion equation
according to [4, 8]

aC,  oC, aC, 9°C, 9°C; 9°C;

+U. +W = + +
ot iax oaz  Mxgg THMvig THaTge

1)

where t is time; X, y, and z are the Cartesian coordinates; x axis is horizontally directed along the river
flow; y is the horizontal axis directed perpendicularly to the canal; z axis is directed upward vertically from
river bottom; u; is the river’s flow velocity at i section along x axis; river flow velocity is equal to zero

along y axis; wo is the velocity of sedimentation of polluting agent; p,, p, and p,are kinematic
coefficients of turbulent viscosity along the X, y and z axes, respectively; C; is the concentration of the

contaminant in the i section of river.
The river water velocity u; in each river section is known, which is constant value along the axis x,

and changes along the y and z axes as follows: u; (X,y,z) =1.5U; , *sin(my/Y;)sin(0.5mz/H;).
Uio=const is the known value of the river water velocity in the i section. Y; and H;are the width and depth of

the section i. Uiy, Yi, Hi are taken from [6]. Since the values of coefficient of turbulent diffusion for Tskhenitskali
and Lukhuni Rivers were not determined on the basis of observation data, we used the values given in [7] as follows:

i, =5x6.4x10 * m%s and p, =, =5x 5,57x10 m¥s for territory with complex mountain relief.

For integrating of equation (1) the corresponding initial and boundary conditions are used: the
concentrations of the contaminant in the points of discharge source and at the initial time are known values.
The gradient of concentration in the end points of sections x i = K j, in the river bank, surface and bed
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points yi =0, 10 and z; = 0,10 are equal to zero, respectively. The concentrations of the contaminant during
the whole interval of time of spilling at the source points are known values. An inflow of tributaries into
the rivers are taken into account using change in the parameters Uio, Y, and H;.

The numerical integration and solution of equation (1) is made using the split method and balance
numerical scheme [8] on the rectangle numerical grid. The grid step along the x axis is equal to 50 m., the
grid steps along y and z axes are equal to Yi /11 and Hi /11, respectively.

Results of simulation

For investigation of kinematics of contaminants’ propagation in the Tskhenistskali River the series of
numerical experiment were conducted. First, were considered the case when the contaminant is discharged
into Tskhenistskali River in the points located near village Korundashi. The concentration of the arsenic is
equal to 0.006 mg/l in the area of the pollution source during all modeling time. Calculation shows that
during the first 6 hours is established quasi-static distribution of the arsenic concentration. In the Fig. 1 the
spatial distribution of arsenic Concentration is show. It is shown the concentration is maximal in the areas
in vicinity of the two sources of discharge (0,005 mg/l and 0.011 mg/l). The concentration decreases along
the river step-by-step in the transition from one section of river to another due to the dilution in the
waters of the influx of small rivers and sedimentation. In the result the concentration of the arsenic at the
end of 35.6 km section of Tskhenistskali River becomes equal to 0 0.0001mg/I.

0:014-0. 007

0.006-0. 005 Fig. 1. A distribution of the
‘m arsenic concentration (mg/I) in
(Log g 0o the Tskhenistskali River from

Korundashi till Mami

Fig. 2. A distribution of the
sediment arsenic surface density
(mg/m 2) in the Tskhenistskali
50400 from Korundashi till Mami.
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In Fig. 2 The distribution of the surface density of the sediment arsenic on the bottom of the river
Tskhenistskali during 30 days is showy. By this figure, it is possible to conclude the spatial distribution of
the surface density of the sediment arsenic is quality analogical to distribution of the volumetric
concentration: the surface density is maximal in two areas in vicinity of of discharge points and gradually
decreases along the river flow.

Fig. 3 Shows the arsenic concentration obtained by numerical simulation gradually decreasec from
Uravi to Ambrolauri. The maximum concentration 0.011 mg/l is obtained in two points in vicinity of Uravi
Village and decreases with removal of these. The rapid decrease of concentration takes place in vicinity of
the points of discharge. The area of rapidly decreasing concentration is about 100 m.
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Fig. 3. Distribution of the arsenic concentration (mg/l) in the Lukhuni River from Uravi till Ambrolauri

Discussion.

On the basis of nonstationary three-dimensional equation of mass transfer the numerical model of
transfer of carsenic through Tskhenistskali River and Lukhuni River is elaborated. The model is created for
the sections of 35,6 km and 23 km length of Tskhenistskali River and Lukhuni, accordingly. The
numerical experiments that investigate the kinematic features of distribution of pollution are carried out.
Some parameters characterizing the process of pollutants diffusion are obtained by means of these
experiments, namely: times necessary for passing separate sections by contaminant and times
establishedquasi-static distribution of arsenic.

It should be noted that calculations are carried out for average annual river flow velocity. This fact
limits the area of application of this model because the velocity of water flow for mountain rivers may
change in wide area in relation with the precipitations taking place in the basin of the separate tributaries.
Such limitation can be overcame by two ways: first, for each section the velocity of flow can be calculated
using the equation of river water momentum, or second — by database for velocities of flow observed in
different situations must be created by means of hydrological observation and these data must be used in
equation (1). It is necessary also to obtain semi-empirical formulas for kinematic coefficients of vertical
and horizontal turbulence of mountain rivers and to conduct numerical simulation with the using of them.
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PE3IOME
C moMoMIbl0 YUCIEHHOTO WHTETPUPOBAHUSI JIMHEHHOTO TPEXMEPHOTO ypaBHEHUs nepeHoca U auddy3un
BEIIECTBA B CIUIOIIHON Cpele MOJEIHPOBAHO pPACHpPOCTPaHEHHE COPOIIEHHOTO M3 MPOMBIIUIEHHBIX
OTXOZOB Mblbsika B pekax Lxenucukamu u Jlyxynu. W3ydeH mepeHOC MBIIbsAKa, COPOLIEHHOIO B
OKpecTHOCTAX cén Ypau u Kopynaaumy.
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STUDYING THE CONTAMINATION WITH HEAVY METALS AND THE TOXICITY LEVEL
OF ARABLE LANDS IN THE INDUSTRIAL REGION OF GEORGIA BOLNISI-KAZRETI
USING MODERN TEST METHODS

Rus.Gigauri, Sh.Japaridze, N.Gigauri, T.Gogiberidze

R.Agladze Institute of Inorganic Chemistry and Electrochemistry of lvane Javakhishvili Thilisi
State University, 0186, Mindeli st.11, Thilisi, Georgia
gigaurirusudan@gmail.com

The arable lands of Georgia’s Kvemo Kartli industrial region Bolnisi-Kazreti (Madneuli Copper and Gold
Mine), which are generally irrigated by the River Mashavera, have been studied. The waste water of the above-
mentioned mine is discharged into the lands. In spite of the fact that the enterprise is engaged in the water
treatment, an average level of contamination with heavy metals is still being observed. Copper tenfold exceeding
the MCL is dominant. The constantly accumulating and soluble forms of heavy metals are fixed in soil by the
TCLP and WET standard methods. The soil non-irrigation (spring) and intensive irrigation (summer) periods
have been studied and compared. The spectral and atomic absorption analysis methods have been used in the
study. The currently established ecological monitoring system will, hopefully, further improve the existing
situation.

A consumer approach to and improper use of soils contributed to the further worsening of the
situation. Almost all Georgian soils are known for a deficiency of a balance of nutrient elements that is so
required by plants. Humus, or the general internal structure, is the soil fertility indicator. Our scientists
have studied the soil fertility rate (nutrient elements-nitrogen-phosphorus, potassium) in the regions of
Georgia. It has been found that poor soils constitute 50% of the total cropland. A subject of global research
is the regulation of the cycle of nutrient elements and humus in the soil, study of the preservation and
recovery of their contents.The enhancement
of the composition indicators of the nutrient
areas of soil microorganisms, or nutrient
elements is possible with due regard for the
relief and scheduled yield [1, 2].

Fig. 1. River Mashavera

Our aim was to determine the
contamination with heavy metals and the
toxicity level, solubility, valence and
acidity of Bolnisi-Kazreti arable lands, their
forms and prevalence.These regions of Kvemo Kartli (Bolnisi-Kazreti) have been under emergency
conditions for years as one of the industrial regions. A particular example is the Madneuli Copper-Gold
Mine, the waste water of which is discharged into the River Mashavera. Another source of contamination is
the irrigation system of the River Mashavera, the only source of water supply to the Kvemo Kartli
croplands. The soil samples were taken in the spring and autumn, i.e. before and after the irrigation. The
maximum allowable concentrations (MAC) of heavy metals in soil are given below as a table.

Table 1. Maximum allowable concentrations of heavy metals in arable lands
Si |Al [Fe | Mn | Ni Ti Cu Pb Zn Cd Sn Sb | Ag

MAC -3 -3 -3 -2 -5 -4 -5 -6
75 188(80]01 |58-10 |057 |4.7-10 |16-10]8.3-10 | 1.3-10 | 2.5-10 | 5-10 | 7-10

At the initial stage, the soil samples under study were subjected to the quantitative spectral analysis for
the content of heavy metals. The concentrations of heavy metals were foundto be increased. Below given
are the results of the quantitative spectral analysis:

414




LOdS@®MBINML 3IG60IBIBSMS IBMBEIRO S35RIFOOL 85B6J, Jodoolk ByBos 2016 &. 42 \o 3
D s ———————————————— —————— ————————————————

Table 2. Results of the quantitative spectral analysis of soil for percentage of heavy metals before and after irrigation
Soil samples taken # Si Al Fe Cu Zn Pb Mn Ti Ni Cd Sb | Au

in v. Natevani 1 |70 [12 |70 | 005 |001 |0001 |01 12 002 = = =
beforeirrigation '3 170 [12 |70 010 |0.01 |0.001 |0.14 12 o002 |- |- |-
Soil samplestaken | 1 | 72 | 125 |8 0.10 |0.02 |0.001 | 0.1 15 002 |- |- |—
in v. Natevani

2 |72 |125 |8 |015 |002 |0.001 |0.15 13 (002 |- |- |-

after irrigation

If we compare the given data with one another, we shall see that in case the irrigation system of
Mashavera River is used, the concentrations of heavy metals are increased. The dominant element - copper
- has been distinguished, which is one of the toxic for soil elements. MAC of the following elements is
exceeded: Cu-10-20-fold, Al- 1,5-fold, Ni- 3,5-fold, Zn- 1,5-fold, andTi- 2,0-fold. The studies continued
to identify the movable or soluble forms in soil, using the test methods (TCLP and WET standards), which
implies the heavy metals leaching procedure under conditions of constant mixing with a magnet mixer[3].
The leached solutions were subject to the spectral and atomic absorption analysis. It has been found that
heavy metals in the process water are in soluble sulphate forms. When in soil, their solubility is low, which
should be caused by the high concentration of calcium. About 80-90% of constantly accumulating heavy
metals remain in soil [4].No less dangereous is the constantly accumulating in soil the quantity of heavy
metals, which finally leads to the contamination and infertility of soil.
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MN3YYEHMUE 3AT'PA3HEHHOCTHU TSIKEJBIMU METAJIVIAMUA U CTEIIEHU TOKCUYHOCTHU
MAXOTHO-IIOCEBHBIX NOYB BOJHUCH-KA3ZPETCKOI'O PAMOHA I'PY3UU COI'JIACHO
CTAHJAPTHBIM TECTAM
P. T'uraypm, I11. Ixxanapunze, H. T'uraypu, T. Tornbepuaze
Hncmumym neopzanuueckou xumuu u snekmpoxumuu um. P.U.Aenaose Tounucckozo 2ocyoapcmeentoco
yrusepcumema um. 1. [Jorcasaxuweunu, 0186, yi. Munoenull, Toumucu, Ipysus
PE3IOME
B npombinenHom bonnucn-Kasperckom pernone I'pysun, npu nomomnu cranaaptHeix TectoB TCLP u WET, Obin
M3y4eH YpPOBEHb 3arpsi3HEHHOCTH IAaXOTHO-TIOCEBHBIX IIOYB TSDKEJIBIMH METaIaMH M MX TOKCHYHOCTH. IIpouemypsl
BBILIEIAYMBAHNS IIOKAa3aJIM, YTO TsDKEJIble MaTaulbl B II0OYBE HaxoAsATcs B pacTBopuMoi (opme (2-10%) wu
OTJIMYAIOTCS CPE/IHEH TOKCHYHOCTBIO U CPEHHMM YPOBHEM pacnpocTpaHeHusi. KOHLIEHTpaIusl TSHKEJIBIX METaIOB B
nouse BO MHorom npesbimiaer IIJIK. VYcraHoBiIEHO, uYTO moOCHe MCHOJIL30BAaHUS UPPUTALMOHHBIX CHUCTEM
KOHIICHTpAIM TSKEIBIX METaIoB Bo3pacraer eme Ooipmie. Okomo 80-90% TSHKETBIX METaIOB MOCTOSHHO

AKKyMYJIHPYIOTCS B 3THX ITOYBaXx.
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CHEMICAL COMPOSITION OF MINERAL WATER ASHARI OF VILLAGE BABILI,
LENTEKHI DISTRICT
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Concentration of ions in the mineral water of village Babili, Lentekhi District, was determined by use of various
methods, namely complexonometric titration for Ca?* and Mg?*, mercurometric titration and acidometric method
for CI- and HCO3~, Reznikov’s method for 1. Concentrations of biogenic substances were determined by means
of photometric analysis: Nessler’s reagent was used for determination of NH.*, Griess reagent for NO;-,
diphenylamine for NO3~, ammonium phosphomolybdate for PO4*". No biogenic substances were discovered in
the selected water samples. Concentration of dissolved oxygen was determined by iodometric titration. Total
concentration of organic substances was determined by the method of permanganometry (oxidation-reduction
titrations). The concentration of abovementioned ions is within a normal range and the water can safely be used
for human consumption.

Humans strived for perceiving the nature of mineral water scince ancient times. Production of natural
mineral waters is one of the most leading sectors of Georgia’s industry, which can significantly contribute
to the development of the whole economy.

Lentekhi district is located in West Georgia, at the southern slopes of Central Caucasus, namely
Svaneti Ridge, in the upper part of Tskhenistskali River basin. The district is distinguished with humid
climate with cold winter and quite long cool summer. Mountainous relief is conditioned by ramification of
neghbouring ridges. Lower areas represent river gorges, mainly characterized by mountanous subtropical
and glacial relief. The northern border of the district passes by Main Caucasus (dividing) Ridge.
Altitudional zonation is observed due to the mountanous relief of the district with humid and cold climate
and abundant snowfalls in the highest altitudes.

The main river of Lentekhi District is Tskhenistkali, the head of which is located in the Main
Caucasus Range. The floods are observed on springs and conditioned by melting of snow in mountains.
Mainly mountain-meadow soils are observed in the area. Village Babili is located in Lentekhi Community
(3 km. from Lentekhi) on the south slope of Svaneti Ridge, on the right bank of the river Tskhenistskali [1].

Water is an invaluable resource and always was considered as a source of life on the Earth. Today
humans use the recourses of biosphere for development of production and building a welfare society. In its
turn the technical progress gives rise to deep changes in biosphere, which may affect human health .

There is no chemically pure water in the nature. On the way through the earth’s crust to the surface
groundwater dissolves various substances. The natural water represents a solution, which contains the
substances of various nature and condition. Hence, the study of natural waters requires knowledge of main
characteristics of solutions.

Before using water for human consumption it needs to be deeply analyzed. In order to assess water
quality it is necessary to determine its physical-mechanical properties and chemical composition, carry out
organoleptic evaluation [2].

In order to study therapeutic activity of natural mineral waters and their influence on the human
organisms first of all it is necessary to determine water characteristics. The main parameters are ionic and
gas composition, temperature, and radioactivity. As soon as these parameters are known, it is necessary to
determine the content of unique microcomponents in order to establish functional relationship between
these microcomponents and other substances of mineral water. Mineral waters are formed deep
underground and reach the surface due to hydrostatic or gas pressure.

One of the most important subjects is the stages of formation of mineral water. The same mineral
water formed under influence of different environmental and natural processes may significantly vary in its
chemical composition. The mineral waters formed deep underground and closer to the surface may differ
in content of specific microcomponents. The high temperature of the mineral water may not be accepted as
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a proof of formation in deeper earth layers as surface waters may as well infiltrate into ground and
respectively the temperature of such water becomes much higher. Physical and chemical processes
undergoing in the Earth’s crust do noticeably change chemical composition of mineral waters. Namely
these processes determine the difference in composition of various mineral waters [3].

The population of village Babili for drinking purposes consumes the Ashari mineral water and it is
very important to determine its chemical content.

The aim of the study was to investigate hydrochemical characteristics of mineral water of village
Babili, Lentekhi District, wich was carried out according to international standards.

The analysis was carried out at the Laboratory of Analytical Chemistry of the A. Tsereteli Kutaisi
State University with the application of well-known and approved methods of hydrochemical analysis of
groundwaters [4].

pH of the water samples was measured by use of potentiometric titration.

Concentration of chlorine ions was established by application of mercurometric titration (indicator
diphenylcarbazone).

Content of bicarbonates was determined by use of acidimetry (indicator methyl-orange).

Concentration of calcium and magnesium ions and general hardness of water was determined by
means of complexonometric titration. The impact of heavy metals was avoided by adding sodium sulfide.

Content of biogenic substances was established by application of photometric analysis: Nessler’s
reagent was used for determination of NH4*, Griess reagent for NO;~, diphenylamine for NO3~, ammonium
phosphomolybdate for PO4*". Reznikov’s method was applied for determination of iodide ion I~ [5].

Total concentration of organic substances was determined by the application of permanganate and
bichromatic oxidation. Concentration of dissolved oxygen was determined by means of iodometric
titration.

Content of SO,% ions in the water samples was determined by means of gravimetric analysis
(sediment BaSO4). The results of analysis are given in the Table 1.

Table 1. Concentration of some ions in the Ashari mineral water of village Babili, Lentekhi District

Concentration of ions, mg/I ug/l

PH Oxidability | D1S5OVed | \eee | caze | Heos [ CF [ noo | nos | nke | pos | SO | I
oxygen

5.6 | 1.92 0.98 17.25 | 3.45 |19.96 |0.73 | - - - - 0.0034 | 0.85

According to the results of analysis NO.~, NOs-, NH,*, PO4* ions were not discovered in the water of
village Babili. The concentration of the remaining ions was as follows: Mg?* - 17.25 mg/l, Ca®* - 3.45
mg/l, HCOs~ - 19.96 mg/l, CI- - 0.73 mg/l, SO.* - 0.0034 mg/l, I - 0.85 png /I. Content of dissolved
oxygen — 0.98 mg/l, oxidability — 1.92 mg/l. The concentration of abovementioned ions in water samples
is within a normal range and the water can safely be used for human consumption.
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ONPEJEJEHUE XUMHUYECKOIO COCTABA MUHEPAJIbHOM BO/IbI AIIIAPH CEJIA
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PE3IOME

Brnepseie Obiia orpenenena KOHIEHTPAIHsI HEKOTOPHIX HMOHOB B MUHEpaIbHOH Bojie Ammapw, cena badumm,
Jlearexckoro paiiona. CopepkaHWe MarHusi ¥ Kajblus OBUIO OINPENe]IeHO C IMOMOIIBI0 TMPOCTOTO U
OBICTPOTO  KOMIUIEKCOHOMETPUYECKOTO  aHallku3a, OTIMYAIOUIETOCS  XOpOIIed  MOBTOPSEMOCTHIO.
KonnenTtpanuro XJI0pUI0B U THAPOKAPOOHATOB OINPENEITHIN MEPKYPOMETPUIECKHM U allUIOMETPUICKUM
METO/IaMHU aHajM3a, UOJUI-MOHOB — MeToJioM PesnmkoBa. CojepikaHue OMOTCHBIX BEIIECTB ONPEICITHIIH
doromerpuueckum MetogoM ananmusa: it NH.* ucnons3oBan peaktuB Hecciepa, mmst NO; ™ — peakTtus
I'pucca, misn NO; - nudenunamun, aus POS— pochomonubaar aMmmonus. Bo B3aThIX mpoGax BOIbI
HUKaKMX OMOTEHHBIX 3JICMEHTOB OOHapy>KeHO He ObuT0. KOHIIEHTpallns pacTBOPEHHOIO KHUCIopoaa Oblia
onpezeneHa METOJOM HOJOMETPHH, XMMHYecKas KOHILIEHTPAlUs OpPraHMYECKUX BELIECTB — METOJaMHU
MEPMaHTaHATHOTO W OMXPOMATHOTO OKHCJIEHHS, COJAepX aHHe CyIb(aT-HOHOB — METOIOM T'PaBHMETPHH.
KonnenTpanyst BeIIEIEPEUNCIEHHBIX HOHOB HAXOAUTCS B Mpeeiax HOPMBI 1 MUHEpPAIbHAsSL BOA MOXKET
OBITH UCTIONB30BaHa JJISl MIUTHEBBIX HYXKI.
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ANTIMICROBIAL METABOLITES OF ENDOPHYTIC YEAST FUNGI AFFECTING THE
TASTE AND SPOILAGE OF WINES

Natia Barbakadze, Liparit Dolidze, Nino Kavtaradze, Tamar Dgebuadze, Maia Japaridze, Avtandyl Dolidze
Petre Melikishvili Institute of Physical and Organic Chemistry at Iv. Javakhishvili Thilisi State University

Volatile phenols, which are related to the wine production and are responsible for the aroma of the wine, were
early extracted from the yeast fungi. Lately it was proved that the yeast fungus Picchia Guilermondi that grows
on the plant Paris Polyphylla var. yanasesis, is able to yield the same metabolites in the process of fermentation,
which simultaneously lead to wine spoilage. Besides, antimicrobial activity of these metabolites has been
confirmed, which is perspective with the view of their further application.

The biologically active substance “Paclitaxel” that was declared as the “gold” in the final decade of
the last century (1993) was successfully extracted from the fungus Taxomyces andreanae. Many
researchers devoted their researches to endophytic fungi and consequently many biologically active
substances were extracted and investigated which were characterized by valuable antimicrobial,
insecticidal, cytotoxical and anticancer activity. In its turn, endophyte fungi are fungal microorganisms,
which along their whole life-cycle or its section form external- or inner-cellular colonies on parent-plant
tissues not inciting plant diseases [1,2]. Lately endophytic fungus Pichia guilliermondii extracted from
medicinal herb Paris polyphylla var.yunnanen has attracted specific attention. Metabolites of this yeast are
widely used in wine-making and are known for their specific antimicrobial activity.

Paris polyphylla var.yunnanensis (rhizoma)

Pichia guilliermondii under microscope

The role of the endophytic fungus Pichia guilliermondii for wine taste improvement should be
emphasized. In recent years wine is intensely considered in special scientific literature as a food product
and while assessing its quality the greatest significance is attributed to biologically active substances —
phenol compounds, organic acids, amino acids, aromas (congenital, fermentation or acquired), sugars
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according to the contents of which the wine types are distinguished, carbon dioxide , which affects taste
properties, proteins, which threaten wine with turbidity and destruct wine stability, various extracted
substances, which are nonvolatile compounds and guarantee high quality of wine. Phenol compounds and
the products of their transformation actively participate in the process of wine type formation at all stages
of its making and storing and directly affect its taste, its flavor, color, transparency. While somewhat high
content of phenol compounds is necessary and makes positive impact on the formation of taste qualities of
fortified, dessert or some other types of wine, their excess concentration makes adverse effect on the
quality of Champagne type wine materials, results in their oxidation and alters their taste.

At the initial stage of wine fermentation the yeast fungi, and in particular Pichia guilliermondii are
capable to form volatile phenol compounds, which, as it was noted above, provide for wine taste properties.
Yeast and bacterial biota metabolism somewhat change wine organoleptic properties at the fermentation,
ageing and storing processes [4]. In their turn, volatile phenols are formed from the main components
accompanying grape syrup, alpha cumarine, caffeine and ferulic acid. These acids can be metabolized at
the impact of various microorganisms into 4-vinyl derivatives, which can be transformed into 4-ethyl
derivatives by means of enzymes —hydroxycinnamate carboxylase and vinyl phenol reductase [6].
Hydroxycinnamate carboxylase is in great quantity in various yeasts and other microorganisms, while vinyl
phenol reductase till present was associated only with the species Dekkera bruxellensis and  Dekkera
anomala. Currently activity of phenol reductase is also associated with the Candida Versatilis, Candida
fermentatic and Pichia guilliermonii species. In distinct from D.bruxellensis ability of this variety to form
volatile phenols in enologic conditions is scarcely studied. According to the available literature data phenol
aroma is sharply felt in the new red wine, which is in immediate relation with high possibility of formation
of Pichia guilliermondii colonies at the initial state, at spontaneous fermentation [7].

Besides, 3 steroids and 1 triterpenoid of antimicrobial activity have been obtained from Pichia
guilliermondii. They belong to innovative source of natural significant biologically active substances for
agriculture, medicine and food industry. Identity of biologically active substances isolated from endophytic
fungi was determined by physical-chemical and spectrometric methods Helvolic acid revealed the highest
antimicrobial activity towards wide spectrum of microorganisms, such as: Bacillus subtilus, Escherichia
coli, Helicobacter pylori, Pseudomonas vesicatoria) as well as anti fungal activity to Aternariabrassicae,
Botrytis cinerea, Candida albicans, Colletotirchum gloesporioides, Fusarium graminearum, Phytophtora
capsici and Valsa mali [3-4]. Helvolic acid extracted from Pichia guilliermonii is the main antimicrobial
component of endophytic fungus. In all 27 perspective compounds were extracted from the above stated
endophytic fungus, which can be used further.

The above referred properties of the endophytic fungi metabolites are perspective for food industry
and medicine and many branches of science with the view of their practical application, which still greater
increases the interest to these metabolites and contributes to intensification of researches towards the study
of the mechanism of the action of antimicrobial substances, physiological role of these fungi, content of
metabolites and strategic resolution of terms for development of fungal cultures, while on the base of the
available data we can state convincingly, that the practical role of metabolites of endophytic fungi is
important for the progress of many branches.

Paris polyphylla spread in Georgia and many endemic herbs were found this year on the territory of
Thilisi National Park (village Saguramo). Preliminary experiments proved the feasibility of practical
application of the taste properties and anti-spoilage effect of extracts obtained from these plants.
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AHTUMHUKPOBHBIE METABOJIUTHI DQHAO®UTHbBIX JPOK/KEBBIX 'PUBOB,
BJIUAIOINIUE HA BKYCOBBIE KAYECTBA U IIOPYY BUHA

H.I".bap6akanze, JI.A. Jlonmuaze, H.A.Kasrapanze, T.A.JlreOyanze, M.3.Jxxanapunze, A.B.Jlonuaze
Tounucckuii I'ocyoapcmeennviii Ynusepcumem um. He. /rcasaxuweunu, Uncmumym gpuzuveckou u
opeanuyeckou xumuu um. Ilempe Menuxuweunu

PE3IOME

Jletyune (eHOIBI, KOTOPbIE CBSA3aHBI C MPOU3BOJCTBOM BHHA M BJIMSIOT Ha apoMar BHHA, PaHHEE ObLIH
9KCTPAarupoOBaHbl U3 APOXIKEBBIX TpuOoB. [loaTBepXkIaeTcs, YT0 aHTHOAKTEpHATIbHAS AKTUBHOCTH JTHX
METAa00JIMTOB TAKKE SBISIETCS MEPCHEKTHBHBIM JUIS MX JAJbHEHIIero ucrnoib3oBaHus. OCHOBBIBASCH Ha
CYIIECTBYIOUIMX JTAHHBIX, POJIb META0O0JIUTOB SHAO(PUTHBIX TPHOOB 3HAYMTEIIbHA B PA3BUTHU Pa3IMYHBIX
obmacreii. B atom roay, Ha Tepputopun Harmonansaoro I[Mapka Towmvcn (BOnmu3u c. Carypamo) Hamu
6wt Hatinen Paris Polyphylla u npyrue sunemudeckne pactenus. ITo mpeaBapuTEIbHBIM dKCIIEPUMEHTAM
HOATBEPKICHO, YTO IKCTPAKTHI STHX PACTCHUI BIHSIOT HA BKYCOBBIE KaueCTBa M COXPAaHHOCTh BUHA, YTO
OYEHb BAXHO IS TPAKTHYECKOTO MCIOIb30BaAHHS.
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DEVELOPMENT OF INNOVATIVE NUTRITIONAL FUNGICIDE COMPOSITE WITHOUT
COPPER

Ketevan Kochiashvili, Natia Barbakadze, Maia Japaridze, Maia Stepanishvili, Liparit Dolidze,
Rusudan Tsiskarishvili, Avtandyl Dolidze
Petre Melikishvili Institute of Physical and Organic Chemistry at lv. Javakhishvili Thilisi State University

Development of modern fungicides of nutritive properties is a top priority for the progress of agriculture.
Application of natural resources guarantees ecological security and reasonable price of the composite. Besides,
application of phosphites and phosphates contributes to the reduction of migration of undesirable compounds in
the soil and prevents their transition to human food cycle. On the basis of preliminary experiments, samples of
natural phosphorite formations of Georgia have been selected and feasibility of preparation of optimal
concentration composites has been proved.

Presence of heavy metals in food is one of the urgent problems of the modern world and is rather acute
for Georgia too. Heavy metals fall into food through various ways, inclusive preparations used for plany
protection against pests and diseases. Fungicide mixtures used in plant protection, which contain the
second class dangerous heavy metal, copper are of contact effect. In case of precipitation the preparation is
washed —off (leached) into soil. Besides, copper is accumulated in the soil, plant and fruit. Systematic
application of Bordeaux mixture for decades resulted in excessive accumulation of copper, which finally
was expressed on wine materials too. Therefore it became necessary to develop new fungicides void of
metals to replace copper in it. With this in view, it is possible to use phosphor containing natural resources
which will improve plant nutrition and will have fungicidal properties simultaneously. Preparations made
on the base of phosphorites efficiently act as fertilizers and fungicides, simultaneously.

It is universally know that there are rather abundant reserves of phosphorites in the world and their
transformation into phosphites is not a problem. In Israel, in the coastal zone of the Dead Sea, as well as in
other countries phosphorite strata were exposed which have been used for production of phosphorous
fertilizers and phosphoric acid. This practice is used in other European countries too [1]. We have to note
that phosphorites are found at the Azerbaijan-Georgia border, along the river lori, on Eldar valley
(according to the data of 1927) [2-5]. Later these data were still more précised and specified. Phosphorus-
containing strata on the Eldar valley are divided into separate horizons. Phosphor-containing rocks are also
found in the west Georgia, in Tsageri and Ambrolauri regions, in the basins of Tskhenistskali, Lajanuri and
Rioni rivers. Information is available about presence of phorphsorite reserves on the territories of Adjara,
Godogani (Imereti) and Lechkhumi-Kvemo Svaneti [6]. Experiments proved that deposits exposed in west
Georgia are not less interesting with the view of phosphor-containing rocks. Irrespective of the fact that
useful industrial properties of this material were proved back in 60ies of the last century, phosphorite
deposits of Georgia have never been extracted.

Phosphor-containing substances are very significant sources for plant nutrition. Phosphates (PO.)* are
used namely with this purpose. Phosphites (PO3)* resemble very much the phosphates, but phosphite, in
distinct from the phosphate is not assimilated by the plant as a source of phosphor, therefore its application
for phosphor-deficient plants is not recommended. Chemically these compounds are similar, but phosphate
has one more oxygen atom, which absolutely changes its properties and reactivity. Phosphates are
phosphorous salts and ethers. There are orthophosphates and condensed phosphates, which contain more
than one phosphor atom, create bond P-O-P [7]. Phosphates are widely used in production of phosphorous
fertilizers, synthetic detergents and some medicinal preparations. Phosphor-containing natural rocks are
also used in the world practice for in situ fixation of harmful wastes.

Phosphates form insoluble compounds in the soil as a result of which only small portion of phosphor
is consumed by plants. Similarly complex is assimilation of phosphor by plant leaves (spraying), since it
hardly passes through cuticle layer (in case of potassium phosphate). Phosphite compounds (potassium
phosphate) are generally used as water solution. Elevation of phosphor mobility in plant tissues and soil
proceeds thanks to three oxygen atoms. They can affect all parts of a plant: leaf, stem and roots. Passing
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xylem and phloem it reaches all bodies of a plant and phosphites are easily consumed by the whole plant
[8]. Experiments proved that regular and stage-wise application of phosphites as a part of complex
approach for the struggle against plant diseases significantly reduces cases of diseases and gravity of the
progress of diseases. Phosphites obtained from phosphoric acids are distinguished by their phototoxic
action. This is why prior to their application they are treated with neutralizing substrate (potassium
hydroxide) that results in the formation of potassium phosphite. Assimilation of potassium contributes to
the improvement of plant nutrition. This compound is a good bio-stimulator and significantly reduces
formation of Microdochium nivale.

In 2010, experimental land plots were created in Russia (Moscow) where supervision was performed
over three lawn grasses, together with the assessment of plant diseases and grass quality. According to the
data obtained on the basis of field and laboratory experiments, in case of application of potassium
phosphate incidents of diseases were reduced at 50%.

Application of the widely used fungicide Chipco Green jointly with the organic fertilizers PK Plus
hinders to disease formation, and alongside with it, shows various forms of disease inhibition and possible
synergic effect. Sharp improvement of quality index was observed on all sections treated with phosphites.
There are two versions of action of phosphites on plants: direct, as a fungicide and indirect, as a stimulator
through plant protection mechanism. It was shown, that in case of application of 100 mkg/L phosphate
concentration the mycelium growth is blocked completely, while at the application of a weaker
concentration destruction of hyphae was observed. It was shown that after leaf-feeding of the plant by
phosphites, energy was actively assimilated and accumulated in leaves. The complete systemic mobility of
tissues and the fact that in plants phosphite was not transformed into phosphate was also observed. [9].

Lately the preparation “Quantum-Phytos” (Stop-Phytophtora) was developed in the Ukraine
containing potassium and phosphor forms easily assimilated by plants, which are vital for plant growth and
development. At the expense of the preparation activity, plants develop natural stable resistance to
pathogens; at the same time stimulation of protecting mechanism against phytophtora, fuzarioses,
rhizoctonioses, pitium and other diseases takes place. The preparation supports the plant in the creation of
immune system. These fertilizers are distinguished by specific efficiency for prevention of diseases.
Addition of organic acids to phosphor and potassium special formulations enables the plant to use
efficiently nutrients, improve root system develop and absorb nutrients from soil. It is the accessible source
for potassium and phosphor and simultaneously the efficient means for the struggle against plant diseases.

On the basis of preliminary experiments the specimens of natural phosphorite rocks were selected,
which after due treatment were used for development of nutritive-fungicidal composites. Their application
as phosphorous fertilizers (Kakheti, Adjara, Lechkhumi) contributed to sharp increase of the yield.
Repeated check up of fungicidal properties is planned. At the same time some versions of the composite
formulation will be précised and the economically profitable formulation will be selected for its practical
application.
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PA3PABOTKA MHHOBALIMOHHOM MUTATEJIbHON @ YHIMIMIHOM KOMIO3ULIUU
BE3 MEJH

K.H. Kounamsumu, H.I'.bapbakanze, M.3./lxanapunze, M.A.Crenmanumswny, JI.A. [lomumze,
P.IT.0uxapumsuiu, A.B.Jloaumze
Tounucckuii I'ocyoapcmeennviii Yuusepcumem um. Us. /icasaxuweunu, Uncmumym guzuveckoul u
opeanuyeckou xumuu um. Ilempe Menuxuweunu

PE3IOME

Pa3paboTka COBpEeMEHHBIX (YHTHUIIUIOB 0€3 COACPKAHHS THKEIBIX METAIUIOB SBJSICTCS MPUOPUTETHOMN
3amaueii. [IpenapaTel BMecTe ¢ (YHTHIMIHBIMH CBOMCTBAMH JIOJDKHBI MMETh XapakTep YAOOpEeHHUH.
Pa3paboTka MyJbTH(HYHKIIMOHAIBHBIX MPENapaToB OYJEeT CIIOCOOCTBOBATH MOBBINICHUIO PEHTA0EIHLHOCTH
CEJIbCKOXO3SIMCTBEHHOTO  MPOM3BOJCTBA.  VIcIonb3oBaHWE  MPHUPOJHOTO  CHIPbS  OOYCIIOBIMBAET
OKOJIOTHUYECKYIO 0€30MacHOCTh U MPUEMIIEMYIO CTOMMOCTD TIpernapara. BaxkHelm GakTopoM sSBISETCS
UCIOJB30BaHKue PochaToB I YMEHBIICHHUS MUTPALIMU HEXKEJIaTeIbHBIX BEIIECTB B MOYBE M MX NEpexojia
B IHILEBONM UK 4esioBeka. Ha OCHOBE mpeaBapuUTENbHBIX UCIBITAHWNA OTOOPaHBI 00pa3ilbl MPUPOTHBIX
dochoputHbix mnact ['py3ur W J0Ka3aHbl WX OHUTATENbHbIC W (YHTHIUAHBIC CBoOWcTBa. IIpoBoasTcs
MpaKkTHYeCKue paboThl MO pa3paboTKe U UCIBITAHUN KOMIO3UIHIA ONTUMATLHOTO COCTAaRA.
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ANALYSIS OF SCIENTIFIC PRODUCTIVITY AT THE MESO- AND MACRO-LEVELS
Levon Chobanyan, Teimuraz Chubinishvili, Nelly Makhviladze, Alexander Phatsatsia

Georgian Technical University, Institute TECHINFORMI, Thilisi, Georgia,
tech@caucasus.net

The most important instrument for solving science management problems is analysis of scientific activity
efficiency at both the microlevel and the mezo- and microlevels. Upon analysis of the scientific activity of
researchers based on individual quantitative parameters, such as publishing activity (number of published works
in high-ranking journals), citation index, taking into account of the scientific direction of a researcher or a
research team acquires a particular interest. For example, an average number of citations per journal in the world
flow of publications for different fields of chemistry can differ 5-6 times. For a scientometric analysis, taking
into account scientific directions of an individual researcher and the research team, the effective citation indexes
H* and I* have been introduced.

The most important instrument for solving science management problems is analysis of scientific
activity efficiency at both the microlevel, that is for an individual researcher as well as at the meso- and
macrolevels:for scientific groups and departments, large scientific collectives (universities, institutes, etc.)
and the State as a whole.[1-5]

During the last decades, in general, an analysis of scientific activity of researchers based on individual
guantitative parameters, such as publishing activity (number of published works in high-ranking journals)
and citation index, has become rather popular.[6-9]

As pracice shows, the formal analysis on the basis of such quantitative parameters can produce a
distorted picture of the scholar’s scientific activity. In order to obtain a real characteristic of the
researcher’s activity independent expert opinions need to be used[10-11], whereas in calculating the
quantitative scientometeric characteristics, of most importance is to take into account such parameters as
self-citation (direct and indirect), number of co-authors, time distribution of published works, etc.[12,13]

In our opinion, of special importance is the taking into account the scientific field/discipline of the
researcher. For example, an average number of citations per article in the world flow of publications can,
depending on the discipline, differ more than seven times. As a result, the average citation indexes of
scholars working in different scientific fields will significantly differ and formal analysis of their activity
will give a distorted account.[14,15 ]

Similar problems arise when comparing scientific activity characteristics for different chemistry
branches.

Underlying Table gives data on the average citation per paper for Georgian scientists working in
different branches of Chemistry. The Data is based on the Database of Web of Science (WOS). The
average is calculated for the following three time intervals: 1960-2015, 2005-2015 and 2010-2015.

1 ]2 |3 |4 [5 [6 |7 |8 |9 J10 |11 |12 [13 |14 |15

1960 — 2015

TC 2152 | 100 [ 252 |77 |194 | 177 | 296 | 522 | 307 |89 |156 |32 |132 |168 |82

ATC |58 |279|175|17 |48 |46 |57 |27 |46 |69 |30 |22 |78 |62 |55

2005 — 2015

TC 12102 149 |8 |3 |38 |127 |76 |138 |70 |16 |35 |6 50 41 |21

ATC |58 |174]135|32 |61 |37 |50 |27 |34 |62 |33 |13 [42 |60 |41

2010 - 2015

TC 1209332 |5 |24 |15 |52 |35 |54 |33 |7 17 |1 30 16 |9

ATC | 5.8 140]1115]18 |39 |16 |28 |19 |24 |14 |08 |50 |50 |20 |50
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In Table we denote: TC — accumulative citation value and ATC Average Time Cited per one article
for some Chemistry branch. Also we denote Column 1 for All Chemistry branches, 2 - Biochemical
Research Methods, 3 - Chemistry, Analytical, 4 - Chemistry, Applied, 5 - Chemistry, Inorganic & Nuclear,
6 - Chemistry, Medicinal, 7 - Chemistry, Multidisciplinary, 8 - Chemistry, Organic, 9 - Chemistry,
Physical, 10 - Crystallography, 11 - Electrochemistry, 12 - Engineering, Chemical, 13 - Physics, Atomic,
Molecular & Chemical, 14 - Polymer Science, 15 - Spectroscopy

The table shows that the average number of citation per paper depends significantly on the research
branches.

In particular for the branches BIOCHEMICAL RESEARCH METHODS and CHEMISTRY,
ORGANIC the average citation differs by more than 6 times.

In addition, we think that in a number of publications, upon comparison of the scientometric
characteristics at the macrolevel, the scientometricindexes used at the microlevel are being applied totally
unfoundedly. This leads to serious mistakes in analysis and distortion of the real picture.

Theauthorsofthearticlehaveintroducedascientometric index — the effective individual h-index
(Hirsch)Hj*, taking into account the scientific field of a researcher [15] and developed the effective citation
index methodology/procedure. Further, in a linear approximation of the function of dependence of the
number of citations of a publication on its number in the list ordered according to the number of
citations/quotationsQ(n), the ratio of the effective citation h-index to the standard h-index was obtained:

+1

H*/ H LK

where | is the tangent of (n) slope, and K; is the ratio inversely proportional to the average number of
citations per article in the J-scientific field.

The linear approximation of the function Q(n) does not lead to a reduction in the accuracy of results,
because the behavior of the function Q(n) in the point n=H is what finally constitutes our interest.

The produced expression coincides with the result receivable with the frequently used hyperbolic
approximation of the function Q(n).

The computations made on the experimental Georgian Scientists data file demonstrated that a
difference of the guess of the value Hj*/ H from its denotation does not exceed 20%, while the mean error
makes 8%.

As an example, for a researcher working in the scientific fieldMATERIALSSCIENCE and whose h-
index is H=3, the H* computation results will bel=0.47, andkj=4.03. Asaresult, forthe effective value of the
h-index we shall receiveH*=6.

The developed methodology of introducing the effective individual citation indexes can be also
applied to other individual bibliometric citation-related indexes: e-index, g-index, hc-index , hi-index.[18-
20]

On the basis of conducted experimental research we have arrived to a conclusion that the effective
citation index I* obtainable by modernization of the I-index concurrently introduced by Kosmulski [16]
and Prathap [17] is the most expedient for analyzing the efficiency of scientific activity at the mezo- and
micro-levels.

The I-citation index is determined as follows: a scientific institute or a group of scientists have the I-
index equaling m, where m is the maximum number of the set {n}, whose every element satisfies the
condition:the team membership includes nresearchers whose individual h-index is no less than n.

For accounting scientific fields where in the members of a group are engaged, it is necessary that the
effective value of the h-index rather than its individual value be used for each group member.

Thus, determination of the effective citation index I* will look as follows:

The citation index I* is determined as follows: a scientific institute or a group of scientists has the I*-
index equal to m, where mis the maximum number of the set {n}, each element of which fits the condition:
there are n researchers in the group with the individual effective h-index not less than n.

At the further stages of research our aimis to investigate the effective values of the I*-index, being
based on other types of individual citation indexes for the approximate calculation of I*-indexes. The
possibility of approximate calculation is important for facilitating analysis of the effective characteristics
based on the output data of the international science citation indexes.

Further, the results obtained for the experimental groups of scientists should be compared with the
independent expert opinions.
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The aforesaid procedures of scientometric analysis were realized on the following database:

Bibliographic descriptions of Georgian scientists’ publications in the databases: Web of Science,
Scopus/Google Scholar,as well as on the basis of statistical data on the world flows of scientific periodicals
in the subsystemWebofScience — Essential Science Indicators.

However, a complete solution of a problem of scientometric support of the Georgian science
management system requires that the articles published by Georgian scientists in the Georgian scientific
periodicals need also be analyzed.

This will require standardization of the processes of preparation and publication of the Georgian
scientific periodicals as well as the development of a Georgian Science Citation Index.

The developments should be carried out based on the generated databases of DOI (digital object
identifier) [21] and ORCID (Open Researcher and Contributor ID systems) [22]. The information contained
in the DOI electronic document contains its location indicator (e.g., URL), its name, and other object
identifiers. ORCID is a register of unique identifiers of researchers. ORCID is an instrument connecting the
scientific activity of researchers with their identifiers.

In addition, documents in a database should be indexed on the basis of standard international
classifiers of scientific periodical.

The works on the implementation of the aforesaid tasks are intended to start on the basis of scientific
periodical published in the Georgian Technical University and to be extended, in the future, to the
publications of other universities, research centers and publishers of Georgia.
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BaxxHelWmuM WHCTPYMEHTOM JIJIsl PEIICHUs 3a/1a4 YIPaBJICHHsI HAYKOU SIBIIIETCS aHAN3 3QQEKTHBHOCTH
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CONDOLENCE
Petre Melikishvili Institute of Physical and Organic Chemistry mourns the loss of the head of the
laboratory of agrarian chemistry, Doctor of Chemical Sciences Spartak Urotadze (25.06.1943-
28.09.2016), which was an outstanding scientist, faithul friend and helpful responsive person,
and expresses its condolences to his family, friends and colleagues.

COBOJIESBHOBAHUE
NHCTUTYT dUM3MYecKol M opraHuyeckom xumum um. MN.I.Menunkuwemnm ckopbut no nosoay
yTpaTbl 3aBeaytollero nabopatopuen npobnem arpapHON XMMUK, AOKTOPA XMMUYECKMX HayK
CnapTaka JleBaHoBu4ya Ypotaase (25.06.1943-28.09.2016), Bbigatolleroca y4éHoro, BepHOro
Apyra 1 0T3bIBYMBOrO Ye/I0BEKA, U BblpaxKaeT coboie3HOBaHME ero CeEMbe, APY3bAM U KONEram.
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NH®OPMALIUAA N1 ABTOPOB

Kypnan "U3Bectust HannonanbHoi Axanemuu Hayk I'py3uun. Cepusi xumndeckas" myOiIMKyeT CTaTbu
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oenpix rpaduueckux (*.bmp, *.dib, *.jpg, *.gif u ap.) daitnos. {1 oka3zaHMS TOMOIIM aBTOpaM Hay4YHBIX
cTaTei, pellakiys MpeaycMaTpUBaeT CTAHAAPTHBIC JIEKTPOHHBIC (OPMBI HA BCEX TPEX s3bIKAX, a TAKIKe
JPYTYIO TEXHUYECKYI0 mojuiepxKy. st pepepupoBanus cratbu B Chemical Abstracts (na anrmmiickom
s3bIKe) U [ py3MHCKOM pedepaTUBHOM XKypHasie (Ha aHTJIMHCKOM M TPY3HHCKOM SI3bIKaX) aBTOpaM CJIEIyeT
IPEYCMOTPETh COJIePXKATEIbHBIE PE3IOME Ha 000MX sI3bIKAX.

OrutaTta pacxo/10B MO IyOJIMKAIMY TIPOM3BOJUTCS IEPEUNCICHIUEM COTJIACOBAHHOI ¢ KOJIIETHel CyMMBI Ha
cuét HammonansHolt Akagemuu Hayk ['pysum B KasnaueiictBe I'pysum (kom Oanka TRESGEZ22, kox
nosyyaress 708777499).
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