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Tepmuueckue pochamol uzparom 6axCHyIO poib 8 AepOHOMUU, OCODEHHO 8 KOHMEKCMe YIVUeHUs Kauecmed nouebl U
nosvlueHusa oocnmynnocmu gocgopa ons pacmenuil. Ipoyecc cnexkanus npupooHsix Gochamos ¢ wjerouamu no3eo.is-
em noayuams y00OpeHus, Komopbvie 001a0arm blCOKOU YCBOAEMOCMbIO U MOZYM IPPEKMUBHO UCNOIbI08AMbCA HA
KUCTIBIX NOYBAX, UIMO ABNACMCA 6AHCHLIM ACNEKMOM OISl CENbCKO20 XO3AUCMBA 8 PECUOHAX ¢ NOOOOHBIMU YCILOBUAMU.
Kpome mozo, eruanue na nougy, aHanrocuyHoe u38eCmKO8aHUI0, NOOYEPKUSAen MHOLOPDYHKYUOHATLHOCHb IMUX NPO-
0yKkmoe. dmo denaem ux 0CoOEHHO YeHHbLIMU 0TI YCMOUNUBO20 CEbCKO20 XO3AUCMEA, 20e 8AlNCHO He MObKO obecne-
YUMb PACMEHUs. NUMAMETbHBIMU 8EWeCBAMU, HO U NOO0EPAHCUBAMb NA000podue nousvl. Tpaouyuonro 01 noayye-
Hus mepmogocpama ucnonvzyemess Na2COs unu NazSOs.B npoyecce paznoowcenus anamuma cyivhamom Hampus
NPOUCX0O0UM 8OCCMAHOBIEHUE CYIb@ama 00 Cyibduoa, KOmopbulil 3amem peazupyent ¢ anamumom, 00pasys Hamputi-
gocgam u opyaue npodykmol. Imo yKaviéaem Ha CIOHCHOCHb NPOYECca U He0OX0OUMOCIb KOHMPOISL YCA08ULL Peak-
yuu. [na a¢hgpexmuenozo nonyuenus mepmogocama 8axcHo NPABUTLHO PACCHUMAMb COOMHOWEHUE KOMNOHEHMOS,
makux kak gocgopum (anamum), mooupuyupyrowas oobaska u y2orb. OnmumaivHbie NPONOPYUU MOSYM 3HAYU-
MeNbHO NOBAUAMb HA 8bIX00 KOHeuHo20 npodykma. Ilpoyecc nonyuenus mepmodocghamos usz npupoouvix gocgamos,
MaKux KaxK anamum, npeocmagisiem coOoll CLOACHYIO MeXHOIOULECKYIO YENOYKY, GKIIOUAIOWYI0 MePMUYECKYI0 00pa-
OOmMKy, XumuuecKue peakyuu u nocaedyiouyio nepepabomxy. B kauecmee ucxoOH020 Cbipbs NPUMEHEH U38eCMHIK
Gocamuviil, cynopam Kanus U AKMUSUPOBAHHBIN YeOlb. Anamum 6xodawuil 6 cocmas Gochamunozo u3eecmHuska
uMeem YHUKATbHYI0 CIPYKIMYPY U HAXOOUMCS 8 6Ude MOHKO 6KPANIEHHO20 U pacceanno2o munepana. Ilpoeeden cunmes
cytbpamuoxanuiinbx mepmogpocpamos npu memnepamype obcuce 1050° epemsa sxcnosuyuu Iuac. Onmumansiolm 6bi-
6pano credyiowee coomuowenue’ gocghopum:cynsgpam kanus : yeonn=1:0,5:1. Cooepacanue obweeo P20s=3,47%, yceos-
emoti popmur P205=1,07%. Tepmuueckue pocpamsr Mo2ym npuMeHAmMbCs HA 6ceX MUnAx noY6 U NOKA3bI8AMm Xopo-
wyr sQpexmusHocmsb, 0CO6EHHO HA KUCTBIX N0030AUCHbX nousax. OOHAKO HA YepHO3eMax U cepo3emax ux sghgex-
MUBHOCMb MOMHCEm OblMb HUdCe NO CPASHEHUIo ¢ cyhepochamamu. Yceosemocms mepmuueckux ocghamos 3asu-
cum om MoHKOCMU NOMOJA, U Haubonee s¢hpexmusna gparxyus ¢ pazmepom wacmuy 0,075—0,105 mm.
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Thermal phosphates play an important role in agronomy, especially in the context of improving soil quality and in-
creasing the availability of phosphorus for plants. The process of sintering natural phosphates with alkalis allows to
obtain fertilizers that have high digestibility and can be effectively used on acidic soils, which is an important aspect
for agriculture in regions with similar conditions. In addition, the effect on the soil, similar to liming, emphasizes the
versatility of these products. This makes them especially valuable for sustainable agriculture, where it is important not
only to provide plants with nutrients, but also to maintain soil fertility. Traditionally, Na2COs or Na2SOxs is used to ob-
tain thermal phosphate. During the decomposition of apatite with sodium sulfate, sulfate is reduced to sulfide, which
then reacts with apatite, forming sodium phosphate and other products. This indicates the complexity of the process
and the need to control the reaction conditions. For the efficient production of thermal phosphate, it is important to
correctly calculate the ratio of components such as phosphorite (apatite), modifying additive and coal. Optimal propor-
tions can significantly affect the yield of the final product. The process of obtaining thermal phosphates from natural
phosphates such as apatite is a complex technological chain including heat treatment, chemical reactions and subse-
quent processing. Analytical studies of the feedstock and processed products were carried out using a desktop X-ray
spectrometer to determine the elemental composition, the assimilable form of phosphorus was determined photometri-
cally. In this work, phosphate limestone, potassium sulfate and activated carbon were used as feedstock. Apatite, which
is part of phosphate limestone, has a unique structure and is in the form of finely disseminated and dispersed mineral.
In this work, sulfate-potassium thermal phosphates were synthesized at a firing temperature of 1050°, exposure time of
1 hour. The following optimal ratio was chosen: phosphorite: potassium sulfate: coal = 1:0.5:1. The content of total
P20s = 3.47%, digestible form P20s = 1.07%. Further studies will be aimed at obtaining a rough concentrate with test-
ing for obtaining thermal phosphates, thermal phosphoric acid, ammophos, precipitate. Thermal phosphates can be
used on all types of soils and show good efficiency, especially on acidic podzolic soils. However, on chernozems and
sierozems their efficiency may be lower compared to superphosphates. The digestibility of thermal phosphates depends
on the fineness of grinding, and the most effective fraction is with a particle size of 0.075-0.105 mm.

BBegeHune TMECKOM, M3BECTHSIKOM W IIEJIOYHBIMHU COJISIMHU, YTO TO3-

BOJIACT MOJNYYUTH HNPOAYKT C BBICOKHM COJACPKAHUEM

TepmodocdaTsl TPEACTaBIAIOT COOOM  Ba)KHBIS ycBOsieMOl TSATHOKHCH (ocdopa. DTO JenaeT TepMo-
yoOpeHusi, MojiydaeMble B pPe3ysbTare BbICOKOTEMIIE- ¢docharel 0COOCHHO IEHHBIMU IS CEJIBCKOTO XO3Sii-
patypHOi mepepaboTku TpHUPOIHBIX GocaToB. Mx CTBa, TaK KaK OHM HE TMTPOCKOIIMYHEI, HE CIIEKUBAIOTCS

MPOM3BOJICTBO BKIIOYAET cMemmuBaHue ¢GocdaToB C

49



Becmuux mexnonocuueckozo ynusepcumema. 2025. T.28, Ne5

M XOPOILIO PAacCeMBAIOTCs, YTO O0JIEr4aeT UX NpUMEHe-
Hue [1,2].

Conepxxanue ycBosiemoit ¢opmbl docdopa B Tep-
Mogocdarax Bappupyercst ot 20 10 35%, 4To TpeBbI-
IaeT aHAJIOTMYHBIN MTOKa3aTellb B MPOCTOM cymnepdoc-
(aTe. YnmoOpeHHs 3TOro THIIA COICpIKAT TIOJIC3HEIC
KOMITOHEHTBl B JIMMOHHOPAaCTBOPHMOW M YacTUYHO B
UTPATHOPACTBOPUMOM (hopMe, UTO JenaeT uX 0coOeH-
HO MOJXOJSIIMMHU IJISI TI0YB, (PU3MOJIIOTHUECKH HYXK/a-
OIIMXCS B MIETOYHBIX yJOOPEHUSX.

IIpomecc mpomsBoacTBa TepmodochaToB OTHOCH-
TENBHO MPOCT M MOXKET HCIOJIB30BaTh (HOCHOPHUTHI C
BBICOKHM COJIEp>KaHHUEeM TPHUMecel, KOTOpbIE HEe IOJIX0-
JUIT ISl TIOJTY4EHHsI SKCTpaKIMOHHO# (ocdopHoit kuc-
JOTBl WM JABOMHOrO cynepdocdara. Hecmorpst Ha
HaJlMYhe MCCIICIOBAHMM, IOCBSIICHHBIX MOIYyYSHHIO
Kanuiiconepxkamux tepMopocaroB, CUCTEMATHIECKUX
JMAHHBIX 0 TepepaboTke OeaHbIX (ochOpUTOB B TEpPMO-
(ocdater B IuTEpaType HE MPEICTABICHO. DTO OTKPHI-
BaeT BO3MOXKHOCTH [UISl JTAJIHEHIINX HCCIIEAOBAHUI B
JaHHO# 00acTu [3-5].

Lenp nanHOM pabOTHI 3aKiTIOYaIach B HCCICIOBAHUH
BO3MOXKHOCTU TIIOJIy4eHUS CyJb()aTHOKAIUIHBIX Tep-
ModochaToB Ha ocHOBE OemHOTO hochopuTa.

3KCI19pVI MeHTalibHaA 4acTb

OOBEKTOM HCCIIeIOBaHUS sBIsieTCs OemHas oc-
(opconepxamas mopoaa KpacHosipckoro kpasi.

OneMeHTHBIN cocTaB UcxonHOM mopoasl: Ca 84,8%,
P 7,5%, Fe 6,4%, konuentpamuu S, K, Mn, Cu menee
0,5%.

[omyuenne cynbpaTHOKAIUHHBIX TepModochaToB
MPOBOIMIIN cMemlIeHneM ¢ochopura ¢ cymppaToM Ka-
JUsL MapKu 9 U aKTMBUPOBAaHHBIM yrieM Mapku BAYVY.
CMmecH ykiaansiBanu B paphopoBbie JIOTOUKH U CIICKAIIH
B My(QenbHoil neun 1pu temneparype T=1050°C u BbI-
nepxxke 1 dac.

B xoze criekaHusi BO3MOXKHO NPOTEKAHUE CIEAYIO-
LIUX XUMHUYECKUX peaKIuil:

K2S04+3C+H20 = K2CO3+H2S1+2C0271
CasF(P04)3+2K2CO3 = 3CaKPO4+2Ca0O+KF+ 2CO21

Cornacuo wucrounukam [6-15] cynbdar kamus B
npolecce CIeKaHus] BOCCTaHABJIMBAETCS 70 KapOoHaTa
kausa. DocdaTtel pearupyroT ¢ kapOOHATOM Kaus 00-
pasysd JIMMOHHOPAacCTBOPUMBIM  KaJMEBOKAJIbIIMEBBII
docdar.

[MTocne criekaHusi NPOIYKTHI aHAIM3UPOBaiIH (HOTO-
METPUYECKUM METOJIOM Ha MPEAMET COAEP)KaHUs YCBO-
siemoit hopmbl P20s [9-10]. Pe3ynbraTel npeacTaBieHb!
B Tabmmue 1.

Ha pucynkax 1-3 mokasaHo BIHMSIHHE COJEpXKaHHUSA
¢docdopura, cynbdara Kajaus, yrisg Ha COAEPKAHUS OK-
cuna docdopa.

AHanu3 pe3ysibTaToB IO3BOJISIET 3aKIIOYUTH, 4YTO
yBeInM4YeHHe KondecTBa (ocdopura M yris B cocrase
MOJIOKUTEIBHO CKa3bIBACTCSl HA JTUHAMHKE POCTa CO-
JIep>KaHusl yeBOseMOTo 1 oo1mero ¢ocdopa.

OnTuMaibHBIM KOJIMYECTBOM BBOJHMMOTO CyJib(ara
KaJusi, CIeAyeT CUNTATh KOHIEHTPAIMIO, HE TpeBbIlIa-
forryto 20%. M30bITok cynbdara Kaaus NPHBOAWT K
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CHIYKEHHIO COJZIEpXaHUs yCcBOsieMoro 1 obmero ¢ocdo-
pa BCIIEACTBHE MOKPBHITHS YaCTUI[ KalbLHEBBIX (ocda-
TOB 3JIEMEHTHOI1 Cepoii B IpolLiecce CreKaHusl.

Tadamua 1 — Copepkanusi o0umeii M ycBosieMoii
¢opmbl dochopa B mpoaykrax cuHTe3a Tepmodoc-
daros

Table 1 — Total and available phosphorus content in
thermophosphate synthesis products

CooTHollIeHne P20s | P20s | K, S, Ca,
Dochoput:K2S04:C | o6, yen,% | %0 % %

B nossax (% macc) %

1:1:1 (33:33:33) 2,00 | 0,68 | 37,75 | 9,91 | 4527
1:0,5:1 (40:20:40) 3,48 | 100 | 20,85 | 7,07 | 61,18
1:1:1,5 (28:28:43) 2,58 | 0,73 | 29,24 | 9,68 | 52,05
0,5:1:1,5(17:33:50) | 1,22 | 0,63 | 45,08 | 11,28 | 37,81
2:1:2 (40:20:40) 345 | 1,13 | 20,97 | 7,76 | 60,89
1:1:3 (20:20:60) 2,35 10,93 | 30,16 | 10,49 | 49,57
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== 01125 hopma okcuaa hochopa Yceoaeman dopma okernaa pocdopa

Puc. 1 — 3aBucumocthb coaepkaHusi okcuaa gocdopa
ot dochopura B muxre

Fig. 1 — Dependence of phosphorus oxide content on
phosphorite in the charge
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Fig. 2 — Dependence of phosphorus oxide content on
potassium sulphate in the charge
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Fig. 3 — Dependence of phosphorus oxide content on
coal in the charge

3aknrio4veHue

B craTtbe paccMoTpeH crocod mepepaboTku 6eTHOro
tdochopura KpacHosipckoro kpas B CyTb(paTHOKAIHH-
HBIE TepMO(pochaThL.

Haunbonee OnaronpusiTHBIM YCIOBHEM IOIYYCHHS
TepModochaToB  sBISETCT  cooTHomieHHWe  (ocdo-
put:cynbdar kamus : yroms=1:0,5:1. Coxmepxanue 00-
mero P20s=3,47%, ycosiemoii ¢popmer P20s=1,07%.

Copepxamuiics kanbiuid B komuuecTBe 60% 1mo3Bo-
JIMT MIPUMEHATH TepModochaThl B KUCIBIX OYBaX.

JanpHeitmue uccnenoBanus OyayT HampaBlieHbl Ha
HOJy4YeHHe 4EepHOBOTO (POoCOpPUTHOrO KOHLEHTpaTa C
MPOBEPKOil Ha mosyueHue Tepmodocdaros, TepMHUue-
cKoit hocpopHOH KUCITOTHI, aMMOdoca, PEIUIHTATA.

Tepmuueckue ¢ocdarsl MOTYT HPUMEHSTHCS JUIS
BCEX THUIOB MOYB M MOKAa3bIBAIOT XOPOIIYO 3 QeKTHB-
HOCTb, OCOOCHHO Ha KHCIBIX MOJ30JHMCTBIX IOYBAX.
OnHako B yepHO3eMax M cepo3eMax nx 3(QPeKTUBHOCTh
MOJKET OBITh HHKE TI0 CpaBHEHHIO ¢ cymnepdocdaramm.
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