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CuO-MnO- B:03 CuO CuO
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ZMB-3 40.2 - 17.6 77.5 135.3
CMB-1 - 11.3 40.3 88.5 140.1
CMB-2 - 27.5 249 87.1 139.5
CMB-3 - 43.6 9.7 85.4 138.7
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doewo) - CMB-3 (2 dsqro) 0550, 58 990mb3z93580 ©3M0OLESEGdS
9600369crmgbse Mol Lodzzmogg CMB-1-ob dgdmbggzsdo (1,8 %-om).
HMgLE 3OOLEIXODI300L5A0 Bogergds JoMgzowo CMB-2 s CMB-3
39029600™d700bm30L gl Lb3sMds ds0s (F9Lsdsdobs, 0,8 s 0,7 %-U

8950396U).
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Bsbsbo 12. ZMB-2 s CMB-2 3gp9b0emdgdol 3m33mbo@gdol blbsmdols
30693039 2%-56 c0dmb3dzoz5L bubsG3do

3319390000  ©s0bs, MHmI  Fobgdol  FoownHgd3gMed o
©58998539800 3033MmD0EIH/3065300BEIE Fobogrsdo QoModdbs 0ff393L

Sboeno 3oL gdol  AsbLlb3e390  BUBIMdIL  BHILEGHWMEO M9goa9b3gddo. o0
80856MHmgdom Bo@IM©s B3gE0smo d0BbmdMogzo 33erg3zs CMB-2 o
ZMB-2 3909950¢md0l 30690096 303s60r09d580. 50bodbmwo dgygbocrmdols
906900 90BbMdM0350 ©I3MOLEIs (750 °C, 2bm) s oo Bbzbogdl
(6u2=2,000) BsEHIM©s  BHILEHOMGdS  2%-56  0IMbTz53500.  OYM369d0L
dogdlodoeMo O™ ogm 8 g (192 Lm). Mo 3m33MBoGOL Bbgzbowgdol
GO390 Migdol Gl  69oggbddo  blbsmdol  3MmEqLol
(3069030L) FgLfogarom oR0bEs, HMI 0dMbBIs35L blbs®do, dglfsgarols
dgwo  390m0MmEolm3ol, ZMB-2-06 99s6mgdom  3gmglo  blbsmdoo
3o0moMbgzs CMB-2 d9g9gbomds, bmwm dsmo blbsmdoo sdmfjzgmwmo
©5653562900L  BO©OL  BHgbgbzool 3wgds  Fgodhbglzs T9-6 WO
©509y9dmwo. ZMB 890y9boemdol 30033mbBoGo b53¢gds blbsos, bmwm
blbomdol d9bgergds 99-7 Lo 890dR6935. BmYss 3o blbsmds
3M39ds, mwdzs  dbodzbgerme, 33eg3ol  3ogwol 8  mosbo
06@ 963500l 999953. 90b08bmo  dsboeol  3OMEMmba o blbsmdol
BO©oL  95B396909w05-8 ©Wgdo  ©Bs39MRGO0 56 509G gOMm©s  15%-U,
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Omgbss  LoHYgol dobgdols Jgdmbggzsdo gl 860I3z69wmds JoowHgzs BHLEGHWE
9539639000 383900l  99-4 ©EL. g.0. 806700l  IIMOLEIMGI0
99L5dgdgE0s  3M33MBOGHJOoL  Fowgds,  MHMIgwoms  blbsmds  Lsfyol
90698056 990569300 L M@ 2-x 96 Bogargdos.
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31533065

mombo glgbzosw®o dozmmgwgdgb@ol (Zn, Cu, Mn,B) 8993390 o
3OMmbym®o  J8ggdol  803OMLsLwYdadol  dowqdol  dobbom, ®M
159333MbgbFHO6 ZnO-MnO-B:03 s CuO-MnO-B:0s LobGgdsdo
396bmM 309 s d0b69d0L Lobmgbo 1050-1100°C-bg

d9bhogoe odbs CuO s ZnO 993390  dmEMTsbRBMIosbo  dobols
31090do  80dobstry  3MMmEgLbgdo.  gMIMEo  bogrobols s
96296MBsBMMO  5bsE0BOL 33930l FgOMYdOL  49dMYygbgdoom
50bo, ™J 500-900°C 0b@9Mzsdo 0o608m0dabgds
90360m9w9d96@&3899339w0  bsghHmgdol  gomom  L3gdBHMo: Mmoo,
95625630l s b30Eghdol OBMMSGHYd0, GYBHEMVMMSGHYd0, L30gbdol
3obgobo@gdo s bg.

5006, ®MI 1533930 dobgdOL LT 330039 WITIMI0IYdIY0s obgdOL
99003960 md5Bg s 2425-2470 3./0° B03M90d0 033gds, 535Lmsb ZnO-
MnO-B:20z  3m33mBogool dobgdo, CuO-MnO-B:203  dga960cmdols
90693056 9900565000, MROM Fs0oo 1Lod3z3M0300 J5TM0MBIZ3056.
bbgoolibgs  g3Msd30mdols  dobgdolomzol oyobs, MMmd dsmo
dmEMEmdomo dsbs 0.1-5.0 38 BGMsdi0900Lsmzol 1220-sb 1275 39./8°
995003966 @5 935bob  bogomo  1LOA3Z3MO30L  BOIL  FIBISOOMBYOL
35mE3wgdol  AMbmwmdg@BHMomwo  999339wmds s 8obgdol
100336003905 3603369 Md9d0.

dobgdol  blbsmdsbg GHLEGH0MY05d 2% @odMbgo35L s 0.1IN NaOH
blbosmgddo 583965, MMI BMyss© obobo ssbwMmgdom MOXIH MROH™
95005 85535 2569930, 3000609 GY3H9gddo. 535Lmsb, ZnO-MnO-B203
LobBgdolb 8obgdo MROM EAMIOs LdAJLEG™M ©Js296@9d0L dodsero,
300069 CuO-MnO-B203 Lol@gdsdo domgdeo dobgdo.

5006, ®MI 006G 30MMdOT0 (}HgI3gMsB ™GO, MM) LoGILEG™
695396%9dd0  dobol  xgbgzbogdols blbsMdLL, ds0d  Fgaqbowrmdsms
9099b95350, 29bLOBPZMH3L F0Bs-ToboeEgdol BEMSJE0IMds, 3GMHIM,
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10.

9dom33wgdol  bmdol  BOEs  dbodzbgemgbs  (3-4-%x96M) 593069l
9539639000 FoBosms  blbomdsL, M3 80MgdEo  Jobsdsborols
99029600md0ls s BOJ30MdOL  FgePg3mL, Fomo  M953963 9080
blbs™dol  @MHMOL  (3OMEMmbaMOHMdOL)  MgaoMmgdol  LodrIsgdsl
00dg0939.

LoAILAHM  095396G 0 bsba®dogo (96  Lm-0g)OH™Mom  dozMHmgeng-
396389933900 306900L oym3693000 Y06, MMA Jsmo Bbgbowgdol
©9653562900L BOHOL 3HIbb0s Ls3Tom Fb0dzbgwmgzsbos Mmool
3993390 89bg9693dMmEsE o 306900L5m30L, MHMIGEms blbsmds 2,5-
3-X96 MBOHM Jomoos 000g6GMMo Fgygbowmdol 3owgbdol d9di339w
3033mD0305d0 800gde Jobslimsb dgwsmgdoo.

©o0bs,  Mmd  dobol  gbgbowgdol  odmbIsegol  bLbsMdo
AILEGHM700LSL F0MgdIEo blbsMo bbgoolibgs ggMolss: ZnO-MnO-B203
3033mboE0sdo  Imgz56MHolEO™, bmerm CuO-MnO-B:03-l 99dmbgggzsdo
IO xM-dmd(j356m  FgxgHomdols.  spbodbmwo 3538060905
AILGHMIO 09539630 F030™M9wqdgbBHIO0L  F0GMGHIIOL  2oalgEsl.
30BbMdM0350  BoBomgdmmo  blbosmgdol  L3gd@Gew o  sbseroboom
©LEGHMM©I0s blbsgddo Cu** s Mn? 0mbgdol sGIGdMdS.
LobMgBoMGPdMo  Fobgdol  LosGgbBH™m 9539639000  BEAMOIMIOL
39b6LsBO3MOL JoBbom JobbMEE0gw©s (10-40)ZnO+(40-10)MnO-50B203 o
(10-40)Cu0O+(40-10)MnO-50B203 899039b0¢mdol dobgdols @s3Mm0ol@owgds
600-900°C 39339 erme  0bGHYM35¢80.00o0bs  MgMIMwo
©539853900L M3EH0ToOHO 3565393900 (750-800 °C;1-2 Lo, GmIgdos
MBOWb39mymnab Lofgolo dobgdol FMmEMEXEMd0m OZOHOLEIMGIL ©
90653600L@ 56/ 30083mBoEGME Bsbogsdo gocogabsl.

dobgdol  BoBbMdIMOz0  3M0LEHIWODBIEoOL  TJIRO©  FOYOMEO0S
90653600L@ 5w MH0/3m3MBoGMEmo  sLowgdo, GMmIwgdog bolosmgds
LoHgobo 80bgd0IL obLLZs390ME0 M30LYdGdOM, BroE S0Lsbs LodzgzMogzol
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11.

12.

DM©530 (3-4%-0m), BoBJuE™ 095396@ 9000 blbsmdol d9dzocmgdom (15-
20%-00 39do).

5006, MM s93mI3Mb7bEH0s60 Fgagbomdols 36BTol Tgisbrmdols
@S OMB-300LEIO0DIG00L  3MM3gBYO0L BoGo®Mmgdom Tgbodergdgeros
23bJd30MbsEr Mo goblibgeggdmwo  d03Mmgwgdnb®dgdsagwo (Zn, Mn,
Cu, B) 3sLoergdols doegds. sbgmo  Bsbogrgdo  bollosmqds  ™ogolo
305935603560  LBEHOMIBHMOWwo Imfiymdom s domdo  Fgdogo
0350000 3M35Lsbgmdom  (s3mOGMEo  Jgdsagbgero,  Lbgsolibgs
09029600 md0lL  dMM9EGHd00 s  39bsboEHI00), O™MIwgdoz dIbmem
domM30L  1dsbaliosmgdgEo  ™M30L9dgdooL  (Fs» dmeMol  blbsmdols)
953 56909bo 5605b.

LoPgobo  39HTgdolb o Fom  Logmdzgebg FoMgdvIero  dobsdslisgnol
0902960mdols s Lobgmdoms 30535 n9MH™369ds,  mgMIMEo
531853900 35000 9MJdbs, BOIJ30MEMBOLS s FgLodsTobO©
030090505  3OMABMBOMIOI©O BHEBLBMOTo305 Tglodergdgwls gobools
396ML39d@035d0 mmbo  803OMgwgdgbEdgdszgwro Zn0 — Cu0 — MnO —
B,03 3083mb030530 3m33¢gdulmeo 99gb0mdol 3O MmEmbymmo
50539 ©@6OML  JgMHRYZ0000/MH9M0MgdS©O  bLbsMBdOL, s3I0
5603699 900L S 93 MR0IOHE JoLoMgdo JoLorgdols JoMqdsL.
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Abstract

In the work to be carried out by us, the goal was set - to obtain a glass
material containing several micronutrients and to establish its perspective as a
combined micronutrient of pro-long action. The necessity of this was created by
the well-known fact that certain types of chemical elements, both in the form of
free and chemical compounds, are an integral part of the cells and tissues of a
living organism. This is due to their special role in the management of biochemical
processes in the body. The main source of microelements in the living organism is
plant foods, the content of which cannot always be desired. The reason for this is
the depletion of soils and the lack of microelements is compensated by their
artificial introduction into the soil. Water-soluble inorganic (sulfates of
manganese, cobalt, iron and other trace elements; boric acid, etc.) and organic (so-
called chelates: almost all trace elements) micronutrients are widely used, which
are widely used for artificial plant nutrition. The effectiveness of these compounds
is well known, but they have one common drawback - they are used as solutions
and at the same time due to their exceptionally high water solubility (under
natural and artificial irrigation conditions) are washed into deep soil layers, "pass"
from the plant root zone Adding to the above are two negative aspects - their use
is seasonal and of an annual nature, and their entry into groundwater is a
precondition for further contamination of water arteries and reservoirs. This defect
does not contain water-soluble and selectively soluble solids containing trace
elements.

In the run-up to the acquisition of selectively soluble and at the same time
prolonged (long-lasting) microfertilizers due to the nature of the soil, the aim of
our study was planned in ways known in glass and ceramics technology and
provided for the production of glass or baked materials. Such micronutrient
composite materials can be made with granulometry of different porosity and
granules, which together with their composition is a general regulating factor of
solubility. Based on the technologies of the silicate field and the well-known
approaches in the design of glass and glass-bearing materials with the desired
properties, we planned an experiment with the aim of obtaining four types of
micro-element material glass and composites based on them that could be used as
microfertilizer. More specifically, these elements are Zn, Mn, Cu and B, which
play an active role in plant growth and fertility.

The research was carried out in several main directions. Initially, it was
possible to obtain glasses and use them as microfertilizers, and for this, two three-
component systems ZnO-MnO- B:03 and CuO-MnO-B:03 were selected, which
present three microelements Zn, Mn, B-in the first system and Cu, Mn, B-second.
In the system, three components were selected in each system and the processes
going on in their caskets were studied by thermal and X-ray analysis methods. The
glass was synthesized at a temperature of 1100 + 50 C. The resulting glasses were
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defined by the leading properties: density and bulk volume mass. Experimental
work was performed to determine the use of protracted glasses as microfertilizers
due to the fractionality of the material, which revealed the solubility of the leading
properties of the obtained materials in the test reagents (2% citric acid and 0.1%
NaOH). Regarding solubility, it was determined what the solubility in the reagents
of the obtained materials is already based on the size (fractionality) of the medal
grains. Solubility in both types of test reagents has been found to be determined by
the grain size of glass materials when their growth significantly reduces the
magnitude of losses in the reagents. By combining the obtained results, the idea is
developed that the solubility of test materials in test reagents can be regulated by
changing the chemical and granulometric composition of the glass material.

Another area of experimental research was to determine the weight losses
(solubility, %) of test materials during their treatment with long-term test
reagents. And it's pretty important, that at the same time zinc-containing glass
powders had almost 2.5-3 times higher solubility than their copper-containing
analogues.

The maximum crystallization temperature range (750-800 0C, delay 1-2 h)
was determined for the crystallization glass. The study glasses were transformed
into extra-crystalline material-composites. It was found that compared to the
original glasses, synthetic composites are characterized by higher density, low
solubility in test reagents and unequal solubility kinetics.

The study showed that by conducting baking the pickaxe and sliding-
crystallization processes with pseudo-component composition, it is possible to
obtain four functionally different micronutrient-containing materials (Zn, Mn, Cu,
B). The obtained materials are characterized by their heterogeneous structural
arrangement and the variety of phases contained in them (amorphous component,
borates and manganese of different compositions), which carry only their
characteristic properties (including expected solubility). The diversity of the types
of starting casings and the materials obtained from them, the predictable adjustable
transformation of their phase composition, fraction and consequently the
properties by heat treatment, will enable ZnO-CuO-MnO-B20s in the composition
of four complex microelements Acceptance.
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