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Kupum (10KTOpJIMK quccepTanmnsici AHHOTAMUSICH)

JAuccepranuss MaB3yCHHMHI aoj3ap0auru Ba 3apypatu. XXI acpraa
aXOJIMHUHT YCHIIl CypbhaTH O3MK-OBKAT HWIUIA0 YMKApUIL CypbaTHUra HucOaTaH
OLIMIIM Ba KHUIUIOK XYKaJUTM MaxCyJoTjapu Yy4yH 3apyp OYiran sHeprus
MaHOanapu, 4ydyK CyB 3axHpajapH, KUHTa SPOKJIHM epiiap KaOu pecypiapHHUHT
KECKMH KUCKAPHUIIM JKaXOH MHKECUAA O3MK-OBKAT MYaMMOCHHHM KECKUH
KydafiTHpAn.  Y30EKMCTOH  KMIUIOK — XyXKaIuruaa — QOHJalaHuII  ydyH
MYyIDKaJlanrad 25,73 MUIH. ra ep MailoHu MaBxkynd OYiau0, yHman 3,73 muiH. ra
CyFOpUJIAZIUTaH epiapaup. YOy CyFOpwiIaguraH €p MalJoHJIapuia KHUIILIOK
XYKaIMK MaxcynoTnapuHuHr 97 %-maH opTufu  eTUIITUpWiIanAn. Kuiuiok
XYKaIUTU SKUHIApUAAH OKOPH Ba cU(ATIM XOCHUJ ETUIITUPUIIHUHT acoCui
OMWJIM MHHEpan YruTiapjaH KeHr Qoigananum xucobmananu. LlyHuHr yuyH
KUIUIOK XYKAJIUTMHUHT MUHEpal VFUTIap OWIaH TabMUHJIAHUIIM HUXOATIA
MYXHM axaMUAT KacO dTaju.

2014 jiunma Y36eKHCTOH KUME caHoaTH KOpXoHamapuia 942,8 MHHI TOHHA
azoriu, 133,8 Mmunr TonHa dochopnu Ba 96,4 munr TonHa kanuitnu (100% o3yka
KOMIIOHEHTJIapKU XHUcoOuaa) YruTiap unuiad yukapwiau. PecnyOnuka KHIIIOK
XYKaJIMTUHUHT 3XTUEKU 3Ca, HAIIMTa MUHEPAJT YFUTIIap KypuHHAIuaa 839,58 MuHr
tonHa N, 525,21 munar ToaHa P,Os Ba 278,92 munr tonna K,O HHM Tamkuir 3Taau.
Pecnybnukana Tabuuii Kanui Ty3JapuHUHT OOW 3axupaiapd MaBxXyA. XO3Upru
KyHaa JlexxoHO00a Kanuiiu YFUTiap 3aBOJM KYPUJIMIIMHUHT UKKUHYM HaBOATU
tyrajutanau. KopxoHaHuHr ymymuii uminad wukapum KyBBatu Humura KCl
kypunumunga 360 muHr ToHHa K,O HY Tamkui stagu.

V36exucronna pochopnyu yruraap uunab umKapum ydyH acocuii docdar
xoM am€ manOau Mapxkazuit Kusunkym (MK) dochoputnapu xucobnanaau. MK
dbochopurnapu pochop Muxaopu kamuuru (16,2% P,0s), xkapOoHaT MUKIOPHU
kyruuru (17,7% CO,) Ba kanbUuid MOAYIU KYPCATKMUMHUHT FOKOPWJIMIUA OWJIaH
(CaO : P,Os — 2,85) taBcuduananu. by xom amé cynb@aT KUCIOTATN IKCTPAKIIHS
Ba HUTpAT KHUCIOTAIM Mapyaiall y4yH aMalluid KUXaTAaH sipokcusaup. by xom
aménan cudarmu Yrut omum yuyH Kusuinkym ¢ocdoputr xombunatu (KDK)
TEPMUK OOMUTHUIIHM amayra omupAu. AMMO Oy OOHUTHIN ycynu KYT OOCKUYJaH
ubopatr, yHAAH TamIKapu OoMuTHil >kapaéHuna kyn Mukaopaa docdopiau
yukuHauiap xocwn 0ynaau. [y cababman, MK ¢ocdoputinapuau G0HUTUITHUHT
Ba KailTa MILIAITHUHT SHIM Ba camMapald YCyJUIapUHM HILIA0 YMKUII SKyJa
MYXUMJIUD.

Tabkumyam 103UMKH, OUpP KOMIOHEHTIW ¢ochopian VFUTIAPHU KYy3TU
HWyArop OJAWJAaH  KYJUIaHWITaHAa OKopu camapa Oepaaud. Arpokumé
MyTaxacCHUClapy MabIyMOTHra Kypa, Fy3a 3KUHUTAa (Gocopiau YFruTiap WHIUIHK
MebEpUHUHT 60-70 %-MHU Ky3ru IIyATrop OJIAWaH, OOIIOKIN JOH SKUHIIapUra 3ca
100 %-unan conum so3uM. LllyHuHr yuyH Oup kommnoHeHTIH dhochopiu Yrutiap
OJIMIITHUHT SIHTY TEXHOJIOTUSJIAPUHY MIIIA0 YMKUII MYXUM aXxaMHsITra srajup.

byryn nynéna Qocdopnu yrutnapHu unuiad 4MKApHIl TEXHOJIOTHsIIapU
cudpariu docdar xoM ameéHN KaTa unuiamra acocyianrad. byngait xom aménap
nyHéHuHr Oup Heuta MamiakatujparuHa (Poccus, AKI, IIumonuii-FapOuit



Adpuxa Ba Sxun Illapk) maBxyn Oynub, aMMO YJIapHUHT 3axupajigapu Tyrad
o6opmoka. Iy 6ouc, 6yTyH nyHéna nact HaBiIu GHocHOPUT XOM amEIapuHu KeHT
Kylamaa caHoaTra >kajl0 »THII Ky3aTWiIMoKaa. by »xuxataan, ¢ocdar xom
amécHU SHI KaM 4YuKUM Oumiad xoMm aménaru P,Os HUHT YcuMIMK Y3mamtupa
OJIMalUraH INAKIMHU V3JIalTHUpa OJIAJWTraH IIaKiaura YTKa3ulll HMKOHUHU
OepaguraH MEXaHHK, TEPMUK, KUMEBHUM, MEXaHOKMMEBUUA Ba MUKPOOMOJIOTHK
(dhaouamTUpUIN YCyJIapU UCTUKOOJIITN XUCOOIaHAIH.

Xo3upaa dochopnu YruTiap HUNLIA0 YUKAPUIIT XAKMUHU KYHauTUpHII
Makcaguaa K®Kna tapkubunma ypraua 26% P,Os TyTran 1oBUO KyHaupuiraH
dbochoxonnentpatin (FOK®OK) wunuiad uywmkapuimn kyBBatu Hunura 400 MuHr
TOHHajaH 716 MuUHr TOHHara omMpuiaan. YmoOy sauru Ttypaaru FHOKOK
XOCCaJIapUHM aHUKJIAIl Ba YHU 3KCTpakiuoH dochop kucioracu (DDK) xamma
ammodoc, nuammodoc Ba Oupnamuu dochopiau YruTiapra KailTta WIUIAITHUHT
MakOyJ1 IAPOUTIAPUHU TOMHUII Ba3H(pacu Keanud YUKIH.

V36ekucton Pecnyonukacu [Ipesuaentununr 2010 iiun 15 gexabpaaru [1K —
1442-con  «2011-2015 #unnapaa V36ekucron PecnyOnukacu caHoaTUHU
PUBOXJIAHTUPUIIHUHT YCTYBOp HYyHanmuuuiapu tyrpucuparn» Ba 2013 iwmn 27
madigarn  IIK — 1975-con  «®Dochopur xomamécu wumad YMKApUILIHU
KEHralTUpUIl Yopa-TaAdupiapu TYFpUCHIArKW» KapopilapuiaH Keiaud YMKKaH
X0J1/1a Maxaiuid gocdaTt xoMm amérapuHu KalTa UIUIAITHUHT WIFOP UHHOBALIMOH
TEXHOJIOTUSJIADUHU CAaHOATra TaJ0WK ATUII OPKAIM HKCIOPTra MYIDKajulaHTaH
pako6aTOapaolm MaxcyjiaoTiap XaXKMUHU Ba AaCCOPTUMEHTUMHU KEHTaWTHPHILL,
yIApHUHT TaHHApXMHU KamMaWTupuil Oopacupard OedrujaHrad BazuQanapHu
Oaxkapuiira ymoly auccepTanus UM Xu3MaT KUjaaiau.

TaagKUKOTHUHI pecny0auKa (aH Ba TEXHOJOTMAJIAPH PHUBOKJIAHWIIN-
HHMHI aCOCH# yCTyBOp HyHaduuuiapura oornukauru. uccepranus uimm 2009-
2011 #wmapaaru [aenat wnamuii-texuuk nactypu JIUTI-6 — «Pecnmybnuka
MUHEpan XOM amé pecypciiapu, KUME, O3MK-OBKAT, €HTMJI CaHOAT Ba KHIILJIOK
XYKAIUTA MaxCyJoTjapy XamJa UYUKUHAWIAPUHU PECYpCTEeKaMKOp 3KOJOTHK
xaB()CHU3 TEXHOJIOTHSUIApMHM WNUIA0 YMKUII, KaiiTa WIUIam, cakjiam Ba
doiimananmm»  V3bekncTon ~Pecny6imkacu  (haH  Ba  TEXHONOTMSIAPHH
PUBOXKJIAHTUPUIIHUHT YCTYBOP HYHamuIuiapura MoC paBuila Oakapuiras.

Juccepranus MaB3ycu OyiM4Ya XOPWKHHM MIMHA-TAAKHKOTIAP IIAPXH.
JIlyHEHUHT eTakuuM WIMHUN Mapkasznapuaa, skymnanas, Florida Industrial and
Phosphate Research Institute (AKI), Fertilizer Research Institute (ITonpimia),
Engineering Dobersek GmbH (I'epmanust), University of Science and Technology
(Xwutoit), The Chemical Society of Japan (fmonms), Department of Chemistry
(Xunmucron), Department of Chemical Engineering (Mopaanus), Department of
Mining &  Metallurgical Engineering (Dpon) xamga VYruTiap Ba
WHCEKTOQYHTHIIMAJIAD WIMUKA-TaAKUKOT uWHCTUTYTH (Poccust) docdar xom
amécuHu OupramM4u Ba KOMIUIEKC VFUTIapra KaiWTa uuuiam Oyinda TaaKkuKoTiaap
o0 GOpUIMOK/IA.

Florida Industrial and Phosphate Research Institute Ba VYrurmap Ba
MHCEKTOQYHTUIIMJIAD WIMHH-TaIKUKOT MapKasjiapy TOMOHUJAH OOMMTHIIHUHT
BHT camMapaid ycyiau (iaoTamus KyalaHwiuO, yHAa TapkuOuja Tajulojl MOMH,



UKKWIAMYM MOMJIM TYAPOH, OKCHJUJIaHTaH [EeTpPoJaTyM Ba TEXHUK MOMU
KHCIIOTaJIapd TYTraH COBYHJIAHTaH apajamma €EplaMujia amnaTuT pyAacujaaru
Kymumyuanapaad gocar MUHEpaTuHU axpaTuO oyMIl aHUKIaHTraH; Department
of Chemical Engineering (Mopnauus) Ba YFuTnap Ba MHCEKTO(YHTHIMIIAP
WIMUR-TaAKUKOT Mapkasznapuga (Poccusi) dochoputiapaun OOHMTHII  yUYH
TEPMHUK yCyl KyJulaHwiran, OyHma ¢ocdar pymacu 950°C nma Kyiigupwi,
HaTWXKa/la XOCHJI OYJIraH 3pKUH X0JaT/ard Kajdblui OKCUIMHU CYB EpIaMHia 0XaK
CyTWra ailaHTHpuII Ba YHU QocdaT XxoM ameécuaan axpaTuin xucooura dochop
MUKJIOPH OPTHUIIM KypcaTtuiraH; MexaHOKMME Ba KaTTHK >KUCMJAp KUMECU
uncturytunaa (Poccust) docdar xom amécuHM MEXaHMK Ba MEXaHOKUMEBUUN
(baomamTUpUII épramua docoar 3appadacu CTPYKTYPAaCUHUHT
nedopMalMsUIaHUIIY, KPUCTAUT YIYaMJIapUHUHT KamMaluig, amopdaHuig Ba
COJIMIITUPMA FO3aCUHMHI OPTHINM HaTHXXacuaa Xom aménaru ¢ocdop ycummx
y3namrTrupa ojauran makira YTUIy aHUKJIaHTaH.

[Tact HaBmu docdar xom amécunu dochopau YruTiiapra KailTa UIUTAITHUHT
KUMEBUM Ba MEXaHOKUMEBHH (haosTAlITUPHIIL YCYIUIApU YCTYBOP MyHaIMIIIIapAaH
XUCOOMaHnO, kaxoH MukEcuaa ymly ycylapHH KyJulall OpKald KeHT
accoptuMmeHTHaru Qocdopin Ba KOMIUIEKC YFUTIApP OJUII Oyinya WIMHUMN-
TaJIKUKOT UILIapu Gaos oaud 60puIMoKIa.

MyaMMOHMHI YpraHwiranjuk aapaxacu. Mnmuii-texuuk agabuétna MK
dbochopuTiapuHn MUHEpAJI KUCTOTaIap OWIaH KUMEBUN OoWuTuil OYViinya KaTTa
XaKMJaru Mabiaymotriaap ManOaum mamxyn (Habues M.H., Kapmbimos B.®.,
AmupoBa A.M., MananmueBa C.X., Ilaransic LK., Ilarait A.I'., Tamxuer C.M.,
Hamazos H1.C.). Jlekun Kuzunkym dochoputnapuaan kapoboHaTaapHu HOOPTaHUK
KHUCIIOTaJIap dpUTMaiapu OWiaH aXpaTtuO ojuiura OYiraH ypuHUIUIAp MXKOOUM
HaTwKamapHu OepMaraH. by kucinoramap Oup BakTHUHT Y3uga Qocdar
MUHEpalIMHU napyanaiau. OpraHuk KucioTtaizap sca gocaT MUHEpAIUTra TabCUP
KuinMacaal ¢ocdar xoMm ameécual KapOOHATHU aXpaTHO OJIMIIHU TabMHUHIIANWIH.
Anabuérna MK dochoputnapuan OGOMUTHII yd4yH OpraHMK KHUCIOTajdapjaH
¢doinananum 6yiinya n3naHUIUIAp YTKa3uiIMara.

docdoputinapuu dpochopkucioranu GhaoaIamITUPUIL WM OuaH OupiiaMuu
dochopnn YFUTIApHY ONUII KapaéHNU YFUTIAp Ba MHCEKTO(YHIHIMIIAD HIMHIi-
TaJKUKOT HMHCTUTYTH Ba Meney3oBck «Munynobpenus» OAXna (Poccus)
Yypranwnau. by uninapaa anaTut KOHUEHTpaTUAAH ojuHraH ¢ochop Kucaoracu Ba
xenBak Typunaru: Bsrcko-Kamck, Eropesck, Uunucoil Ba AmMH KOHJIapujaaru
dbochopurnap wummatwirad. Hartwxanap caHoar-Taxkpuba CHUHOBIapu OujaH
TacIUKJIAHTaH, JIEKUH UIIIa0 YHKapUILTra XaJld )opui sTuiamarad. Anabuértna MK
dbochoputnapuau  dochopkucioranu  (aosmamTHpHUIl  Ba  (PaoJUIAMITUPHUIIT
MaxCyJOTJIapUHU KUCJIOTaIu TEPMUK HIUIOB Oepull Oyiirua cUCTEMAaTHK HILIaAp
nyk. UlyHuHraek, Ma3kyp TypJlard Xom amé€ yuyH ammogocdaT TeXHOJIOTHUSICUHU
KYJUTall XaM MaBXy/Jl dMac.

[Tact HaBmu d¢ocdhar xom amécuHM KaWTa UIUIANIIA MEXaHOKUMEBUUN
yCcyJulap KHIUIOK XYXKaJIUTMHU ap30H ¢ocdopan yrutiaap OuiaH TabMHHIIAIL
MacajacuHu MyBapakuATIM eddlll HMMKOHMHM Oepaau. MexaHOKUMEBUM
(baoNNamTUPUITHUHT MOXUSATH XOM alll€HU KUMEBUN peareHT UIITUPOKUIA YYKYD



Maijanamjaad uoopar. X0o3Upru BakTAa AyHEHMHT 0ab3u MamilakaTiapuja Iry
kabu TaakukoTiap YrkazunMokiaa (Yairikuna M.B., Kouerko C.II., bomnpipes
B.B., AsBakymoB E.I'., fAueBa B., JlemOpukor B.M., Moxeiiko ®@.®., EctexoBa
K.K., ITaygept P., Pawelczyk A., Ibrahim S.S.). bupok 0y xaxoH TaxkxpubacuHu
V36eKHCTOHHUHT MyalisiH LapouTura TYFpUAaH-TYFpu Kymnad Oynmaiau (xap
oup docdoput KoHM y3ura xoc xamaa 6utra Typjaard GocopuT ydyH OJMHTaH
MabIyMOTHU OOIIKacUra TYFPUIAH-TYFPU VYTKa3HWII MYMKHH 3Mac). Xap Oup
TypJard XoM amé y4yH (aoJIaliTUPUIIHUHT MakOys HIapOUTIapUHM TaHjalljia
Maxcyc TaJKUKOTIAp Tajnad KUIUHAIH.

Jluccepranuss MaB3yCMHHHI JuUcCcepTanuMs OakapuiaaéTraH WJIMM-
TAAKHUKOT MyaCCACHHUHI WIMHI-TAAKUKOT HIIAPH OMJIaH OOFIuKIuru. M
2006-2008 wwmnapna JAUTI-6 ra xuputunran A-6-120 pakamnu «Maxannuid
Mapxkaszuit Kusunkym ¢dochoputinapu acocujga KOHIEHTPJIAHTaH MYypakkad
azorpochopau  Ba cod dochopnu  YFUTIAP  OJUIIHUHT  UYUKUHIUCU3
TexHoyorusicuHu unuiad yukuiny; 2009-2011 #immiapaaru ®A-6-TOS0 pakamiu
«ITact HaBnmu Mapkasuit Kuszunkym ¢ochoputiapunn amanmaru TEXHOJIOTHUATa
XKand KWIMII OWIaH PecypCTe,aMKOp TEXHOJIOTHUSICMHM HIIa0 4dukuimy; 2012-
2014 vnnnapna ®A-A12-T171 pakamiu «Mapkaszuit Kusunkym dochopurnapunu
KUMEBUN OOMMTUIIHUHT caMapajop, PeCypCcTeKaMKOp TEXHOJOTUSICHUHHU HIILIA0
YUKUII Ba FOKOPU KOHLEHTpauusuin ¢ochopnu yrutinap onuiny;, 2006-2007 Ba
2010-2011 #mmnapna dyHgaMeHTal TaAKUKOTIApHM KYyjulaO-KyBBatiamn JlaBiat
dbouau gactypura kuputwiran 112-06 pakamiu «Mapkasuit  Kuszmikym
dbochoputnapuiary YCUMIMK Y3JIamTupa oiMaauraH makiagard ¢ochopHH
KHCJIOTaCH3 yCyJUlapAa YCUMIMK Y3JIalllTHpa OJaJuraH MIaKJIra YTKa3UIIHUHT
WiIMU acociaapuHu unuiad uukuin» Ba 37-10 pakamum «Mapkasuit Kusninkym
dbochoputnapuau KUMEBUN Ba MEXaHOKUMEBUHN (paosialITUpUII yCyJlapu OWiIan
JIOHAJIOpJIaHTaH MypakkaO-apajaml KOMIUIEKC YFUTIAp OJIUII >KapaEHUHHUHT
GU3UK-KUMEBUI acocnapyuHu UNUIA0 YMKUID Joiuxanapura xamaa 2013-2015
numnapna «Ammodoc-Makcamy» AXK Ounan 25.04.2013 iunga Ty3unran 13-24
pakamnu «Tapkubuna 26% P,0Os Oynran roBuO Kyiaupuiaran ¢ochopur
KOHUEHTpaTUHU (ochopiid KOMIUIEKC YFUTIApra KaWTa MIUIANl TEXHOJIOTHSICUHU
UIUIa0 YUKW XYIKaJTUK IapTHOMACUTa MOC PaBHILIa OakKapuian.

TaagkukoTHUHr Makcaaum Mapkasuii Kuzunkym ¢ocdoputiapunu opranuk
KUCIOTaslap OwiaH OoOMMTHIN Xamjaa YyJapHH KUMEBUM Ba MeEXaHOKMMEBUM
daomnamTupum ynu Ounan Oupnamuu (ochopin Ba KOMIUIEKC YFUTIIAp OJUII
TEXHOJIOTUSJIAPUHU UIILIA0 YUKUIIIaH noopar.

Kyiinnran makcajara spuIlIMII YYyH KyHuJard Basu(ajJapHu eduil Tanad
ATUIJIN:

MK ¢ocdoputnapunu cupka Ba 4ymMOJu KHCIOTaIapu OWJIaH OOMMTUILIHUHT
MakOyn mapoutinapuau tonuim. MK ¢ocdoputinapunu opraHuk KucioTanap
OwiaH GOMUTHUIIHUHT TEXHOJIOTMK TU3UMUHU UILIA0 YMKUILI;

KUMEBUN OOMMTUITAH KOHIEHTpaTHH KaiTa uiiam acocuna NP, PK Ba NPK
VFUTIIAp OJIMII KapaEéHJIAPUHU TaIKUK JTHUILL;



MK dochoputnapunn  dochopkucnotanu daomnamTUpUl  Uyau  OusaH
Ooupnamun ¢Gochopau Yruriaap oiuil skapaéHuHd Ypranum. JKapaéHHu om0
OopHITHUHT MakOyJ mapaMeTpJIapUHH TOTIHIIL,

MK ¢dochoputnapunu sxctpakumon gocdop KuciaoTacu OuilaH Mapyaialiil
opkaiiu aMmMogocdat oJuilI )Kapa€HUHU YPraHuI;

25 Ba SOOC Japaa Ca3(PO4)2-(NH4)2SO4-H20, Ca3(PO4)2-NH4NO3-H20 Ba
Ca3(PO,4),-NH4CI-H,O cyB-Ty3 yuiuk cucremanapuaa ¢aza MyBO3aHATHHU
TaJKUK ATHIII;

Kuszunkym koHu gocdaTt xoM amécuHu a30TJId Ba KAJIUWIW Ty3nap €plaMuia
KUMEBUM Ba MEXaHOKMMEBUU  (DAOJIAINTUPHUIN  >KapaHJIApUHU  YpraHMUIIL.
[Ipeccnam Ba HAMJIMK WIITHPOKHUAA JKaall apajalliTUPHIN YCyIu OMIIaH Mypakkao
YFuTaap apanammanapy acocujia JOHAIOPJIAHTaH KOMIUIEKC YFUTIAp OJIUIL;

SHTH TypAard IOBUO KyHAupuiaraH (GocOKOHIEHTPATHUHT XOCCAIapUHU
aHUWKJIAIll XaM/Jla YHJIaH dKCTpakiuoH dochop kucnoracu, oupiamuu Gocdopiu Ba
KOMIUICKC VFHUTIIAp OJUITHUHT MaKOyJ IIApOUTIAPUHHU TOITHIII,

YFUTIIap OJIUII MIAPOUTIAPUHH HUPHUK KyJamMaa CHHOBIAH YTKA3HII, OJIMHTaH
YFUTJIIapHUHT TOBAp Ba arpOKUMEBUI XOCCAlapUHN aHUKJIAIIL,

TakauQ KWJIUMHTAH VFATIAp WNUIA0 YHKAPUITUHUHT TEXHOJOTHK TH3WMH,
Monauil OamaHCH Ba periiaMeHTHHHM HIIIa0 YWKHWIN, IIYHWHTACK yJIapHH HILTa0
YHKAPUITHIHT caMapaopiIuruHu OaxoJar.

TankukoTHuHr 00bekTH cudartuga MK dochoputnapu, cupka Ba yymonu
KHCJIOTanapu, KumEéBuii Oomutunran (Qocdokonnentpar, OIDK, cynbdar
KHCJIOTacH, Tpukanbiuidocdar, a30Tau Ba Kanwmitnu Ty3nap, FOKOK, oupnamuan
dbochopiau Ba KOMIUIEKCTU YFUTIIAP OJIMH/IH.

TankukoTHunr npeamern — MK mact HaBmm dochoputiapuau OoHUTHII
XaMma KUMEBHMI Ba MEXaHOKMMEBUHM ycyiiap Ounan Oupiamuu (ochopnu Ba
KOMIUIEKC YFUTIIapra KahTa uiuiam xapa€Hiapu.

TagkukoTHUHT ycy/uiapu. TaxTWIHUHT KUMEBUM Ba (PUBMK-KUMEBHI
yCyJIapH.

Juccepranus TAAKMKOTHHUHI WIMHI SIHTWJIMIH  KyHugaruiapiaH
nubopar:

cupka Ba uymonu kuciotamapuHuHr MK dochar xom amécumaru
KapOOHATIApHU TYJIHUK aXpaTUO OCPHIIl XOCCACH aHUKJIAHTaH;

MK ¢ochar xom amécunu Gpocpopkuciotany GaoIalITUPUITHUHT MAKOYT
[IAPOWTIApY aHWKJIAHUO, Ky MHUKIOpJAa Y3lallyBuaH Ba cyBaa 3pyBuaH P,Og
TyTran oupiamuu pochopnu Ba ammodochatiu YruTiaap ONUII TEXHOJIOTHSIIapU
SpaTHITaH;

aMMOHHH Ty3JMapuHUHT TpuKanbiuiidocdarra HUCOATAH DPUTYBUHIUK
xoccacu Oyinua sHTH Mabiaymotiap onuHrad Ba MK ¢ochopurnapunn kuméBnii
Ba MEXaHOKMMEBUH (HaONAIITHPHUITHUHT UIIMHUI acOCIapy spaTUIITaH;

MK ¢dochoputrnapunuHr xap Xuia MHUHEpaa Ty3nap Owiad OynraH
apajaimmMalapuHd MEXaHOKMMEBUHM (DaosUTalITUPHUII HATHXKAcHUJla, yJap opacuia
XoM aménaru y3namyByaH ¢ochop MUKIOPUHUHT OpTUO OOpuUIl KaTopu
(kapbamua — Kalui XJIOpHIW — KapOOHATHUHI aMMOHHUH Ty3J1apu— aMMOHUUN



XJIOpUIM — aMMOHUN HUTpaTH — Kanui Qocdatu — amMMmoHMi cynbdatu —
MOYEBHHA HUTPATH) aHUKJIAHTaH.

YFUTIapHU JOHAJOpJiAll Y4YyH Mpecciall Ba HAMJIMK MINTUPOKHUAA >KaJall
apaJalITUPULI YCYJUIApU UILIA0 YMKUITaH;

IOK®OK xom amécuHuHr ¢Gu3nK-kUMEBUU Ba (PU3UMK-MEXaHUK XoOccallapu
Oyiinya STHI'Y MabJlyMOTJIap OJIMHIaH;

¢bu3uKk-kuMEBUI TaakukoTiaap acocuna sHru Ttypaaru HOK®OKaun DOOK,
amModoc Ba AuamMModocra KaiTa HIUTAIIHUHT MaKOyJl IapOUTIapyu aHUKJIaHTaH.

TaagKNKOTHUHT aMaJInil HATHXKAJIAPH KyHuaaruiapaad noopar:

MK docdoputiapunu cupka KucioTacu OunaH OOMUTUII )Kapa€HUHU amaira
OLLIMPUII XOM am€éaru Kaiabluil MOAYJIMHU KECKUH MacalTUPUII Ba 11y OuiaH Oy
XOM allI€HU KalTa HIania cyiabdar KUcaoTa capPuHu ce3uIapin KUCKaPTUPHUIL
UMKOHMHU Oepaau. bynaa cupka kuciaoracu KadTa TUKIAHaaW, KylIuMya
MaxcyjaoT cudatuga dca XaIK XYKaTUTMHUHT Xap XWI ka0xaiapujia
KYJUITaHUJIAAUTaH TO3a TUIIC OJIMHAIN,

MK dochoputnapunu dochop kuciaoracu OuiIaH KUMEBUN (PaosIalITHPHUILT
TE€XHOJIOTUACUHM MIIIA0 YMKAPUILTA )KOPUN KUIUII KUIUIOK XYKAJIUTHHUHT Ky3Td
HIyJAropra cojiuil y4yH 3apyp Oynran Oupnamuum dochopnu yrutiapra Oynrax
TajgaOMHU TabMUHJIANIN,

dochar xoMm amECMHU MEXAaHOKUMEBUU (HAOIIAIITUPUIL XO3UPTU BaKTIA
YUKUHIUM OMOOpHUTa YuKapuO TalllaHauraH MUHEpaJlJIalliran Macca J1e0 aTainyBuu
SHT mact HaBimu (Gocdar xom améHu camapanu dochopan YFUTIap HILIA0
YUKAPUILINTA KaJI0 KUITUII UMKOHUHU Oepajiu;

MK dochoputinapuan OOMUTHIIHUHT Y3rapTUPUITaH TEXHOJOTHICH Oyiinua
onuurad suru FOK®K ounan onud Gopuiran TaAKMKOTIap YHU WUPUK TOHHAXKIU
DOOK Ba ammodoc uiad YuKapuIIura xand KAiauil UMKOHUHHU Oepu.

TaagkKuKOT HATHKAJTAPUHUHT MINOHYIMIMIH. OIuHraH HaTWXalap
UIIOHYWIM, YYHKH HIIJA TaJAKUKOTHUHI 3aMOHaBUN (U3UK-KUMEBUN ycCysuiapu
Kymuianunrad. JlabopaTtopusi Taxxpubanapu HaTHXKalapu 3ca WHUPUKIAIITAPUITAH
Ba TaXpuOa-caHOAT CUHOBJIAPU OWJIaH TaCAUKJIAHTaH.

TagKUKOT HATH/KAJAPDMHUHI WJIMUH Ba aMaJuid axamMmusATH. WmHUHT
WIMUI axaMuaTu myHjaaH uoopatku, MK dochopurnapuaan kapOoHaTIapHU
OpraHuK KucjiOoTajap OWIaH TaHJIaMalld PaBHILJAA aXKPAaTHO OJMIIHUHT WIMHI
acocuHM sipaTuiiiaH; Qocdar xom amécMHM KUMEBUM Ba MEXaHOKUMEBHI
daommamtupuiga yuaara ¢GochopHu YCUMIIMK Y3NIalTipa oJMaiIuran MakigaH
YCUMIIMK Y3JIalITUpa OJIaIMraH IIaKJra ailllaHuil MEXaHU3MUHU 0un0O OepulliaH;
aMMOHU Ty3J1apy UIITUPOKUAA TPUKATBIUIH(GOCHATHUHT SpYBYAHIUTUHUA OLIUIITN
ncOoTuaaH nobopar.

NmHuHr amanuii axamusiTd IyHAaH ubopaTku, Qocdar xoMm amécuaaru
KapOOHATIApHU OPraHMK KHUCIOTalap OWIaH aXkpaTuO OJMII, XOM améHu KahTa
UIUIaNgA KeTagurad cyibdar KucaoTacu cappuHu KecKUH KaMaitupaau. docdar
XxoM ameécunu Qocop Kucioracu OujaH KUMEBUU (PaoUTAIITUPUIT KHILIOK
XYKaJIMTUHUHT Ky3TH IIyIropra COJIUII y4yH 3apyp Oyiran oupiamuu dhochopiau
yrutnapra Oynran tanabunu Kanoatiantupaau. Gochar xom amécunu KUMEBUN
Ba MEXaHOKMMEBMH Qaoymamrupuil, Xxo3upaa ¢ochaT XoM amEcuHU UILIa0
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YUKApUIIKIA YUKUHAN XucoOJiaHraH, nact HaBiau (ocdar xoM amé xucoOaaHTaH
MUHEpaJJlaliral Maccanu Gocopiau YruTiap Uiuiad YMKapUILNUTra >Kajid KUIHII
uMkoHuHu Oepanu. FOK®Kuu ypranum yHu dupuk toHHaxiu IPK Ba ammodoc
UIUIa0 YMKAPUIINTa ka0 KW UMKOHUHU Oepaiu.

TaakukoT HaTHKANAPUHUHT Kopuil Kuamnumm. MK dochopurnapunu
MUHEpal Ty3Jlap MIITUPOKUAA MEXaHOKMMEBHM (aomamTupuil ynu OusaH
Mypakkal apanam YruTiap oiauil OVinya uiiad YMKWITaH SHTM TEXHOJOTHAra
VIHTe/eKTyan MyJIK areHTJINIH TOMOHHMIAH Y306eKnCTOH PecryGIuKacH naTeHTH
(«Tapkubuga Qocop OynAran QOHAAOP Mypakkad KymiMa VFUTIAPHU OJUII
ycynu», NeIAP 02710) Gepunran;

auru typaaru FOK®Kuau cynbdar kucinoracu OunaH sKCTpakuus KATUITHUHT
MakOyJl TEXHOJOTMK TMapameTpilapy aHUKJIaHraH Ba «AmModoc-Makcam»
aKLIUOHEPJIMK KaMUATHIa TaAOUK 3TUirad. YHra kypa, 2015 WnaHUHT qacTiaOKu
Oem ot MOOaHKUIa Ma3Kyp TEXHOJIOTUK pexkuM Oyiinya 154,4 MUHT TOHHA STHTU
IOK®K xkarita nmimanu6 100% P,Os xucobmma 26,8 muar tonna DPK unnrad
yukapwian. Onuaran O®K acocupa 84,2 mapa cymiauk 25,9 MHUHT TOHHA
ammodoc, 29,4 munr TonHa cymnpedoc-NS, 23,6 munr toHHa PS-Arpo Ba 26,3
MUHT TOHHa O6oiuTwiIran cynepdocdar yrutiapu nuuiad ynkapuinan («AMmodoc-
Maxkcam» akiMOHepauK kamMusaTUHUHT 2015 i 20 maiigaru gajaojlaTHOMacH Ba
2015 #tun 28 maiinaru 1828/C-coH MabIyMOTHOMACH).

TaakuKoT HaTHKAJAPUHMHI anpodauusicu. Jlucceprauus HWIIUHUHT
Marepuaiiapu  Kyhumparn — Xaikapo ~ Ba  PecnyOnwka — wiMHii-amanui
KoH(epeHUusIapaa, CUMIO3uymiIapaa: «AKTyaldbHble MPOOJEMbl XUMHUYECKON
nepepabotku  pocpoputoB Llentpanpubix Kezpuikymony (Tomkent, 2006);
aCIUpaHT, JOKTOpaHT Ba TaAKUKoT u3nanyBumwnap (Tomkent, 2007);
«AKTyalbHble TPOOJEMBbl CO3[IaHWS W MCHOJIB30BAHMUS BBICOKMX TEXHOJIOTHM
nepepaboTKu MUHEPATBHO-CHIPBEBBIX pecypcoB Y3oekuctanay (Tomkent, 2007);
«JIOMOHOCOB» Tanabanap, acnupantiap Ba ém onumiap (Mocksa, 2008, 2010,
2011, 2013); «BblcOKOTEXHOIOTUYHBIE Pa3pabOTKu — Mpou3BOACTBY» (TormikeHT,
2008); V3P DA VYmMymmuii Ba HOOPraHMK KMME MHCTUTYTH 75 Hummrura
Oarunutanran  «JlocTWKeHUsT ¢ TEPCIEeKTHUBbI  KOMIUIEKCHOM  XHUMUYECKOMN
nepepadoTKU TOIUTMBHO-MHHEPAIBLHOTO Chipbsi Y30ekucrana» (Tomkent, 2008);
«HoaHbaHaBuil KUMEBUI TEXHOJOTHUSJIAD Ba IKOJIOTMK Myammonap» (DaproHa,
2009); TUU TomIMAY sHusr 15 dunnurura OarumiaHraH €1 oJMMIIAp Ba
tanabanapaunr «MuHoBanuu. HWatemnekt. Kynbrypa» (ToGomwsck, 2009);
«CoBpeMeHHbIE TEXHUKA U TEXHOJIOTUU TOPHO-METAJUTYPruuecKoil OTpaciv u myTH
ux pasButus» (HaBomit, 2010); «Pa3pabotka 5>(deKTUBHON TEXHOIOTUU
MOJIYYCHHsS] MUHEPAJIbHBIX YJOOpEeHUU M arpOXMMHUKATOB HOBOTO TMOKOJICHHUS U
npumeHeHue ux Ha npaktuke» (Tomkent, 2010); «[IpoOGraembl pa3BUTHS Maaoro
Ou3Heca, OCHOBAHHOIO Ha HAay4YHBIX JOCTHXKEHUAX U  HWHHOBAI[MOHHBIX
TEXHOJIOTUAX, B3MIIAOM MoONoAbIX yuyeHbx» (Tomkent, 2011); «IlepcnexTuBb
pa3BUTHS TEXHUKU U TEXHOJOTMM U JIOCTHKEHHUS TOPHO-METalypruyecKon
oTpaciu 3a roabl He3aBucuMocTu PecnyOnuku Y3b6exuctan» (Hasowmit, 2011);
«AKTyallbHbIE MPOOJEMbl XUMUU U XMUMHYECKOW TexHojorum» (Yprenu, 2011);
«Ctpaterusi pa3putusi Hayku u TexHoiorun B XXI Beke» (Tomkent, 2011);
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«CoBpeMeHHbIE TEXHOJOTUHM W WHHOBALMU TOPHO-METAJUTYPrHUE€CKOM OTpaciu»
(HaBowmii, 2012); «ManoBanmsa-2012» (Tomkent, 2012); «CocrossHue u
MEPCHEeKTUBBl ~ WHHOBALIMOHHBIX  pa3pabOTOK B 00JacTH  TEXHOJOTUU
HEOPraHWYECKUX BEIIECTB U XMMHU3ALHUU CEIbCKOXO3UCTBEHHOTO MPOU3BOJICTBAY
(Tomkent, 2013); Kumé Ba kumé€ TexHomorusicu O6yinya tamadanap, acnupaHtiiap
Ba ¢ém omumiap (Kue, 2014); «The First European Conference on Chemical
Sciences» (Vienna, 2015); 2015 #iun 25 maiiga YMyMmuili Ba HOOpPraHuk KuME
uHCTUTYTH, [lomumepnap kumécu Ba (PU3MKACH WIMHH-TAJAKUKOT MapKasw,
TomkeHT KUME-TEXHOJIOTUSI MHCTUTYTH, TOLIKEHT AaBiaT TEXHUKAa YHUBEPCUTETH
xy3ypunaru 16.07.2013.K/T.14.01 pakamnu Unmuii kenram komugara 02.00.13 -
Hoopranuk Moppamap Ba ynap acocujard Marepuayjiap TEeXHOJIOTHICH
UXTHCOCTUTH OYiln4ya WIMUNA CeMHHApa MyXOKaMaJiaH YTraH.

TaagkuKOT  HATHKAJAPHUHI  3bJOH  KuiaumHumm.  [Juccepranus
Marepuaiapu Oyiinda 56 wiMuid uil, KymiaaaH 27 Ta WIMUNH MaKoJia XOpUKUN
Ba pecrnyOjiika Hampiapuaa, 28 Ta MII WIMHA HIUIAp TYIJIaMH Ba Mabpy3a
Te3UCIapU KYPHHHUIINAAA Yol >Tuiarad. Mxtupo yuyH 1 ta V3P JlaBnar nateHTH
OJIMHTaH.

JluccepTauMsIHUHT Xa:KMHU Ba Ty3uiauin. [{uccepranus ummaa 200 caxuda
MatHuga 0a€H sTwirad, 56 Ta »kajsai Ba 35 Ta pacMHU ¥3 uuura onaau. Kupwi,
oemra 000, xynoca, 284 Homuaru (QoiiganaHwiran anabuérinap pyixatu Ba
WJIOBaJIap/iaH TAIIKWII TOMTaH.

JAucceprauMIHUHT ACOCUN KUCMH

Kupum kueMuaa WHIIHUHT J0J3apOJIMTA  acociaHraH, YTKa3WiaauraH
TaJKUKOTIAPHUHT MaKcaJ Ba Bazudanapu, WIMHI SHIWIMTH Ba aMaJluid aXaMUsTH,
IIYHUHTAEK XUMOsITa 0110 YUKUIAETraH acOCUi XoJaTiiap MaKUIaHTUPUIITaH.

Hucceprauuaaunar «Ku3miakym ¢ocpar xom amécu taBcudu Ba yHH
KaliTa MuUIam ycyuiapw» 1e0 HomiaHraH OupuHuM OoOuja docdar xom
amécuHUHr, Xycycad, Mapkasuil Kuzunkym ¢dochoputinapuausr TaBcupu
Oepunran Ba yJapHM OOWHUTHUINHUHI TEPMUK yCyjira ajbTepHATUB OYiraH
ycymiapu €putub Oepunran. @ocdar xom amécuru Oupnamunm (ocdopnau Ba
azotdochopnu VrUTIapra KailTa HIUIAIIHUHT KUCIOTAIM YCyJUIapu Kypuo
yukuwirad. @ocpar xom amécunu Gocop TyTran yrutiaapra KaiTa WIUTAIIHUHT
HOaHbAHABUM ycyJulapu (MEXaHMK Ba MEXaHOKMMEBHUHM (DAOIAIITUPUIL) TaXJIMAI
kunuHrad. @ocdar xoMm amécuHM OOWMTHMII Ba KalTa wumuiam Oyinya
yUFyHJIAIITaH TaAKUKOTIApHHA TYlalurudya Kypub YMKKaH XO0J1/1a Ma3Kyp HIIHUHT
MakcaJl Ba Bazudasiapu MIaKIaHTUPUIITaH.

Ukxkunun 000 «Mapkasuii Kusuiakym ¢ochoputiapuiu opraHmk
KHMCJI0TAJIap 3pUTMAJIapu OWJIaH KUMEBHUI OOMUTHII» MaB3ycura ouj 0ynuo,
yHna Qocdar xom amécuHu OovuTHIn KapaHU TaAKUK OSTUnau. FOxopu
kapoonatiu MK dochoputnapunan kapoonarnapau Ba FOK®OKnan xanbiuit
OKCUJMHM TaHJIaMalid 3pUTHO axkpaTu® onuml yuyyH 99,5 %-iu cupka Ba 4yMOIU
kucinoTtanapy  Qoipananmnau.  OpraHuk  KUCJIOTaJapHUHT  Xap  XWJl
KOHIEHTPAIUSUIIN 3pUTMaJapuHU Ta€piall yayH yjap cyB OUiaH CYHOJNITHPUIIN.
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boitutum yuyn MK dochoputinapununr xap xui Mapkacu (oaauii pocdoput
yau — OO®Y, wmwuHepammamrad Macca — MM, 10BuUO KyWaupwiran
dochokonuentpar - HKOK®K) omnuuau. VYnapaunr TtaBcudu 1-xanBanga
kentupwirad. DochopuTiapHUHT acocuid MHHepainu (HTopKkapOOHATANATHT,
Kanpuuidi kapbonatu Ba kBapu, FOK®Kna - ¢ropkapbonaranmatut Ba KBapll
XHACOOJIaHA .

1-:kaaBaJa
Hactiiadku xoM amé TaBcuu
Komnonentnap muknopu, orup. % P7Osys5,
Hamyna Xowm amé P2O0symywm. )
pakamu Typu P>Osymym. CaOyyym. CO, JIUM. K-TacH Ca0 : P,0s
oVitnua, %
1 MM 12,98 40,1 13,8 9,17 3,09
2 MM 15,06 4427 14,11 9,10 2,94
3 ooy 16,33 47,13 17,23 10,2 2,89
4 ooy 18,72 47,83 15,3 18,49 2,55
5 ooy 22,83 49,59 12,2 12,66 2,17
6 ooy 24,57 49,17 10,59 18,15 2,00
7 IOK®K 27,26 53,36 2,41 9,32 1,96

Taxpubanapum Kyiumparnga onu0® OOpAMK:  apajaliTuprud  OujiaH
TabMUHJIAHTaH Ba UYUTA OPTAaHMK KUCJIOTA SPUTMACHU COJMHTAaH TePMOCTATIaHTaH
HIMIIIAa peakTopra MabiyM MUkaopaaru ¢ocdar xoMm ameécu acta-CeKUH COJIMH[IU.
Kucnora muknopunu ¢ocdar xom amécugarn CaCOs; HU mapyanaimira HucOaTaH
OJIUH]IU, SThHU KyHUJaru peakuusiapra MyBo(puk:

CaCO; + 2CH;COOH — Ca(CH3COO0), + CO,1 + H,O
CaCO; + 2HCOOH — Ca(COOH), + CO,1 + H,O

Taxpubanapna y3raptupwirad mnapamerpiap kuciorta mebépu, K : C
HUCOATH, pEareHTIapHUHT ¥3apo TabCHUpJAIlyB JaBOMUMIMIA Ba JKapaéH
xapopatu Oynau. bapua Taxkpubanapiaa apalalITUPTUYHUHT allaHMa TE3JIMId
250-300 aitn./makMKaHW TAIKWI OSTAU. ApalaliTUPUILIAH CYHT  peakTop
TEPMOCTATJAaH OJIMHUO, MYMIard cycneHsus ¢uiabTpianad. OuibTpAa KoJraH
gyykMa cyB OwunaH toBwiau. FOBuiran uykma 80°C xapopaTiaa KypUTHIIIH.
Kyputunran uykma Tapkubumarun xap Xxui makigard ¢ocdop, Kaibluil Ba
yrAepo aHTHUAPUIU MUKJAOPU MabiIyM yCyiulap OuinaH KUMEBUM TaxJIMil KUJIUH]IH.
VYrinepon aHruApuAM  MHUKIOPUHUHT  y3rapuimiu — Oyiinya XOM  amI€HHUHT
kapOoHaTcusnanu aapaxacu (Kapsonarcus.) XHCOOTaHIH.

1-b pacmaa tapkubuga 16,33% P,0Os tyrran OOVYHu (3-HamyHa) cupka
kucioracu Oounan 25°C, apanamrupuin gaBomuiauru 30 makuka Ba K :C =1 : 8
HUCOaT/Aa KHCIIOTa MebEpUra OOFJIMK paBHIlJa OOWUTHUIIAATA XOM AIIEHHUHT
Kiap6onarcns, KEATHPHATaH. YHIa Kypa, KACJIOTa MEBEPH KaHYa OKOpH Oyica, XoM
amEHUHT Kpsonarcus. ITyHYA FOKOpU Oynaau. MacanaH, CMpKa KHCIOTaCH MEBEPH
20 pan 150% raga oprranma ODVYHMHI Kiapeouarcns. 20 nan 88% raua omanm.
bynna dpocdoxonuentparna CO, mukaopu 15,56 nan 3,75% raua xamasiau, P,Os
Mukaopu 3ca 18,38 nan 24,76% rauya opranu. bus cupka KUCIOTaCUHUHT MaKOyJ
MebEPUHU cTeXxuoMeTpuk Mukaopaan 110% (kuciaoTa koHueHTpanusicu — 6,47%)

13



R3g6 a) 100 b)
] 90
] X
: — || 3 —-
g8s S 80
;1: /V § 70 y 4
S84 ,v/ T /
g / E
] =
§83 E »
2 ./ g 30
%82 S
o 20—¢
2
1
81 0
12 1:3 1.4 1.8 110 112 1014 1:16 1:18 1:20 1 3% s0 70 9 110 130 150
K : C Huc6atm CaCOsHu napyanawra CH;COOH mebépu, %cTexmomeTpusaaaH
CH;COOH mebépu — 110% cTexuomeTpusaaH; xapopar — 25°C; K : C = 1: 8; xapopart — 25°C; apanawt1puw 4aBomuinmru —
apanawTMpuw gasomuiinnru — 30 gaKkuka. 30 pakuKa.
ES o
s 90 ) X 90
° = d)
X e 3
g 88 / x _—
T g 88
ER — ;|E —
I s /
©
g T 86 A
S 84 g /
B 3
: i
) 84
2 °
2 5
x
80 82
12 1 1 21
0 30 60 90 0 150 180 210 240 20 30 40 50 60 70 8 90
ApanawTupuil AaBOMUIANUTY, AAKUKA. Xapopar, °C
CH3COOH mebépm — 110% crexuometpuagan; K: C=1:8; CH3COOH mebépm — 110% ctexuometpuagan; K: C=1:8;

xapopart - 25°C. apanawTMpuw gasomuiinnru — 30 gaKuka.

1-pacm. Tapkuduga 16,33% P,0s; 47,13% CaO; 17,23% CO,; Ca0O : P,Os=
2,89 tyrran O®@Y HUHI KapOOHATCU3IAHMII JAPAKACUTA XapP XU
NapaMeTpPJAapHUHT TAbCUHPH.

ne6 xucobmaiimus. Kucnora mewnépu 110% na makOyn Kipsonarews. — 84% ra
spummmianan Ba Ttapkuoupa 25,58% PyOsyvyw, 4,24% CO, Ba 1,66 Kanbnuii
Moaynura sra ¢GpochoKoHICHTpaT oymHanu (2-)kansai). byHmali KOHIIGHTpaTHHU
cyab(dar KHUCIOTAIM DOKCTPAKIMA YyCynuaa Xap KaHmad Typuaard ¢ochopian
yrutTiaapra MyBadhakusaTIM KaiiTa uiuiam MyMKAH. KHCIOTaHUHT I0KOPH MEbEpHU
(120-150 %) xonnentpatna P,Os wuHr macaviumura onub kenaau. by docdar
MHUHEPaJIMHUHT KHCMaH IMapYyaJaHUIIIUHA aHTJIaTa IH.

OMVYHu cupka kucioTacu OuiiaH ¥3apo TabCUPIALIMITHUHT MaKOy BakTH 30
NaKMKa XucoOnaHany, 4yHKH 240 nakuka nasomuzaa apanamTHpU Kpsonarcus. HA
aturu 4,5% ra ommpanu (1-c pacm). XapopatHu 25 gan 90°C raua kyTapuin
Kapa€Hra KyjJa XaM KaM TabCUp KypcaTaau — KaJIbIIUA MOIynIHu aTturk 1,66 maH
1,63 raua kamasiu. [y cababaan MmakOyn xapopatau 25°C ned xucobmnaitmus (1-d
pacMm). YHIIaH Tallkapy I0KOPH XapopaT KHCIOTAaHUHT OYFJIaHUIITNTa OO KeJlau.

bus K : C aunr makoyn Hucbarunu 1 : 8 1e6 xucobnaiimus (1-a pacm), OyHaa
Kiapsonarcns, 84,3% Hm Tamkun stanu. XKapa€H Kyna CyIOKIaHraH XOJIaTaa ONHO
Oopumn ¢oinacu3, KaM CYIOKJIAHTaH XOJjaTaa 3Cca KaJbIMi alleTATHHHT YYKHUIITH
conup OYIUIIM MyMKWH, HATH)KaJ1a KaJIBIIUTHAHT 3P Japakacyu KaMmasiIu.

Yymonu kucnoracu 6wminan docdar xom amécuHu OOMUTUIIHUHT yMYMHUN
KYPUHHIIHA CHPKA KUCJIOTACH OWJIaH OOMUTHIIIaryd OWIIaH YXIIall.
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O®VYHu cupka Kuciaotacu OwiaH OoiuTuIAa TOMWITAaH  MakOys
napametpiap 6omka typaaru MK docdar xom amécu — ukku typaaru MM, yu
typaaru OOV Ba IOKOKuu 6oiintumaa kymianungu. bapua typnaru docdar
XOM allécu YUyH KUCIOTa MebEPH, apanamTupuil qapomuiinuru Ba K : C nucbaru
KaTbusiH Moc paBuimiga 110%, 30 gakuka, 25°C Ba 1 : 8 Tenr xkuinub ynuiad
Typunau. Ammo xap xui typaaru Qocdar xom amécuna CO, mukaopu Oup-
oupunan dapk kuiarannuru tydaitnu K : C =1 : 8 Hucbarga xap Oup Typaaru xom
amé yyyH CUpKa KHCJIOTACMHUHI KOHLIEHTpauuscu Oup-ompupan Qapk Kuiaau.
FOK®K yuyH kuciora Mebépu yHaaru 3pku xonataaru CaOHu s3puTnd axpatud
onuiira crexuomerpus Oyinda 110% kunubd onmuuau. OauHTaH HaTWXKaIap 2-
*aaBanja kentupwirad. Hamyna pakamnapu 1-xajaBangaru pakamra Moc Keaaau.

2-kaaBaJ

Xap xua typaaru Mapkasuii Kusuniakym ¢ochoputiapuaan oauHran

O0oiuTHIATAH (POCHOKOHLEHTPATIAP TAPKUOU

KictoTa Komnonentnap mukmopu, orup. % P2Osgun. - KapGonart-
Hamyna cuznanui| CaO :
KOHIIEHTPa- P2Osymywm.
pakamu ) P2O0sywym. |P205sys4. | CaOyyym. | CaOysy. | CO2 o, )Jape?/Kacn, P,0Os
0
1 5,18 20,04 7,01 39,33 | 16,65 | 4,41 | 34,98 78,11 1,96
2 4,06 22,64 5,92 42,07 | 18,16 | 4,86 | 26,15 75,37 1,86
3 6,47 25,58 9,01 42,58 | 15,63 | 4,24 | 35,22 84,25 1,66
4 5,74 28,21 | 10,75 | 44,12 16,5 | 3,96 | 38,11 81,1 1,56
5 4,58 29,16 9,18 48,02 | 16,48 | 5,13 | 31,48 68,4 1,65
6 3,04 31,36 | 10,60 | 49,25 | 18,45 | 4,34 | 33,80 67,63 1,57
7 0,90 33,56 7,14 49,79 10,6 - 21,27 - 1,48

VYura xypa, 12,98% P,0s, 13,8% CO, Ba 3,09 kanbuuii MoAylIu TyTraH
MMpan Tapkubugma 20,04% P,Os Ba 1,96 xameumii Mopynaura ara
dbochoxkonnentpar omunaau. 15,06% P,Os Ba 2,94 xanpuuii Moayiaud TyTraH
MMHUHr MKKUHYA HamyHacugaH 22,64% P,0Os Ba 1,86 kanbiuii Momynura sra
dbochoxonnentpar onuHaau. TyprTa Typaaru OdVYnapnan 25,58-31,36% P,0Os Ba
1,57 nan 1,66 rada kanbliuii MoAyau TyTraH (oc(oKoHIIEHTpaTIap OJIUHIY.
Hactnabku kaneiuid mogynu 1,96 6ynran FOK®K sca 1,48 kanbiuii Mogynura sra
dbochoxonnenTparra annanau. Yana P,Os muknopu sca 27,26% nan 33,56% raua
KYTapWIJIH.

OnuHran HatwXkanap acocuaa kapOooHatnu (ochar XoM amECUHU OPraHuk
KHCJIOTa OWjaaH OOWMTHIIHUHT TEXHOJOTHK THU3UMHU TaBCHUS JTWIAH. TuU3uUMIa
KaJIBIIMHM aneratu Ba (opmuatura cyiabdaT KUCIOTAacH OWJIaH WIJIOB OEpHIl Ba
OpraHUK KHUCJIOTaHHW >KapaCHHUHT OoIlIWra KauTapuin Wyiau OuilaH pereHeparus
KWINII Ha3apaa TyTwirad. Mimmad yukapuiuiHuHr MOJAUN OanaHCcH XUCOOJIaHIu.

Yuuaun 600 «Mapkazuii  Kusmiakym dochar xom amécuHmn
dpochopxuciaoranu daoamTupum  acocuaaru  ompaamuu  Pocdopiaun
VFuTJIap»  Map3ycura Oarunuianran  Oynu0, yHaa  docdopkucioranu
(baomnamTHpUII KapaéHu YpraHuIIH.

dochopkucaoTann  GHaoUIAIITUPUIITHUHT MOXHUATH (ocdaT XoM amEécuHu
dbocdop kucioracu OunaH Kyuaaru peakius oynuya:
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CasF(PO4)3 + 7H3PO4 + 5H20 — 5C3(H2P04)2'H20 + HF

TYJIUK TMapyanam opKaJd MOHOKainbluidochar Xocua KWIMII Y4yH Tasial
KWIMHAJUTaH MUKIOpAa smac, Oaiku ¢ochopUTIapHH aH4Ya KaM MUKJIOpIaru
dbocdop kucioracu OunaH UIIOB OepHIlIaH nOopar.

Mapxkasuit Ku3uikyMHUHT Xap Xuid TypAard (GpocpopuTIapuHU Mapyaiaiil
yuyH DOKHHUHT CTEXMOMETPUK MEbEPU KyHHIaru TeHriaama 0yiinya XucoOIaH /Iu:

CaO + 2H3PO4 — Ca(HzPO4)2 : HQO

3-xanBanna 6u3z ToMoHAaH (oinananwiran Kusmikym koHu ¢ocdar xom
amécu TapkuOu kenrtupwirad. Yaurcumon ¢pakuusa (YD) sa MM KdKna
dbochoput pyrnacuHu OOMUTHINIA XOCKI OYIaqural YUKUHAWIAP XUCOOIaHa 1.

3-xkaaBal
Bouuianruy XxoM alIéHUHT KUMEBUH TapKUOH
Xowm amié Komnonentnap muknopu, orup. % P7Osyss, CaO :
Typu P205 CaO A1203 F6203 MgO F C02 PzOsyMyM., % P205
IOK®K | 27,26 |53,36| 1,30 0,51 0,61 2,91 | 241 9,32 1,96
oy 17,20 [46,22| 1,24 1,05 1,75 2,00 | 16,00 18.49 2,69
o 18,54 [44,72| 0,95 0,80 0,80 2,22 | 14,80 20,71 2,41
MM 14,68 [40,80| 1,17 1,37 0,53 1,85 | 12,84 16,41 2,78

®dochoputnapuu Paomtamtupuil yuyH «Ammodoc-Makcam» AXna unuiad
yuKapuiaran tTapkuouaa (orup. %): 18,69 P,0s; 0,26 CaO; 0,64 MgO; 0,73 Al,Os;
0,46 Fe,0s3; 2,72 SO3; 1,02 F 6Ynran OOK unuiatunau.

4-xanBanga xap oup typuaaru ¢ocdar xom amécu xamaa PrOssox @ P2Osex
HuHT Typau HucOatinapu yuyH DDKuunr (18,69% P,0s) xakukuii Mebnépiapu
dbouznapa KeJITUPUITaH.

4-xkaaBaJa

®ochar xom amécura nnios 6epumt yayn H;PO, HUHT XakuKHil Mebépu
Xowm amé P120s50k : P2Osex Hucoatnapumaru DOK menépu, %

TypHu 1:03 1:04 1:0,5 1:0,6 1:0,7 1:0,8 1:1

IOK®K 67,2 50,4 40,3 33,7 28,8 25,2 20,2

oy 48.9 36,7 29,3 24,5 21,0 18,3 14,7

yod 54,5 40,9 32,7 27,3 234 204 16,3

MM 47,3 35,5 28.4 23,7 20,3 17,7 14,2

dochar xom amécuHuHr dochop kuciotacu Ounan aomnammmu 75°C na
30 pmakuka gaBomuja onubd Oopwiau. OnuHran macca pactiad 60°C nga cytka
naBomua, keinnuanuk 105°C na noumuil orupaukrada Kyputwiau. Ham gocdar
MacCaHd JOHAJOpJIAll KypUTUII >Kapa€HuIa Kaaall apajJallTUPUII YCylIu OujaH
amasira ommpwian. CYyHrpa KypUTWITaH HamyHajdap MaijajaHId Ba KUMEBUU
TaxXJ T KUTUHIU.

Xap xun typaaru dpochar xom amécununr DDOK Ounan y3apo Tabcupiamnrys
HATWKAJIAPUHUHT YMYMHU KYpUHHUIIA Oup-Oupura yxmanaup. daosiamTUpuin
y4yH KHCJIOTa KaH4a KyO oJiMHca, (QocdaT MUHEpalIW NapyajaHUIIM [IyHYa
TynuKpoK ketaau. Macanan, ODY yuyH P;Oshox @ P2Osex = 1 : 1 HucOatna
(kucnota Meb€pu crexuomerpusnan 14,7%) maxcynoraa (orup. %): PrOsyyyw.
30,13; PyOsysy. 18,27; P2Oscypap. 1,08; CaOyyyn. 40,49; CaOysy, 16,92; CaOgyy op. 0,83
Ba Kyapsonarens. 060,8% ra sra 6ynamus. P,Os Ba CaO HUHT cyB/ja 5pyBYaH IIaKIIapH
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MaxcyJoT/a MOHOKJIbLIMU(POCPATHUHT MaBXyMJIUTHAaH Janojar Oepaau, OUpPOK
y xkyna kamaup. P,Os Ba CaO HMHT y3/alyB4YaH HIAK/UIapW Ba YJIAPHUHT CyBIa
ApyBYaH MIAKJUTAPUHUHT opacujaru ¢apk Ousra MaxcynoTAaru Jukaibluidocdar
Ba (paoyamran makiagara ¢gocdar MuHEpaI MUKIOPUHU Oepasu.

Py0ssox : P2Osex = 1 : 0,3 HucOarna (kuciora MEbEPH CTEXHMOMETpPHsAAH
48,9%) maxcynor Tapkubu (orup. %): PrOsyyym. 42,225 P2Osgsn 38,73; PrOscysap.
27,23; CaOyyyw, 25,37; CaOys, 18,62; CaOcysop. 11,0, Kiapsonarews. 3¢a 95,5% Hu
Talmkua dTaau. YHaa 4,5% ra sKuH Kanbluuid kKapOoHATH MaBxya. Maxcynor
acocan  MoHoOKanbuuidochar, gukanpuuiiochar Ba  aomTAITHPUITAH
makigary ¢ochopuTaaH TAUIKWI TONraH. YHIArd IOKOPU MHUKIOpJArd cyBia
spyBuYaH Ba ¥y3namryBuyaH P,Os IIAKIMHUHT YHUHT YMYMUH IIaKjIura HUcOaTu
(P205y3m . PZOSymyM. = 91,73%, PQOSCYBQP. . PZOSymyM. = 64,49%) KHUIIIIOK
XYKATUTUHUHT Oupnamud  Qocdopian Yruriaapra KyWuiarad TanaOWHU Tyia
KaHOATJIaHTUPA]IH.

P20ssox : P2Osex = 1 1 0,5 HucOarna (kucinora MEbEPH CTEXHMOMETPHsAAH
29,3%) kapOonatnap 87,8% ra mapuangaHau, MaxcyJoT 3ca Tapkuouaa (orup. %):
P205symym. 36,605 P2Osys; 28,105 P2Oseys pys. 14,365 CaOyyyw. 32,79%; CaOy,,, 18,93;
CaOCYB.apy& 6,66, PzOsym. . PZOSymyM. = 76,78, PQOSCYBQPYB. . PZOSymyM. = 39,23 ra
sraaup. byHaa 10Kopu MUKIOpAAaru ymymui Ba y3namysyaH P,Os nmu yrutaan xam
KUIUIOK XVxkanuruaa doigananumra uMkoH Oepagun. ODY Ba HOK®OKuu
dbochopkucioranu  daoTalITUPUIT ~ MaXCyJOTIapuHUHT  ¢daza  TapkuOu
pEeHTreHorpaduk TaxJaui yCyinuaa aHUKJIaH 1.

Xap xun typaaru gocdar XxoM ameécu ydyH KHCIOTAaHUHT MakOyJl MEbEPUHU
2-pacMa Kypulll MyMKHH. YHra kypa, P,Os HUHr yMyMHuil Ba y3alyByaH Makin
I0OKopu Mukaopnaa Oymumm, P,Os HHUHr cyBHa »pyBuYaH IIAKIMHUHT HUCOUMN
Mukgopu 3ca 50% gan kam OynMaciurd Jo3uM. Macaman 2-a  pacmia
kypuHranujgek, OdVYra wumoB Oepulll YYyH KUCIOTAHMHI MAaKOyl MebEpHU
crexuomerpusanan 40% xucobnanagu. bynna PrOsyyyu. 41%, PyOsysn: PoOsyvgw, =
87% Ba PyOscys op. : P2Osyyyw. = 60% TyTran MaxcymnoT ONMHAIM.

Ydra unuioB Oepuiia KUCIOTAHUHT MakOyln MEbEPU CTEXMOMETpPUSIIAH
40% xucobmanamu (2-b pacm). bynma maxcymorna PrOsyvyw. 38%, P2Osgsy
P205ymyM. = 88%, PQOSCYBQP. . PZOSymyM. =59% 6SJ7JIaI[I/I.

MMra uiioB Oepulll y4yH KHCIOTAaHUHT MakOYyJ MEbEPU CTEXHMOMETPUSIAH
40% xucobmanamu (2-c pacm). OmmHran MaxcyinoT PrOsyyyy 36%, PyOsgs, -
P20symym. = 83%, P2Oscys.5p. : P2Osymym. = 53% HU TalIKmI 3Taau.

FOK®Kra unuioB 6epuiija KUCIOTAHUHT MaKOYyd MEbEPU CTEXHMOMETPUSIAH
30% xucobmanamu (2-d pacm). bynma maxcymorna PrOsyvyw. 40%, P2Osgsy
P205ymyM. = 66%, PQOSCYBQP. : PZOSymyM. =50% 6SJ7JIaI[I/I.

Mynnpait kunmub, MK dochoputinapunuar ODY xam, YO xam, MM xawm,
IODOK® xam, DOK épnamuna ynapHu ¢aojamiTUpuil Wynu OwinaH OupiaMyu
dbochopnu yrutaap onumira Tyiaa spoKIuIup.

O®Y, H® Ba IOKDK konnentpaumsicu 24,46; 29,05; 29,86; 36,23; 46,00;
50,78% P,0s 6ynran Oyrnatunran Qocdop kucioranzap OmnaH (paosmarmTHPUII
xam amanra omupwian. Docdopurnapra unuioB Oepumr  yuyHn ODK
KOHIEHTPAIUSICHHUHT OIIMPWINIIN MaxcynoTiapaa P,Os HUHT yMyMuUi 1akiaura
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—4— P20symym; —h— P20scyssp.: P20symym; —l— P20sysn.: P20symym.
2-pacm. Omamii pocoput ynu (a), yanrcumon ¢ppaxkuus (b),
MuHepasuiamran macca (¢) Ba epMO®Kounuentpatra (d) gocdop
KHCJI0TACH MebEéPUra 0OFJINK PaBUIIIA HILIOB OepHJITaH MaxcyJ0Tiap
TApKUON

nesapiau  Tabcup Kypcatmanau, P,Os HHUHr cyBoa »pyBYaH Ba Yy3JallyByaH
mIaKulapu  MHUKAOpUHU ce3mwnapcu3  omwupanu. OOKra kymumua cudaruna
cynbdar kucnoracuaad doigananumi, Gocdar xoMm amécugan KYnmpoK MUKIOPIA
KaiiTa niuiamra a0 KUJIuI IMKOHUHU Oepajiu.

Arapna  ¢ocdar xom am€cuHuHr (ochopkucaoTanu  (GaosIAIITHPULIT
MaxcyJoTJapy TEPMHUK HIILJIOBra yupaTuiica, yiaapaard GochopHUHT XaM YMyMUH,
XaM y3jamyByaH IIakIuHU ce3wnapian omupuil MyMKUH. ODY HuHT P,Ossex :
POsepx =1:0,3;1:0,4;1:0,5Ba1 :0,7 aucéarnapuaaru dochopkucioranu
(baomamTHpUII MaxCyJIOTAAPUHUET TepMorpaduk Taxmwim yrkasuwigd. 600°C
rada KU3qupHuiinga 0y MaxcyaoTjiap TOMOHUJAH HYKOTUIITaH Macca aHUKIaHIH.

O®Y Ba IOK®K Hu Qocdop KHCIOTACHHUHI TacCaWTUPWITaH MEbEPHU
mapouTiapuaa gpocopkuciotanu paommamtupuin Maxcynoriapuaunar 140, 180,
220, 260 Ba 300°C nappa TepMUK HILJIOB OepuiraHjiaH KeMHMHTH TapKuOu
ypranwigu. O®DY ydyH KHUCIOTadM TEPMUK HILJIOB OEpPUIIHUHT MakKOyl
napamerpiaapu PrOsyox : P2Osox HucOatu 1 : 0,3 Ba xapopar 220°C xucoGnananu.
bynna onmeran maxcynor tapkuou 43,89% PyOsyvgv, 35,1% P2Osys, 20,9%
P205CYB.3p.) P205y3m : PzOsYMyM.Z 80,11% Ba PQOSCYBQP. : P205ymyM. = 47,73% HHn
tamkuia 3tagu. FOK®OK yuyn mak6yn mapamerpnap P,Ossek @ PoOsex HUCOaTH 1 :
0,5 Ba xapopat 220°C xucobmanagun. Maxcynot Tapkubu 48,8% PrOsyy, 38,4%
P2OS}“I3J1.> 2993% P205CYB.3p.) P2OS}“I3J1. . P205ymyM. = 78967% Ba P2OSCyB.3p. . P205ymyM. =
59,98% wnu Tamkun 3Taau. Pocdopau yruTiaapra UIUIOB OCPUILIHUHT XapOpaTH

18



KaHya 1okopu Oyica, P,Os OpTOMIAKIMHUHT TYNPOKIA JETUApaTaluara KaMpok
y4pOBYM Ba YCUMIIMK TOMOHHUJAH IOKopu doiinananum kodpuiueHTura sra
Oynran neruapatriaHTraH MaKiIura YTUIl skapaéHu xKaaalpok 6opaau.

MK dochoputinapunn dochopkuciotany QGaoIalITAPUIT HYIU OWiaH
oupnamun  pocopau  YFUTIAp OJMUITHUHT MaKOyJl TEXHOJIOTMK IIApOUTH
anuknaHau. Mmnad uukwirad TtexHonorus Gocdopnu  YFUTHHHT TaxkpuOa
MapTUSCUHU HUIIA0 4yuKapuil opkainu «Ammodoc-Makcam» AXKna TEeXHOIOTHK
anpobOanusgan  YTkaswigd. Mmmad 4YMKapUIIHMHT TNPUHLUINAAT  TEXHOJOTHUK
ti3uMu Taking KwmHau (3-pacm). PoOssyok @ P2Osex HuHT ukkuta 1: 0,5Ba 1 : 0,7
HucOaTu yuyH oupiamuu docdopnu yrurna oup TonHa P,Os onuimHuHT Moaaui
Oamancu xucoOnanau. bupnamum ¢Gochopian YFUTIAPHUHT  PUBHK-KUMEBHUI
Xoccajgapy aHUKJIaH/IH.

Dochar xoM amécu DK 5 atmoche
para
v 12
T 9
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1 / 4 To3a/1a1Ira 1
Tasaap To3anamra ) /
" \
A4 =
&
. II il |2
= 7 = | &
5 = | s Taiiép
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3-pacm. Mapkasunit Kuzuikym ¢gocdar xom amécu acocuaa OupaamMiu

dochopan yrut Hniad YMKAPUIIHUHT TEXHOJOTUK TU3HUMU:
1 - dochar xom amécu OyHKepu; 2 - JICHTAIU A03aTop; 3 - MmIHEK-apamamTuprud; 4 - DOK
Tymiarnyay; S - capduiaruy; 6 - mapuanam 6apabanu; 7 - 6apaban Kyputrrud; 8 - kamopudep; 9 -
cuHuapra axparruy; 10 - 6ynaxnaruy; 11 - nuxnon; 12 - ckpy06ep; 13 - opanuk curum.

bupnamuu docdop yrutu Ba ammodoc HILIA0 YUKAPUIIHUHT COJIUIITHPMA
UKTHCOIUM XucoOaapu amanra omupuiaau. AMMmodocaa oup Torna 100 %-nu P,Os
tanHapxu 2118438 cymuu, Ooupnamuu dochopmu yrurna 3ca (PrOssox: P2Osox
Hucbatu 1 : 0,5) 1615831 cymum Tamkun 3tH0, y 502607 cymra ap3onamp,
rapyasji Fy3a SKUHUJA yJap arpoKMMEBUIN caMapaopiury Oyitnda y3apo TeHraup.

Ymoy 606ma MK dochar xom amécu Hermsuma ammodocdar omauin
MYMKHUHJIUTHHU aHMUKJIAIl XaMm Hazapjaa TyTwiad. AmModocaan dapkiu Yiapok,
ammoochar kypunummaa 1 tomna P,0Os ummabd uwukapumma H,SO4 capdu
ce3unapiu Kam, pocdat xom amécu QoiianaHuil Japakacu 3¢a IKOPUIUDP.
Jlaboparopus mapoutuna ammodocdar omum yuyn YD, FOKDOK Ba (orup. %):
17,65 P,0Os; 47,48 CaO; CaO: P,Os = 2,68; 2,47 Fe,0s; 1,21 AL,Os; 1,75 MgO;
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15,2 COy; 1,81 F; 1,5 (KO + Nay,O); 2,65 SOs; 6,03 spumaiiiural KOJJIUK
tapkubura sra ODY unuiatunau. YO pa FOKOK tapkudu 3-6061a KeATUpUIITaH.
XoM aménu mnapyanam ydyyH MKkU Typaarn O®PK wmmatunau. bupunumcu —
Koparor dochoputnapuman onunran (orup. %): 20,85 P,Os; 0,22 CaO; 0,89
MgO; 1,85 SOs3; pH = 0,6 Tapkudnaru ODK, nkkunuucu sca — MK FOK®Knan
onunran (orup. %): 21,45 P,0s; 0,77 CaO; 0,89 MgO; 0,51 Fe,Os; 1,33 Al,Os;
1,78 F; 0,50 SO;; pH = 0,6 sra 6ynran O®K. Xap ukku kuciaota xam «Ammodoc-
Makcam» AXpga guruapar ycynuaa unuiad  YMKapuiraH — MaxcyJoTiiap
XUCOOIaHAIH.

Taxpubanap yuyH Kyhugaru napamerpiap taninanau: DOK : ®X Hucbatu
100 : 20; 100 : 25; 100 : 30 Ba 100 : 36; xapaén xapopatu — 70°C; mapuanaii
XKapa€HUHUHT TaBOMUWINTH — 45 nakuka; kuciaora pH u = 0,6-2,2.

Hatmxanap mynu xypcarMokiaku, yprauunrad mapoutiapiaa (OOK pH u =
1,6-2,2) Kopator O®Kcu Ba ODYnan 0Kopu yMyMH#, V3lallyBuaH Ba CyBJa
spyBuad P,Os Tytran wokopu cudatiu azordochopnau Yrutiap onuHaau. Yiapaa
P>Osyuyn. MUKmOpH 33,14-37,18 %; P2Osgsn 29,76-35,25 %; PrOscyop. 18,2-26,14
%; N 4,53-7,05 % opanuruna 6ynanu. ®ocdar xom amecUHUHT Kiapsonarcus, 82,5-
96,37 % opanuruna €ragu. Ym0y YFUTIAPHUHT CyBJa SpUMaliiuraH KUCMU
Yyprauunau. YHra kypa, ynapaa 67-77% dochop yecumiuk y3namrupa ojlaguraH
X0JaT/Aa dKaHJIUTU KYpCaTHIIIN.

OOK : YD = 100 : (15-36) nucbarnapu Ba ammonuiiamtupuirad DOKuuur
pH = 1,5-2,0 yuyn yrutma N muxgopu 5,32-7,93%, PrOsyuyw. 34,03-37,90%,
P205y3m . PZOSymyM. 88,80-96,83%, P205cy3.3p.: PZOSymyM. 50,13-66,43% opajmruaa
éraqu. FOK®Knan onunran Vrut sca tapkubu 5,81-8,56% N, 36,48-38,69%
PzOSYMyM., P205y3m . P205ymyM. 81,77-97,50%, PQOSCYBQP. . PzOsYMyM.43,67-62,96% JdaH
nboparaup.

Oxopn  kynukimanumuan  Oaprapad  stum  makcaauga  ODVYHu
docdopkucnoracu OuiaH MKKM OOCKUWIM Mapyajanl yCyld HWIUIA0 YHUKWIIH.
bupunun Oockuuga — XOM améHu KapOOHATCU3NAHTUPHUIN — LIHEKIW PEAKTOp-
apajJalITUPruy/ia MUHUMaJ MUKIOpJAru CyroK (asa OujaH reTeporeH skapaéHia,
MKKUHYMIA 3ca — KapOOHATCU3JIaHTaH XOM all€éHU OJIMH peakTopAa OoXupuraya
napyajall amajira OlmupUIaIu.

JucceprauystHUHT TYPTUHYU 600u «Mapka3uu Kuznikym
dochopuTiapuHu a30T Ba KAJMWIU Ty3Jap MIITHPOKHAA (PAaoLIalITUPHID)
MaB3ycura TablyKiau OYymuO, yHaa QocdaT XoM amIECUHU MEXaHOKHUMEBUU
daomnamTupuin  Wynu OuiaH KOMIUIEKC YFUTIAp OJMIN >KapaéHUHU TaJKUK
srumra Oarunuianrad. Basudanu KyWumijgad oaguH OW3ZHHHT 3bTUOOPUMM3
akanemuk JI.H.IlpsanmankoBHUHT 1900 iimnga Tynpokaa aMMOHUN Ty3JapUHUHT
dochopurra  HHMcOATaH  KECKMH  DJPYBYAHIMK  TabCUPUHU  aHUKJIAraH
taxpubanapura KapaTtwiad. Adcycku, aMMOHUN Ty3JlapuHUHT (ochoput Exu
TpuKaidbuidochar 3pyBUAHIUTUTA TabCUP ITUII Japakacl HOMAbIyM KOJIHO
ketrad. Tpukanbiuiihochar — 0y Gocdhopnu YruTiaap onuiaa KyJUIaHWIAIATAH
dochar xom amécu — anaTUT Ba (POCPOPUTIAPHUHT ACOCUUA KOMIIOHEHTH
xucobmananu. Makcan Caz(PO4), HuHr spyBuannuruau omupumaup. Llynunr
yauyH Ou3 ongummsra 25 Ba 50°C ma Caz(PO4),-(NH4),SO4-H,0, Caz(POy),-
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NH4NO;-H,O Ba Caz(PO,4),-NH4CI-H,0O cyB-Ty3 yunuk cucremanapunaa daszanap
SPYBUAHJIIMTUHM  ypraHum Bazudacu KyHwign. OpyBUAHIMKHU  YPraHuiln
M30TEPMUK ycyiaa onud Oopunau. bouutanruy mMoagajapHUHT «KUMEBHM TO3a»
Mapkacu ¢ouganaHuiaan. AmMMoOHUN cynbdatn OuinaH Oyiaran cucrtemaja
MyBO3aHaT 9 coar gaBoMuIa, aMMOHHUWA HUTpPATH Ba XJOpPUAM OuinaH OYyiraH
cucreMasiapza sca 6 coatr 1aBoMHuaa YpHATUIIIU.

25°C na (NH4),SO4 vunr 40,45% xonuentpanuscuaa Caz(PO4), HUHT TO3a
cyBaaru spyBuannuru 17,2 6apobdapra omrannuru Ky3atuian. 50°C na (NHy),SO4
HuHr 44,25% xonnentpamuscuaa Caz(PO,4), vunr spyBuannuru 31 6apobap omiau.
NH;NO; munr 32,29% (25°C) Ba 38,91% (50°C) konuenrpanusnapuaa Caz(POy),
SPYBUAHJINTHA TO3a CYBIArd SPYBUAHJIMIUATA COJUIUTUPTaHAa MOC paBUIIAa 3 Ba
6,75 ©Oapobap opramgu. Ammonmit xmopumu 25°C Ba 50°C nma Caz(POy),
spyBuannuruan  NH4ClI wmar 17,36% Ba 22,31% ra Moc OyiaraH
KOHIIEHTpanusiiapuaa 5,8 Ba 6,23 OGapobap ommupau. YmoOy mabiaymoriaap MK
dochar xoM amécMHM aMMOHHMI Ty3lapu OwiaH (AOIAIITUPUIL YUYH acoc
oynau.

Keitunuanuk MK dochopurnapu: ODY, UD Ba MMiapuu ammoHwuit
cyib(aTd Ba HUTpATH HUINITUPOKUJA Malpanam Hynu OuilaH MEXaHOKUMEBHUU
daomnamTupum amanra omupwinu. Jlactnab rokopuaa aitunran Qocdar xom
aménapHd aMMOHMI Ty3Jlapd KaTHAlIMaral XoOJaTAa MEXaHUK Maijanamjia
P>Osy;;. MUKIOPMHM KaHYaIWK y3rapuiy TeKmupuiaau. ODPYHuM Makiganain
yaaaru P;Osy,, Hucouii Muknopunu P,Osy,, 32,4% rava optrmmra onmbd Keinaw.
Aban, ODYHu MexaHuk Qaomnamrupuml yHaaru P,Os HHUHT Y3namryBuaH
IAaKJIMHA UKKW Oapobapra omumpau. S"pTaqa tapkuogaru MMpua P,Osy,, 4,54%
raya optau. OK®Kna P,Osy,, 2,76% raua, aeuu aturu 0,22% raya opram.

VYHaan keiuH gocdaT XoM almECUHUHT aMMOHHM Ty3napu OuiaH a30THUHT
P,0Os5 ra xenr opanukaaru 6ynran aucoarnapunaa (N : P,Os=1:0,1 gan 1 : 1 raua)
apanamManiapu Ta€épnanau Ba 0,16 MM 1maH KMUMK Yiadyamraya MaijanaHIu.
bynga xap wukku ammoHuil Ty3napu ¢ocdar xom amécuparu P,Os HHUHT
y3mamyB4aH IMAKIMHU KeckuH omupaaun (S-xkaasan). ODY (18,33% P,0s)
acocuia ypraHwiran wmapkaidapaaru yrutiaapaa NHyNO; wummatunranga
y3namyB4aH P,Os makinHUHT ymMmymul maknura Hucoatu 56,08 nan (N : P,Os =1
: 1 na) 97,24% raua (N : P,Os =1 : 0,1 ma) y3rapaau. (NH4),SO, HU dolinananran
xonatna 9ca Oy kuiimatiap 67,93-98,24% opanuruga Oymaau. bywpai
MUKJIOpAard ¥y3namyBuaH Qocdopra nsra YFUT apaiamMaiapyd camapaiu
azorochopnu Yrutnap xucobmanamgu. docdhar XxoM amécu SpyBUAHIUTHHU
omupuil Oopacuga aMMOHUN Cyib(haTh XaKUKATIAH XaM aH4a camMapaiu
skaHnurn Hamo€H Oynau. Illynra yxmam xonatr 6omka Typaaru docdar xom
ameénapyu y4yH XxaM Ky3aTHJIIH.

N : P,Os =1 :0,7 aucbatna OOV, UD, ammonuii cynbdaTu Ba HUTpATUIAH
TAIIKWI TONIaH YFUT apajlaliMaJIapuHU Mpecciaml yeyiauaa JoOHaAopaanl KapacHu
yprauungu. Ilpeccnampa 3apyp Oynran muHuman Oocum 100-150 Mlla Hu
tamkwi 3taau. [IpeccatHUHT aHYa OKOpU MycTaxkamiiuru (4-5 MlIla) 250-300
MIla pa spumumnany. Veur apajalmiManapu HaMJIMIAHM 2% rada KynauTUpUII
Tabynerka mycraxkamiuuruau 7 MlIla raya omupau.
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S-ikaaBaJ
Onanii pocopuT yHHHHHT AMMOHHUI HUTPATH Ba cyabdaTn Onjian
apajJaliMaJIapMHU MeXaHUK (a0 IaAIITHPUIITa YYPATHITAaH TAPKUOH

P;0sy55. P;0sy55. onsysn. : onsysn. : P,Os
N: PZOS N, % PZOSyMyM" TPEUL b HH}‘VE K-CH P205CYB.3PJ PZOSyMyM. PZOSyMyM. . Pz(;};BapyB.
HHCOaTH ’ % Oyinua, | Oyiunua, % Tpui. b JIUM. KUC-CH | o MYM:
% % 6yitnua, % | Gyiinua, % °
AMMoOHUI HUTpaTH + ODY
1:0,1 | 28,55 2,90 2,16 2,82 0,196 74,48 97,24 6,76
1:0,3 | 21,54 6,71 4,25 5,81 0,196 63,33 86,58 2,92
1:0,5 17,32 9,14 5,21 6,56 0,196 57,01 71,77 2,14
1:0,7 | 14,78 | 10,34 5,02 6,49 0,196 48,55 62,76 1,89
1:1 11,91 12,00 4,49 6,73 0,197 37,42 56,08 1,64
AMMOHUI cyabpatu + ODY
1:0,1 18,84 2,27 1,78 2,23 0,176 78,42 98,24 7,75
1:0,3 15,62 4,99 3,29 4,55 0,173 65,93 91,18 3,47
1:0,5 13,35 6,83 4,02 5,67 0,168 58,86 83,02 2,46
1:0,8 | 10,95 8,92 4,38 6,54 0,164 49,10 73,32 1,84
1:1 9,78 9,76 4,25 6,63 0,166 43,54 67,93 1,70

TankukoT HaTHXKamapy Mpecciam KapaéHUHUHT MaKOyJl TEXHOJOTHUK
HIAPOUTIIAPUHUA  TaBCUS JTUII WMKOHUHM Oepau. OnuHraH YFUTIQpPHUHT
arpoKMMEBHMI CHMHOBJIApM BETreTalMOH Ba Jana mapouriapuaa ypranwiad. CHHOB
HaTWKaJlapy UWOUiad YUKWIraH Mypakkad azordocdopnau  YFUTIApPHUHT
caMapaJiopJIiTd  JKUXaTlaH  aHbaHaBud  Qocdop  TyTrran  YruTinapaaH
KOJIMIIIMACIIUTUHU TaCAUKIA/IH.

OO VYuunr xanuit pocharu, ammonuit kapOOHATH, MOUEBUHA HUTPATH, KaTUH
XJIOpUIM Ba kKapOamu OWiiaH apajaniMalapuHd MEXaHOKMMEBUN (aoTalITHPHUIIT
xam (Gochopur ynunaru P,Os HMHr ¥3mamryBuaH IIAKIMHU OPTUIIMTA OJUO
KeNagu. YFUT apanaliMalapuHy JIOHAJOPJIall y9yH HAMIIMK MINTHPOKUIA XKajail
apaJalITUpUI yCynu Kyinanuiau. @aomnamtupruy cudaruaa Kaauil XJI0pUauHHI
dorinananum kam camapa Oepaun. N : P,Os = 1 0,7 nucOatmaru YFut
apanammacuan Madganamr OOVYHuU ¢akar V3uHM MEXaHUK Maijanaim Kaou
camapa Oepau. MaxcynoT noHanapu Mmycraxkamiuru aturu 0,96 MIla. DHr okopu
camapaHH 3ca MOYE€BHHA HUTpPATU TabMUHJIAWIU. MacaiaH, MOU€BHHA HUTPATUHU
dbornananumum opkanu N : P,Os aucbatu 1 : 0,7 ra TeHr O6ynaraH OolUIaHFUY
apanammManan tapkuouna (orup. %): Nyyyw 17,03; PrOsyyyn. 9,43; P2Osys, 6,40;
P>0scys.5p. 0,70; CaOyyy. 25,34; CaOysy 19,425 CaOcyyop. 10,73 y3mamysuan P,Os
HIAKJIMHUHT yMyMU# 1akiaura Hucoatu 67,87% tytran yrutr onmunanu. ODVYHu
kaymit quruapodocdaru 6mwian ODY : KH,PO4 1 : 0,3 gan 1 : 1,5 raya Hucbatna
MeXaHOKUMEBUH (aosutamupuin 6unan 26,44 nan 38,68% raua P,Osyyyy, Ba 7,97
naH 20,61% raua K,O tytran PK-yrutnap onunanu. Ynapaa y3namyBuan P,0Os
AKJIMHUHT YMyMUH 1makiaura Hucoatu 67,87 nan 92,04% ravyanu Tamkwi 3Taju,
cyBza 3pyBuaH makiu 18,42-60,88% opanuruna 6ynaau. OauHraH YFUT TOHAIApU
MycTaxkamumru — 2,27-3,28 Mlla ra sragup.

@dochoputinapHu  Xap Xwi MHUHepald Ty3jidap OwiaH (aoyIalITHPHUIIT
HaTWKacuaa XoM ameénaru ysmamyBuaH (Gocop MHUKIOPUHUHT OpTUO Oopuil
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KaTopu Ty3wiaau: (kKapOaMuJ — KaJIMil XJOpuaAu — KapOOHATHUHT aMMOHUUN
Ty3Japu— aMMOHMH XJIOPUAM — aMMOHUW HUTpaTH — Kanui ¢ochatn —
aMMOHUI cyib(haTh — HUTPAT MOUYEBHHACH).

KeiinHuanuk, 03yka KOMIIOHEHTJIapHUHI xap Xuil HucoOarmapuaa NPK
yrutnap omum makcaauaa MK OOVYHu kanuit xjmopuau, xapOamua, aMMOHUN
HUTpPATH Ba YJApHUHT apajaliMalapyd HWIITHPOKHAA (PaoutalliTUPUI amaira
omnpmiand. @ocdaTt XxoM almI€CUHU Kaaui XJIOPUAH Ba a30TIIM Ty3Jap UILITHPOKUIA
N :P,0s5:K,O0=1:0,5:1 Hucbarna mexaHokuMEBU aosnamtupuil Gpochopur
yaugaru P,Os wunr y3namyBuan makiuau (NHy),SO, xymmanwiranna 79,75%
raga, NH4;NO; kynnanunranaa 67,82% raua, CO(NH,), kymuranmiranna 59,13%
rada OnIMpaju.

OV, kanuil xJIopuau, aMMOHUN HUTpaThu Ba cyibdatu acocunga N : P,Os :
K;O =1 :1:1 nucbarmaru Oup TOHHA JOHAJOpJAHTaH Mypakkald apaiail YFuT
OJIMITHUHT MOJIui Oanancu xucoOmanau. Mmma® 4MKapUIIHUHT TPUHIUIHAT
TEXHOJIOTUK THU3UMU TakiIu stunau (4-pacm).

vV

docdart xoM MumnepaJ Ty3aap
———
amecn

Taiiép maxcyJior

L

4-pacm. JloHag0pJIaHraH MypaKKad-apajan KOMIUIEKC YFUTIAp MILIA0

YUKApPUII TEXHOJTOTHK TU3HUMM
1, 2 — 6ynkep; 3, 4 — no3aTop; 5 - UKKM BaJUIM LIHEK-apajalITUpruy; 6 - aesuHTerparop, 7 -
okatkasim OapabaHn; 8 — Kyputum Oapabanu; 9 — 6ynaknaruyg; 10 — smak; 11 — nukmon; 12 -
JICHTAJIX TPAHCIIOPTED.

Nmna® yuKwiIrad TEXHOJIOTUs J1JabopaTopusl MoJea KypuiaMacuaa CUHOBAAH
yrrazunau. Ukruconuii xucobmnap, ¢dochoputr yHH, aMMOHUN HUTpPATH Ba Kajui
xyopunuaad; Gochoput ynu, aMMoHu# cynbdaTu Ba kanuit xsnopuauaad N : P,Os:
K;O = 1: 1 : 1 Hucbataa nonagopnamtupuwirad asordochopnu yrutiapaaru 1
TOHHa O03yKa MOJJacH TaHHApPXWHUHT, XYIIW IIyHAAl O03yKa KOMIIOHEHTJIap
HUCOATHAAa OJMHTaH aMMO(OC, aMMOHHMI HUTPATH Ba Kaluil XJopuau; ammodoc,
aMMOHMI cyib(haTy Ba Kalui XJIOPUIKUJAH OJMHTAaH YFUTIIAp apajaniManapuaari
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I ToHHa o3ykKa Mojjaacu TaHHapxuaaH moc pasBumga 421297 Ba 412669 cymra
ap30HJIUTHHU KYpPCaTIu.

HucceprauusgHunar «@ocdop Oyiinya STHIM NACT KOHUEHTPAUUSJIN IOBUO
Kyiaupwirad ¢gpocpoKoHUEeHTPATHN YPraHuun> MaB3ycujaru oemmHun 6o0uaa
SAHTM OoMuTHII TU3UMHU OYinua umnad uuxkapuirad FOK®OKau kaidita unuiaimn
HaTWXaJlapu KeNTupwirad. Y Kyiuaaru tapkudra sragup (orup. %): 25,77 P,0s,
52,70 CaO, 1,20 MgO, 0,63 Fe,0s, 1,15 Al,Os, 2,67 SO3, 0,04 CI, 3,60 CO,, 6,88
spumaiinuran Konauk, CaO : P,Os = 2,05. Sluru typaaru xom ameéHu cyibdar
KHCIIOTAJIA KCTPaKUMs KWINII KapéHUHU TaAKUK Kuini Ba yHu DDK, ammodoc
Ba aAuamMModoc HIUIA0 YMKApUILIWra SIPOKJIWIMIMHM aHUKJIAII KaTTa amMalui
axamustra sra. OOK onuin TeXHOJOTHSACUHU MIUIA0 YMKHIL YYYH XOM alIEHUHT
bu3UK-KUMEBUI Ba QU3HK-MEXaHUK XOCcallapu XaKuaa MablIyMOT 3apypIup.

bynpait xoccanapra: yiiMa 3WWIMK, TaOMUl Oypyak KUSUIUTH, OKYBUYAHIIMK,
JUCHEPCIN TapKuO, TMUTPOCKOMUKIMK Ba HaMJIMK cufrumMu kupaau. FOKOKuaunr
OPKUH yhMa 3uuinurd jgacTiabku  Hamiuk  0,27% Oynranga 1,21 r/em’,
spuamTapua oca 1,52 r/em’ ra tenr 6ynamu. KOKOKHUHT CHIDKYBYAHIMTHHH
OaxoJalra UMKOH OepyBUM KYypcaTKU4Yjap Karopura TaOuui Oypyak KUSIUTH
Kupagu. bypuak KUsJIMIM KaHya Kam OyJica, COUYMIyBYaH MYXHUT 3appadajiapu
InIyH4Ya IOKOpU CWDKWIyBUaHiukka sra Oynmamu. FOK®OKuuur tabumii Oypuax
KU KuiiMmatu 28 rpagycHu Tamkui dtaau. FOK®KHuHr counmityBuaHmuru
aHuKJIaHranna, yHuHr 10 Oamnra tenr skannuruHu kypcatau. FOK®OKuuur
TUTPOCKONUK HyKTacu 51,5% ra TEHT SKaHJIUTH MabiyM OYiau. YHUHT macT
kuitmatn FOK®K tapkubuna rurpockonuk monana — CaO MmaBKyaaura OuiaH
tymyHtupuiagd. FOKOKuunr namnuk curumu — 4%. 1lly cababnan yHu caxnai
Ba Tamuiiga Hamiaukaad cakiam 3apyp. FOK®K - 4% wamnukrada énummb
KOJIMauu.

FOK®Kuunr (+0,05) — (+0,315) MM ynyam cuH(ura KOHIEHTPAaTHUHT aHYa
kyn Oynran muknopu (ymymui maccagan 90,5%) TVrpu kenaau. AHYa IOKOpU
mukaopaaru (22,8-28,9%) P,Os xam (+0,05) man (+0,315) mm raga Oyniran
dbpakius cunduaa tymianrad. CaO : P,Os = 1,90-2,39 MuauMan KuiiMaTiapu Xxam
aitHan my ¢pakuusra moc kenaau. FOK®OKuunr kuméBuil TapkuOu Ba (Pu3MK-
KUMEBUM Xxoccanapu, yHM O®Kra kailTa unouiami MyMKHHJIWTUHHU OJIUHIAH
aHUKJIAIl UMKOHUHU Oep/u.

Nianar 6upunyn 6ockuunga FOKOKHuHT cynbdat kucmoTacu Ba ailianma
OOK apanammacu OusiaH OOLUTAHFUY KOMITIOHEHTJIAPHUHT Xap XWUJI BaKTAa Y¥3apo
TabCUPJALTYBUAATH MapyallaHUuIl CypbhaTH OYinya TaAKUKOTIAP YTKA3WIIH.
Bynunr yuyn 85°C na tepmocraTinanran Ba tapkubuna 15% P,Os Tytran aiinanma
OOK Oop curumra oiJMHIAH YiyaHraH XoM amé comuHaud. CYHrpa OJMHTaH
docdar apanammvacura 5 JakukKa JAaBOMHIAa XUCOOJaHTaH MHUKAOpAAru Cyibdar
kucnotacu Oepunau. Lllyngan kelinH peakuussHUHT OOpHII BaKTH CaHOFU
oouutanau. H;SO4 Mmebépu — crexuomerpusigan 103%. 3apyp OViran cyroatupul
SPUTMACU MHUKIOPH MPOIYKIMOH OYTKaaa OeNruiaHraH CyloK Ba KaTTUK dazanap
(C:K=3:1) Hucbaru acocuna amanra ommpunau. [lapuananum kospduinmrenTu
(Kapuanamm) 15, 30, 60, 90, 120, 180 Ba 240 nakuka opanurua aHUKJIAHIH.
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Harwxanap myHu kypcaTaukyd, XOM AIIEHUHT y3apO TabCHUPJIAIIMWII BAKTH
ommmn 6mnad Kyapuanamm Ba 9PKra P,Os HUHT Koypamm OpTHIIN, QUIBTpIaHUII
KypCaTKMWIapyu XaMm sAXWmuiaHumuy Ky3atwinaau. Macaman, JOK®OK 15 pakuka
nasomuaa 90,79% ra, 30 makmka — 93,71% ra, 60 makmka — 95,11% ra Ba 240
JNaKuKa yuyH — 96,28% ra napuanaHaau.

Keitnnuanuk, FOK®KHuu cynbdar Ba pocdop kucioracu apanammacu OusiaH
4-coarnuk napyanam opkaiu OPK onum xapaénu ypranwnau. [lapuanam ycynu
OJIIMHIH KapadHra yXIWAIMp. Y3rapTHPHIraH NapaMeTpiap: KHCI0Ta MebEpH —
CaO nm mapuanam yuyH crexuomerpuanan 100, 103, 106%; ailimanma Kuciota
KoHIeHTpamusicu — 12,5; 15; 16,5% P,0s, 6¥Tkanaru C : K mucoar — 3,5 : 1; 3,0 :
1; 2,5 : 1 Ba xxapaén xapopatu — 80, 85, 90°C 6¥nau. Ham pocdorunc uykmacunu
IOBUII 3-MapTaJvK IOBUII TU3UMH OYiirya amaira OuMpuiIg.

OnunHran Hatwkaiapgad kenuO yukkaH xonaa, FOK®OKuu cynbdar
KHCJIOTATM DKCTPaKIUs KWIWIITHUHT MaKOyJ IMIapouTiIapu TOMWIIW: CyJbdat
kucinoracu mevépu - 103%, alinanma DPK xonuentpauusacu — 15% P,0s, xapaén
xapopatu - 85°C Ba C : K muc6aru 3 : 1. Bynaa Kyapuanamm = 96%; Kaxpamum = 95%;
Kiosmm = 97%; Kumane = 92%; pocdoruncHunr dunbrpiaanum te3nuru — 1361
kr/mM*-coar. FOBmiran Ba Kypurmiran docdoruncaa 1,28% P>O0symym, 0,47%
PyOscysop, 31,51% CaO, 43,88% SO;, 4,35% opumaiinuran Konauk Oynanu.
Omuuran ¢ocdop kucioracu 3ca (orup. %): 19,44 P,05;0,71 CaO; 0,91 MgO;
0,95 Al,0O3; 0,47 Fe,0s3; 3,18 SO; Tapku6ra 3ra; yHUHT 3uwinru 1,22 r/cM’ Ba pH u
= 0,65 ra tenr. Y amMmmodoc Ba AuaMMO(OC OJMII y4yH AACTIA0KA KOMIIOHEHT
cudatuga Xxu3Mat KUJIIu.

Hactnabku kucnota (19,44% P,0s) dolinananumigan oaauH GuibTpIaHId Ba
YHAAH YyKMa aXpaTwian. TUHANPWITaH KUCIoTa KyWHaaru Tapkuora sra 0yinau
(orup. %): 19,83 P,0s; 0,35 CaO; 0,54 MgO; 0,55 ALOs; 0,45 Fe,O5; 2,61 SOs.
O®Kuu razcumon ammuak Ouinan 85-90°C xapoparnma pH kuiimatu 5,5 raga
aMMOHUITAIITUPWIIA. AMMOHUMIAIITUPranaad cyHr O0yTka Hamumru 60% HU
tamkwi dtaau. by 6YTka Tapkubum kyhunmaruya (orup. %): 18,33 P,0Os; 6,11 N;
0,33 Ca0; 0,52 MgO; 0,53 AL,O3; 0,43 Fe,0s5; 2,48 SO;.

SAarm MK IOK®Knan onunran ammonwmitnamrupuiarad ¢ocdopkucioranu
OYTKaHWHT 3UYIMK Ba KOBYmKoKIukIapu pH kypcatkuu (0,65-8,5), xapopat (40-
90°C) Ba OyTkamaru Hamiukra (40-60%) OOFIWK paBuUIla aHUKIaHAW. bapua
xonatiapaa OYTKanap CylOK OKyBYaH Ba YJIapHHUHI PEOJIOTHK XOccallapyd KeWHWHTHU
KaWTa MIUIalga KAMMHYWIIUK TYFIUPMaiIn.

AMmodoc 6YTkacunu 85-95°C, atmocdepa 6ocumuaa oxupru Hamauru 40%
rada Oyrnatwinu. Jnammodoc onuin yuyH Oyrnatwiran ammodoc sputmacu pH
KypcaTkuuu 8,5 rada KyllMM4a paBUlIJa aMMOHHUWIAIITHPWIAU. AMMHAK
WYKOMUIIIMHN OJIMHU OJIMIN Makcaauja amMMmuak Owrad tyuuntupum 70°C nax
nact xapopataa yrkazunau. JuammodocHu Kyputuin 60°C nan 1okopu OyimMara,
ammodocHH 3ca —75°C naH 10Kopu OYaMarad xapopaTaa amaira OIUPUIIIH.

Mynpait kunuob, onuHran kucinotanu pH = 5,5 Ba 8,5 raua nedTpaniam Moc
paBuna ammodoc Ba tuaMmmodoc onuira acoc 0ynau. Jlonagopiaanrad aMmmoQoc
y3uHUHr Tapkubuna (orup. %): PrOsyuyn — 47,39; PrOsysn — 46,935 PrOscynsp. —
42,77, P205y3m . P205ymyM. = 99, PQOSCYBQP. . PZOSymyM. = 90, SO3 — 6,02, CaO — 0,76,
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MgO - 1,27; Fe,O5— 1,02; ALOs;— 1,37; N — 12,05, noHanap MycTaxKamJIUTH dca
5,4 MIla ra sra. byngai kypcatkuwiapra sra aMmmodoc xaxoH 0o030puja KaTTa
tana® Omnan Qoinananunanu. duammodoc sca 44,33% PrOsyyyy, YHEHT 98%
y3namyBuaH makiaga, 90% — cyBaa spyBuaH makiga Ba 17,92% azor Tyranu,
YHUHT JoHanap myctaxkamiuru 3,2 Mlla. Yuna 0,69% CaO; 1,11% MgO; 0,91%
Fe,03s; 1,15% Al,O5 Ba 5,77% SO; maBxy.

2015 iwun sHBap oMuman Oonwiad «Ammodoc-Makcam» — aKIIMOHEPIIHUK
KAMUSTUHUHT UILIA0 YMKAPUII IAPOUTHA Kapa€HHUHT MaKOys MIapOUTIApUHU
YypHatum yuyH ssHru Typaaru FOK®OKHu kaiita unam Oyiinya Takpubda-caHoat
cuHoBnapura kupumian. Cunonap naBomuaa ODK Ba y acocupa yrurtiap
OJIMII/Ia TEXHOJIOTHK >Kapa€HHUHT MaKOyJI mapaMeTpiiapy TOHIIIH.

Mynnait kunuod, «Ammodoc-Makcam» AXKna 2015 imnHuHT nactiaadbku Oern
oliga YpHaTWIraH TeXHOJOTUK Imapoutiap OVimua 100% P,0s xucobuma 26,8
MuHT ToHHa DOK nnnad ynkapui opkanu 154,4 munr tonHa ssuru FOKOK kaiita
unutagau. DOK acocuna 84,2 mupa cymiuk 25,9 muHr ToHHa ammodoc, 29,4
MUHT TOHHa cymnpedoc-NS, 23,6 munr toHHa PS-Arpo Ba 26,3 MUHTI TOHHa
ooitutmiiran cynepdocdar Yrutiaapu unuiad YuKapuiIu.

XVJIOCA

Huccepranius uWmMHA Oakapuillja OJWUHTAaH acoCHM WIMHUKA Ba aMmaiui
HaTWXaJlap KyHugaruiap XucooiaHaau:

1. MK dochoputiapunmn cupka KuUcjaoTacu OWjiaH KUMEBUM OOMUTHUIITHUHT
MakOyn mapoutiapu tonuiaan: xom améaaru CaCO; HU napyanaml yyyH KUCJIOTa
Mewrépu crexuomeTpusiiad — 110%; K : C macca nucbaru 1 : 8; xxapa€H xapopartu -
25°C Ba apanamtupuin gaBomuinuru - 30 makuka. bynga tapkubumga 16,33%
P,0s, 17,23% CO,; CaO : P,Os = 2,89 tyrran O®VY nan 25,58% P1Osyyyn., 4,24%
CO; Ba 1,66 xanbluii MOAyJWra sra KOHUEHTpAT oJull MyMKuH. 12,98% P,0s,
13,8% CO, Ba 3,09 xanbumii Mmogynura sra MMpan tapkubuma 20,04% P,Os Ba
1,96 xanpiuit mMomynuHu TyTraH (ocdokoHIeHTpaT oiduHau. Typrra Typaaru
O®Vnapnan 25,58-31,36% P,Os Ba 1,57 nan 1,66 raua xanbluii MOIYJIU TYTTaH
dbochokoHIIeHTpaTIap OJUHIU. ByHIall KOHUEHTpaTHH KHUCIIOTAIM HKCTPAKIIMS
ycyauaa xap KaHpail typaaru dochopnu yrutnapra myBaddaxuaTiaum KaiTa
unuiam MymkuH. JlacTimabku kanbiuid moaynu 1,96 6ynmran FOK®K sca 1,48
Kbl Monynura sra QocdokoHueHTpaTtra annanau. YHaa P,Os mukmnopu
27,26% nan 33,56% raya omau.

MK 1okopu kapOGonatiu Qocdar XoM amECHHM OpPraHUK KHUCIOTa OuiIaH
OOMMTHUIIIHUHT TMPUHIMIHKAT TEXHOJOTUK TH3UMHM TaBcusi HTwian. HWimad
YUKAPUITHUHT MOJIUN OamaHCH XUCOOIaH/IH.

2. MK dochopurnapuau docdopkuciotany GaoaliTUpui Wynu OusiaH
oupnamun Gocopan YFuT onum TexHonoruscu uuuiad yukungu. dochar xom
amécuHU Tapyajam y4yH KHCJIOTaHMHT MakOyJdl MebEpH TOMWIAHM, yYHTAa Kypa
onuHran Oupinamun dochopau YruTiaapaa OKOPH MHUKIOpJIAard yMyMHH Ba
y3namyB4yaH P,Os maknura sra, P,Os HUHT cyBia 3pyBUaH MIAKIMHUHT HUCOUMN
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mukaopu 3ca 50% npan omaau. by mMenépmap ODY, UD Ba MMunapuu Kaiita
UIUIalga MoHOKanbluidochaTHn XOCWI KWIUII yuyH ctexuomeTpusnan 40%,
FOK®KHuu kaitra unuiamga sca 30% ra tenr 6ynaau. OOY, UHD Ba IOKDKnapuu
Oyrnatunran (24,46; 29,05; 29,86; 36,23; 46,00; 50,78% P,Os5) docdop
KHUCIIOTalIapy OuiiaH (haosulalITUpUILI aManra omupuwiau. @ocoputiapra UILIOB
Ooepumr yayH DDK KOHIEHTpAIUSCUHUHT OIMPUIUIIN Maxcyioriaapaara P,Os
HUHT YMYMUH IIAKIUTa ACSAPIN Tabcup KypcatMmaiinu, P,Os HUHT cyBaa spyBYaH
Ba V3JallyBuaH MIAK/UIapu MHKIOPUHHU ce3wnapcu3 omupand. ODPY  yuyH
KHCJIOTAT TEPMHK MIILIOB OCpUIIHUHT MakOysn mapameTpiapu P,Ossyex @ P2Osox
aucObaru 1 : 0,3 Ba xapopar 220°C xucoGuadagu. ByHma ojMHIaH MaxcCyjioT
TapKI/I6I/I 43,89% PZOSYMYM.) 35,1% P205y3n., 20,9% P205cy3.3p.9 P205y3m . PZOSymyM. =
80,11% Ba PyOscyp sp. : P2Osywyw. = 47,73% un Tamxun stanu. JOKOK yuyn maxOyn
napamerpiaap PyOsyok @ PoOsex HucOatu 1 : 0,5 Ba xapopar 220°C xucobnanamu.
Maxcynor tapku6u 48,8% POsyyym., 38,4% P2Osgsn, 39,3% P2Oseypop, P2Osyay :
P>Osyuym. = 78,67% Ba P2Oscyp 5p. @ P2Osyyyn. = 59,98% By Tamkun stagm.

3. Mapkasuit Kuzunkym dbochoputnapunu dbochopkucnoranu
daomnamTupun Wynu Ounan Oupiamuu dochopiu YFUTIAp OMUIIHUHT MaKOys
TEXHOJIOTHK IIAPOUTH aHUKJIaHAK. Mad 4uKuiarad TeXHOJOTHS STHTH OupiaMuu
dbochopan YFUTHUHT TaXpuOa MapTUACHHU UILTA0 YUKAPHUII OPKAIA TEXHOJIOTHUK
anpoOanusicu yTkazuaau. Unuiad yukapuIHUHT TPUHIUITHAI TEXHOJIOTUK TU3UMU
taknud KuauHau. bupnamun ocdop Yrutu Ba aMmMopocHU Uiad YUKAPUIITHUHT
COJIMIITUPMA MKTHCOAUN XucoOjapu amalra omupuiau. bup ToHHa Oupiamuu
dbochopau yrutu Oup ToHHa ammodocaan 1,65 6apobap ap30HIUTH KYPCATUIIIH,
rapyasji yiap ry3a SKMHUJa arpOKUMEBUIN caMapaopiuru Oyitnda y3apo TeHIIup.

4. MK dochopurnapu Heruzuaa ammodocdar onuin xapaHu YpraHuIu.
OOVYHu ukku Oockuyna (ochopkucioTanu napyaiam OKOPH KYNUKIAHUITHU
Oaprapad STyl UMKOHUHU Oepaau. ONMHTaH MaxcyjnoTiap Y3WHUHT TapKuOU
Oyiinuya camapanu azoTgocopian yruTiapra Moc Kenaau. Yiap tapkuouaa 34 nax
38% rauya ymymuii P,Os, my Ounan Oupranvkia yHUHT KaTTa KUCMH YCHUMIIUK
y3namrupa onagurad mMaxkiga (PrOsgsy @ PoOsyyy. Ba PyOsceynsp o P2Osyyyn. MOC
paBuiga 90-97% Ba 56-72% opanuruna €raau), 4 nan 7% rava a3oT Ba y3uaa
YCUMIIMK YYyH y3JallyByaH IIaKJJaru Kanbiuira sraaup. ODYHU 3KCTpaKIUOH
dbochop kucmoTacu OwiIaH UKKM OOCKMWIM Tapyayiam Wynu Ounan ammodocdar
OJIUIITHUHT MPUHIMIHAT TEXHOJOTUK TU3UMHU TAKIU( KUIHH/IH.

5. MK dochoputiapunu a30Tiu Ba KWWK Ty3Jap €paaMuia KUMEBHUM Ba
MEXaHOKUMEBUM (paoyutalITHpUII XaM NacT HaBiau gocdaT XoM amécHHU KahTa
UIUTAITHUHT TEXKaMKOp Wysapuaad OUpW SKaHIUTUHU Kypcatau. M3otepmuk
yeyana 25 Ba 50°C ma Caz(POy),-(NH4),SO4-H,0, Caz(PO4),-NH4NO5;-H,O Ba
Ca3(PO4),-NH4CI-H,O cyB-Ty3 ywiuk cuctemanapuaa (azansap >SpyBUAHIUTH
yprauwnau. TpukanbiuiidocHaTHUHT CyBIard SpyBUYAHIMIU aMMOHUU Ty3Japu
UITUPOKHU/IA, AWHUKCA aMMOHUH CyJb(aT UIITUPOKUA KYTIPOK OIIaIH.

6. Onnuit hochopuT yHU, YaHTCUMOH (pakilus, MUHEpaJUIAIlraH Macca Ba
TEPKOHIICHTPAaTHU aMMOHHMK HUTpaTH Ba cylbdatu umrupokuaa 0,16 MM nan
KMYUK Yioyamrada Maijganam Wynu OujaH MeXaHOKMMEBHMM (aomamTHpUIT
amaira omupuiau. bynaa xap ukku aMMoHUN Ty3napu docdar xom amécuaaru
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P,Os HuHr y3namyB4aH IIAKIMHU KecKuH ommpanu. Opauit dochoputr yHu
acocuga NHsNO; unuiatuirana ypraHuirad Mapkajaru yrumiapaa y3iaanryByaH
P,Os maknmuauHr ymymui makiura Hucoatu 56,08 gan (N : P,Os = 1 : 1 na)
97,24% raua (N : P,Os = 1 : 0,1 nma) ysrapagu. (NH4),SO, Hu ¢olinananran
xonataa 3ca Oy kuhMatnap 67,93-98,24% opanuruna xoitamanu. docdar xom
amécy dpyBYAHJIMTUHU OLIMPHILI Oopacuia aMMOHUH Cylnb(paTH XaKUKaTAaH Xam
aH4ya camapajyd SKaHJIWrd HaMo€H Oynau. OnuHraH VFuT apajaniMalapuHu
Ipecclialll ycyauaa JoHaaopianl kapaéuu yprauunau. [lpeccnamaa 3apyp 6ynran
muHuMan 6ocum 100-150 MIla wHu Tamkun stumuHu Kypeatau. IlpeccatHunr
aH4a 10KopH MycTaxkammura 250-300 MITa na spummiany. YFUT apanammManapy
HaMJIUTUHU 2% rada Kynautupuin TabjieTka MyCTaXKaMIUTUHU OLIUP/IH.

7. OOVYHu xamuit ¢ocharu, ammoHuMil kapOOHATH, MOYEBMHA HHUTPATH,
Kalui  XJopuau Ba Kapbamuj Owiad apajamManapujia  MEXaHOKUMEBHUUN
daomnamtupumr Xxam Gochoputr ynugaru P,Os HUHT Vy3namryBuaH IIaKIMHU
optumra onu6 kemanu. dochoputnapHu Xxap Xua MHHEpad TysJnap Ouiad
GdaomnamTHpUII HATHXKAcHAAa XOM aménaru ysnamyByaH ¢ochop MUKIOPUHUHT
opTu6 OGopuIl KAaTOpu TY3wWiau (Kapbamua — Kajauil XJIOpUAH — KapOOHATHUHT
aMMOHUI Ty3J1apu— aMMOHHI XJIOpUJIM — aMMOHUI HUTpaTH — Kalui pochatu
— aMMOHMU cynbdaTu — MoueBUHA HUTpaTH). ODY, Kanuil XJ0puau, aMMOHHUH
HUTpatH Ba cynbdatu acocuga N : P,Os: K;O =1 :1 : 1 Hucbatgaru 6up ToHHA
JIOHAJIOpJIaHTaH Mypakkal apajnami YFuT OJIMIIHUHT MOJIUN Oalancu XUCOOJIaH Iu.
bynnait yrutnapnaru 1 TOHHa 03yKa MOJJacud TaHHApXH, aMMmodoc, Kamui
XJIOpUJIM, AMMOHMM HUTpaTH Ba cyib(haTh acocujard YFuT apanaiimMaiapu
taHHapxujgan 421297 Ba 412669 cymra apzonaup. Mmmad YHKapUIIHUHT
OPUHIMINAT TEXHOJOTUK THU3UMHM Takiu@ Stuiau. OnuHraH YFUTIapHUHT
arpOKMMEBHI CHMHOBJApPU BETETAIIMOH Ba Jajia IIapouTiapuaa yrkazwiau. [ana
CMHOB HaTW)XaJlapu HUUIA0 YUKWITaH Mypakkald azordocdopnu YFUTIApHUHT
IOKOpHY caMapaJopiIuru anbanasuil ¢ochop TyTran YruTiapaaH KOJIUIIMACIUTUHI
TaCIUKJIAIN.

8. Tapxubuna 26% P,Os tyrran MK ¢dochoputinapu suru FHOKDOKuuur
bu3uK-kUMEBUN Ba (u3MK-MeXaHHK xoccanapu aHukiaanau. IOKOKau OdKra
KaiiTa MuialHuHr Makoyn mapoutiapu Tonwiau. KOK®OKuau cynedar kucnoranu
AKCTPAKIMs KWIMIIHUHT MakOyn mapoutiapu: H,SO4 menépu - 103%, aitnanma
H;PO, xonnenTpamusicu — 15% P,0s, s)xapaén xapopartu - 85°C Ba C : K Hucbaru 3

1, OyHga TexXHOJNOTHS YYyH MabKyid OYyiraH KypcaTkuujapra SpULIMIMILNA
aruKIaHIN: Kiapaanamm = 96,33%, Kaparum = 95,04%; Kiopumm = 97,27%; Kapam =
92,44%; ¢unsrtpaanum tesmurd — 1361 kr/m>-coar, DPK KOHIEHTpaLMsICH 3ca
19,44% P,Os. Surm MK HOK®Kpan oguHran amMMOHMIIAIITHPUITaH
dbocdopkucnoranu OYTKaHUHT 3UWIMK Ba KOBYIIKOKIuKIapu pH kypcarkuy (0,65-
8,5), xapopar (40-90°C) Ba OyTkamarum Hamumkra (40-60%) OoFIMK paBuUIIa
anuknanau. bapua xonatnapna OYTKanap CylOK OKyBYaH Ba YJIApPHUHT PEOJIOTHUK
Xoccajapu KEWMHTM KaWTa wunulalmra KUWMHYWIMK TyFaupMmainad. OJuHTaH
kucioranu pH = 5,5 Ba 8,5 raua HelTpaiam Moc paBuiiga aMmodoc Ba
nuammodoc onmiira acoc Oymau. Sxmu cudarmaru ammodoc Ba auammodoc
YFUTJIapU OJIMHIU.
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HAYYHBIN COBET 16.07.2013.K/T.14.01 IPU UHCTUTYTE
OBIIEN 1 HEOPTAHUYECKOHN XUMWH, HAYYHO-
HUCCJEJOBATEJbCKOM IHEHTPE XUMHWHU U ®PU3UKHU
MOJUMEPOB, TAIIKEHTCKOM XUMUKO-TEXHOJIOT'HTYECKOM
HHCTUTYTE U TAIIKEHTCKOM I'OCYJIAPCTBEHHOM
TEXHUYECKOM YHUBEPCUTETE IO NIPUCYKJIEHUIO YYEHOM
CTENEHHU JOKTOPA HAYK

WHCTUTYT OBIIEA 1 HEOPTAHUYECKOHN XUMHNHU

CENUTHA3APOB ATAHA3AP PEMITHA3APOBUY

PA3PABOTKA TEXHOJIOI'MH MMOJYUYEHWSI OJJMHAPHBIX
®OCPOPHBIX U KOMIUIEKCHBIX YJIOBPEHUN METOJAMHU
XUMHUYECKON 1 MEXAHOXUMHWYECKOHN AKTUBAILINU
HU3KOCOPTHBIX ®OCP®OPUTOB

02.00.13 — TexHOJIOrMSl HEOPIraHUYECKHUX BElIECTB U MaTEPHAI0B HA X OCHOBE
(Texuuuyeckue HaAyKH)

ABTOPE®EPAT JJOKTOPCKOM TUCCEPTAIININ

ropox Tamkent — 2015 rox



Tema 10KTOPCKO# qUCcepTaMU 3aperucTpupoBana noja Homepom 30.09.2014/B2014.5.T281 B
Broicuieii arrectaunonnoi komuccuu npu Kaounere Munuctpos Pecny0inku Y30eKkucran.

JloxTopckast quccepTarys BblojHeHa B IHCTHTYTE 0011IeH 1 HEOpraHMIECKOW XUMHH.

ABTOpedepar auccepTalii Ha TpeX sA3bIkax (y30eKCKWH, PyCCKH, aHTIHMICKWN) pe3MelleH Ha
BeO-cTpaHMIle MO ajpecy www.ionx.uz u MHdopMannoHHO-00pa3oBaTeIbHOM MOpTajie «Ziyonety Io
azpecy www.ziyonet.uz

Hay4Hblil KOHCYJBTAHT: Beraos bopuc MuxaijoBuu
JIOKTOP TEXHHYECKHX HayK, Mpodeccop, akaJeMHK
Axanemun Hayk PecrryOnuku Y30ekucTan

O¢puunanbHbIe ONMOHEHTHI: TyxraeB Caiinaxpai
JIOKTOP TEXHHYECKHX HayK, Mpodeccop, akaJeMHK
Axanemun Hayk PecrryOnuku Y30ekucTan

HNcemounnos Hacpyaia IarxyanaeBu4
JIOKTOP TEXHUYECKUX HayK, mpodeccop

KymanuszoB Maxcyn KadoueBuu
JIOKTOP TEXHUYECKUX HayK, mpodeccop

Be[lyl]laﬂ Opranu3anusa: I/IHCTI/lTyT «y3Tﬂ)KHe(l)Tel"a3XI/lMl'lpoeKT»

3ammTa COCTOMTCS «_ » 2015 r. B «___» YacoB Ha 3acemanuu HaydHoro coBera
16.07.2013.K/T.14.01 mpu HMucTtuTyTe 0OINEli W HeopraHWYeckod xumuM, HaydHo-mccrenoBaTenbcKoM
HEHTpEe XWMHH W (H3UKA TOIMMEpPOB, TalIKEeHTCKOM XHMHKO-TEXHOJIOTHYECKOM HHCTUTYTE U
TamkeHTCKOM rocyIapCTBEHHOM TeXHHUYecKoM yHuBepcutere 1o aapecy: 100170, r.Tamkent, yn. Mupso
Ynyroek, 77-a. Tem.: (+99871) 262-56-60; dakc: (+99871) 262-79-90; e-mail: ionxanruz@mail.ru

JlokTOpckast muccepranus 3apeructpupoBana B MHpopmarmonHo-pecypcHoM 1ieHTpe MHCTHTyTa
o0Iell u HeopraHWyeckol XMMHU 3a Ne | ¢ KOTOPOH MOXXHO O3HAKOMHUTHCS B WHBOPMAIMOHHO-
pecypcaom nentpe (100170, r. TamkeHt, yia. Mup3o Ynyroek, 77-a. Ten.: (+99871) 262-56-60).

ABTopedepar AuccepTalny pa3ocial « _ » 2015 rona.
(mpotokon pacceuTku Ne oT 2015 ).

b.C.3akupos
IIpencenarenns HaydHOr O COBETA MO MPHUCYKICHUIO
Y4E€HOM CTENeHu AOKTOpa HAayK, JI.X.H.

A.M.PeiimoB
VYuéHblii cekperapb HAYYHOT'O COBETA 110 MPUCYKIECHUIO
YYEHOM CTENEHU I0KTOpa HayK, J.T.H.

C.C.Xampaesn
IIpencenarens Hayunoro cemunapa npu HaydyHoMm coBere
10 MPUCYXKJICHUIO YIEHOH CTEIEHH TOKTOpa HayK, J.X.H., Ipod.



BBenenue (aHHOTAIMS JOKTOPCKOM TUCCEPTALIAN)

AKTYaJIbHOCTh M BOCTPe0OBAaHHOCTH TeMbl auccepramuu. B XXI Beke
pe3ko o0ocTpuiiach MHUpPOBasi MPOAOBOJBCTBEHHAs MpolieMa, OO0yCIOBIEHHAs
BBICOKUMHU TEMIIaMU pOCTa HACEJIEHUS IO CpaBHEHUIO C TEMIIaMU pOCTa
MIPOU3BOJICTBA MPOJOBOJILCTBUS U PE3KUMHU COKPAILEHUSMH TaKUX PECYpPCOB, KaK
MaXOTHO-MPUTOJIHBIE 3€MJIM, 3amachl NPECHOW BOAbI, HCTOYHUKU HHEPTUH,
HEOOXOIUMbIE JUIsl TMPOU3BOJCTBA  CEJIbCKOXO3SUCTBEHHOM Mpoaykuuu. B
V36ekuctane 25,73 MIIH. Ta 3eMeJIb CEIBCKOXO3IMCTBEHHOTO HAa3HAUCHUS, U3 HUX
3,73 MiH. ra opomarorcs. Ha 3Tux opomiaemeIx 3eMIIdX MOJay4aroT cBbie 97%
CEJIbCKOXO3AMCTBEHHON mNpoayKuuu. OCHOBHBIM (DAaKTOPOM JJIsi  TOJYUYECHHS
BBICOKMX U KAUECTBEHHBIX YPOXKAEB CEJIbCKOXO3IUCTBEHHBIX KYJIbTYpP SIBISETCS
HIMPOKOE MpPUMEHEHHWE MHUHepalbHbIX yaoopenuil. Iloatomy oOecneuenue
CEJIbCKOTO X03s1iicTBa MUHEpaTbHBIMU yI0OpEeHUSIMU npuoOpeTaeT
UCKITIOUYUTEIBHO BaXKHOE 3HAUYCHHUE.

B 2014 rony npeanpusiThs XMMHUYECKOW MPOMBIIUIEHHOCTH Y30eKucTaHa
npousBenu 942,8 Teic. T a30THbIX, 133,8 ThIc. T QocopHbix U 96,4 THIC. T
KUIMHHBIX yaoOpenuit (B pacuete Ha 100% mnuTAaTeNBbHBIX BEIIECTB). A
notpebHocTh PecyOnuku B HUX coctaBisier B rox 839,58 teic. T N, 525,21 1hIC. T
P,Os u 278,92 teic. T K,O B Buae MuHepanbHbIX ynoOpeHuil. Pecmybiuka
pacnosiaraeT 6oraTeiIMMH 3arnacaMy NPUPOIHBIX KATUUHBIX cojied. B HacTosee
BpeMsi 3aBEPIICHO CTPOUTENILCTBO BTOpOH ouepean JlexkaHabaackoro 3aBoja
KaMHHBIX ynoopenuid. OO01as MOIHOCTh MPOU3BOACTBA cocTaBisieT 360 ThIC. T B
roa K,O B Buze xitopuaa Kaausi.

Jliist 3aBo1oB Y30eKkucTana, Mpou3BOASIIUX (Pocdopcoaepxkaliie yaoopeHus
OCHOBHBIM  (pocaTHBIM CBHIpEM  SIBISIOTCA  (POCPOPUTHI  MECTOPOKIACHUM
Hentpanbubix KeizpuikymoB (LK). @ochoputsl LUK xapakTepusyroTcss HU3KUM
conepxkannem Qocdopa (16,2% P,0s), BbICOKMM cojepkaHUEM KapOOHATOB
(17,7% CO;) u NOBBIIIIEHHBIM 3HaueHUEeM KaibleBoro monynis (CaO : P,Os =
2,85). D10 chIpbE MPAKTUUECKU HEMPUTOAHO HU JJIsl CEPHOKUCIOTHOM 3KCTPAKIIUH,
HU JUIsl a30THOKUCJIOTHOTO pas3iokeHus. YToObl MNOJYy4YUTh KayeCTBEHHBIE
ynoopenus u3 Ttakoro cbipbsi Kei3puikymckuit ¢ochoputoBbiit komouHat (KDOK)
OCYIIECTBIJI TepMUUECKOe ero oboramienre. OQHAKO TaHHbBIN criocob oboraiieHus
MHOT'OCTQIMIHBIN, KpOME TOro B Mpoliecce oboraiieHus odpasyeTcss OO0JbIIoe
KonnuecTBo (pochopconepkamux orxoaoB. BoT mo3ToMy oudeHb BaKeH MOUCK
HOBBIX 1 3P (HEKTUBHBIX METOZ0B oboranieHus u nepepadotku Gpochoputon LK.

Cnegyer OTMETUTb, 4YTO JJIi BHECEHHUS NOJ 350JIeBYI0 BCHAIIKY OYEHBb
s dextuBHbl hochopubie yaoOpeHus. CorinacHo JaHHBIM arpoXuMukoB, 60-70%
OT T0JIOBOIl HOPMBI BHECEHUS (POCPOpPHBIX YAOOpPEHUI MOJ XJIOMYATHUK HYNKHO
BHOCHUTH MOJ 310b, a 1moj 3epHOBble kojocoBbie — 100%. [ToaTomy HeobOxoauma
pa3paboTKa HOBBIX TEXHOJIOTMH MOJYyUYEeHUS OJUHAPHBIX POCPOPHBIX YAOOPEHHUIA.

[IpousBoacTBo ¢ochopHbIX ynoOpeHuii BO BceM Mupe Oaszupyercs Ha
UCIOJIb30BaHUM Ooratoro (ochaTHOro ChIpbsi, KOTOPHIM pacloyiaraloT BCETro
Heckoibko cTpan Mupa (Poccus, CHIA, ctpanbl CeBepo-3amannoit Adbpuku u
brnmxnero Boctoka). 3anackl BBICOKOKaUE€CTBEHHBIX PYJl HEYKJIOHHO UCTOIIAIOTCS,
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HaOMIOaeTcsl TEHICHIUS BOBJICUEHUS B TPOMBIIIICHHYIO MepepadoTKy BO
BCEBO3pacCTaIIUX MacmTabax OenHbix @oc@opuToBeiX pyd. B sToM mnane
MEPCHEKTUBHBIMU SIBJIAIOTCS METOJIbI MEXaHUUECKOU, TEPMUUYECKOM, XUMUYECKOH,
MEXaHOXMMUYECKOH M MHKPOOMOJIOTHYECKON aKkTHBaUuMU (OchaTHOTO ChIPH,
MO3BOJISIIOLIME TEPEBECTH C HAMMEHBIIUMHU 3aTpaTaMu HeycBosemyto hopmy P,Os
B ChIPbE€ B YCBOSIEMYIO JUJIsl pacTeHuid popmy.

B menmsx yBenuueHuss o00BEMOB MPOU3BOACTBA  (Pocdopcoaepxainx
ynoopenuii Ha KO®OK yBenmumBaeTrcs MOUIHOCTh MPOU3BOJCTBA  MBITOTO
ob6oxxenHoro ¢ocdokonnernrpata (MO®DPK) or 400 mo 716 ThIC. T B TOJ CO
cpennum coaepxkanuem P,0Os 26%. llosBuiiace 3agaya ompeneseHHs CBOWMCTB
storo MO®K u HaxoXJeHUS ONTUMAIBHBIX PEXKUMOB €ro mnepepadboTKu B
AKCTpakuuoHHYI0 Qocdopyto kucnory (DPK), ammodoc, nuammodoc u
onuHapHoe pocdopHoe yaoOpeHue.

Hacrosimas pabora opreHTHpOBaHa HA BBINOJHEHUE 33a/a4, BHITEKAEMBIX U3
noctanoBnenuit [Ipesunenta Pecnyomuku Y36ekucran Ne [111-1442 ot 15 nexaOps
2010 roma «O mpuopHMTETaX pa3BUTUS MPOMBINUIEHHOCTH PecmyOnuku
V36ekucran B 2011-2015 rogax» u Ne III1-1975 ot 27 mas 2013 roma «O Mepax
M0 PaCHIMPEHUI0 MPOU3BOJACTBA (HOCHOPUTHOTO CHIPbS», HAIMpPABICHHBIX Ha
pacmpeHue  0OObeMOB UM aCCOPTUMEHTa  JKCIOPTOOPUEHTUPOBAHHOMU
KOHKYPEHTOCTIOCOOHOW TMPOMBIIUICHHOW NPOAYKIIMH, a TaKXKe CHUXKEHUS HUX
ce0ECTOMMOCTH IMyTEM BHEJIPEHUSI MPOTPECCUBHBIX MHHOBALMOHHBIX TEXHOJIOTHM
nepepaboTKu 0Te€YeCTBEHHOT0 (hOC(HaTHOTO CHIPHS.

CooTBeTCcTBHE MCC/IEA0OBAHUS IPUOPUTETHHIM HANPABJIECHUAM Pa3BUTHS
HAYKH W TeXHoJoruu B pecmyOjamuke. PaGora BbINOJHEHAa B COOTBETCTBUM C
MIPUOPUTETHBIMYU HAIIPABICHUSIMU pa3BUTUA Hayku U TexHosoruit PY3 I'HTII-6 —
«Pa3paboTka pecypcocOeperaromux 3KOJOTHYECKH O€30MacHbIX TEeXHOJOTHUM
MIPOU3BOJICTBA, NEPEPAOOTKHU, XPAHEHHSI U MCIIOIb30BAHUS MUHEPAIbHO-CHIPhEBBIX
PECYPCOB peCIyOINKH, MPOAYKIIMA W OTXOJ0B XUMHUUYECKOM, IMHUILIECBOM, JETKOU
MIPOMBIIIJIEHHOCTH U CEJIbCKOTo Xo3siicTBa» Ha 2009-2011 rr.

O030p MHOCTPAHHBIX HAYYHBIX HCCJIE0BaHMII MO TeMe AuccepTanmuu. B
BEIYIIMX MEXIYHApPOJHBIX HAYYHBIX IIEHTpax, B yacTHocTH Florida Industrial and
Phosphate Research Institute (CIIA), Fertilizer Research Institute (ITonbiia),
Engineering Dobersek GmbH (I'epmanus), University of Science and Technology
(Kuraii), The Chemical Society of Japan (Snonus), Department of Chemistry
(Uumust), Department of Chemical Engineering (Mopnanus), Department of
Mining & Metallurgical Engineering (Mpan) u HayuHo-uccnenoBaTenbckuit
MHCTUTYT yaoOpeHud u wuHcekTohpyurunuaoB (HUYUD, Poccus) Benyrcs
uccien0BaHus 1o nepepadoTke GpocdaTHOro Chipbs B OAUHAPHBIE U KOMILJIEKCHbBIE
yI00peHus.

Hayunbimu nentpamu Florida Industrial and Phosphate Research Institute u
HUYU® ycTaHoBIIEHBI, YTO HAWIYUYLIUM METOJAOM OOOTaIeHUs] alaTUTOBOM PyIbl
apngercss ¢Giotauus, NOpu KOTopoll ¢docharHbli MuHepan OTHAENseTcs OT
MPUMECHBIX MUHEPAJIOB C MOMOIIBIO OMBIJIEHHBIM CMECH, BKIIIOUAIOIIEH TalioBOE
Macjo, BTOPUYHBIA MAacJI€HbIH T'yJIpOH, OKUCICHHBIN METPOJaTyM U TEXHUYECKHE
KUpPHbIE KUCIOTHI; B ieHTpax Department of Chemical Engineering (Mopaanus) u
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HUYU® (Poccusi) nnst oboramieHus: ¢GpochopUTOB NPUMEHSIOT TEPMUUYECKUN
crioco6, mpu kotopoMm docdarHas pyaa npokanuBaeT npu 950°C, 3arem
MIPOKAJICHHBI MaTepuan oOpabaThiBaeT BOAOW MJisi TallleHUs CBOOOJIHOTO OKCHJIa
KaJIbllMsl ¢ 00pa3oBaHMEM HM3BECTKOBOI'O MOJIOKA, YIAJIs€eMOro U3 KOHIEHTpaTa, B
pe3ysibTaTe KOTOPOro MOBBIIIAETCs coiepkanue (ocdopa; B MHCTUTYTE XUMUU
TBepAoro Tena u MexaHoxumuu (Poccusi) BBISBIEHO, YTO MeEXaHHUYecKass W
MEXaHOXMMHUYECKass akTuBaus (ocdatHoro ceipbsi obOecreuynBaeT TaKoe
WHTEHCUBHOE BO3/eiCTBHME HA YacThIlbl ¢ocdara, mpu KOTOpoM AehopMHUpYETCs
€ro CTPYKTypa, CHIKAETCAd KPUCTAINIMYHOCTb, BO3pacTaeT amMop(HOCTh W
yllenbHas MOBEPXHOCTb, M KaK CJEICTBHE BCero 3toro, (ochop mepexomautr B
YCBOSIEMYIO JIJIsl pacTeHUil popmy.

[lepepaborka OemHoro QochaTHOro ChIPbS METOJAMU XUMUYECKOW U
MEXaHOXMMUYECKON aKTHBAIUMU SIBJISIETCS OJTHUM M3 MPUOPUTETHBIX HANPABICHUH,
MO3TOMY BO BCEM MHUpPE BEAYTCA HAay4YHO-UCCIENI0BATEIbCKUE paboTHI,
MOKa3bIBAIOIIHE Ha BO3MOXHOCTb NpUMEHEHUS XUMHUYECKON U
MEXaHOXMMUYECKON aKTHUBALMU B MPOU3BOACTBE aKTUBUPOBAHHBIX OJMHAPHBIX U
KOMIUJIEKCHBIX YI0OpPEHUH IMHUPOKOTr0 aCCOPTUMEHTA.

CreneHb HM3y4YeHHOCTHM NpoOjeMbl. B HayyHO-TeXHHMYECKON nuTepaTrype
uMeercs OoJbIION 00BEM MarepuajsoB IO XUMUYECKOMY 0OOTalleHHIo
dbochopuroB LIK munepansubiMu kuciotamu (Habuer M.H., Kapwmbimios B.®.,
AmupoBa A.M., ManamueBa C.X., Ilaransic LK., Ilarait A.I'., Tamxuer C.M.,
Hamazos III.C.). OpHako TMONBITKM CEJEKTUBHO YAQJIUTh KapOOHATHI U3
Kobuikymckux — ¢ochoputoB nyrem o0pabOTKM MOCIAEAHUX pacTBOpaMu
HEOPraHWYECKUX KHUCIOT HE A TMOJOXKHUTEIbHBIX PE3YJbTaTOB. DTU KHUCIOTHI
OJIHOBPEMEHHO PacTBOPSIOT (ocdaTHble MHUHEpaIbl. A OpPraHMYECKHE KHUCIOTHI
MOTYT 00€CTeunTh CEeIEKTUBHOE U3BJICUEHHE KapOOHATOB U3 (PocpaTHOTO CHIPHA,
He 3aTparuBas npu 3ToM (ocdatHbiii MuHepan. B nurepatype HeT cBeneHuit 00
MCIOJIb30BaHUM OPraHUYECKUX KUCIOT st oborameHust pochopuron LK.

[Ipouecc monydeHHss OAUHAPHBIX  (POCPOPHBIX  YyAOOpPEHHM  MyTeM
dbochopHokucnoTHo aktuBanmu  (GochoputoB wum3ydasics B HUYUD u
Meney3zoBckom OAO  «MunynoOpenusi»  (Poccust). B astux  paborax
UCIIOJIb30BAUCH (poCcPOpHast KUCIOTA U3 allaTUTOBOTIO KOHLIEHTpaTa U (HochOopUThI
xKenBakoBoro tuma: Bsarcko-Kamckoro, FEropeeBckoro, Ywmiucailckoro u
AIIMHCKOTO  MECTOPOXKJICHUH. Pe3ynbTaThl ~ MOATBEPKIAEHBI  OMNBITHO-
MPOMBIIIEHHBIMU HUCIBITAHUSIMHU, OJIHAKO B TPOM3BOJCTBO €HIE HE BHEAPEHBI.
Cuctematnyeckux padboT no dochopHokucioTHor akruBanuu Gochoputor LK u
KHCIIOTHOTEPMUYECKON 00paboTKe MNPOAYKTOB aKTHBALMU B JHUTEpaType HET.
Taxxe OTCYTCTBYET HCHOJIb30BaHUE aMMO(OchAaTHON TEXHOJOTUU ISl JAHHOTO
BU/JIA CBHIPbS.

[Tpu mepepabotke 6eaHOTO (hochaTHOTO CHIPHI MEXAHOXUMHUUYECKHUE METOIbI
MO3BOJISIIOT BEChbMa YCIICIIHO PeIlaTh BOMPOCHl 00ECTIEUeHUsI CEIbCKOTO X03siCTBa
nemeBbiMU (pochopconepxamumu ynoopeHusiMu. CyIHOCTh MEXaHOXUMUYECKON
aKTUBAIIMM 3aKJII0YAeTCs] B TOHKOM W3MEJIbYEHUU ChIPhSl B MPUCYTCTBUHM KAKOTO-
TMb0 XMMHUYECKOro peareHTa. B HacTosiee BpeMsi B HEKOTOPBIX CTpaHax MHpa
npoBojsTcs nogoOubie uccnenopanus (Yalikuna M.B., Kouetkos C.I1., bonabipeB
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B.B., AsBakymoB E.I'., fAueBa B., JlemOpukor B.M., Moxeiiko ®@.®., EctexoBa
K.K., IMaygept P., Pawelczyk A., Ibrahim S.S.). OgHako 3TOT MHpPOBOW OIBIT
HEJb3s aBTOMAaTUYECKH MEPEHECTH HAa KOHKPETHbIE YCI0BUS ¥Y30eKuCcTaHa (Kaxa0e
MecTopoxaeHue (HochopUTOB MO-CBOEMY YHUKAIBHO U JIAHHbBIE, MOTYYEHHbIE TS
oJIHOTO (pocopuTa, HENB3sI ABTOMATUYECKU NIEPEHECTH Ha JIpyroil). s kaxaoro
BUJIA CBIPbs TPEOYIOTCS CHElHaIbHbIE UCCIEN0BAHUS JIJIs T0100pa ONTUMATbHBIX
YCJIOBUM aKTUBALWH.

CBsi3b TeMbI JUCCEPTANMOHHON PadoThI ¢ HAYYHO-UCCJIeI0BATEIbCKUMH
paGoramMu, Tr/Ae BbINOJHSETCS aAuccepramusi. PaboTra BbIIONHSAJIACh B
cooTBeTCTBUM C TmpoekTaMu A-6-120 «Pa3paboTka 0€30TXOIHON TEXHOJIOTHH
MOJIYYCHHUSI KOHIEHTPUPOBAHHBIX  CII0KHOTO a30THO-(PoCcPOpHOTO u
OJIHOCTOpPOHHETO (ocdopHOro ymoOpeHudd Ha ©Oaze MecTHBIX (HochOpUTOB
Hentpanbubix  Kbi3puikymMoB», BXomsdmuM B ['OoCcynapCcTBEHHYIO Hay4HO-
texHuueckyto nporpammy (I'HTII-6) na 2006-2008 rr.; ®A-6-TOS50 «Pa3paboTka
pecypcocOeperaronieil TeXHOJIOTUU Mody4yeHus Gocopcoaepxamux yao0peHuit ¢
BOBJICYCHHEM B JCHCTBYIONIYIO TEXHOJOTHUIO HHU3KOCOPTHBIX (PocPOopUTOB
Hentpanbubix Kezpuikymon» Ha 2009-2011 r1r.; ®A-A12-T171 «Pa3zpabotka
s pekTuBHON pecypcocOeperarieil TEeXHOJOTHH XHUMHYECKOTO OOOoramieHus
dbocdopuron LleHTpasibHBIX KbI3bUIKYMOB u NOJIyYeHHE
BBICOKOKOHIICHTPUPOBAHHBIX (docdopcoaepkauux yaoOpeHu», BXOASIIUM B
I'HTII-6 na 2012-2014 rr.; nmpoektamu Ne 112-06 «Pa3paboTka HaydHbIX OCHOB
nepeBoja HeycBosieMord ¢dopmbl  pochopa B Pochopure lleHTpanbHBIX
KBI3bUIKYMOB B YCBOSIEMYIO pACTEHUAMH (GOpMY OECKUCIOTHBIMH METOaMm» U No
37-10  «Pa3paboTka  (U3UKO-XMMUYECKUX OCHOB  TIpolecca  MOJy4YEeHHS
KOMIUJIEKCHBIX CJIOKHO-CMEIIAHHBIX TPaHyJIMPOBAHHBIX YI0OpEeHUN MeTojamMu
XUMHYECKOM W MexaHoxXxuMmudeckod axtuBauuu (GochoputoB LleHTpanbHbIX
Kei3puikymoBy, Bxoagmux B @IIOU na 2006-2007 u 2010-2011 rr.; noroBopom ¢
AO «Ammopoc-Makcam» Ne 13-24 ot 25.04.2013 r. «Pa3paboTka TeXHOJIOTUU
nepepadoTKU MBITOTO 000 KEHHOTO (HOCHOPUTHOTO KOHILIEHTpATa C COJIEp>KaHHEM
26% P,0s5na dhochopcoaepxkairie KoMIiekcHbie yaoopenus» Ha 2013-2015 rr.

Heabo wucciaenoBanus sBiIsSeTcs pa3pabOTKa TEXHOJOTUH oboranieHus
dbochopuroB lLlenTpanbhbix KbI3bUIKYMOB OpraHMYeCKUMH KHUCIOTAMH U HX
nepepaboOTKu B OJMHapHBIE (PocopHbIE U KOMILIEKCHBIE YIOOpEHHUS IyTeM
XUMHYECKON U MEXaHOXMMHYECKON aKTUBAIIHH.

JIist TOCTUXKEHUS MTOCTaBICHHOW LENH MOTPeOOBANOCH pElIeHUE CIAEAYIOIMNX
3aja4:

HAaXOXJEHUE ONTHUMAIbHBIX yclnoBuM oboramenus ¢ochopuroB 1K
YKCYCHOW M MYypaBbUHOM KucIOTaMH. Pa3paboTka TEXHOJOTMYECKOW CXEMBbl
oboramenus gochoputon LIK oprannueckumMu KucioTamu;

uccienosanue mnpoueccoB nonyueruss NP, PK u NPK-ygoOpenuit Ha ocHoBe
nepepadoTKH XMMHUYECKH 000rallleHHOr0 KOHIIEHTPATa;

M3y4YeHHEe Mpoliecca MOJyYeHHUs] OAMHApHBIX (HOCHOPHBIX YIAOOpPEHUH MmyTeM
dbochoprokucnoTHoi aktuBanuu (ochopuro LK. Haxoxaenue onTumanbHBIX
napameTpoB BeJIEHHUs Mpoliecca;
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n3yueHue nmnporecca pasnoxenus ¢ochoputoB LK sxcrpakimoHHOM
dbochopHoit kucioTol ¢ momyyeHuem ammodocdara;

uccinenoBanue (pazoBOro paBHOBECHS B TPOWHBIX BOJIHO-COJIEBBIX CHCTEMax
Ca3(PO4)2-(NH4)2SO4-H20, C&3(PO4)2-NH4NO3-H20 nu Ca3(PO4)2-NH4C1-H20 Ipu
25 u 50°C;

W3YyUYEHHUE TIPOIIECCOB XUMHUUECKOM U MEXaHOXMMHUYECKON aKTHUBAIMU
dbochatHOro CHIphsi KBI3BUIKYMCKOTO MECTOPOXKICHHSI C TMOMOIIBIO a30THBIX U
KaIMHHBIX coJiei. [lomydeHue rpaHyIupOBaHHBIX KOMIUIEKCHBIX yIOOpeHUN Ha
OCHOBE CJIOKHBIX TYKOCMECEH METOJIOM MPECCOBAHUS U OKATHIBAHUS;

OTpeJieJICHUE CBOMCTB HOBOT'O MBITOIO 000XKEHHOro (hocokoHIIeHTpaTa U
HaXO0XXJICHUE ONTHUMAJbHBIX PEKUMOB TIOJIYUYCHHUs] M3 HEro HKCTPAKIIMOHHOU
dhochopHOIt KUCIIOTHI, OIMHAPHBIX (HOCHOPHBIX U KOMIUIEKCHBIX YI0OPEHU;

0oTpabOTKa PEKUMOB TOJYUYCHUs] yHOOpEeHUN B YKPYIMHEHHOM MaciiTabe,
OTpeJIeSICHNE TOBAPHBIX U arPOXUMUUYECKUX CBOMCTB MOJy4aeMbIX YI00pEHHUI;

pa3paboTKa TEXHOJIOTHYECKUX CXEM, MaTepHalbHOrO OajlaHCa M periiaMeHTa
MPOM3BOJICTBA TpeJjlaraeMbIX yAOOpEHUN, a Takke OlEeHKa 3(P(HEKTUBHOCTH HUX
MIPOU3BOICTBA.

Oo0bexktr wuccaegoBanus. Dochopuret LK, ykcycHas u MypaBbUHas
KHCJIOThI, XUMHYECKU oOoraiieHHbd hocdokonnentpar, DK, cepHas kuciora,
Tpukanbiuiidhocdar, azotueie U kanuitaeie conu, MO®DK, onunapusie pocdopHbie
Y KOMIUICKCHBIE yI00pEHUS.

Ilpeamer wuccaenoBanms. Ilporeccsl oOoramieHus W nepepadOTKU
HU3KOCOPTHBIX (ochoputoB K B ommHapHbie (ochopHble M KOMIUIEKCHBIC
yI0OpEeHUsT METOJJaMH XUMHUYECKOM U MEXaHOXUMUUYECKON aKTUBAIIUU.

Metoabl wuccienoBaHuss. XUMUYECKHE U (PU3UKO-XUMHUYECKHE METOJIbI
aHau3a.

Hayuynasi HOBU3HA HCC/IeI0BAHMS 3aKJIIOYACTCS B CICAYIOIIEM: BBISBIIEHO,
YTO YKCYCHasi U MypaBbHHasi KUCJIOTHl OOCCIEUMBAIOT CEJICKTUBHOE W3BJICUCHUE
KapOoHaToB U3 PocdaTHoro coipbs LIK;

HaWJIeHbl ~ ONTUMAaJbHbIE  ycIOBUS  (POCHOPHOKUCIOTHOM  aKTHUBAIIMU
dbocharHoro ceipbs LK, mpu KOTOpHIX MOJNy4eHBI OJuWHAapHBIE (ochopHbe U
ammodocdaTubie  ymnoOpeHus ¢ OOJBIIUM  COJACP)KAaHHEM YCBOSIEMOM U
BogopactBopumoit popm P,Os;

MOJTyYeHbI HOBBIE JIAaHHBIE MO PACTBOPSIONICH CIIOCOOHOCTH COJIEH aMMOHMS
M0 OTHOIICHUIO K TpuKaibluidochaTy, KOTOpbIe MOCTYKWIA HAYYHOM OCHOBOM
JUTSL XUMUYECKOU U MeXaHOXUMHUUeckoi aktuBanuu Gocdoputon 1K;

B pe3yJibTaTe MEXaHOXMMHUUYECKoW aktuBammu cMmeceit dochopuror LK c
Pa3IMYHBIMUA MUHEPAJbHBIMU COJISIMU BBISIBJICH CPEIM HUX BO3PACTAIOIIHUK PsiJl 11O
MOBBIIICHUIO cojiepkanus ycBosiemont hopmbl P,Os B icxoauom ceipee: CO(NH,),
— KCl — yrneammonuiinpie comu — NH,Cl — NH4,NO; — KH,PO, —
(NH4)2SO4 — CO(NHQ)QHNO3

JUISL TPaHYJUPOBAaHUSI TYKOCMECEH TMpeJIoKeHbl METOJbl IMPECCOBaHUSA U
OKaThIBAHMS;

MOJTyYeHbl HOBBIE JaHHBIE O (DUBUKO-XUMHUYECKHX U (PU3UKO-MEXaHHMUYECKUX
cBolicTBax cbipbsi MODK;
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KOMIUIEKC (DU3UKO-XUMHUYECKUX HCCICIOBAHMIA IMO3BOJIUI  YCTAaHOBHTH
ONTUMAJIbHBIN pexkuM repepaboTku HoBoro Bujga MO®K na DOK, ammodoc u
nuaMmmodoc.

IIpakTHYecKue pe3yJbTaThl HCCIAEI0BAHUS.

OcymecTBinenue mnporecca oboramenuss (ocdopuroB 11K  ykcycHoi
KHCJIOTOM TIO3BOJISIET PE3KO MOHU3UTH KAIBIIUEBBI MOIYIb B CHIPhE U TEM CAMbBIM
3HAYUTENHbHO COKPATHTHh O0BEM CEpHOM KHCIOTHI, UAYIIEH Ha TepepaboTKy 3TOTO
CBIphSl. YKCYCHas KHCIOTa TIpA OTOM pEreHepHpyeTcs, a B KadecTBe
JOTIOJIHUTENIBHOTO TPOJYKTa TMOJYYaeTCs YHUCTBIM THIIC, BOCTPEOOBAaHHBIA B
Pa3IMYHBIX 00JIACTAX HAPOIHOTO XO3SAHCTBA;

BHEJPEHHUE TEXHOJOTMM XHMHYeCKoW aktuBaimuu ¢ocdoputo LK
dbocdopHO KUCTOTOH TaET BO3MOKHOCTH YIOBIETBOPUTH MOTPEOHOCTH CEIHCKOTO
X0341CTBa B OJWHAPHBIX (GOCPOPHBIX YAOOPEHUSAX [UIsi WX BHECEHHUS TIOJ
3510JIEBYIO TIAXOTY;

MEXaHOXMMHUYECKass akTHBaIus (ocaTHOTO CHIPhS TO3BOJSET BOBJICYb B
npou3BoJcTBO 3 dexkTuBHBIX (ochopcoaepkammx ynoopeHuir camoe OenHOE
dbocdaTHOE CHIPBE, KaKUM SBISIETCS MUHEpATU30BaHHAs Macca, CKiIagupyemas B
HACTOsIIee BpEeMs B OTBAJIE;

NpoBeJICHHBIE  HWccienoBaHuss HoBoro  MO®K, momydaemoro 1o
BUJIOM3MEHHON TexHoyioruu oboramenus ¢pocpoputor LK, mozBommim BoBieub
€ro B KpyImHOTOHHaxHOe nmpou3BoacTBo DDPK u ammodoca.

Jl0CTOBEPHOCTh MOJYYEHHBIX pe3yJabTaToB. llomydeHHBIE pe3yiabTaThl
JOCTOBEpHBI, TaK Kak B paboTe WCIOJBb30BaHBI COBPEMEHHBIE METOJIBI
UCCIICIOBaHMS. A pe3yNbTaThl JTA0OPATOPHBIX JKCIIEPUMEHTOB TOATBEPIKIACHBI
YKPYITHCHHBIMU W OTIBITHO-TIPOMBIIIJICHHBIMU UCTTBITAHUSIMH.

TeopeTuyeckass W  NpaKTHYecKas  3HAYUMOCTb  Pe3yJbTaTOB
uccjaeaoBaHusa. TeopeTrueckas 3HAUUMOCTh PabOTHI 3aKIIOYACTCsl B CO3JaHHU
HAYYHOW OCHOBBI CEJICKTUBHOTO H3BIeUeHHs KapOoHatoB m3 ¢ocdoputo LK
OpPTraHWYECKUMHU KHCJIOTaMH; B paclMppoBKE MeXaHU3Ma MPEoOpa30OBAHMUS
dbochopa B dochatHOM CchIphe U3 HEYyCBOsIEMOW (OPMBI B YCBOSIEMYIO IS
pacteHuid ¢GopMy TMPU €ro XUMHUYECKOW U MEXaHOXMMHUYECKOW aKTHUBAIllUU; B
J0Ka3aTeIbCTBE MOBBIIICHIS PACTBOPUMOCTH TpUKaIbIHiipocdara B MPUCYTCTBUU
COJIEH aMMOHUS.

[IpakTrdeckass 3HAYMMOCTh PabOTHI 3aKITIOYAETCS B TOM, YTO CEIEKTUBHOE
U3BJICUCHUE KapOOHATOB M3 (POCCHIPbS OPTaHUYECKUMH KHCIOTaMH TIO3BOJISET
PE3KO CHU3UTH PACXOJ CEPHOU KUCIOTHI, UAYIIECH Ha MEepepabOTKy 3TOTO CHIPHS.
Xumudeckass aktuBanms (Hoccripbsi GocPopHON KUCIOTOM HAET BO3MOXKHOCTH
yIOBJIETBOPUTH MOTPEOHOCTH CEINBCKOTO XO3SIMCTBa B OJMHAPHBIX (OCPOPHBIX
yanoOpeHusiX,  BHOCHMBIX  MOJA  3d0JIeByl0  MaxoTy. XUMHYecKas |
MEXaHOXMMHYECKass akTuBamus (ochaTtHOro ChIpbs Ma€T  BO3MOXHOCTH
BOBJICUGHHUsSI B MPOU3BOACTBO (ocdopcomaepxanux yaoopeHuid OeIHOro
dbocdaTHOTO CHIpBS, TaKoro, HampuMep, KaKk MHUHEpaau30BaHHAas Macca,
SIBIISIIONIASICS. HA CETOJHS OTXOJIOM IMPOM3BOJCTBA (hochaTHOTO ChIphs. M3ydeHne
MO®K naeT BO3MOXXHOCTh BOBJIEYb €0 B KPYITHOTOHHAXHOE MTPOU3BOACTBO DK
u ammodoca.
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Buenpenne pe3yiabTaToB ucciaegoBaHusi. Ha cnoco0 mojydeHus CloKHO-
CMEIIaHHBIX yIOOpEeHUN MmyTeM MeXaHOXMMHUYeckol aktuBauuu pocpoputoB LK
B IPUCYTCTBUM  MMHEpAJIbHBIX  COJIEM  BblA@H  MAaTeHT  ATEHTCTBOM
WHTEJUIEKTYalbHOU coOcTBeHHOCTH PecnyOnmuku VY3o6ekucran (NeIAP 02710
«Crnoco06  monydeHHus  TPaHYJIUPOBAHHBIX  (Qocopcoaepk alx  CIOXKHO-
CMEIIaHHBIX YI00pEeHU»);

HalJIeHHbIE ONTHMAJIbHbIE TEXHOJOTMYECKUE MapaMeTphl CEPHOKUCIOTHOM
skcTpakiuu HoBoro Buaa MO®K 6wumn BHenpenbl Ha AO «AMModoc-Makcamy.
C sanuBaps nmo mail mecan 2015 roma Mo yCTaHOBIEHHOMY TEXHOJIOTHMYECKOMY
pexumy nepepadbotano 154,4 teic. T MO®K ¢ nmonyuenuem 26,8 toic. T ODK B
nepecuete Ha 100% P,0Os. Ha ocnoBe DDK mpousseneno 25,9 teic. T ammodoca,
29,4 teIC. T cynpedoca-NS, 23,6 teic. T PS-Arpo u 26,3 Teic. T 060rameHHoro
cynepdocdara Ha cymmy 84,2 mupa. cym (Akt AO «Ammodoc-Makcam» ot 20
Mmas 2015 roga u cipaBka ot 28 masg 2015 roma Nel828/C).

Anpodanus pe3yJbTaToOB HCCIeA0BaHMs. Marepuanbl AUCCEPTALMOHHOMN
paboThl MpeACTaBIsUINCh, Ha MeXIyHapoqHbX U PecnyOnuMKaHCKUX Hay4dHO-
MPAKTUYECKUX  KOH(MEpPEeHIUsAX, CHUMIO3UyMaxX: «AKTyajdbHble MpPOOJIEMbI
xuMudeckou nepepadbotku gpocpoputoB Llenrpanbubix Kbezpuikymony (TamkeHT,
2006); acnupaHTOB, JOKTOpPaHTOB U couckateneit (Tamkent, 2007); « AKTyalbHbIC
npoOiemMbl CO3JaHUSI U MCHOJB30BAHMS BBICOKMX TEXHOJOTHMN TNepepadoTKu
MUHEpaIbHO-CHIPbEBBIX pecypcoB Y30ekuctana» (Tamkent, 2007); CTyIEHTOB,
acriupanToB ¥ Mojonbix yueHbsix «JIOMOHOCOB» (Mocksa, 2008, 2010, 2011,
2013); «BpicokoTexHONMOrnYHbIE pa3padboTku — mpou3BoAcTBY» (TamkeHt, 2008);
«locTikeHnsT W TEPCIEKTUBBI  KOMIUIEKCHOM XUMHUYECKOM mepepaboTKH
TOTUIMBHO-MUHEPATIBHOTO  CBHIpbS  Y30€KHCTaHa», [MOCBAIIEHHONH 75-J€THI0
Wuctutyra obOmeld u Heopranuueckod xumuun AH PY3 (Tamkent, 2008);
«HoaHnbpanaBuii KUMEBMI TEXHOJIOTHsUIAp Ba HKOJOTMK Myammodiap» (deprana,
2009); Momoabix yueHbIX U cTyneHToB «WHHOBamuu. Mutemnexr. KymbTypay,
nocssitieHHoM 15-netuto TUU TioM['HI'Y (ToGonbck, 2009); «CoBpeMeHHbIE
TEXHUKA U TEXHOJOTUU FOPHO-METALTYPTUYECKON OTPACiIu U MYTU UX PAa3BUTHUI»
(HaBou, 2010); «Pa3paborka 3d(eKTUBHON  TEXHOJOTUM  TOJTYyUYCHHS
MUHEpaIbHBIX YIOOPEHUN U arpOXMMHUKATOB HOBOTO MTOKOJIEHUS M IPUMEHEHUE UX
Ha mnpaktuke» (Tamkent, 2010); «IIpobrembl pa3BuTus Manoro Ou3Heca,
OCHOBAaHHOT'O Ha HAyYHBIX JOCTI)KCHHSX M HWHHOBAIMOHHBIX TEXHOJOTHUSAX,
B3MSiI0M  MoJonbix yueHbix» (Tamkent, 2011); «IlepcrnekTuBbl pa3BUTHS
TEXHUKU U TEXHOJIOTMH M JOCTHXKEHHS TOPHO-METAJUTypruueckoil oTpaciu 3a
ronbl HezaBucuMocTtu PecnyOnuku Y3o6ekuctan» (Haou, 2011); «AxryanbHble
npo0ieMbl XUMUU M XUMHUYecKoi TexHosorun» (Yprenu, 2011); «Ctparerus
pa3Butusa Hayku u TexHoyioruu B XXI Beke» (Tamkent, 2011); «CoBpeMeHHbIE
TEXHOJIOTUM W MHHOBAIlMM TOpHO-MeTamiypruyeckor otpaciau» (Hasou, 2012);
«unoBamsa-2012»  (Tamkent, 2012); «CoctosiHue UM NEPCHEKTUBBI
WHHOBAIMOHHBIX pa3pabOTOK B 00JACTH TEXHOJIOTMH HEOPraHUYECKUX BEUIECTB U
XUMU3AIUN  CEJIbCKOXO03SUCTBEHHOTO  mpousBoAcTBa»  (Tamkent, 2013);
CTYJI€HTOB, AaCIUPAHTOB M MOJOJABIX YYEHBIX IO XHUMHU U XUMHYECKOM
texnosnorun (Kues, 2014); «The First European Conference on Chemical
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Sciences» (Vienna, 2015); Ha HayuHoM cemuHape Hayunoro coBeta
16.07.2013.K/T.14.01 npu UuctutyTe 001Iei u HeopraHudeckon xumuu, Hayuno-
HCCIIEIOBATEIbCKOM LIEHTPE XUMUU U (DU3UKHU MOTUMEPOB, TAIIKEHTCKOM XHUMHUKO-
TE€XHOJOTUYECKOM HHCTUTYT€ W TalIKEeHTCKOM TOCYAapCTBEHHOM TEXHUYECKOM
yHuBepcuteTe ot 25 mas 2015 ropa.

Ony0JnMKOBAHHOCTH Ppe3yJIbTAaTOB HccjenoBanusa. [lo marepuanam
JauccepTanui onyOauKoBaHbl 56 HaydyHble pabOThI, B TOM 4ucie 27 KypHaJIbHBIX
cTaTel B 3apyOeXHBIX M pecrnyOJUKaHCKUX HU3JaHusAX, 28 paboT B Hay4YHBIX
TpyAax u Te3ucax nokiaanos. [lonyden 1 natent PY3.

Crtpykrypa u 00bem quccepranmnu. /{uccepranmonnas padoTa u3oxeHa Ha
200 cTpaHHIlaX KOMIBIOTEPHOTO TEKCTa, BKJIIOUaeT 56 Tabmui u 35 pUCYHKOB.
Coctour w3 BBeACHUS, MATH TIJaB, 3aKIOYEHUS, CIHUCKA HCIOJIb30BaHHOM
JUTEPaTypbl, HACUUTHIBAIOIIETO 284 HAUMEHOBAHUM, U MPUITOKEHUS.

OcHoBHOE CoACpKaHHuEC NUCCEPTALINH

Bo BBeeHMu 000CHOBaHA aKTyaJlbHOCTh PabOThI, CPOPMYIUPOBAHBI LIETb U
3a/layd, Hay4yHas HOBM3HAa U TMpaKTUYecKas 3HAYUMOCTh IPOBOJAMMBIX
UCCJIeIOBAHUM, @ TAK)KE€ OCHOBHBIE MTOJIOKEHUS, BHIHOCUMbIE HA 3aILUTY.

B mepBoii rmaBe guccepranuu no teMe «Xapakrepuctuka (pocdarHoro
cbIpbsi KbI3BLIKYMCKOr0 MeCTOPOKIEHUSI 1 MeTOAbI ero nepepadoTkuw» JaHa
xapaktepuctuka (ocdaTtHoro ceipbsi, B yacTHOoCcTU ¢ochoputoB lleHTpabHBIX
KbI3bUIKYMOB ¥ ONMCaHbl albTEPHATUBHBIE TEPMHYECKOMY CHOCOOBI HUX
oOoraieHus. PaccMoTpeHbl KUCTOTHBIE METOIbI IEPepabOoTKU PochaTHOrO ChIPbS
B oauHapHbie (ochopubie u azoTHODochopHbie yaoOpenus. [Ipoananu3upoBaHbl
HETPAJUIIMOHHbIE METOAbl MepepadOTKU (MeXaHHuecKass M MeXaHOXUMHUYecKas
aktuBanus) GocdarHoro coipbs B hochopcoaepxkaiue ynoopenusi. Paccmarpunast
B I1I€JIOM KOMIUIEKC HCCIEJOBaHUI MO OOOrameHuro U nepepadboTke OeqHOro
dhochaTHOTO CBHIPHSI, OBLTU CHOPMYIMPOBAHBI 1IEJIh U 33]]a4U HACTOSIIEH PaOOTHI.

Bropas rnmaBa gnuccepranmu o TemMe «XHMHYecKoe o0oramieHue
¢pocpoputo LlenrpanbHbix KbI3BUIKYMOB pacTBOPaAaMH OPTraHUYECKHX
KHMCJI0T» OTHOCHUTCS K MCCJIEIOBaHUIO Tpoiiecca oboramenus (ochaTHOro ChIpbsl.
J1Jis CeNeKTUBHOTO BhIleNaunBaHus okcua kainbius u3 MO®K u kapboHatoB u3
BbICOKOKapOoHaTHBIX (hochopuro LK Obumn ucnons3oBanbl 99,5%-Hble yKCycHas
U MypaBbUHas KUCIOTHI. JlJIsi MPUTOTOBIEHUS PACTBOPOB OPraHMYECKUX KHUCIOT
Pa3IUYHBIX KOHIEHTPALMI UX pa30aBisiiin BOIOM.

Jnist oboramenust Obutn B3sATH Gochoputhl LIK paznuunbix Mapok (psaoBas
dbochopuroBass mMyka — POM, wmuHepanuszoBaHHas wmacca — MM, MbITHII
ob6oxxkeHHbIN pochokoHnieHTpaT — MO®K). 1x xapakrepucTtuka mnpuBejcHA B
tabn. 1. OcHoBHBIMU MHHEpajaMu (HochHOPUTOB ABISIOTCS (GTOpKapOOHATANATHT,
kapOoHat kaiblus 1 kBapl, a MODK — ¢pTopkapOoHaTanaTut U KBapil.

MeTonuka OMNBITOB 3aKiIl0Yanach B CIEAYIOIIEM: ONPEAEICHHOE KOJIUYECTBO
(docdhaTHOro ChIpbsi MEIJIEHHO MOJABAJIOCh B TEPMOCTATUPOBAHHBINA CTEKJISTHHBIH
peakTop, CHAOXXEHHBIH MEIAJIKOW W COAEpKalluil pacTBOpP OpraHuyecKoi
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XapakTepuCTHKA UCXOHOT0 ChIPbS

Taoauma 1

No Bugpr | COJCPKAHUE KOMIIOHEHTOB, BEC. %0 | P05,y : PoOsopu, CaO :
obpasma CBIPbsI P>0506m. CaOgpuy, CO, 10 JTUM. K-Te, % P,0s
1 MM 12,98 40,1 13,8 9,17 3,09
2 MM 15,06 44,27 14,11 9,10 2,94
3 POM 16,33 47,13 17,23 10,2 2,89
4 POM 18,72 47,83 15,3 18,49 2,55
5 POM 22,83 49,59 12,2 12,66 2,17
6 POM 24,57 49,17 10,59 18,15 2,00
7 MO®K 27,26 53,36 2,41 9,32 1,96

kuciotel. KomuuectBo kucior Opanu u3 pacuera Ha pasznoxkenne CaCO; B
¢dbocdhaTtHOM CBIpBE, TO €CTh COTTACHO PEAKIIUSIM:
CaCO; + 2CH;COOH — Ca(CH3COO0), + CO,1 + H,O
CaCO; + 2HCOOH — Ca(COOH), + CO,1 + H,O

B onbiTax BappupyeMbIMH  apaMeTpaMu  ObBLIM  HOpMa  KHCJIOTHI,
cootHomieHne XK T, TpPoAOMKUTENHHOCTh B3aUMOJEHCTBUS PEAreHTOB U
TeMmriepaTypa nmpoiecca. Bo Bcex ombITax CKOpPOCTb OOOPOTOB MeEIIAIKU
cocraBisia 250-300 06./mMun. Ilocne nepememmBaHus peakTop YAAIIA U3
TepMocTaTa, coAepKuMoe OTPUIbTpOoBbIBaKM. OcTaBuIuiica Ha (UIBTPE OCATOK
NpoMbIBJIM BOJOW. IIpoMBITBIE Ocagok BbicymuBaiu npu Ttemneparype 80°C.
BhIcylIeHHBI  OCaJOK aHANM3UPOBAJIM HA COJAEpNKAHUE Pa3NUYHBIX (popm
docdopa, KanblMs U YrISKUCIOTHl MO U3BECTHBIM MeToauKaM. [lo m3meHeHuro
copepxxanusa CO, paccunuThIBa)IM CTENEHb AeKapOoHu3auu ChIPbs (Kiexaps.)-

Ha puc. 1-b npusenena Kewps npu oboramennn POM c coxepxanuem
16,33% P,0Os5 (o6pazer; 3) ykcycHoit kuciotoi npu 25°C, mpoaoKUTEILHOCTH
nepememnBanusg 30 MuH 1 cootHoueHuu T : XK =1 : 8 B 3aBUCUMOCTH OT HOPMBI
KUCJIOTBL. 13 HEe€ BUIIHO, YTO 4eM BbIIIE HOPMA KUCIIOTBI, TEM BBINIE Kjexaps. CHIPBS.
Tak, mpu yBEIMYEHMHM HOPMBI YKCycHOM Kuciaorel oT 20 nmo 150% or
crexuoMeTpun Keaps. POM noseimaercs ot 20 1o 88%. Ilpu sToM coaepxanue
CO, B docdokonnenTpare cauxaercsa ot 15,56 no 3,75%, a comepxkanne P,Os
Bo3pacrtaet ¢ 18,38 no 24,76%. OnrumanbHON HOPMOUW YKCYCHOM KHCJIOTBI MBI
cuntaeM 110% (koHIEeHTpaIus KUCIOTHl - 6,47%) OoT €€ CTeXHuOMEeTPUUYECKOro
xonmuecta. IIpu Hopme kucnotsl 110% nocruraercsa npuemnemas Keeps. — 84%
1 nosryuyaercs GpochokoHIEeHTpaT ¢ coaepxkanueM 25,58% P,O0sq6u,, 4,24% CO, 1 €
KaJIbIIUEBBIM MoayiieM 1,66 (tabGn. 2). Takoil KOHIIEHTpAaT MOXHO YCIEIIHO
nepepadaThiBaTh METOJIOM CEPHOKHCIOTHOM HSKCTpPAKUMW Ha JIOObIe BB
dochopconepxkanux yaoOpenuit. Beicokas Hopma kuciaotel  (120-150%)
npuBOIUT K cHkeHuto P,Os B dochokoHneHTpaTe. DTO TOBOPUT O YaCTUYHOM
paznoxxenuu pocdarnoro Munepana.

OntumanbHBIM BpPEMEHEM B3auMOJEUCTBUSI POM ¢ yKCYCHOW KHCIOTOM
MOKHO cuuTaTth 30 MHH, TaKk Kak nepeMemunBanue B TeueHue 240 MUH MOBBIIIACT
Kexaps. Bcero Ha 4,5% (puc. 1-c). IloBeimenue temmepatrypsl oT 25 go 90°C
OYEHb MAJIO BIIMSIET HA POLIECC — KaJIbLUEBBIM MOITYJIb YMEHBIIAETCS Beero ¢ 1,66
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Temneparypa - 25°C; NPOAO/IKUTENIbHOCTb NepemeLnsaHma — 30 MUHYT.

Puc. 1. Biusinue pa3iu4HbIX NapaMeTPOB HA CTeNeHb JekapOonuzanun POM
¢ conep:xxkanmnem 16,33% P,0s5; 47,13% CaO; 17,23% CO,; CaO : P,Os=2,89.

1o 1,63. Tloatomy mMbl cuutaem ontuMalibHOM Temmnepatypoi 25°C (puc. 1-d). K
TOMY >K€ BbICOKAsi TEMIIEpaTypa NPUBOJIUT K UCTIAPEHUIO KUCIIOTHI.

Mps1 cuutaeM ontuMmainbHbiM cooTHomenue T : XK =1 : 8 (puc. 1-a), npu
KOTOPOM  Kjeraps. cocTaBisger 84,3%. Ilpu OomnblneM pa3BeACHUH IIPOLECC
HEXEeJaTeNeH, a P MEHbIIEM MOKET MPOUCXOAUTh OCAKICHUE alleTaTa KaabIus,
B PE3YJIbTATE YErO CHUKACTCS CEJIEKTUBHOCTh PACTBOPEHUS KAJIBLIUTA.

O6mas kaptuHa oOoramieHust QocPaTHOrO ChIPbS MYPaBbUHOW KHUCIOTOM
aHAJIOTMYHa 00OTAIIEHUIO YKCYCHOM KUCIOTOM.

Halinennsle ontuMalibHble MapaMeTpsl Impolecca oOoramenus POM
YKCYCHOW KHCJIIOTOM Mbl NPUMEHWIM [JIsi OOOTallleHHus W JAPYTHuX BHUIOB
docdarnoro ceipsst LIK: MM nByx BuznoB, POM tpéx BumoB 1 MO®K. Hopma
KHUCIIOTBI, IPOJOJIKUTENHHOCTD NEPEMENINBAHNUS, TEMIIEpATypa U COOTHOIIEeHUuEe T
: K st Bcex BUAOB ocaTHOTO ChIPhs BBIAECPKUBAIUCH CTPOTO paBHBIM 110%;
30 mun.; 25°C u 1 : 8, coorBeTcTBeHHO. HO Tak kak B pazHoOM (QocpaTHOM ChIpbe
conepxkanne CO, orauyaeTcss Apyr OT Jpyra, TO U KOHIEHTPALMS YKCYCHOM
kucnoTsl pu T : XK =1 : 8 my1s kaka0oro BUja ChIpbsi OTIAMYAETCS APYT OT JApyra.
Hiist MO®K nopma kucnotsl Opanach 110% oT ctexuomeTpun Ha BhllEIauMBaHUE
n3 Hero coOomHoit CaQ. IlomydeHHble pe3yabTaThl NPHUBEICHBI B TabmI. 2.
Hywmepanus o0pa3iioB cOOTBETCTBYeT HOMEpaM B TabiI. 1.

40



Tadamnuna 2
CocraB 00oraméHubixX pocPoKOHUEHTPATOB U3 PA3THUYHOI0 BHAA
dpochoputon Llenrpanbubix KbI3bLIKYyMOB

Ne Konnen- ConeprxaHre KOMIIOHEHTOB, BeC. % P7Osycs. : )
obpas- Tpanus CaOgpy P>0506m. Kﬂe“ap@’ Ca0 :
na | kucnorst, % P20s06u. |P205ycs. . CaOye. | COy o, % P,05
1 5,18 20,04 7,01 | 39,33 | 16,65 | 4,41 34,98 78,11 1,96

2 4,06 22,64 5,92 | 42,07 | 18,16 | 4,86 26,15 75,37 1,86

3 6,47 25,58 9,01 | 42,58 | 15,63 | 4,24 35,22 84,25 1,66

4 5,74 28,21 10,75 | 44,12 | 16,5 3,96 38,11 81,1 1,56

5 4,58 29,16 9,18 | 48,02 | 16,48 | 5,13 31,48 68,4 1,65

6 3,04 31,36 | 10,60 | 49,25 | 18,45 | 4,34 33,80 67,63 1,57

7 0,90 33,56 7,14 | 49,79 | 10,6 - 21,27 - 1,48

N3 neé Buano, uro uz MM c coaepxannem 12,98% P,0s, 13,8% CO, u ¢
KanblueBbIM MoayseM 3,09 monydaercs pocdokoHLEeHTpaT, B cOCTaBe KOTOPOTO
20,04% P,0Os u xanprnueBbld Moaynb 1,96. M3 Broporo oOpasma MM c
conepxkanueM 15,06% P,0Os u ¢ kasnbiueBbIM MoayeM 2,94 noaydeH KOHIEHTpaT
c 22,64% P,0Os u c xampuumeBbiM Mopayiem 1,86. M3 uerbipéx BugoB POM
nosiydeHbl (ochokoHLeHTpaThl ¢ conepxkanuem 25,58-31,36% P,Os u ¢
KaiblueBbIMU MoayisiMu ot 1,57 mo 1,66. A MO®K ¢ MCXOQHBIM KaJdbLIMEBBIM
MoxayiieM 1,96 mipeBpatuiics B pochOKOHIIEHTPAT C KaJlbIIMEBBIM MoaiyseM 1,48, A
coaepxkanue P,Os moBbicuiioch B HEM ¢ 27,26% 10 33,56%.

Ha ocHoBe monydeHHBIX pe3yJlbTaToOB MpEJJI0KEeHa TEXHOJIIOTHYecKas cxema
oOoraiieHus BbICOKOKapOOHATHOTO (OCHATHOTO ChIPbS OPTaHMYECKOW KUCIOTOM.
CxeMa npenycMaTprBaeT PereHepalfio OPraHuIecKOr KUCIOTHI TyTeM 00paboTKu
pacTBOpOB anerata u GopMHuaTa KaibIUs CEPHOU KHCIOTOW U BO3BPAILEHUS UX B
roJIoBy mpoiiecca. Paccuntan MatepralibHbI OanaHc MpOU3BOCTBA.

Tpetbs r1naBa «Opunapubie ¢ocdopHbie YI00peHHS HAa OCHOBE
(pochpopHokuciaorHon axkTuBauum ¢PocparHoro coipba LleHTpaNbHBIX
KbI3bLUIKYyMOB»  MOCBAIllEHA  M3Yy4YEHHIO  mporecca  (PoPCOPHOKUCIOTHON
aKTUBAIMKU POCPATHOTO CHIPHSI.

Cyth  (GOCHOpHOKHMCIOTHOW aKTUBAIMM  3aKioyaerci B  00paboTke
dbocharHoro ceipbsi  (hochopHON KHUCIOTOW, HO B 3HAUUTEIBHO MEHBIITUX
KOJIMYECTBaX, YeM 3TO Tpedyercs Mg TOJHOTo pasioxkeHus (HochopuToB C
oOpa3zoBaHrueM MOHOKajblui(pochaTa o peakuuu:

CasF(PO4)3 + 7H3PO4 + 5H20 — 5C3(H2P04)2'H20 + HF

Crexuomerpuueckyto Hopmy OOK 11 pasnokeHus Kaxaoro Buia
bochopuroB LlenTpanbabix KbI3bUIKYMOB paccunuTaiy 1Mo ypaBHEHHIO:

CaO +2H3PO4 — Ca(H2P04)2 : HQO

B Tabn. 3 mpuBeneH cocTaB HUCIOJNB3yeMOro HaMu (ochaTHOTO ChIPbs
Ko3buikymckoro mecropoxaenus. [lseBunnas dpakuus (I1D) u MM sBnstoTcs
0TX0JlIaMH, 00pa3yroImuMucs pu oboramieHn pocpoputHoit pyast Ha KOK.

Hns  axtuBauuu  dochoputoB wucnonszoBasniack IDDK mpousBoactBa AO
«Ammodoc-Makcam» coctaBa (Bec. %): 18,69 P,0s; 0,26 CaO; 0,64 MgO; 0,73
AlL,O3; 0,46 Fe,05; 2,72 SOs; 1,02 F.
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Tadauna 3
XUMHYECKUI COCTAB UCXOTHOIO ChIPb

Bue! ConeprxaHre KOMIIOHEHTOB, BeC. % P7Osycs. : CaO:

ChIpbsA P205 CaO A1203 F6203 MgO F C02 P20506m. P205
110 JINM. K-T€e, %

MO®K | 27,26 | 53,36 | 1,30 0,51 0,61 | 2,91| 2,41 9,32 1,96

POM 17,20 | 46,22 | 1,24 1,05 1,75 | 2,00| 16,00 18,49 2,69

1o 18,54 | 44,72 | 0,95 0,80 0,80 | 2,22 | 14,80 20,71 2,41

MM 14,68 | 40,80 | 1,17 1,37 0,53 | 1,85| 12,84 16,41 2,78

B T1abn. 4 mnpuBeaensl ¢aktuueckue Hopmbl ODK (18,69% P,0s5) B
MPOIIEHTaX OT CTEXHOMETPHUUECKOM HOPMBI JIsl Kaxa0ro Buaa (GocdaTHOTO ChIPhs
(DC) u qys paznuyHbIX cooTHOMEHUH PyOsyox 1 P2Osec.

Tabanna 4
®axkTnueckne HopMmbl H3PO4 o1t 00padoTku pocdaTHOro Chipbs
Bunnt Hopma D®K npu cootHomenusax P,Ossox : P2Osaoc, %
CBIPBS 1:0,3 1:04 1:0,5 1:0,6 1:0,7 1:0,8 1:1
MOO®K 67,2 50,4 40,3 33,7 28,8 25,2 20,2
POM 48,9 36,7 29,3 24,5 21,0 18,3 14,7
1o 54,5 40,9 32,7 27,3 23,4 20,4 16,3
MM 47,3 35,5 28.4 23,7 20,3 17,7 14,2

[Tponecc axktuBanmu docdatHOTO CHIpHS (POCHOPHON KUCIOTOW MPOTEKAT
npu 75°C B teuenue 30 muH. Ilocnme 4Yero monydyeHHYIO MacCy BBICYIIMBAIH
cHavana nipu 60°C B TeyeHue cyTok, a nainee npu 105°C 10 MOCTOSAHHOTO Beca.
['panynupoBanue BiIaxxHbIX (HochaTHBIX MacC OCYIIECTBISUIM B MPOIECCE CYIIKU
METOJIOM OKaThIBaHMs. 3aTeM BBICYIIEHHbIE OOpa3lbl HM3MEJIbYaIUCh U
aHAJIM3UPOBAIIUCH.

OO6miass kapTMHa  PE3yJbTATOB  B3aUMOJICHCTBUS  PA3IMYHBIX  BHUJIOB
dbocharroro ceipesi ¢ DDK ananornyna. Uem Oombie OepeTcs KUCIOTHI JIsI
aKTUBAIIMH, TEM TOJIHEE UJET pasioxkeHue ¢ocaTtHoro munepana. Tak, ans POM
npu cootHomeHun P,Osypox @ P2Osec = 1 @ 1 (Hopma xucnotel 14,7% ot
CTEXHOMETpUH) MBI uMeeM B npolykTe (Bec. %): PrOsosn. 30,13; PyOsye, 8,27;
PyO0sgom. 1,08; CaOgpy, 40,49; CaOyes, 16,92; CaOpopn. 0,83 U Kjeraps. - 66,8%.
Bogusie ¢opmer  P,Os u  CaO r1OoBOpSAT O Hajgu4uM B TPOJYKTE
MoHOKanbluiidochaTa, HO ero odeHb Majo. PasHuila MeXay YyCBOsSIEMBIMU
dbopmamu P,Os5 u CaO u BogHBIMH HX (hOpPMaMU JaeT HAM COJEpKaHUE B MPOAYKTE
nukanbiuiidhocdara u akTUBU3UPOBaHHOM (hopMbI hochaTHOrO MUHEpaa.

IIpu cootnomenun P,Ossek : P2Osoc = 1 : 0,3 (Hopma kucnotsl 48,9% ot
CTEXHOMETPUH) MPOAYKT yxkKe colepkHT (Bec. %): PrOseon. 42,22; PrOsyes 38,73;
P2O0sgom. 27,235 CaOgpuy, 25,37; CaOygy 18,62; CaOyopy. 11,0, Kiexaps. - 95,5%. B Hem
KapOoHaTa KaJblHus ocTanoch nopsiaka 4,5%. [IpoaykT B OCHOBHOM COCTOWT W3
MoOHOKanbliidocdarTa, auKanbluiipochaTa U  aKTUBU3HUPOBAHHOW  (HOPMBI
dbochopura. B HEM BbICOKOE cojepkaHHe BOAHOU M ycBosieMbix ¢opm P,Os mo
oTHomeHHI0 K odmei ero popme (PrO0syes @ P2Ososn, = 91,73% mno num. kx-Te u
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74,06% mo Tpui. b, PrOsyom @ P2Oseom. = 64,49%) m OH yAOBIETBOpSIET
TpeOOBaHUSI CEIbCKOT0 X03MCTBa K OIMHAPHBIM (OCHOPHBIM yIOOPEHUSM.

IIpu cootnomenun P,Ossek : P2Osoc = 1 : 0,5 (Hopma kucnotsl 29,3% ot
CTEXHMOMETPHH) KapOOHAThI pa3iaraiuck Ha 87,8%, a mpoAyKT coaepkan (Bec. %):
P>0s06m. 36,60; P2Osycs 28,105 PrOsgom. 14,36; CaOge, 32,79%; CaOy,s, 18,93,
CaOyoun. 6,66; P2Osyes @ P2Ososn,. = 76,78; PaOsyomu: P2Osesn, = 39,23. Bricokoe
cojeprkanue oO1ei u ycosieMon popm P,Os nenmaer ero Takke npueMIIEMbIM IS
NpUMEHEHUsT B CEIbCKOM  xo3siiicTBe.  Da3oBbId  COCTaB  IPOIYKTOB
bochopHOKUCTOTHOM aKTUBALUU POM u MO®K OIpeAEIIsIN
pEeHTreHorpaguueckuM MeTo10M aHaIu3a.

OnTumanbHass HOpMa KHUCIOTHl I aKTUBAllUM  PA3JIMYHBIX  BUIOB
dbocdatHOro Chipbst XOpoIIO mpocMaTpuBaetcs Ha puc. 2. [lpu Heil B mpoaykrax
JOJKHO OBITh BBICOKOE coOJepkaHue ooOmei u ycosemoir ¢opm P,Os a
OTHOCHUTENBbHOE cojaepkanue BoaHoH (popmbl P,Os nomkHo ObiTh He MeHee 50%.
Tax, u3 puc. 2-a BUAHO, YTO ONTUMATBHOM HOPMOU KUCHOTHI it 00paboTku POM
asngercs 40% ot crexuomerpuu. [Ipu 3ToM nony4aeTcst MPOAYKT C COACPKAHUEM
P>0s06m. 41%, P2Osycs 110 1M, K-T€ : P2Os060, = 87% 1 PyOsp0. : P2Osg6, = 60%.

Jiist o6paboTtku [1dD onTumanbHON HOPMON KUCIOTHI siBasieTcs: Takoke 40% ot
crexuomerpuu (puc. 2-b). B mpoxykre mpu 31oM PrOs06y 38%, P2Osyes 1O
P20506H_I. = 88%; P205BOL[H. . P20506H_I. = 59%.
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43



Jist 06pabotku MM onTumanbHOM HOpMoM kucnoThl siBisierca 40% ot
crexuoMeTpuu (puc. 2-¢). Iomydaemsiit npoyKT conepKUT PrOsqs, 36%, PrOsycs.
. P20506H_I. =83% n PzOSBOﬂH. . P205 = 53%.

Hist o6padotkn MO®K ontumanbHoil HOpMO# KucioTel siBisiercs 30% ot
crexuomeTpuu (puc. 2-d). B mpoaykre npu 3ToM P>O0s051, 40%, P2Osyes @ P2Osoou,
= 66%, PzOsBoﬂH. . P20506H_I. = 50%.

Taxkum o6pazom, u POM, u [1®, u MM, u MO®K dochoputor 11K Bnosine
MIPUTOJIHBI JJISI TIOJTYYCHHS U3 HUX OJMHAPHBIX (OCcHOpHBIX ya0OpeHHt myTeM ux
aktuBaiuu ¢ JOK.

Taxxke mnpousBeneHa axktupamuss POM, I[I® u MOO®DK ynapeHHbIMH
dbochopHbIMU KHCTTOTaMU ¢ KOHIeHTpanuen 24,46; 29,05; 29,86; 36,23; 46,00 u
50,78% P,0s. TloBbimenune konuentpamuun DDK mias obpabotku dochoputos
MPAaKTUYECKU HE CKa3bIBACTCS Ha cojepkaHuu odieit popmer P,Os B mpoaykTax,
HE3HAUUTEIBHO YBEJIMYMUBAET KOJIMYECTBA YCBOSIEMOM U BOJHOPACTBOPUMON (hopm
P,0s. A ucnonb3oBanue B kayecTBe 100aBku kK DDK cepHOW KHCIOTHI MO3BOISET
BOBJICYb B MepepadOTKy 3HAUUTENbHO OOJbIIEe KOIMYECTBO (OCHATHOTO CHIPHS.

B nponykrax pochopHOokucaoTHOM akTHBauK (HocdaTHOTO ChIPhs MOMXHO
3HAYUTEIBHO MOBBICUTH cojepkaHue Gocdopa Kak B 00IIEH, Tak U B yCBOSIEMOM
dbopme, eciu TOABEPTHYTH HMX TepMmMuueckoi obOpabotke. I[IpoBeneHo
TepMorpaduyecKoe HUCCieI0BaHHE MPOAYKTOB (OCHOPHOKUCIOTHOW aKTHUBALUU
P®M npu cootHomienusix P,Osyox @ P2Osoc =1 :0,3;1:0,4;1:05u1:0,7.
Ornpenenena nmoTepst Macchbl STUMHU NMPOAYKTAaMHU IpU UX HarpeBanuu 10 600°C.

N3yyensl coctaBbl MPOAYKTOB (OCHOPHOKHUCIOTHON akTuBaiuu POM u
MO®K B ycinoBusix NOHM)KEHHOW HOpPMBI (ocopHOl KHUCIOTHI MOCIE HUX
tepmoodbpadoTku npu 140, 180, 220, 260 u 300°C. O POM ontumaabHBIMU
napamMeTpaMu KHCIOTHO-TEPMUYECKON 00pabOTKU SBISIOTCS  COOTHOIIEHUE
Py0s50k : P2Osoc =1 : 0,3 u Temneparypa 220°C. [Toaydaemslii Ipu 3TOM MPOAYKT
conepxut 43,89% Pr0s06u, 35,1% P20sye, 20,9% PrOspom, P2Osyes. @ P2Osoon. =
80,11% u PyOspops. : PoOseom. = 47,73%. dna MO®K ontumanbHbIMU
napameTpamu ABJIAIOTCS OTHOWEHHE PrOsyp¢ @ P2Osge = 1 1 0,5 m Temmeparypa
220°C. IIpoaykr comepxkutT 48,8% PrOseem, 38,4% PrOsyes, 29,3% PrOsyom.,
PyOsys. @ PyOseon, = 78,67% 1 PrOsyonn. : PoOseow,. = 59,98%. Uem Bblle
temrneparypa o0OpaboTku (ochopHBIX YyIOOpeHUH, TeM UWHTEHCHBHEE WJIET
npouecc nepexona opropopmsl P,Os B aerunpaTupoBaHHyio ero Gopmy, MeHee
MOJIBEP>KEHHYIO JIerpajjallii B MOYBE M 00J1a/1al0IIy0 BHICOKUM KO3 PUIIHEeHTOM
UCIIOJIb30BaHUS PACTCHUSIMHU.

BrisiBieH ONTUMANBHBIA TEXHOJOTHMUECKUM PEKHUM TOTYyYEHHs] OJMHAPHOTO
dbochopuoro ynodpenus nmyrem ¢GpochoOpHOKUCIOTHON akTuBanuu (pochoputon
LK. Pa3paGoTanHasi TE€XHOJOTHs MPOILIa TEXHOJIOTHYECKYIO ampobanuio Ha AO
«AMmmodoc-Makcam» € BBIITYCKOM ONBITHOM mapTuu (QocopHOro yaoOpeHwus.
[IpennoxkeHa NMpUHUMIIKATIBHAS TEXHOJOTHYECKasl cXeMa MpOU3BOACTBa (puc. 3).
Paccuutan wmarepuanpHbIi 0ajaHC Ha TMOJydYeHHe OJHOW TOHHBI P,Os B
onuHapHOM (GochOopHOM YI0O0peHHUH I IBYX COOTHOMEHUH PrOsyok i P2Osepc = 1

44



DoccpIpbé SYOK 5

L4 L4 B aTM.
12 5«
9
1_/ 4/ _J;l a3bl Ha l
T'a3bl HA OYUCTKY 2 OYHCTKY /
—

()_L» 1 § § \
\4 ==
ap. 1T I N3 HE
[t v 'l v 'l v 'l v 'l v 'l 'l 7 § e&

I'oToBast
12 A 4 MPOAYKIHST

04HCTKY
Konpaencar

r
ro,

TI'a3

— > ——
Bovy) posx
AyX 8
8 Peryp v

Puc. 3. Texnonornueckasi cxemMa npou3BoJACTBAa OAUHAPHOIO dochopHOro

yaoopenus Ha ocHOBe GocdaTHoro coipbs LHenTpanbHbix KbI3bLIIKYMOB:
1 - 6yHkep ¢occhlpbsi; 2 - JIGHTOUHBIM A03aTop; 3 - HmIHEK-cMecuTelnb; 4 - coopHuk DK 5-
pacxomomep; 6 - Oapaban nopasznararenb;, 7 - Oapaban cymwika, 8 - kamopudep; 9 -
kinaccudukarop; 10 - npobunka; 11 - nuxnon; 12 - ckpy006ep; 13 - mpomMexyTodHasi eMKOCTb.

0,5 uw 1 : 0,7. OnpeneneHbl (PUUKO-XUMHUYECKHE CBOMCTBA OJMHAPHBIX
bochopHbIX yA0OpeHHil.

[IpousBeneH  CpaBHUTEIbHBIM SKOHOMHYECKUM  pacueT IMPOU3BOJICTB
onuHapHoro ¢ochopHoro yaoopenus u ammodoca. [lokazano, 4To ce6eCTOMMOCTh
onHoii ToHHbl 100%-HOro P,Os B ammodoce cocrtaBmser 2118438 cym, a B
onuHapHoM (ocdopHoM ynobpenuun (mpu cooTHOmEeHUH PrOssypx @ P2Osepc = 1
0,5) 1615831 cym, uto Ha 502607 cym pemieBie, XOTS MO arpoXMMHUYECKON
() PEKTUBHOCTH Ha XJIOMMYATHUKE OHU PABHOLICHHBI.

B »aT0i1 ke rnaBe HaMHM TPEIYCMOTPEHO OMNPEACIICHHE BO3MOMXKHOCTHU
nonyyeHuss ammodocdara Ha 06aze ¢ocdarnoro ceipes LK. B orimune ot
ammo@oca, pacxong H,SO, ma mpousBoactso 1 1 P,Os B Buzme ammodocdara
3HAYMTENILHO HIKE, a CTETNIEHb UCIIOIB30BaHUs (OCHATHOTO CHIPHS BHIIIIE.

B nmabGopaTopHbIX yCIOBHSX sl TodydeHus: amMMmodocdara HUCIOIb30BATU
1D, MODK u POM cocrasa (Bec. %): 17,65 P,0s; 47,48 CaO; CaO: P,05 = 2,68,;
2,47 Fe,03; 1,21 ALLOs; 1,75 MgO; 15,2 COy; 1,81 F; 1,5 (K0 + Na,0); 2,65 SOs;

6,03 H.0. CoctaB [1® 1 MO®K npuseznen B rnase 3. g pa3inoKeHUs ChIpbA
MbI ucrnionbzoBasin IDOK nByx BumoB. [lepBas — 310 DDK u3 dpocdhoputor Kaparay
coctaBa (Bec. %): 20,85 P,0s; 0,22 CaO; 0,89 MgO; 1,85 SO;; pH = 0,6, a BTOpas
—Ha ocHoBe MO®K wu3 1K, umeromas (Bec. %): 21,45 P,0s; 0,77 CaO; 0,89 MgO;
0,51 Fe,O3; 1,33 ALOs; 1,78 F; 0,50 SOs3; pH = 0,6. O6e KUCIOTHI SIBISIOTCS
npoaykramu AO «AMmmodoc-Makcamy, IpOU3BOAUMBIE JUTHAPATHBIM CIIOCOOOM.

Jlns  ombITOB  ObUIM  BBIOpAaHBI  CIEAYIOIIME TAapaMeTphl:  MacCOBOE
cootHomieHne DPK : ®C = 100 : 20; 100 : 25; 100 : 30 u 100 : 36; Temneparypa
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npouecca — 70°C; mpoAoKUTENBHOCTh Mpouecca pasnoxkenus — 45 munyt; pH
KUCaoTel — 0,6-2,2.

Pe3ynbpTaThl MOKa3bpIBAIOT, 4TO NpH HU3ydaeMbix ycinoBusx (pH DOK = 1,6-
2,2) w3 Kaparayckoiit O®K wu P®OM nonydaroTcsi  KayeCTBEHHBIE
azotHOo(ochopHbIe yI00peHHs ¢ BBICOKUM COJIEpKaHUEM OOIIEro, yCBOSIEMOIro U
BogopactBopumoro (opm P,0s. Conepxanue P,Osq, B HHUX HAXOIUTCS B
nuanasone 33,14-37,18 %; PyOsyes. 29,76-35,25 %; P2Osponn. 18,2-26,14 %; N 4,53-
7,05%. Kiexaps. POChaTHOrO CHIpbA JIEKHT B mpenenax 82,5-96,37 %. Hzyuena
BOJIOHEpAcCTBOpUMAs 4acTh ATUX yaoOpenuid. [lokazaHo, uto B Hell pocdop Ha 67-
77% HaXOaUTCS B yCBOSIEMOM ISl pacTeHU Gopme.

Hns coornomenut DPK : T1d = 100 : (15-36) u pH amMoHu3zupoBaHHOM
D®K 1,5-2,0 conepxanue N B y1oOpeHUH JSKUT B ripeaenax 5,32-7,93%, P,Osqum,
34,03-37,90%, P20sycs. : P2Osoeu. 88,80-96,83%, PrOsyon.: P2Osesw, 50,13-66,43 %.
ITpu sTom ynobpenust uz MO®K coaepxar 5,81-8,56% N, 36,48-38,69% P,0s06u,
PZOSyCB. . P20506H_I. 81,77-97,50%, PzOsBoﬂH. . P20506H_I. 43,67-62,96%

C uenblo ycTpaHeHus IeHO0Opa30BaHMs HAaMU pa3paboTaH U JBYXCTaIUUHBIN
cioco6 paznoxenuss PDOM  dochopuoit kucnorou. IlepBas craaus -
JIeKapOOHM3AIMs ChIpbS — OCYIIECTBISIETCS B TETEPOT€HHOM IpoIecce C
MUHUMAJIBHBIM ~ KOJIMYECTBOM >KHUJIKOW (a3bl, NPOTEKAOIIUM B IIHEKOBOM
peakTope-cMecuTenie, a Ha BTOPOM — JOpa3ioXKeHue AeKapOOHU3HPOBAHHOIO
CBIPbsl B OOBIYHOM pEaKTOpe.

YerBepras riaBa aucceprauuu «AKTuBauus ¢ochopuroB LleHTpanbHbIX
KbI3bLLIKyMOB B NPHUCYTCTBMH A30THBIX UM KAJUIHBIX COJIei» OTHOCUTCA K
UCCJIEIOBAHUIO  TMpOIEcca TOJYyYEeHHs] KOMIUIEKCHBIX  yIOOpEeHMH MyTeM
MEXaHOXMMHUYECKON akThBanuu (ochatHoro cuipbs. Ilepen nmoctaHoBKOM 3amaun
Mbl 00paTWiIM CBO€ BHMMaHM€ Ha onbIThl akagemuka [[.H.I[IpsHuniaukosa,
koTopbii eni€ B 1900r oOHapy KUl B MOYBE PE3KOE PACTBOPSIOLIEE BIUSHUE COJIEH
amMoHus Ha pochoput. Ho, k coxkaneHutro, cTerneHb BIUSAHUS aMMOHUNHBIX COJIEH
Ha  pacTBOpUMOCTh  (Qocmyku, Jubo  Tpukaimsuuidocdara ocrtaBanack
Heu3BecTHOM. Tpukanbiuiipochar — 3TO OCHOBHOM KOMIOHEHT (ochaTHOTO
CBIpbSl — amaTUTOB U (QOCPOPUTOB, UAYUIUX HA MOITyYeHUE U3 HUX (HOCHOPHBIX
ynoopenuii. 3agada cBOJUTCS K NMOBBIIEHUIO pacTBOpUMOCTH Caz(POy),. [loaTomy
Mbl MOCTAaBWJIM Tepea coOoi 3amady M3yYUTh PAacTBOPUMOCTH (a3 B TPOMHBIX
BosiHO-coJieBbIX cucTteMax Cas;(PO4),-(NHy),SO4-H,O, Ca;z(PO4),-NH4NO5-H,O u
Ca3(PO4),-NH4CI-H,O mpu 25 u 50°C. Usydenuwe pacTBOPUMOCTH IPOBOIUIU
M30TEPMHUUYECKUM METOAOM. VcXoaHbIe BellecTBa MCHOIb30BAIMCH MAPKH «X.U.).
PaBHOBecue B cucteMe ¢ cynb(}haroM aMMOHHMS YCTaHABIMBAJIOCH B TeUeHue 9 4., a
B CUCTEMax C HUTPATOM M XJIOPUJOM aMMOHHS - B Te€UEHHUE 6 4.

[lokazano, uto mnpu 25°C mpu xkoHuentpauuu (NHy),SO, 40,45%
pactBopuMocTh Caz;(POy4), B 17,2 pa3a npeBsilllaeT paCTBOPUMOCTH MOCIEIHETO B
guctoit Bone. [lpu 50°C mpu xonuentpanuu (NHy),SO4 44,25% pacTBOPpUMOCTH
Ca3(PO,), yBenuuunacek B 31 pas. [Ipu xonunentpanuax NH4NO;z 32,29% (25°C) u
38,91% (50°C) pactBopumocts Caz(PO4), Bo3pactaer B 3 u 6,75 paza mo
CPaBHEHHUIO C PacTBOPUMOCTBbIO B YHUCTOM Boje. XJIOpUJ aMMOHHUS IOBBICHII
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pactBopuMocTb Caz;(PO4), B 5,8 1 6,23 pa3za nipu 25 u 50°C nipu COOTBETCTBYIOIIHUX
koHueHTpausax NHyCl 17,36% u 22,31%. DT naHHbIC SBUIUCH OCHOBOM s
aktuBauu GocdartHoro coipbs LIK ¢ momoip0 aMMOHUIHBIX COJIEH.

Jlanee mpoBeneHa MexaHoxumuueckas aktuBaiusi gocdoputo LHK: POM,
[I®, MM u MO®K nyrem ux pa3Mona B NPUCYTCTBUM HUTpaTa U cyibdara
amMoHus. CHayana NIPOBEPUIIN, HACKONBKO k€ MeHsAeTcs cofepkanue PrOsye B
BBIIIICHA3BaHHOM (ocaTHOM ChIpE TMPU €ro MEXaHMYECKOM pa3Molie B
OTCYTCTBHME aMMOHUWHBIX cojiel. [Ipobnenre POM npuBeno K NOBBIIICHUIO B HEH
OTHOCUTENBHOro conepkanusd PrOsy, 10 32,4%. To ecth, MexaHuuyeckas
aktuBanus POM mnoBeicuna conepskanue ycosemon (opmbl P,Os B Hell B nBa
pasa. B MHHEpanM30BaHHOW Macce YCPEJHEHHOIo cocTaBa coaep:kaHue PrOsycy
noBEICUIOCE 10 4,54%. Conepxanue P,Osy; B MODK nossicunocs 10 2,76%, To
ecThb Bcero Ha 0,22%.

3ateM ObUTM IPUTOTOBIIEHBI cMecH (HOCHATHOTO CHIPHS C COJISIMU aMMOHUS B
HIMPOKOM JAuana3zoHe cooTHomeHuit azora k P,Os (or 1 : 0,1 nmo 1 : 1) mu
MOJIBEPTrHYTHl UCTUPAHMIO 10 pazMepa yactull MeHee 0,16 mm. O0e aMMOHUIHBIE
COJIM TPU HTOM PE3KO MNOBBIMIAIOT cojaepkaHue ycBosemoi ¢opmbl P,Os B
dbochatHOM chIpbe (Tabi. 5). B u3ydeHHBIX Mapkax yaoOpeHuil Ha ocHoBe POM
(18,33% P,0s5) npu wucnons3oBanuu NHyNO; oTHOcuTeNnbHOE cojepKaHUE
ycBosiemoit hopmbl P,Os 1o oTHomieHuto k obuieir menserca ot 56,08 (mpu N :
P,Os=1:1) no 97,24% (upu N : P,Os =1 : 0,1). B cny4ae ke UCnoiab30BaHUs
(NH4),SO4 >t BenuuuHbl HaxoisTcs B mpenenax 67,93-98,24%. C Ttakum
colepkanreM ycBosieMoro ¢ocdopa TykocMecHu SBISAIOTCS 3(PPEKTUBHBIMU
azotHoochopHbiMU yaoOpeHusmMu. CynbpaT aMMOHUS AEHCTBUTENBHO OKa3aycs
6onee >PGEeKTUBHBIM B JI€J€ MOBBIIIEHUS PACTBOPUMOCTH (POCHATHOTO CHIPHS.
AnanornyHasi KapTuHa Ha0Jt01aeTcs U ISl APYTUX BUAOB (OCPATHOTO CHIPHSI.

Tabaunna 5
CocTaB MoABEPrHYTHIX MEXaHUYECKOI AKTUBAIIUN CMeceill PS10BOM
¢ochopuTOBOM MYKH C HUTPATOM M CYJIb(PaTOM AMMOHUSA

CooTtHO- P205 PZOSyCB' PzOsyCB,, P,O ll))zcc))SyCB' : ll))zcc))SyCB' : onsso;m. .
— N, % o6 110 110 JIFM. 2 OSBOLLH.’ 250061, 250061 P20506m.
N : P,Os o, TPHUIL. <16 % Z 10 TPWI. | TIO JIUM. o,
B, % ’ B, % K-Te, %
Hutpat ammonus + POM
1:0,1 28,55 | 2,90 2,16 2,82 0,196 74,48 97,24 6,76
1:0,3 21,54 | 6,71 4,25 5,81 0,196 63,33 86,58 2,92
1:0,5 17,32 | 9,14 5,21 6,56 0,196 57,01 71,77 2,14
1:0,7 14,78 | 10,34 5,02 6,49 0,196 48,55 62,76 1,89
1:1 11,91 | 12,00 4,49 6,73 0,197 37,42 56,08 1,64
Cyabdar ammonus + POM
1:0,1 18,84 | 2,27 1,78 2,23 0,176 78,42 98,24 7,75
1:0,3 15,62 | 4,99 3,29 4,55 0,173 65,93 91,18 3,47
1:0,5 13,35 | 6,83 4,02 5,67 0,168 58,86 83,02 2,46
1:0,8 10,95 | 8,92 4,38 6,54 0,164 49,10 73,32 1,84
1:1 9,78 9,76 4,25 6,63 0,166 43,54 67,93 1,70
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MpbI U3y4nIIu IpoLece IPaHyIMPOBAHUS METOJOM MPECCOBAHUS TYKOCMECeH ¢
cootHomenueM N : P,Os = 1 : 0,7, cocraBnennsix u3z POM, IO, cynbdara u
HUTpara amMMoHus. IlokazaHo, YTO MUHHUMAJIBHO HEOOXOAUMOE JaBJCHUE
npeccoBanusi coctamisier 100-150 MIla. HauGonwmas mpounocts (4-5 Mlla)
npeccata gocturaercs npu 250-300 MIla. YBenuueHne BIaKHOCTH TyKOCMECEH
110 2% TOBBIIIANIO0 TPOYHOCTH TabeTok 10 7 MIla.

Pe3ynbpTaThl MccienOBaHUN MO3BOJMIM HaM PEKOMEHJIOBAaTh ONTHMAabHBIN
TEXHOJIOTUYECKUM PEeXUM Tpolecca MpeccoBaHus. ATpOXUMHUYECKHE HMCIbITaHUS
MOJIYYCHHBIX YJOOpEHUN MPOBEJEHbl B BETETAIMOHHBIX U IIOJIEBBIX YCIOBHUSX.
Pe3ynpTaThl MCHIBITAHUI MOKa3aJIM, YTO CJIOXKHBIE a30THOPOCPOpHBIE yA0OpPEHUS
10 3@ GEKTUBHOCTU HE YCTYMAIOT TPATULUOHHBIM POCPOPHBIM YI0OPEHUSIM.

beuto moOKazaHo, 4TO MexaHOXMMHUUYecKas aktuBauus POM B cmecu c¢
docharom Kanus, yriaeKUCIbIM aMMOHHUEM, HUTPATOM MOYEBHMHBI, XJIOPUIOM
Kalius U KapOaMHUIOM TakXe MPUBOIUT K BO3PACTAHUIO COJIEPIKAHMS YCBOSEMOM
dopmbl P,Os B pocmyke. [ rpanynupoBaHusi TyKocMeced OblT IPUMEHEH METO/
okaThiBaHMs. Mcmonb30BaHME B KauyecTBE AKTMBHU3AaTOpa XJIOpUAA Kalvs Aayo
OuYeHb HE3HAUUTEIbHBIN 3P dekT. [pobdienue Tykocmecu ¢ cooTHomeHueM P,0s :
K;O =1 : 0,7 naér nmoutn Takoi >xe 3dekr kak u npobieHue oxHoii POM.
[IpounocTs mpoaykra Bcero 0,96 MIla. A camblii BeICOKUN 3(PEKT raeT HUTpAT
MO4YeBHHBI. Tak, ¢ MCHOJIb30BAHHUEM HHUTpPAaTa MOYEBHUHBI MPHU COOTHOLIEHUU N :
P,Os B ucxonnoi cmecu, paaoM 1 : 0,5, momyuaercs yaoOpeHue, cojaepraliee
(Bec. %): Nogw, 17,035 PoOsosu,. 9,43; P2Osycs. 6,405 PyOsponu. 0,70; CaOgg, 25,34;
CaOyg 19,425 CaOygyy. 10,73 ¢ OTHOCHTENBHBIM COAEPKAHUEM YCBOSIEMOM (DOPMEI
P,0O5 o otHomenuto k obmieit 67,87%. [Ipu mexanHoxumudeckoi aktuBanuun POM
¢ puruapodocdarom kanus npu coornomenud POM : KH,POs o1 1 : 0,3 no 1 :
1,5 monyuarorcsi PK-ynoOpenus, conepxkaimue ot 26,44 no 38,68% P,0s06y, 1 OT
7,97 no 20,61% K,0O. OtHOocuTenbHOE coaepxanue ycosemon ¢opmbl P,Os 1o
OTHOIIICHUIO K o0mie cocrtasigeTr oT 67,81 no 92,04% 1o JIMMOHHOM KHCIOTE,
BozopacTBopumont popmbel P,Os nHaxonutcst B mpenenax 18,42-60,88%. I'panyib
MOJIYYEHHBIX MPOAYKTOB 00/1a1a10T MPOYHOCThIO — 2,27-3,28 MI1a.

B pesynbrare axktuBauuu (GocPOpUTOB TMOCTPOCH BO3PACTAIOUIUN Ps
MUHEpaJIbHBIX COJIEH MO MOBBIIICHUIO CoJiepKaHus ycBosieMbIX (hopm docdopa B
ceipbe: CO(NH;), — KCI — yriaeammonwitasie conmu — NH,Cl — NH4NO; —
KH2P04 — (NH4)2SO4 — CO(NHQ)QHNO3

Janee Obuta ocyiecTBiieHa akTuBalusg POM B npucyTcTBUU XJI0pUaa Kajaus,
Kapbamuja, HUTpaTa U Cyinb(aTa aMMOHHMS M UX CMECEH C LEIbI0 MOIYyYeHUS
koMIiekcHbIX NPK  ynoOpeHuii ¢ pa3nuyHbIM COOTHOLIEHUEM MUTATENIbHBIX
KOMIIOHEHTOB. MeXaHOXUMHYecKasi akTUBaIUs (OCCHIPbS B MPUCYTCTBUU CMeECEH
a30THBIX COJIEH ¢ XJIopuaoM Kaius npu cootHomenu N : P,Os : Kb O=1:0,5:1
MOBBIIIAET OTHOCUTEIBbHOE cojJiepkanue ycposgemon hopmel P,Os B pocMyke mipu
ucnonbszoBanuu (NHy),SO,4 no 79,75%, npu ucnonszoBanuu NH4NO; 1o 67,82%,
nipu ucnonb3zoBanuu CO(NH;), no 59,13%.

Paccuutan  marepuanbHbBli  OamaHC — MOJY4YeHUS  OJHOM  TOHHBI
I'PaHyJIMPOBAHHOTO CJIOKHOCMEUIAaHHOTO yno0penust ¢ cootHomenueMm N : P,Os :
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K;O=1:1:1 na ochoBe POM, xnopuna kanus, HUTpaTa u cyiabhara aMMOHUSI.
[IpennoxkeHa npuHUKIIAATILHAS TEXHOJOTUYECKAs CXeMa MPOU3BOCTBA (puc. 4).
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Puc. 4. Texnonornueckas cxemMa nNpoMU3BOJACTBA IPAHYJIHPOBAHHBIX CJI0KHO-
CMEIIAHHBIX KOMILJIEKCHBIX Y100PeHUI:
1, 2 - Ooynkep; 3, 4 - mo3arop; 5 - NBYXBaJbHBIM ITHEK-CMECHUTENb; 6 - ne3uHTerparop; 7 -
OKaTOYHBIM Oapaban; 8 - cymmnbHbINA Oapaban; 9 - gpodunka; 10 - rpoxot; 11 - nukion; 12 -
JIEHTOYHBINA TPAHCIIOPTED.

Pa3paboranHasi TEXHOJOTHS anmpoOHMpoBaHA Ha MOJCIBHOW JabopaTopHOI
YCTAaHOBKE. DKOHOMUYECKHE pacueThl IMOKa3ah, YTO CEOECTOMMOCTh OJIHOU
TOHHbl TMHUTATEJBHBIX 3JIEMEHTOB B TPaHYJIHMPOBAHHBIX METOJIOM OKAaThIBaHUA
CJIO’)KHOCMEIIIaHHBIX yn00peHusx nu3 POM, Hutpata aMMOHMS U XJIOpHAA KaJIHS;
u3 ¢pocmyku, cyibdaTa aMMOHUS U XJopuja kanus ¢ cootHomeHuem N : P,Os :
K;O=1:1:1 coorBercrBenHo Ha 421297 u 412669 cym MeHbIlIe CEOECTOMMOCTH
OJIHOM TOHHBI MUTATEIBHBIX BELIECTB B TYKOCMECSAX C TAKHUM K€ COOTHOUICHUEM
azota Kk (ocdopy, moaydeHHbIX U3 amModoca, HUTpaTa aMMOHHUS M XJIOpHJA
Kayust; U3 ammodoca, cysib(aTa aMMOHHMS U XJIOPHIA KaJIusl.

B naroii rnaBe «M3yyeHuMe HOBOI0 HU3KOKOHUEHTPHPOBAHHOIO 110
dpochopy MbITOro 000:xKeHHOT0 POCHPOKOHIEHTPATA» IPUBEICHBI PE3YIbTATHI
nepepaborku MO®K, mpousBoaumMoro mo HoBoil cxeMe oboramieHus. OH umeer
coctaB (Bec. %): 25,77 P,0s, 52,70 CaO, 1,20 MgO, 0,63 Fe,0s, 1,15 Al,O3, 2,67
SO;, 0,04 Cl, 3,60 CO,, 6,88 H.0., CaO : P,Os = 2,05. [IpencraBuseTr OONbIION
MPAKTUUYECKU HHTEPEC MCCIEIOBAHUE MPOIECcCa CEPHOKUCIOTHOM SKCTPaKIUU
HOBOT'O BHJIa CBIPbSI M OMNPEACICHUE €r0 MPUTOJHOCTU i mpous3BojcTBa DDK,
ammooca u mamammodoca. st pa3paboTku TexHosoruu moiydeHuss DK
HEOOXOMUMBI CBEICHHS O (U3UKO-XUMHUYECKUX U  (U3UKO-MEXaHHUYECKUX
CBOWCTBAX CHIPbS.

K Takum cBoO#CTBaM OTHOCSITCSI: HACBHINIHAsl TUIOTHOCTb, YTOJ €CTECTBEHHOIO
OTKOCA, TEKYUY€CTh, JUCIIEPCHBIN COCTAB, TUTPOCKONMMYHOCTh U BIIArOEMKOCTD. [Ipu
ucxonHo BiaxHocTu 0,27% cBoboaHas HackimHas MmWI0THOCTE MO®K papna 1,21
r/eM’, a ¢ ymwioTHenneM — 1,52 r/em’. K umciy mapaMeTpoB, MO3BOJISIONIMX

49



onieHuBaTh NOABWKHOCTH MO®MK OTHOCHTCS yrojl €CTECTBEHHOTO OTKoca. Uem
MEHbIIE YTOJI OTKOCA, TEM OOJIbIIEH MOABUAKHOCTBIO 00J1aJal0T YACTHULIbI ChITy4Yei
cpenbl. Bennunna yrna ecrectBeHHOro orkoca MO®K cocraBisier 28 rpagycos.
Omnpenenenue texkydectu ang MO®K mnokasano, yto oHa paBusercs 10 Gamnam.
I'mrpockonnueckas Touka MO®K okazanace paBHou 51,5%. Huskoe e€ 3nHaueHue
oObscHsieTcs HamuueM B coctaBe MO®K rurpockonudeckoro Bemiectsa — CaO.
IIpenensHas Biaaroemkoctb MO®K - 4%. B cBs3u ¢ 3TUM Ipu XpaHEHUH U
NepeBo3Ke HEOOXOAMMO MPENOXPaHATh €ro OT yBiaxkHeHus. [Ipu BiakHOCTH 11O
4% MO®K He ciéxuBaeTcs.

Hucniepcubiii coctaB MO®K noka3biBaroT, 4To Ha kiacc kpynHocTH (+0,05)
— (+0,315) MM mpuxoauTcs HaumOosblliee KOIMYEeCTBO KoHIeHTpara (90,5% ot
obmeit maccel). HaumbGonbiiee conepxanue P,Os (22,8-28,9%) cocpenoTroueHo B
kinaccax (paknuit ot (+0,05) mo (+0,315) mm. Munumanpasie 3HaueHus CaO
P,05 = 1,90-2,39 Takxe COOTBETCTBYIOT 3THUM (pakuusiM. XUMUYECKUN COCTaB U
¢usuko-xumuyeckue  cpoiictBa  MO®K  mo3BOJIAIOT  MOpeaBapUTEIBHO
MPOTrHO3UPOBATH MPUHIUITHATIBHYIO BO3MOKHOCTh NiepepaboTku ero Ha DDK.

Ha mnepBom »sTame paOoThl MPOBEAECHBI HCCIACAOBAHUS 1O JUHAMHKE
paznoxxenuss MO®K cMmecbio cepHOl KUCIOTHI 1 000poTHOM DK npu pazanyHoM
BPEMEHHU B3aMMOJICUCTBHSI MCXOAHBIX KOMIIOHEHTOB. HaBecky ChIpbs BHOCWIIU B
émkocTh ¢ obopotHoi DK, conepxkamieit 15% P,0Os u TepMocTaTUpOBaHHYIO MTPU
85°C. 3areM B nonydeHHy pocdaTHyIO cMech B T€U. 5 MUH MOaBaIl PaCYeTHOE
KOJIMYECTBO cepHOM KucnoThl. [locie yero HauMHaiICs OTCUET BPEMEHH PEaAKIUU.
Hopma H,SO, - 103% ot crexuomerpuu. PacyeT HEOOXOAMMOTO KOJIMYECTBA
pacTBopa pa3z0aBlieHUs] OCYILECTBIIJICS HAa OCHOBAaHUHU 3aJIaHHOTO COOTHOIUEHUS
KUAKoN u TBepaoil (a3 B mpoxaykumoHHou nynene (K : T =3 : 1). Koapdpunuent
pasnoxenus (K, ) onpenemnsanu gepes 15, 30, 60, 90, 120, 180 u 240 mMun.

JlaHHbI€ MMOKA3bIBAIOT, UTO MPH YBEIUUCHUU BPEMEHHU B3aUMOJICHCTBUS ChIPbs
Kpasn. 1 Kiggn P2Os B O@K  yBenuumBarorcs, HaOMIOAAETCA M YIy4lICHHUE
nokazarened ¢unbrpanuu. Tak, MO®K B Teuenue 15 muH. pasnaraercs Ha
90,79%, 3a 30 mun — Ha 93,71%, 3a 60 mun. — Ha 95,11% wu 3a 240 muH. — Ha
96,28%.

Hanee Obu1 u3yueH npoiiecc noiaydeHus IDK npu 4-x 4acoBOM pas3ioKeHUU
MO®K cmechio cepHoit U ¢ochopHO KHUCIOT. MeToauka pasiiokeHus Oblia
aHAJIOTMYHOM mpeablayleid. BapbupyemMbiMu napameTpaMu ObUIH: HOpMa CEPHOM
kucinotel — 100, 103, 106% ot crexuomerpun Ha pasznoxenue CaO; KOHIEHTpanus
o0opoTHOM KucaoThl — 12,5; 15; 16,5% P,0s, cootHomenue XK : T B mynbne — 3,5 :
1; 3,0 : 1; 2,5 : 1 u remneparypa npouecca — 80, 85, 90°C. IIpomMbIBKa BIaXKHOTO
ocajika ¢ocdorurica Npou3BOAUIACH MO 3-X KPATHOU MPOTUBOTOYHOU CXEME.

Hcxonss W3 TOJNYYEHHBIX JIAHHBIX, HaWJAEHBbl ONTHUMAaJbHBIE YCIOBHS
cepHOKUCIOTHON »KkcTpakunn MO®K: Hopma cepHoit kuciotel - 103%,
KoHIeHTpalus obopotHoit DPK — 15% P,0s, Temneparypa nporecca - 85°C u
coornomenue K : T = 3 : 1. IIpu o1oM Kpasy = 96%, Kiysen, = 95%; K= 97%;
Kiux. = 92%; ckopocth dpunbrpanuu Gocdorumnca — 1361 kr/M°-gac. B MIPOMBITOM
u BeicymieHHOM (ocdorurce conepxarcs 1,28% Pr0s06m., 0,47% P2O0s50m, 31,51%
Ca0, 43,88% SOs;, 4,35% H.0. A nonydaeMasi ¢pochopHasi KUCIOTa UMEET COCTaB
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(Bec. %): 19,44 P,0s; 0,71 CaO; 0,91 MgO; 0,95 Al,O5; 0,47 Fe,03; 3,18 SOs;; eé
IUIOTHOCTL 1,22 r/em® u pH = 0,65. Ona cayxuna UCXOJHBIM KOMIIOHEHTOM JIJIf
noJiydeHust ammodoca u 1uammoddoca.

Ilepen wucnosp3oBaHMEM MBI HCXOAHYIO  kuciaotry (19,44% P,0s)
¢bunbTpoBamM M oTHENSAM U3 He€ ocagok. OcBeTiieHHas KUCJIOTa HMena
cienyromuit coctas (Bec. %): 19,83 P,0s; 0,35 CaO; 0,54 MgO; 0,55 Al,O3; 0,45
Fe,03; 2,61 SO3;. Ammonuszanuio DOK npoBoauiiv ra3000pa3HbiM aMMHAKOM TIPU
temneparype 85-90°C nmo Bemuumnsl pH 35,5. Ilocnme amMmMoHM3alUMM BIAXKHOCTh
myJbibl coctaBisieT 60%. CocTtaB 3To# MybIbl cieayomuil (Bec. %): 18,33 P,0s;
6,11 N; 0,33 CaO; 0,52 MgO; 0,53 Al,Os3; 0,43 Fe,03; 2,48 SOs.

OnpeneneHbl TMUIOTHOCTH M BSI3KOCTHU aMMOHM3UPOBAHHBIX (ochOopHO-
KHCIIOTHBIX MyJbIl B 3aBucuMoctu ot pH (0,65-8,5), Temneparypst (40-90°C) u
conepkanus Biaru B myabie (40-60 %). Bo Bcex ciayyasix myiabIbl )KUIKOTEKYUH
U UX PEOJIOTUUECKHE CBOMCTBA HE 3aTPYAHSIOT aJbHEHIITYI0 epepadoTKy.

VYnapuBanue aMMO(OCHON MyNbIbl MBI OCYHIECTBIsUM Tpu 85-95°C mpu
atMocepHOM JNaBiieHMM J0 ocrarouHor Biarm 40%. [ns momyueHus
auamModoca BbITApEHHBIN pacTBOp aMMo(poca JOMOJIHUTETFHO aMMOHU3UPOBAIN
no pH 8,5. Bo wuzbexanwe norepu aMMHMaka HACBIIIEHHE MPOBOAMIN MPHU
temneparype Huxke 70°C. Cymky amammodoca MpOU3BOAWIMA MPU TEMIepaType
He Boie 60°C, a ammodoca — He Boite 75°C.

Takum oOpa3om, HelTpaIu3alus MOJYYEHHON KHCIOThI amMmMHakoMm a0 pH =
5,5 u 8,5 nerna B ocCHOBY MnostydeHus: ammodoca u guamMmmodoca COOTBETCTBEHHO.
['panynupoBaHHbIi ammodoc umeeT B cBOEM cocTtaBe (Bec. %): PrOsosn. — 47,39;
PZOSyCB. - 46993: PZOSyCB. P205BO}1H. - 42977: PZOSyCB. . P20506H1. = 99: P205B0}1H. .
P20506m, = 90; SO;— 6,02; CaO — 0,76; MgO — 1,27; Fe,O3— 1,02; Al,0;— 1,37; N
— 12,05, a npounocts ero rpanyn 5,4 MIla. AMModoc ¢ TakuMu mokazaTeasiMu
MOJIb3yeTcsl OOJIBIIMM CIIPOCOM Ha MHUPOBOM pBIHKE. A AMaMMO(OC COACPKUT
44,33% P,0s506u, 98% KOTOpOro HaxoautTcss B ycBosiemoi ¢opme, 90% — B
BojopacTBopumont ¢opme u 17,92% azora, npoyHocTh ero rpanyn 3,2 Mlla. B
Hém 0,69% CaO; 1,11% MgO; 0,91% Fe,03; 1,15% ALOs u 5,77% SOs;.

C saBaps mecsia 2015 roga AO «Ammodoc-Makcam» B IPOU3BOICTBEHHBIX
YCIOBUSAX MPUCTYNHUIO K MPOBEJIECHUIO OMBITHO-MPOMBINIJIEHHBIX HUCIBITAHUN IO
nepepaboTke HoBoro Bujga MOO®K i ycTaHOBIEHHS ONTHUMAJIbHBIX PEXKUMOB
npouecca. B Xxome  ucnbITaHMl  HAWEHB  ONTUMAJbHbIE  MapameTpbl
TEXHOJOTrn4YecKoro mnpoiecca noinyyenus DOK u Ha e€ ocHOBe y100peHHUs.

Takxum obpasom, ¢ suBaps no mait mecan 2015 roga nepepadorano 154,4 Thic.
T HOBoro MO®K ¢ nonyuenunem 26,8 toic. T IPK B nepecuere Ha 100% P,0s. Ha
ocHoBe D®K mpousseneHo 25,9 teic. T amMmodoca, 29,4 Thic. T cynpedoca-NS,
23,6 toic. T PS-Arpo u 26,3 ThIC. T 0OOTameHHoro cynepdocdara na cymmy 84,2
MJIPJI. CYM.
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3AKIIOYEHHUE

OCHOBHBIMH HAy4YHBIMH M TPAKTUUYECKUMH pE3yJIbTaTaMU, IMOJTyYCHHBIMHU
TIPU BHITIOJIHEHUU JUCCEPTAIIMOHHON PaOOThI, SBIISIIOTCS :

1. Haiinensl omnTUMalbHBIE YCIOBHUSI BBEISHMs TMpOIlEcCa XUMHUYECKOTO
oboramienus dochopuroB LK ykcycHo#t kucnotoit: Hopma kuciotel — 110% ot
crexuomeTpuu Ha pasznoxenue CaCO; B cwipbe, cootHomenue T : K =1 : §,
temneparypa — 25°C W NOpOAOIKUTENBHOCTh mepememuBanus — 30 MuH.
ITokazano, uto u3z POM c cogepxanuem 16,33% P,0s; 17,23% CO,; CaO : P,Os =
2,89 MOXHO MOJYYUTh KOHLEHTpAT ¢ coaepkanueM 25,58% Pr0sqm., 4,24% CO,
1 ¢ KanplMeBbIM moxaysiem 1,66. I3 MM c conepxkanuem 12,98% P,0s, 13,8%
CO;, u ¢ xanbiueBsiM MonyieMm 3,09 monydaetcs GpochOKOHIIEHTPAT, B COCTAaBE
kotoporo 20,04% P,0s u CaO : P,Os = 1,96. U3 uetbipéx BunoB POM mnonydeHsl
KOHIIEHTpATHI ¢ cosepkanuem 25,58-31,36% P,0s 1 ¢ kanbliKeBbIMU MOIYJISIMA OT
1,57 no 1,66. Takoil KOHLIEHTpAT MOXHO YCIEUIHO MepepadaThiBaTh METOJIOM
KHCIIOTHOW JKCTpaKUuMU Ha Jr00bie BUIbl (ochopcoaepkaiux ynoopeHuin. A
MO®K c ucxomnsim CaO : P,Os = 1,96 npeBpaTuics B KOHUEHTPAT ¢ KAJIbLIUEBBIM
moaynem 1,48. Conepxkanune P,Os noBeicuiock B HEM ¢ 27,26% 1o 33,56%.

[Ipenynoxkena TpUHIUNHAIBHAS TEXHOJOTHYECKass CXeMma OO0OTalleHus
BbICOKOKapOoHaTHOTO  (ocdarHoro coeipesi IIK opranmdeckoil  KUCIOTOH.
Paccuntan maTepuanbHbIi OagaHC IPOU3BOJICTBA.

2. Paspaborana TEXHOJIOTHS TIOJyYeHHs  OJMHApHOrO  (ochopHOro
ynoopenus nyreM (ocopHokuciotHo aktupaiuu dochopuros LK. Haiinenst
ONTHUMAaJbHbIE HOPMBI KHCJIOTBI [IJI1 PAa3JOKEHHUsI CBHIPbS, MPU KOTOPHIX
nosyyaembie (ocopHbie yaoOpeHUs HMEIOT BBICOKOE COJIep)KaHue oOueld u
ycBosiemoii popm P,Os, a oTHOCUTEIBRHOE coaepkanue BogHou Gopmbl P,Os B HUX
npesbimaer 50%. Otu Hopmbl npu nepepabotke POM, I1d u MM paBHsoTCS
40%, a npu mnepepaborke MODK — 30% ot crexumomeTpuu Ha oOpa3oBaHUE
MoHokanblmiidochara. IlpousBeaena axrtuBarus POM, IId u MOODK
ynapeHusiMu (24,46; 29,05; 29,86; 36,23; 46,00; 50,78% P,0s5) dochopubiMu
kucioramu. IloBeimenue kouueHtpauuun ODK nns obOpabotku dochoputon
MPAaKTUYECKU HE CKa3bIBACTCS Ha cojepkaHuu odieit dopmer P,Os B mpoaykTax,
HE3HAYUTEILHO YBEJINUYMBACT KOJIMUECTBA YCBOSEMOUN U BOAHOPACTBOPUMON (hopM
P,Os. ns P®OM onrtuManbHbIMH [apaMeTpaMu TEPMHUYECKON 00paboTKu
ABISAIOTCA cooTHOMEHUE PyOsyopx @ ProOsoc = 1 @ 0,3 u temneparypa 220°C. Ilpu
3TOM NPOAYKT cOuePKUT 43,89% PrOs06u, 35,1% P2O05ycs., 20,9% PrOs50m01., P2Osyen.
: P2Osem. = 80,11% 1 PyOsponn. : P2Ososw, = 47,73%. s MO®K ontumaibHBIMU
napaMeTpamu SBJIIOTCS COOTHOIIEHUE PrOs,¢x : P2Osge = 1 1 0,5 m Temneparypa
220°C. IIpoaykr comepxkutT 48,8% PrOseem, 38,4% PrOsycs, 29,3% PrOsyom.,
PZOSyCB. . P20506H_I. = 78,67% n PzOSBOﬂH. . P20506H_I. = 59,98%.

3. BbisiBIeH  ONTUMalbHBIM  TEXHOJOTUYECKUH  PEXKUM  TOJIYUYCHUS
onuHapHoro GocdopHoro ymobOpeHus. TexHOJOTHS MPOILIA TEXHOJIOTHYECKYIO
anmpoOanuilo ¢  BBIIYCKOM  ONBITHOW maptuM  mpoaykra. [Ipenmoskena
MPUHIMIIKATIBHAS ~ TEXHOJOTHYECKas  CcXemMa  MpPOW3BOJACTBA.  PaccuurtaH
MaTepuaibHbId OallaHC Ha TMojdydeHue oaHoMl ToHHBI P,Os B ymoOpeHuwu.
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[IpousBeneH CpaBHHUTEIBHBIN PKOHOMUUYECKUN pacueT MPOU3BOJACTB OJUHAPHOTO
dbochopuoro ynobpenust u ammodoca. IlokazaHo, yTo ojHa TOHHA OJMHAPHOTO
dbochopuoro ynodpenus B 1,65 paza nemieBiie 0HON TOHHBI amMmModoca, XOTs 10
arpoXuMuuYecKkor 3 (HEeKTUBHOCTH Ha XJIOMMYATHUKE OHU PABHOIICHHEI.

4. Wsyuen mpouecc moimydeHuss ammodocdara Ha 6aze docdopuros K.
YcrpanuTh nmeHoOOpa3oBaHUE TO3BOJSAECT JBYXCTaauiHOe (HOCHOPHOKHUCIOTHOE
pasznoxenue POM. Ilonydyaemble NMPOAYKTHI 110 CBOEMY COCTaBYy COOTBETCTBYIOT
sddexTuBHbIM azoTHOGOChOpHBIM yaoOpeHusiM. Ouu conepxar ot 34 no 38%
obmei P,0Os, mpuyem OombIIel yYacTbio B YCBOSIEMOM nJisi pacTeHu ¢dopme
(P2Osyes. : P2Osoom, B PoOsponu. : P2Osesy, Haxomares B mpenenax 90-97% n 56-72%
COOTBETCTBEHHO), OT 4 1m0 7% a30Ta W HMEIOT B CBOEM COCTaBE KalbIUil B
ycBosieMoi isi  pacteHuit  ¢dopme. IlpemsoxeHna TexHoJIOTHYECKas cxema
noinydeHuss ammodocdarta myTeM  ABYXCTAAUHHOrO  pasioxkeHuss POM
AKCTPaKIIMOHHOHN (hochOopHOI KUCIOTOM.

5. IlokazaHo, 4YTO XUMHUYECKas M MEXaHOXHMHYECKAas AaKTHBAIUS
dbochopurtoB 11K ¢ moMoIbio a30THBIX U KATUHWHBIX COJICH TaK)Ke SIBJSETCS OJTHUM
U3 IMyTe HSKOHOMHYHOW mepepaboTku  OemHoro  gochaTHOrO  CHIPHS.
N3orepmuueckum metogoMm mpu 25 u 50°C um3yueHa pacTBOPUMOCTb (a3 B
TPOWHBIX BOJHO-cOJIeBBIX cucTteMax Caz(PO4),-(NH4),SO4-H,0O, Caz(POy),-
NH4NO;-H,O u Ca;z(PO,4),-NH,4CI-H,O. PactBopumocTs Tpukansuuiidpocdara B
BOJIC TIOBBIIIACTCS B MPUCYTCTBUM aMMOHHUWHBIX COJIEH, OCOOCHHO CHJIBHO B
MIPUCYTCTBUHU CyTb(aTa aMMOHUS.

6. IIpoBenena mexanoxumuueckas aktuBanus POM, IO, MM u MOO®K
MyTEM MX UCTUPAHUS B MPUCYTCTBUU HUTpATA U Cyib(hara aMMOHHUS JO pa3Mepa
yactul, Mmedee 0,16 mM. OGe aMMOHMITHBIE COJNM MPU 3TOM PE3KO MOBBIIMIAIOT
coaepkanue ycBosiemonr opmel P,Os B pocharHoMm ceipbe. B n3yueHHBIX Mapkax
ynobpenuit Ha ocHoBe PDOM mpu wucnonb3oBanuun NH4NO; oTHOcuTeNnbHOE
cojepkanue ycposieMoi popmbl P,Os 1o oTHOIIEHUIO K 00111e# MeHsieTcs oT 56,08
(mpu N : P,Os =1 : 1) no 97,24% (npu N : P,Os = 1 : 0,1). B cinyuae xe
ucnonszoBanus (NH,),SO4 >Ti BenmmumHbl HaxoasTcs B mpeaenax 67,93-98,24%
nmo JsuMm. k-te. Cynbdar ammoHus okazaics Oosiee A(DPEeKTUBHBIM B Jielie
MOBBIIICHUSI PacTBOPUMOCTH (ochaTHOTO ChIphsi. MeTO0M MPECCOBaHMS HU3YUYEH
MPOIIECC TPaHyJIMPOBAHUS MOJydaeMbIX TykocMeceil. [lokazaHo, 4To MUHUMAIBHO
HeoOXoauMoe naBiieHue mnpeccoBanus cocrtapisgeT 100-150 MIla. HaubGomnwinas
NpOYHOCTh Tpeccata pocturaerca npu 250-300 MIla. YBenudeHue BIaXXHOCTH
TykocMecel 10 2% MoBBIIIaao MPOYHOCTh TaOJIETOK.

7. bbUIO TOKa3aHO, YTO MEXaHOXUMHUYecKas akTuBauus POM B cmecu ¢
dbochatom kanus, YIJIEKUCIBIM aMMOHHMEM, HUTPATOM MOYEBHHBI, XJIOPUIOM
KaJIisl ¥ KapOaMuI0OM Tak)Ke MPUBOAUT K BO3PACTAHUIO COJIEPKAHUS yCBOSIEMOMU
dopmbl P,Os B POM. B pesynbrate aktuBanuu (HochopUTOB pazinyHBIMU
MUHEPAJILHBIMA  COJISIMU  TIOCTPOEH  BO3pACTAIOIIMK P 10  TMOBBIMICHUIO
conepkanusi ycBosieMod ¢dopmbl ¢dochopa B ceippe: CO(NH;), — KClI —
yrneammonuiiaeie conn — NH4,Cl — NH4,NO; — KH,PO, — (NHy),SO; —
CO(NH;),-HNOs. Paccuntan MarepuaibHbIi OajlaHC IMOJTYYCHHs] OJHOW TOHHBI
IPaHYJIMPOBAHHOTO CJIOKHOCMEIIAHHOTO ya0OpeHus ¢ cootHomenueMm N : P,Os :
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K;O=1:1:1 na ochoBe POM, xnopuna kanus, HUTpaTa u cyiabhara aMMOHUSI.
CebecToMMOCTh OJIHOM TOHHBI NUTATENbHBIX BEIIECTB B TAaKUX NPOAYKTax Ha
421297 n 412669 cym meHble, 4eM B TYKOCMECSAX Ha OCHOBE amMmModoca, XJopuaa
Kallusl, HUTpaTa aMMOHUSL U cyib(para amMmoHus. llpenioxkena nmpuHIMIUATbHAS
TEXHOJIOTUYECKasi ~ CXeMa  MPOU3BOJCTBA.  ATPOXUMHUYECKHE  HCIBITAaHUS
MOJIYYCHHBIX YIOOpEHUI MPOBEIEHBl B BETETAIMOHHBIX U IOJIEBBIX YCIOBHUSX.
Pe3ynpTaThl UCHIBITAHUN MOKa3aJdH, YTO CIOXKHBIX a30THO(POCHOPHBIX yA0OpeHUM
no d5(QQGEeKTUBHOCTH HE YCTYHAalOT TPAaJULUUOHHBIM  ¢ochopcoaepKauum
yIOOPEHUSM.

8. Omnpenenenbl (QU3MKO-XUMUYECKHe U (U3UKO-MEXaHUUECKHE CBOMCTBA
HoBoro MO®K dochoputoB 1K, comepxamero 26% P,Os. Haiinenst
ontuMalnbHble ycioBus nepepabotku MO®K B OOK. VYcraHoBineHo, 4ToO
HamOoJiee ONTUMAJIBHBIMU YCJIOBHSIMHU CEPHOKUCIOTHOM dkcTpakiuun MODK
apistoresi: Hopma H,SO, — 103%, koHueHntpamusi 0060poTHOM (dochopHOoi
kuciotsl — 15% P,0s, Temneparypa nponecca — 85°C u coornomenue XK : T =3 :
1, npu KOTOPBIX JOCTUTHYTHI IPUEMJIEMBIE JUIA TEXHOJOTMU MoKa3aTenn: Kpasy =
96,33%, Kyssn. = 95,04%; Korn= 97,27%; Kipx. = 92,44%; ckopoCTh QuiabTpaIuu —
1361 KF/Mz"{aC, a koHueHtpanusa DK - 19,44% P,0s. OnpeneneHsl IJIOTHOCTH U
BA3KOCTH HEUTPaTuM30BaHHBIX aMMHAaKoM (OCHOPHO-KUCIOTHBIX IMYJIbI B
3aBucumoctu oT pH (0,65-8,5), remnepatypsl (40-90°C) u conmepkaHus BJIaru B
nynbie (40-60 %). Bo Bcex cimydasx myJbIbl )KUJIKOTEKYUH U UX PEOJIOTMUYECKHE
CBOIICTBA HE 3aTpyAHSIOT JajibHeimyro mnepepabotky. HelTpanuzanus
MOJIYYEHHOW KHUCIOTHI ammMuakoMm a0 pH=5,5 u 8,5 nerna B OCHOBY MOJy4YeHUs
ammodoca u aumammodoca COOTBETCTBEHHO. bbimn mnomyyeHsl ammodoc u
auaMMo(oc XOpOIIeTro KayecTBa.
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Introduction (annotation of doctoral dissertation)

Topicality and demand of the subject of dissertation. In the XXI
century the world food problem increases sharply because of high rates of
population upsurge in comparison with the rates in production food and due to
reductions in such resources, as arable-suitable earth, reserves of fresh water,
power sources, which are necessary for the production of agricultural products. In
Uzbekistan there is 25.73 million ha of earth of the agricultural setting, which of
them 3.73 million ha is irrigated. It is exactly on these irrigable earths above to
97% of agricultural products get. The main factor for obtaining high and
qualitative harvest of the agricultural cultures is a wide application of the mineral
fertilizers. Therefore, ensuring the agriculture by mineral fertilizers gains solely
vital importance.

In 2014 the chemical industries of Uzbekistan produced 942.8 thousand tons
of nitrogen, 133.8 thousand tons of phosphoric and 96.4 thousand tons of potash
fertilizers (estimated to 100% nutrient). However, demand of Republic is 839.58
thousand tons of N, 525.21 thousand tons of P,Os and 278.92 thousand tons of
K;O in form of fertilizers. Republic possesses rich reserve of natural potassium
salts. Currently, the construction of second processing line of Dehkanabad
potassium plant of potassium fertilizers has been completed. General capacity of
production is 360 thousand tons per year of K,O as potassium chloride.

The Central Kyzyl kum (CK) phosphorites become the main raw for
manufactures of Uzbekistan, producing phosphorus containing fertilizers.
Phosphorites of CK is characterized by low content of phosphorus (16.2% P,0s),
high calcareous (17.7% CO,) and high amount of calcium module (CaO: P,O5 =
2.85). This kind of raw is not suitable for sulfuric extraction and nitric acid
decomposition either. In order to obtain quality fertilizers from such raw, the
Kyzyl Kum phosphorites combine (KPC) have performanced thermal enrichment:
However, this approach is many-stage. In addition, large quantities of phosphorus
containing wastes are formed during the process. That’s why it is necessary
searching new and effective approaches of benefication and treatment of CK
phosphorites.

It is should be noted, that phosphorus fertilizers are the most effective when
they are used under autumn plowing. According to the agrochemists, 60-70% from
the annual norm of phosphoric fertilizer under the cottons required to make under
plowing, and under cereal - 100%. Therefore, it is necessary the development of
new technologies for production of single phosphate fertilizers.

All over the world, the production of phosphoric fertilizers based on
application of rich phosphate raw located only some countries of world (Russia,
the USA, the North-Western Africa and Middle East). Reserves of high quality ore
are steadily depleted. Tendency of implementation of low-grade phosphate rock
into the industrial processing with increasing numbers is observed. In this case
perspective methods are mechanical, thermal, chemical, and microbiological and
mechanochemical activation of phosphate raw materials, allowed to translate with
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the lowest cost of unacceptable form of P,Os in the raw material into the
acceptable for plant form.

In order increase volume of phosphorus containing fertilizers production
volume at KPC, the production capacity of washed and burned phosphoric
concentrate (WBPC) is increased from 400 to 716 thousand tons per year with an
average contain of 26% P,0s. Then the task of WBPC properties determination
and finding optimal regimes to process it to wet-process phosphorus acid (WPA),
ammonium phosphate, dihydrogen phosphate and single phosphoric fertilizers
have been appeared.

The present research is focused to perform tasks escaped out from the
resolution of the President of the Republic of Uzbekistan the NePR-1442 dated
December 15, 2010 y «On priorities of manufacture development of the Republic
of Uzbekistan for 2011-2015» and Ne PR-1975 dated May 27, 2013 y «On
measures of expansion of phosphorite raw material production», directed to
expansion capacity and assortment of export-oriented and competitive industrial
production as well as decrease their costs by implementation of progressive
innovation technologies on processing of phosphate raw materials.

Conformity of research to the priority directions of development of
science and technologies of the Republic of Uzbekistan. The present work is
conducted according with priority directions of science and technology
development of the Republic of Uzbekistan SSTP-6 «The development of resource
saving, ecologically safe technology, processing, storage and application of
mineral-resource of the Republic, production and wastes of chemical, food, light
industries and agriculture» covering for 2009-2011.

International review of scientific researches on theme of dissertation. In
international scientific centers in particular the Florida Industrial and Phosphate
Research Institute (USA), Fertilizer Research Institute Center (Poland),
Engineering Dobersek GmbH (Germany), University of Science and Technology
(China), The Chemical Society of Japan (Japan), Department of Chemistry (India),
Department of Chemical Engineering (Jordan), Department of Mining &
Metallurgical Engineering (Iran), Research Institute of Fertilizers and
Insectofungicides (RIFI, Russia) and others countries, researches on processing of
phosphate raw into single and complex fertilizers are carried out.

It was determined by Florida Industrial and Phosphate Research Institute and
RIFT that flotation process is best method in which mineral is separated out from
impurities by saponated mixture including tall oil, secondary of oily goudron,
oxidized petrolatum and technical fatty acids; at the Department of Chemical
Engineering (Jordan) and RIFI (Russia) for beneficiation, the thermal method
applied in which phosphate raw material calcined at 950°C, then calcined material
treated by water for free calcium oxide slaking with formation of lime milk
removed out from concentrate. As a result phosphorus content raised; at the
Institute of chemistry of solids and mechanochemistry (Russia) defined that
mechanical and mechanochemistry activation of phosphate raw proves such
intensive impact on particles of phosphate in which its structure deformed,
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crystallinity decreased, amorphism and specific surface increased. The result above
noted phosphorus turn into acceptable for plant form.

The processing low grade phosphate raw material by chemical and
mechanochemical activation 1is priority direction. Therefore, scientific
investigations are carried out actively in the world, which show possibility of
chemical and mechanochemical activation using in the production of activated
single and complex fertilizers with wide assortment.

Degree of study of problem. In the scientific literature there is a large
amount of materials on the chemical enrichment of the CK phosphorites by
mineral acids (Nabiyev M.N., Karmyshev V.F., Amirova A.M., Madalieva S.H.,
Paganyas [.K., Pyagay A.G., Tadjiev S.M. and Namazov Sh.S.). However,
attempts to selectively remove carbonates out of Kyzyl Kum phosphorites by
treating the latters with inorganic acids solutions did not give positive results.
These acids dissolve the phosphate minerals simultaneously. Morever, organic
acids can provide selective removal of carbonates out of the phosphate raw
material, without affecting the phosphate mineral. There are no literature data
using of organic acids for the enrichment of CK phosphorites.

The process of single phosphate fertilizers obtain by phosphoric acid
activation of phosphate was studied in RIFI and Open Join Stock (OJS)
Meleuzovsky «Fertilizers» (Russia). In these studies phosphoric acid from apatite
and phosphorite nodular type: Vyatksko-Kamsky, Yegoryevsky, Chilisai and
Ashinsky deposits were used. The results were confirmed by experimental
industries tests, but they have been not implemented into manufacture yet. There
are no systematic resrearches on the phosphoric acid activation of the CK
phosphorites and acid-thermal processing products in the literature. There are also
no reports concerning the using of ammophosphate technology for this type of the
raw material.

At the low-grade phosphate raw materials processing by mechanochemical
methods can be solved very successfully issues of agriculture to cheap phosphorus-
containing fertilizers. The essence of mechanochemical activation concluded finely
grinding a raw material in presence of some chemical reagent. Currently, in several
countries similar studies conducted (Chaikina M.V.; Kochetkov S.P., Boldyrev
V.V., Avvakumov E.G., Yaneva V., Lembrikov V.M., Mojeyko F.F., Estekova
K.J., Paudert R., Pawelczyk A. and Ibrahim S.S.). However, this global experience
cannot be transferred automatically to the specific conditions of Uzbekistan (each
phosphorite deposit is in itself own unique and the data obtained for one kind of
phosphorite, cannot be transferred automatically to another). For each type of raw
material special studies required due to the selection of optimal conditions at
activation.

Connection of dissertational research with the plans of scientific research
works is reflected in following projects. The dissertation work was performed in
accordance with the Projects, included in the State scientific and technical
programme (SSTP-6) A-6-120 «Development of non-waste technology of
concentrated complex nitrogen-phosphorus and single phosphoric fertilizers based
on the local phosphorite of Central Kyzyl Kum», for 2006-2008; FA-6-TO50
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«Development of resource-saving technology for phosphoric fertilizers production
with involvement into the existing technology of low-grade phosphorites of
Central Kyzyl Kum» for 2009-2011; FA-A12-T171 «Development an effective
resource-saving technology of chemical enrichment of Central Kyzyl Kum
phosphorites and obtaining the high phosphoric fertilizers» for 2012-2014; with
Projects, included in the Fundamental research support fund programme 112-06
«Development of scientific bases of translation unacceptable form of phosphorus
in the Central Kyzyl Kum phosphorites into acceptable for plants form by acid-free
methods» for 2006-2007 and 37-10 «Development of physico-chemical bases of
compound-mixed granulated fertilizer by chemical and mechanical activation of
Central Kyzyl Kum phosphorites» for 2010-2011; under a Contract with JSC
«Ammofos-Maxamy» 13-24 dated 25.04.2013 the «Development of technology for
washed and burned phosphorite concentrate processing, containing 26% P,0Os to
phosphorus containing compound fertilizers» for 2013-2015.

Purpose of research is consist of development of beneficiation technology of
Kyzyl Kum phosphorites by organic acids and processing them to single
phosphoric and compound fertilizers on the basis of chemical and
mechanochemical activation.

The goal is achieved by solving the following tasks:

- find of the optimal conditions for the enrichment of phosphorites from CK
by acetic and formic acids. Development of technological scheme of enrichment of
phosphorites from CK by organic acids;

- research of the processes of NP, PK and NPK-fertilizers based on the
processing of chemically enriched concentrate;

- study of single phosphoric fertilizers process by phosphoric acid activation
of CK phosphorites. Finding the optimal parameters for conducting of the process;

- study of the process of decomposition of CK phosphorite by phosphoric acid
to produce ammophosphate;

- Investigation of phase equilibrations in triple aqueous salt systems
Ca3(PO4)2- (NH4)2SO4‘H20, Ca3(PO4)2-NH4NO3-H20 and Ca3(PO4)2-NH4CI-H20
at 25 and 50°C;

- study of the processes of chemical and mechanochemical activation of
Kyzyl Kum phosphate raw materials with using nitrogen and potassium salts.
Preparation of granulated compound fertilizer on the basis of fertilizer mixtures by
pressing and balling;

- determination of the properties of new washed and burned
phosphoconcentrate and finding the optimal regimes in order to obtain wet-process
phosphoric acid, single phosphoric and compound fertilizers;

- working-off of conditions for fertilizers production at enlargement scales,
the definition of commodity and agrochemical properties of the obtained
fertilizers;

- development of technological schemes, material balance and fertilizers
production schedule, as well as evaluation of their production effectiveness.

Object of research are phosphorites of CK, acetic and formic acids,
chemically enriched phosphoconcentrate, WPA, sulfuric acid, tricalcium
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phosphate, nitrogen and potash salts, WBPC, single phosphoric and compound
fertilizers.

Subject of the research are processes of enrichment and reprocessing low-
grade phosphorites of CK to single phosphoric fertilizers and compound fertilizers
by chemical and mechanochemical activation.

Methods of research: chemical and physic-chemical analysis’ methods.

Scientific novelty of the dissertation research consist in the following: it is
revealed that acetic acid and formic acid provide selective leaching of carbonates
from phosphate raw material;

the optimal conditions of phosphoric acid activation of phosphate raw
material from CK were found in which single phosphoric and ammophosphate
fertilizers with high content of acceptable and water solubility forms of P,O5 were
obtained;

new data on the solvent ability of ammonium salts in relation to the tricalcium
phosphate was received, which served as the scientific basis for the chemical and
mechanochemical activation of low-grade phosphorites of CK;

as a result of mechanochemical activation of mixtures of phosphorite by
various mineral salts, an increasing number was revealed on rising the content of
acceptable form of phosphorus in the raw materials: CO(NH,), — KCI —
ammonium carbonate salts — NH4CI — NH;NO; — KH,PO,; — (NH,4),SO, —
CO(NH,),*HNOj3;

in order to granulate fertilizer mixtures, pressing and balling methods were
offered;

new data on physico-chemical and physic-mechanical properties of WBPC
were received;

complex of physico-chemical examinations allowed to determine the optimal
regime of nowel kind of WBPC processing into WPA, monoammophosphate and
diammophosphate.

Practical results of research. consists of CK phosphorites enrichment
process realization with acetic acid allow to decrease sharp the calcium module in
the raw, as well as significantly reduce sulfur acid volume, going to ore
proccessing. Acetic acid is recovered and gypsum is obtained as additional
product, which is needed in various fields of national economy.

Implementation of chemical benefication technology of CK phosphorites with
phosphoric acid creates possibility to meet requests of agriculture to single
phosphoric fertilizers for application them under -winter ploughing;

Mechanochemical activation of phosphate ore allows to involve in production
of effective phosphoric fertilizers the lowest grade phosphate raw material, called
minerallized mass, stored in drops, at present;

Conducted researches of novel WBPC, obtained on modified technology of
CK phosphorites enrichment let to involve it into largest production of WPA and
monoammonium phosphate.

Reliability of obtained results. The results obtained, were reliable, the
modern methods of researches were used in the present study. Moreover, the
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results of laboratory experiments were confirmed by aggregative and experimental-
industrial.

Theoretical value and practical value of the research results. Theoretical
value of the work consists of development a of scientific basis for the selective
leaching of carbonates out of CK phosphorites by organic acids; in deciphering the
mechanism of conversion of phosphorus in phosphate raw material from
unacceptable forms in acceptable for plant form at its chemical and
mechanochemical activation; in proof of increasing of tribasic calcium phosphate
solubility in attendance of salts ammonium.

The practical importance is included the selective leaching of carbonates out
of CK phosphorites by organic acids that allow to reduce sharp sulfuric acid
consumption, going to processing this raw. Chemical activation of phosphate raw
material gives possibility to meet requirement of agriculture to single phosphoric
fertilizers, applied under winter ploughing. Chemical and mechanochemical
activation of phosphate raw material give possibility of low-grade phosphate
implementation into phosphoric fertilizers production such as minerallized mass
which is waste of phosphate manufacture. Research of WBPC gave possibility to
involve it into large tons production of WPA and monoammonium phosphate.

Realization of results. 1 patent of Uzbekistan, N IAP 02710 for obtaining
compound mixtures fertilizers by mechanochemical activation of CK phosphorites
in presence of mineral salts «Method of granulated phosphorus containing
compound mixtures fertilizers preparation» was given by agency intellectual
property of the Republic of Uzbekistan:

optimal technological parameters of sulfuric extraction of novel type of
WBPC was found and implemented at JSC «Ammofos-Maxam». From January to
May 2015, 154.4 thousand tons of novel WBPC with production of 26.8 thousand
tons of WPA to recalculation on 100% P,0s was processed. Thus, based on WPA
25.9 thousand tons of monoammonium phosphate, 29.4 thousand tons of
suprephose-NS, 23.6 thousand tons of PS-Agro and 26.3 thousand tons of enriched
superphosphate were produced on 84.2 billion sums (Act of JSC «Ammofos-
Maxamy, dated on May 20, 2015 and certificate dated on May 28, 2015).

Approbation of work. The materials of dissertational work were reported at
the International and Republican scientific- practical conferences and symposiums:
Actual problems of chemical processing of Central Kyzyl Kum phosphorites»
(Tashkent, 2006); PhD candidates, doctoral candidates and applicants (Tashkent,
2007); «Actual problems of creation and application of high technologies for
mineral resources processing of Uzbekistan» (Tashkent, 2007); students, PhD
candidates and young scientists «LOMONOSOV» (Moscow, 2008, 2010, 2011,
2013); «High technological operations for manufacture» (Tashkent, 2008);
«Achievement and perspectives of complex chemical processing of Uzbekistan’s
fuel and mineral resources» devoted 75 years anniversary to Institute of General
and Inorganic Chemistry As RUz (Tashkent, 2008); «Nonstandard chemical
technologies and environmental issues» (Fergana, 2009); young scientists and
students «Innovations. Intellect. Culture», devoted to the 15™ anniversary of TII
TSOGU (Tobolsk, 2009); «Modern equipment and technology of mining and
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metallurgical industry and their development» (Navoi, 2010); «Development of an
affective technology for obtaining new generation of mineral fertilizers and
agrochemicals and their application in practice» (Tashkent, 2010); « Problems of
development of small business based on scientific advances and innovative
technologies by young scientists’ viewpoint» (Tashkent, 2011); «Development
perspectives techniques and technologies and achievements of mining and
metallurgical industry during independences of the Republic of Uzbekistan»
(Navoi, 2011); «Actual problems of chemistry and chemical technologies»
(Urgench, 2011); «Strategy for development of sciences and technology in the
XXI» (Tashkent, 2011); «Modern technologies and innovations of mining and
metallurgical industries» (Navoi, 2012); «Innovation-2012» (Tashkent, 2012);
«Condition and perspectives of innovation developments in field of inorganic
substances technology and chemicalization of agriculture» (Tashkent, 2013);
students, post graduate students and young scientists on chemistry and chemical
technology (Kiev, 2014); «The First European Conference on Chemical Sciences»
(Vienna, 2015); Seminar on the Scientific Council at the Institute of General and
Inorganic Chemistry, Research center of chemistry and physics of polymers,
Tashkent chemical-technology institute and Tashkent State technical university in
May 25, 2015.

Publication of results. The main content of dissertation is stated in 56
scientific publications, including 27 journal’s articles in foreign periodicals and in
Republican periodicals, 28 publications in scientific papers of scientific
conferences and abstracts. Patent Republic of the Republic of Uzbekistan was
received.

Structure and volume of dissertation. Dissertational work is stated in 200
pages of computer text, it includes 56 tables and 35 drawings. It consists of
introduction, five chapters, conclusions, and list of used literatures containing
bibliography of 284 titles and appendix.

The main content of the thesis

The introduction proves the urgency of the work, formulates to achieve the
objectives and goals, scientific novelty and practical importance of the research, as
well as the basic provisions for the defense.

The first chapter of dissertation on theme «Behavior of phosphate raw of
the Central Kyzyl Kum and methods them processing», characteristic
phosphate raw materials in particular phosphorites of Central Kyzyl Kum and
alternative thermal processes for them enrichment were described. The processing
acidic methods of phosphate raw material to single phosphoric and nitrogen-
phosphorus fertilizers were reviewed. Non-traditional ways of processing
(mechanical and mechanochemical activation) of phosphate raw material to
phosphorus containing fertilizers were analyzed. Considering the whole range of
researches on enrichment and reprocessing low-grade phosphate raw materials, the
objectives and goals of the present work were formulated.

63



The second chapter on theme «Chemical enrichment of Kyzyl Kum
phosphorites by organic acids’ solutions» is devoted the process beneficiation of
phosphate raw. Selective leaching of calcium oxide out of WBPC and carbonates
out of calcareous containing phosphorites of CK, 99.5% solution of acetic and
formic acids were used. For the preparation of organic acids solutions various
concentrations, ones were diluted by water.

Different grades of CK phosphorites (ordinary phosphorite flour — OPF,
mineralized mass — MM, washed and burned phosphoconcentrate - WBPC) were
taken with purpose of enrichment them. Their characteristics are given in table 1.
The main minerals are flour carbonate apatite, calcium carbonate and quartz, and
WBPC has some flour carbonate apatite and quartz.

Table 1
Characteristics of initial raw materials
Component of the contents of the
Sample | Type of raw masses. % P20s,¢c. @ P2Ostotal .
number | material : by citric acid, % a0 : P20s
PyOsioal | CaOpuw | CO; Y 70
1 MM 12,98 40.1 13.8 9.17 3.09
2 MM 15.06 44.27 14.11 9.10 2.94
3 OPF 16.33 47.13 17.23 10.2 2.89
4 OPF 18.72 47.83 15.3 18.49 2.55
5 OPF 22.83 49.59 12.2 12.66 2.17
6 OPF 24.57 49.17 10.59 18.15 2.00
7 WBPC 27.26 53.36 2.41 9.32 1.96

A method experiment consists in the followings: a certain amount of
phosphate materials was fed slowly into a temperature-controlled glass reactor
equipped with a stirrer and filled with organic acid.

The amount of the acids was taken based on the decomposition of the CaCO;
in the phosphate raw material, i.e. according to reactions:

CaCOs; + 2CH;COOH — Ca(CH;COO0), + CO,1 + H,O
CaCO; + 2HCOOH — Ca(COOH), + CO,1 + H,O

In the experiments the following parameters were varied: norm and the acid
concentration, the Solid: Liquid ratio, interaction duration and process temperature.
In all experiments, the agitator speed was 250-300 rpm./min. After stirring, the
reactor was removed from the temperature-controlled glass reactor subscuent
content was filtered. The remaining cake is washed by water. The washed solid
residue was then dried at 80°C. The dried cake was analyzed for its P,Os, CaO, and
CO, content according to the known procedures. The decarbonization degree is
calculated on changing content of CO; in the raw material.

Fig. 1-b shows the degree of decarbonization at enrichment of OPF containing
16.33% P,0s (sample 3) with acetic acid at 25°C, mixing duration is 30 minutes,
and Liquid: Solid ratio = 1: 8 depending on the acid norm. It can be seen that the
more norm of the acid, the higher decarbonization degree in the raw material. So,
acetic acid norm’s increasing from 20 to 150% to the stoichiometry, the
decarbonization degree (Kgecarv.) 0f OPF increased from 20 to 88%, respectively.
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Fig. 1. The effect of various parameters on the degree of decarbonization of
the OPF with content of 16.33% P,05; 47.13% Ca0; 17.23% CO;,;
CaO: P,05=2.89

The content of CO, decreased from 15.56 to 3.75%, and the P,O5 content increased
from 18.38% to 24.76, respectively in the phosphoric concentrate. The optimum
norm of acetic acid, we consider - 110% (acid concentration - 6.47%) from its
stoichiometry. At 110% norm of acid, the acceptable Kgecar. achieves up to 84%
and, the phosphoric concentrate is obtained with 25.58% P,Osta1, 4.24% CO, and
1.66 calcium module (Table 2). This concentrate can be reprocessed successfully
to any kind of phosphorus containing fertilizers by the sulfuric acid extraction. The
high norm of the acid (120-150%) leads to P,Os reduction in the concentrate,
which indicates partial decomposition of phosphate mineral.

The optimal time for interaction of OPF with the acetic acid is 30 minutes,
replacing it with a period 240 min., for example, leads to increases Kecarn, Only less
4.5% (Fig. 1-c). Raising the temperature from 25 to 90°C slightly affects on the
process, the calcium modulus decreases only from 1.66 to 1.63. Therefore, we
consider the optimal temperature will be 25°C (Fig. 1-d). Moreover, the high
temperature causes of the acid evaporation.

We consider the optimal ratio of Solid: Liquid = 1: 8 (Fig. 1-a), in which the
degree of decarbonization is 84.3%. At large dilution process is undesirable while
at small dilution that can be occurred calcium asetate precipitation, the result the
calcite dissolution selectivity is decreased.

The overall picture of the enrichment process of raw material with formic acid
is similar to the acetic acid one.
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The optimal parameters found out for enrichment process of OPF with acetic
acid we used and other types of phosphate raw materials of CK: MM two kinds,
three kinds of OPF and WBPC. Norma of acid, the mixing duration, the
temperature and Solid: Liquid ratio for all types of phosphate raw materials are
kept strictly equal to 110%; 30 min., 25°C and 1: 8, respectively. The content of
CO, differed each other owning to various types of phosphate raw materials, and
the acetic acid’s concentration at Solid: Liquid = 1: 8 as well. For WBPC the norm
acid was taken 110% from the stoichiometry to leach a free CaO. The results are
shown in table 2. The numbering corresponds to the number of samples in table 1.

Table 2
The composition of the enriched phosphoconcentrates from various types of
Central Kyzyl Kum phosphorites

Sample Acid Component of the coontents of the masses, |P,0s, : Kers. | Ca0O :
number concentra- /o P2Ostotal % P,0s
thl’l, % PZOStotal PZOSacc. Caototal CaOacc. COZ %
1 5.18 20.04 7.01 | 39.33 | 16.65 | 4.41 34,98 78.11 1.96
2 4.06 22.64 592 | 42.07 | 18.16 | 4.86 26.15 75.37 1.86
3 6.47 25.58 9.01 | 4258 | 1563 | 4.24 35.22 84.25 1.66
4 5.74 28.21 10.75 | 44.12 | 16.5 3.96 38.11 81.1 1.56
5 4.58 29.16 9.18 | 48.02 | 1648 | 5.13 31.48 68.4 1.65
6 3.04 31.36 10.60 | 49.25 | 1845 | 4.34 33.80 67.63 1.57
7 0.90 33.56 7.14 | 49.79 | 10.6 - 21.27 - 1.48

From this it can be seen the phosphoconcentrate with content 20.04% P,0Os,
and 1.96 calcium module is obtained from MM containing 12.98% P,0s, 13.8%
CO; and 3.09 calcium module. In addition, from the second sample of MM with
15.06% P,0Os5 and calcium module 2.94, the phosphoconcentrate is obtained with
22.64% P,0s and calcium module 1.86. Of the four types of OPF, the
phosphoconcentrate was obtained, which contents 25.58-31.36% P,0s and from
1.57 to 1.66 calcium modules, respectively. When WBPC with 1.96 calcium
module turned into phosphoconcentrate with 1.48 calcium module, and P,Os
content is raised from 27.26% to 33.56% in one.

Based on the results the technological scheme was offered for enrichment
process of calcareous containing phosphate raw material with an organic acid. The
scheme allows regeneration of an organic acid by treatment of calcium acetate and
calcium formate solution with sulfuric acid, and returning them to the head of the
process. The material balance of production was calculated.

The third chapter is devoted «Single phosphoric fertilizers based on
phosphoric acid activation of Central Kyzyl Kum phosphate raw materials» is
devoted research of phosphoric acid activation of phosphate raw which studied the
process single phosphorus fertilizers.

The essence of the phosphoric acid activation is concluded treatment of
phosphate raw with phosphoric acid, but in the small quantities that required for
the complete decomposition of the phosphorite to the formation of monocalcium
phosphate by the reaction:

CasF(PO4)3 + 7H3PO4 + 5H20 — 5C3(H2P04)2 : HQO + HF
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The stoichiometric norm of WPA for the decomposition of each type of
Central Kyzyl Kum phosphorites is calculated out by the equation:
CaO + 2H3PO4 — Ca(H2P04)2 : HQO
The composition of the phosphate raw materials from Kyzyl Kum deposit
used in the experiments shown in table 3. The dust fraction (DF) and MM are
wastes formed during the enrichment of phosphorite ore at KPC.

Table 3
Chemical composition of raw material

Types Content of the components, mass. % P,Ossce : PO CaO:

ofraw | P05 | CaO | ALOs| Fe;0;| MgO | F | COp | /70 soal | P)0s

material y citric acid, %

WBPC | 27.26| 53.36| 130 | 0.51 0.61 | 291 | 241 9.32 1.96
OPF 17.20 | 46.22 | 1.24 1.05 1.75 | 2.00| 16.00 18.49 2.69
DF 18.54 | 44.72 | 0.95 0.80 | 0.80 | 2.22| 14.80 20.71 2.41
MM 14.68 | 40.80 | 1.17 1.37 | 0.53 | 1.85| 12.84 16.41 2.78

For activation of the phosphorites, the WPA from production of «Ammofos-
Maxamy» composition (weight, %): 18.69 P,0s; 0.26 CaO; 0.64 MgO; 0.73 ALOs;
0.46 Fe,05; 2.72 SO3; 1.02 F was used.

The actual norm of WPA (18.69% P,0s) as a percentage from stoichiometric
norm for each type of phosphate raw materials (PRM) and for different ratios of
P,Oswpa: PoOspry are given in table 4.

Table 4
The actual norm of H3;POy for treatment of phosphate raw material

Types of raw The norm of WPA at ratios of P,Oswpa: P2Osprm, %
material 1:0.3 1:04 1:0.5 1:0.6 1:0.7 1:0.8 1:1
WBPC 67.2 50.4 40.3 33.7 28.8 25.2 20.2
OPF 48.9 36.7 29.3 24.5 21.0 18.3 14.7
DF 54.5 40.9 32.7 27.3 234 20.4 16.3
MM 473 35.5 28.4 23.7 20.3 17.7 14.2

The activation process of phosphate raw materials with phosphoric acid
proceeded at 75°C for 30 min. After treatment obtained mass was dried firstly at
60°C for one day, and then at 105°C until reaching a constant mass. The
granulation process of wet phosphate masses was performed in the drying process
by balling. The dried samples were ground and analyzed.

The overall data of the interaction of different types of phosphate raw
materials with WPA are the similar. The more acid is taken for activation, the more
complete the decomposition of phosphate minerals occurs. Thus, for OPF at a ratio
of P,Oswpa: P2Osprv = 1: 1 (norm acid 14.7% of stoichiometry) a product is
characterized with content (mass.%): PyOsiota1 30.13; P2Osacceptavle = 18.27; P2Osyaq-
soluble ~ 108: Caototal - 4049: Caoacceptable - 1692: Caowater-soluble - 0.83 and Kdecarb. -
66.8%. The hydrated forms of P,Os and CaO indicate the presence of calcium
phosphate in the product, but in a low amount. The difference between the
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acceptable and hydrated forms of P,Os and CaO in the products, it gives us the
contents of the dicalcium phosphate and activated form of phosphate mineral.

When the weight ratio of P,Oswpa: P2Os prvm 1s equal to 1: 0.3 (acid norm
48.9% of the stoichiometry) the product contains (mass. %): PyOsioa. 42.22;
PZOSacceptable - 3873: P205watr-soluble - 2723: Caototal - 2537: Caoacceptable - 1862:
CaOyater-soluble - 11.0 and Kyecarb, - 95.5%. The calcium carbonate remained about
4.5% in it. Basically, the product consists of monocalcium phosphate, dicalcium
phosphate and activated form of phosphorite. There is a high content hydrated and
acceptable forms of P,Os to its overall content form (P,Osacceptable: P2Ostoral =
91.73%, Py0swater-soluble: P20st0ta = 64.49%). Such a product, concerning its
composition, meet satisfies the requirements of agriculture to single phosphoric
fertilizers.

At the ratio P,Oswpa : P2Osprv = 1 : 0.5 (acid norm 29.3% of the stoichiometry)
carbonates decomposed at 87.8% and the product contains (mass.%): P;Ostal.
3660: PZOSacceptable - 289103 P205watr-soluble - 1436: Caototal - 3279%: Caoacceptable -
1893: Caowater-soluble - 6.66 and PZOSacc-: PZOStotal = 7678%: P205water-soluble: PZOStotal
= 39.23%). The high content of total and acceptable forms of P,Os and makes it
also suitable for agriculture application. The phase composition of the products
based on the phosphoric acid activation of OPF and WBPC was determined by X-
ray analysis.

The optimal norm of acid to activate the various types of phosphate raw
materials is clearly visible at Fig. 2. At this level the products must contain high
level of total and acceptable forms of P,Os and relative content of water-soluble
form of P,Osshould be at least 50%. For example, at Fig. 2-a illustrates the optimal
norm of acid for the treatment of OPF is 40% of the stoichiometry. This yields a
prOdUCt contents PZOStotal 41% PZOSacceptable . PZOStotal = 87% and P205water-soluble:
PZOStotal = 60%.

To treat the DF the optimal norm of acid should be also 40% of the
stoichiometric norm (Fig. 2-b). The product contains P>Osigar - 38%, P2Osacceptabie
PZOStotal = 88%; P205water-s01uble: PZOStotal = 59%.

For the treatment of MM optimal norm of acid is 40% of the stoichiometric
norm (Fig. 2 ¢). The resulting product contains P,Osoa1 36%, P2Osacceptable : P2Ostotal
= 83% and P205water-soluble: PZOStotal =53% PZOS-

To treat WBPC the optimal norm acid is 30% of the stoichiometry (Fig. 2-d).
The pI'OdllCt contains P>Os0tal 40%: PZOSacceptable : PyOstotal = 66%) PO swater-soluble:
PZOStotal = 50%.

Thus, OPF, DF, MM and WBPC from phosphorite of CK are quite suitable
for the production of single phosphoric fertilizers by WPA activation ones.

The activation of the OPF, DF, and WBPC with the evaporated phosphoric
acid containing concentration of 24.46; 29.05; 29.86; 36.23; 46.00 and 50.78%
P,Os was carried out. Increasing the concentration of WPA for processing
phosphates has been not affected practically on the content of P,Os, in the
products but the amount of acceptable and water-soluble forms of P,Os is
increased insignificantly. Using of sulfuric acid as additives to WPA to allow to
involve in the processing larger number of raw phosphate.
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Fig. 2. Composition of the products processing ordinary flour (a), dust
fraction (b), mineralized mass (c) and washed and burned
phosphoconcentrate (d), depending on the phosphoric acid norm.

The phosphorus content should be raised significantly such in total, and as in
acceptable forms in the products of phosphoric acid activation of the phosphate
raw if they will be subjected to thermal processing. The thermographic study of
phosphoric acid activation’s products of OPF at ratios of P,Oswpa: P2Osprm = 1: 0.3;
1: 0.4; 1: 0.5 and 1: 0.7 was investigated. The mass loss of these products was
determined when they were heated to 600°C.

The products’ compositions of OPF and WBPC activation with phosphoric
acid taken at incomplete norm of the phosphoric acid after them thermal
processing at 140, 180, 220, 260 and 300 °C were studied. So, optimal parameters
for acid-heat treatment are P,Oswpa: P2Osprm = 1: 0.3 and temperature - 220°C. As a
result product contains 43.89% P,Ostar, 35.1% P2O0s,cc, 20.9% PrOswater-soluble.
P20sacc. @ P2Osioral = 80.11% and P2Osyatersoluble : P2Ostotal = 47.73%. The optimal
parameters for WBPC are P,Oswpa: P2Osprv = 1: 0.5 and the temperature 220°C. The
product contains 48.8% P,Osiota1, 38.4% P10sacc, 29.3% PrOswate-solubles P2O05ace. -
P205t0tal = 78.67% and P205water-s01uble: P205t0tal = 59.98%.

The optimum regime of single phosphoric fertilizer obtained by phosphoric
acid activation of Central Kyzyl Kum phosphorites was found out. The developed
technology was tested processing approval at JSC «Ammofos-Maxam» with the
release of an experimental party of single phosphoric fertilizer. The basic
technological scheme was developed (Fig. 3). The material balance for 1 ton of
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Fig. 3. Technological scheme of single phosphorus fertilizer on the basis of

Central Kyzyl Kum raw phosphate:
1 - hopper for phosphate rock; 2 - belt feeder; 3 - two screw-shaft mixer; 4 - receiver of WPA; 5
- slit flowmeter; 6 - rotary for full decomposition; 7 - rotary dryer; 8 - calorifer; 9 - classifier; 10
- crusher; 11 - cyclone; 12 - scrubber; 13 - intermediate reservoir.

P,0s5 for two ratios of P,Oswpa : PxOsprm= 1 : 0.5 and 1 : 0.7 was calculated in single
phosphoric fertilizer. The physico-chemical properties of single phosphoric
fertilizers were defined.

The comparative economic calculation of single phosphoric fertilizer and
ammonium phosphate productions was fulfilled. It is shown that the cost of 1 ton
of 100% P,Os in ammonium phosphate makes 2118438 sums, and is 1615831
sums in single phosphoric fertilizer that on 502607 sums cheaper, though
agrochemical efficiency on cottons, they are equivalent.

This chapter we provided definition of ammophosphate preparation
opportunities based on the phosphate raw material of CK. As opposed to
ammonium phosphate, H,SO, consumption for ammophosphate manufacture
lower per 1 t P,Os, and the using degree of raw phosphate is above.

In the laboratory conditions to obtain ammophosphate, DF, WBPC, and OPF
with composition (weight, %): 17.65 P,0s; 47.48 CaO; CaO: P,0Os= 2.68; 2.47
Fe,0s; 1.21 ALLOs; 1.75 MgO; 15.2 COy; 1.81 F; 1.5 (Na,0O+K,0); 2.65 SO3; 6.03
insoluble residue were used. The composition of DF and WBPC are given in
Chapter 3. To decompose the raw materials we used two types of WPA. The first
WPA of Karatau phosphorite, composition (weight, %): 20.85 P,0s; 0.22 CaO;
0.89 MgO; 1.85 SO;; pH = 0.6, and the second on the basis of the WBPC from CK
containing (weight, %): P,Os 21.45; 0.77 CaO; 0.89 MgO; 0.51 Fe,0s3; 1.33 Al,Os;
1.78 F; 0.50 SO;; pH = 0.6. Both acids are the products of JSC «Ammophos-
Maxamy, produced by the dehydrate way.
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For experiments, the following parameters were chosen: the weight ratio of
WPA to OPF (WPA: OPF), 100: 20; 100: 25; 100: 30 and 100: 36; the process
temperature — 70°C; the decomposition duration — 45 minutes; acid’s pH — 0.6-2.2.

The results show that at the examined conditions (pH = 1.6-2.2 of WPA)
based on OPF and WPA from Karatau, the high quality nitrogen-phosphorus
fertilizers with high maintains total, acceptable and water-soluble of P,Os are
obtained. The maintain P,Osy 1S in ranges 33.14-37.18%; P;Osaec. — 29.76-
35.25%; P20syater-soluble- — 18.20-26.14%; N — 4.53-7.05%. Kgecarv. 18 in the ranges
82.5-96.37%. The water-insoluble part of these fertilizers was studied. The results
show that 67-77% of phosphorous is acceptable for plants form.

At the ratio WPA: DF = 100: (15-36) and pH of ammoniated WPA is 1.5-2.0,
the content of N in the fertilizer is in the ranges 5.32-7.93%, P,Osota1 34.03-37.90%
P20sacc. : P2Osiora1 = 88.80-96.83%, P2Oswater-soluble : P2O0stotal = 50.13-66.43%. When
fertilizers from WBPC contains 5.81-8.56% N, 36.48-38.69% P;Osota1, P2Osgce. :
P,0s¢0ta1 = 81.77-97.50%, P205swater-soluble : P2O05t0ta1 = 43.67-62.96%.

In order to eliminate the vigorous foaming and we have been developed a
two-stage method of OPF decomposition with phosphoric acid. The first stage —
decarbonization of raw material is carried out in a heterogeneous process with a
minimum amount of the liquid phase, flowing in a screw reactor-mixer and the
second — full decomposition of raw material in a primary reactor.

The fourth chapter includes «Activation of phosphorite Central Kyzyl Kum
in presence of nitrogen and potassium salts», which devoted research obtaining
of complex fertilizers by mechanical activation of phosphate raw materials.

Before the formulation of the problem we have turned our attention to the
experience of academician D.N.Pryanishnikov who found out that there is dramatic
dissolving impact of ammonium salts on phosphorite in the soil in 1900.
Unfortunately, the influence degree of ammonium salts on the solubility of
phosphorite flour or tricalcium phosphate remained unknown. Tribasic calcium
phosphate is the main component of phosphate raw materials such as apatite and
phosphorite, using to get from them phosphoric fertilizers. So, the examination on
improving of Cas;(PQOy), solubility is subject. That’s why we set out goal to study
the solubility of the phases in the triple water-salt systems of Caz;(POy),-
(NH4)2SO4'H20, C&3(PO4)2-NH4NO3-H20 and Ca3(PO4)2-NH4CI-H20 at 25 and
50°C. The solubility study was carried out by isothermal solubility method. As the
initial substances, the brand «chemically pure» is used. Equilibrium was found for
9 hours in the ammonium sulfate and for 6 hours in systems with nitrate and
ammonium chloride.

It is shown that at 25°C and (NH4),SO, with 40.45% of concentration
increases the solubility of Ca;(POy), in 17.2 times that raises the solubility of the
latter in pure water. At 50°C and at concentration of (NH4),SO, — 44.25%, the
solubility of Ca3;(PO,), increased 31 times. When the concentrations of NH4;NO; —
32.29% (25°C) and 38.91% (50°C) the solubility of Ca3;(PQO,), increases in 3 and
6.75 times in comparison with the solubility in pure water. The ammonium
chloride increased solubility of Ca;(POy),, in 6.23 and 5.8 times at 25 and 50°C at
corresponding concentrations of NH4CI — 17.36% and 22.31%. These data were
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the basis for the activation of phosphate raw materials of CK with the help of the
ammonium salts.

Further the mechanochemical activation of CC: OPF, DF, MM and WBPC
phosphorites were carried out by grinding them in the presence of nitrate and
ammonium sulfate. At first we checked how much the content of P,Os,.. changes
in the above phosphate raw material at its mechanical milling in the absence of
ammonium salts. Crushion of OPF led to increasing relative of P,Os,.. content up
to 32.4%, i.e. the mechanical activation of the OPF increased content of P,Os,c,
1.e. twice. There is P,Os,.. content up to 4.54% in the mineralized mass, taken from
averaged composition. Content of P,Os,... of WBPC are raised to 2.76%, i.e. it is
0.22%.

Then the mixtures of raw phosphate with ammonium salts were cooked in a
wide ranges of nitrogen to P,Os (from 1: 0.1 to 1: 1) ratios and subjected to
abrasion till particle size less than 0.16 mm. Both ammonium salts while
dramatically increase the content of acceptable forms of P,Os in phosphate raw
materials (Table 5). In the exanimated grade of fertilizers based on OPF (18.33%
P,0s) at using NH4,NO; the relative content of acceptable forms of P,Os to its
overall content changed from 56.08 (at N: P,Os = 1: 1) to 97.24% (at N: P,Os = 1:
0.1). In the case of (NH4),SOy,, these values are in the ranges 67.93-98.24%. By its
content of acceptable phosphorus, the fertilizer mixtures are effective nitrogen-
phosphorus fertilizers. Ammonium sulfate was indeed more effective for
increasing the solubility of phosphate raw materials. Similar data is observed for
other types of phosphate raw materials.

Table 5
The composition of ordinary phosphorite flour mixtures
with ammonium nitrate and sulfate after mechanoactivation
Ratio p0x | P05 | P2Osie. POsue | PaOsye s | oo
of N, " by by citric P2Oswater- | P2O510tal PZOS'tote?l P.Osi
N: % o, > | EDTA, acid, soluble.s Yo | by EDTA by'c1trlc
P,0s % % % acid, % o,
ammonium nitrate + OPF
1:0.1 |28.55| 2.90 2.16 2.82 0.196 74.48 97.24 6.76
1:0.3 |21.54| 6.71 4.25 5.81 0.196 63.33 86.58 2.92
1:0.5 | 17.32| 9.14 5.21 6.56 0.196 57.01 71.77 2.14
1:0.7 |14.78 | 10.34 | 5.02 6.49 0.196 48.55 62.76 1.89
1:1 11.91 ] 12.00 | 4.49 6.73 0.197 37.42 56.08 1.64
ammonium sulfate + OPF
1:0.1 | 18.84 | 2.27 1.78 2.23 0.176 78.42 98.24 7.75
1:0.3 | 15.62 | 4.99 3.29 4.55 0.173 65.93 91.18 3.47
1:0.5 | 13.35| 6.83 4.02 5.67 0.168 58.86 83.02 2.46
1:0.8 [ 10.95| 8.92 4.38 6.54 0.164 49.10 73.32 1.84
1:1 9.78 | 9.76 4.25 6.63 0.166 43.54 67.93 1.70
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We have studied the granulation process by pressing of the fertilizer mixtures
with a ratio of N: P,Os = 1: 0.7, composed of the OPF, DF, ammonium sulfate and
nitrate. It was shown that the minimum necessary pressing pressure is 100-150
MPa. The greatest strength (4.5 MPa) of pressed pill reached at 250-300 MPa.
Increasing the fertilizer mixtures humidity up to 2% raised the strength of the pills
up to 7 MPa.

The examination results have allowed us to recommend the optimal
technological regime of the pressing process. Agrochemical tests of obtained
fertilizers were conducted in vegetation and field conditions. Results of tests
shown compound nitrogen-phosphorus fertilizers on efficiency do not lose
traditional phosphorus fertilizers.

It has been shown that the mechanochemical activation of OPF in admixture
with potassium phosphate, ammonium carbonate, urea nitrate, urea and potassium
chloride also leads to increase of the acceptable form of P,Os content in the
phosphorite flour. For fertilizer mixtures granulating was used balling method.

Use of potassium chloride as an activator gave very little effect. Grinding of
the fertilizer mixtures with a ratio of P,Os: K,O = 1: 0.7 gives almost the same
effect as the crushing OPF oneself. Strength of the product is just 0.96 MPa. Urea
nitrate gives the highest effect. Thus, by using urea nitrate at a ratio of N: P,Os in
the mixture 1s 1: 0.5, the fertilizer is obtained, containing (mass.%): N 17.03;
PZOStotal- 943: PZOSacc- 640: P205water-soluble- 070: Caototal 2534: Caoacc. 1942:
CaOyatersoluvle- 10,73 with relative content of acceptable form of P,Os to its overall
content is 67.87%. When the mechanical activation of OPF with potassium
dihydrogen phosphate at a ratio RPF: KH,PO, from 1: 0.3 to 1: 1.5, the PK-
fertilizers are obtained, containing from 26.44 to 38.68% P,Osa and from 7.97 to
20.61% K,0, respectively. Relative content of P,Os,..form to its overall content is
from 67.81 to 92.04%, a water- soluble form of P,Os is in the range 18.42-60.88%.
Obtained granules have 2.27-3.28 MPa.

The result of the activation of phosphorite rock the increasing number of
mineral salts was constructed on rising the content of acceptable forms of
phosphorus in the raw: CO (NH,), — KCI — ammonium carbonate — NH,CI —
NH4NO3 — KH2P04 — (NH4)2SO4 — CO(NHQ)Q'HNO3

Further, the activation of OPF CK in the presence of potassium chloride, urea,
ammonium sulfate and nitrate, and their mixtures to obtain complex NPK
fertilizers with different ratios of nutrients was carried out. Mechanochemical
activation of phosphate raw material in the presence of nitrogen salts mixtures with
potassium chloride at N: P,Os: K,O = 1: 0.5: 1 increases the relative content of the
acceptable form of P,Os in the phosphorite flour with using (NH4),SO4 up to
79.75%, using NH4NO3 up to 67.82%, by using CO(NH;), up to 59.13%.

Material balance for obtaining 1 ton granulated nitrogen-phosphorus
fertilizers with N: P,Os: K,O = 1: 1: 1 based on the OPF and potassium chloride,
nitrate and ammonium sulfate was calculated. The basic technological scheme of
production was developed (Fig. 4).
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Fig. 4. The basic technological scheme of compound-mixed granulated and
compound fertilizers:
1, 2 - hopper; 3, 4 - feeder; 5 - two screw-shaft mixer; 6 - disintegrator, 7 - rotary balling; 8 -
rotary dryer; 9 - crusher; 10 - sieve; 11 - cyclone; 12 - belt conveyor.

The developed technology has been tested on model experiment laboratory
facilities. Economic calculations have shown that the cost of 1 tons of nutrients in
granulated fertilizers by balling compound-mixed fertilizers from the phosphorite
flour, ammonium nitrate, potassium chloride; from the phosphorite flour,
ammonium sulfate and potassium chloride with a ratio of N: P,Os = 1: 1: 1,
respectively on 421297 and 412669 sums less than the cost per 1 ton of nutrients in
fertilizer mixtures with the same ratio of nitrogen to phosphorus obtained from
ammonium phosphate, ammonium nitrate and potassium chloride; from
ammonium phosphate, ammonium sulfate and potassium chloride.

In the fifth chapter «Study of new low-concentration by phosphorus of
washed and burned phosphoconcentrate» is given the results examinations
WBPC produced by new scheme beneficiation. WBPC has the following
composition (mass. %): P,Os 25.77, 52.70 CaO, 1.20 MgO, 0.63 Fe,Os, 1.15
Al,O3, 2.67 SO3, 0.04 CI, 3.60 CO,, 6.88 insoluble residue, CaO: P,Os = 2.05 that
enriched on the new flowsheet. The investigation of sulfuric acid extraction the
new type of raw material and determination its suitability for the production of
WPA, ammonium phosphate and dihydrogen phosphate presents great practical
interest. For the development of WPA technology production necessary
information about the physico-chemical and physico-mechanical properties of the
materials.

By these properties could be included: bulk density, angle of repose, fluidity,
particulate composition, hygroscopicity and moisture capacity. When the initial
moisture content of 0.27% WBPC free bulk density is 1.21 g/cm’, and with a seal -
1.52 g/lem’. Among the parameters that allow to evaluate the mobility WBPC is the
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angle of repose. The smaller angle of repose, the greater mobility the particles has
a loose medium. The angle of repose’s value for WBPC is 28 graduse.
Determination of WBPC fluidity showed that is 10 points. Hygroscopic point of
WBPC was found to be 51.5%. Its value is low due to the presence in the
composition of WBPC hygroscopic substance - CaO. Limiting moisture of WBPC
- 4%, and at higher humidity the raw material loses its friability. With according to
this at the storage and transportation necessary to protect it from moisture. When
humidity is up to 4% the WBPC not caked.

Disperse composition of WBPC show that class size (+0.05) - (+0.315) mm
belongs to the largest amount of the concentrate (90.5% of the total weight). The
highest content of P,0Os (22.8-28.9%) is concentrated in classes fractions from
(+0.05) to (+0.315) mm. The minimum values of CaO: P,0Os = 1.90-2.39 also
correspondent these factions. The chemical composition and physico-chemical
properties of WBPC allow pre predict the principle possibility of recycling it into
WPA.

At the first stage of the work the research on the dynamics of WBPC
decomposition with mixture of sulfuric acid and circulating WPA at different time
of interaction of the initial components was carried out. The sample of raw
material fed into the volume capacity of WPA containing 15% P,0s, thermostated
at 85°C. Then, calculated amount of sulfuric acid fed into the obtained phosphate
mixture for 5 min. After feeding the reaction time is began counting. The norm of
H,SO,4 1s 103% of the stoichiometry. Calculation of the required amount for
diluting solution is carried out based on a predetermined ratio of liquid and solid
phases in a production pulp (Liquid: Solid = 3: 1). The expansion coefficient
(Kexp.) was determined at 15, 30, 60, 90, 120, 180 and 240 min.

Data show that the increasing interaction time of the raw K¢y, and Kie,. P>Os
are increased in the WPA, and the improvement of filtration values is observed, as
well. So, WBPC is decomposed for 15 min. up to 90.79% within 30 min — up to
93.71% for 60 min. - 95.11% and for 240 min. — up to 96.28%.

Further the process of obtaining WPA at 4-hour expansion of WBPC with
mixture of sulfuric and phosphoric acid was studied. Decomposition technique was
similar to the previous one. Variable parameters were: norm of sulfuric acid - 100,
103, 106% of the stoichiometry to the decomposition of CaO; the concentration of
circulating acid - 12.5; 15; 16.5% P,0Os, ratio L: S in the pulp - 3.5: 1; 3.0: 1; 2.5: 1
and the process temperature - 80, 85, 90 °C. The washing wet cake of
phosphogypsum was performanced by a 3-fold countercurrent washing scheme.

Based on the data, optimal conditions sulfuric acid extraction for WBPC are
the following: the norm of sulfuric acid - 103%, the concentration of circulating
WPA - 15%, the process temperature — 85°C, and the ratio Liquid: Solid = 3: 1. At
Kexp: = 96%, Kica. = 95%; Kyash = 97%; Kyeila = 92%; the filtration rate of dried
phosphogypsum - 1361 kg/m*-hours. The maintenance of 1.28% P,Osiom 0.47%
P2O0svwater-sotublys 31.51% CaO, 43.88% SOs, 4.35% insoluble residue are in the
washed and dried phosphogypsum. The resulting phosphoric acid has a
composition (mass. %): 19.44 P,0s; 0.71 CaO; 0.91 MgO; 0.95 Al,O3; 0.47 Fe,0s;
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3.18 SOs; its density 1.22 g/cm’ and pH = 0.65. It served as a source component
for ammonium phosphate and diammonium phosphate.

Before using this initial acid (19.44% P,0s) we filtered and separated from it
sediment. Clarified acid had the following composition (mass. %): P,Os 19.83;
0.35 CaO; 0.54 MgO; 0.55 Al,O3; 0.45 Fe,Os3; 2.61 SO;. The ammonization
process of WPA is performed by gaseous ammonia of 85-90°C to pH 5.5. After
ammonization pulp’s humidity is 60%. The composition of the pulp is the
following (mass. %): P,Os 18.33; 6.11 N; 0.33 CaO; 0.52 MgO; 0.53 Al,O;; 0.43
F6203; 2.48 SO3

The density and viscosity of ammoniated phosphoric acid pulps produced
their new washed burned phosphoric concentrate of Central Kyzylkum, depending
on pH (0.65-8.5), temperature (40-90°C) and the moisture content in the pulp (40-
60%) have been investigated. It has been shown that in all cases the pulp are
fiowable and their rheological properties are not hindered further processing.

Evaporation of ammonium phosphate pulp we carried out at 85-95°C at
atmospheric pressure to residual moisture content - 40%. In order to obtain
dihydrogen phosphate the evaporated solution of ammonium phosphate further
ammoniated to pH 8.5. To avoid loss of ammonia saturation was conducted at a
temperature below 70°C. The dihydrogen phosphate drying was carried out at a
temperature not above 60°C, and ammonium phosphate - not above 75°C.

Thus, the neutralization of the obtained acid with ammonia to pH 5.5 and 8.5
was the basis of receiving ammonium phosphate and diammonium phosphate,
respectively. Granulated ammonium phosphate has in its composition (mass. %):
PZOStotal- - 4739: PZOSacc. - 4693: P205water-soluble- - 4277: PZOSacc- . PZOStotal = 99:
P,0swater-soluble- : P2Ostotal = 90; SO3 — 6.02; CaO - 0.76; MgO — 1.27; Fe,O3 — 1.02;
ALO; —1.37; N —12.05, and its granule’s strength is 5.4 MPa. Ammofos with such
indicators is used with great demand in the world market. Diammonium phosphate
44.33% P,Os¢0ta1, 98% 1n which is acceptable form, 90% - water-soluble form and
nitrogen is 17.92%, the strength of its granules is 3.2 MPa. It contains 0.69% CaO;
1.11% MgO; 0.91% Fe,0s3; 1.15% Al,O;3 and 5.77% SOs.

Since January of 2015 in manufacture conditions of JSC «Ammofos-
Maxamy, the experimental-industrial experiments on processing of novel WBPC
was carried out to determination of optimal regime. During the test, the optimal
parameters of WPA technological and fertilizers on based it were determined.

Thus from January to May of 2015, 154.4 thousand tons of novel WBPC with
obtaining 26.8 thousand tons of WPA to recalculation on 100% P,0Os was
processed. 25.9 thousand tons of monoammonium phosphate, 29.4 thousand tons
of suprephose-NS, 23.6 thousand tons of PS-Agro and 26.3 thousand tons of
enriched superphosphate based on WPA were prodused on 84.2 billion sums.
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CONCLUSION

The main scientific and practical results obtained at the performance of the
thesis are the fellowing:

1. The optimal conditions for the conducting of the chemical enrichment of
CK phosphorite with acetic acid were found: the norm of acid - 110% of the
stoichiometry to the decomposition of CaCOj; in the raw material, the weight ratio
of S: L = 1: 8, the process temperature - 25°C and the mixing duration - 30
minutes. It is shown that from OPF, containing 16.33% P,0s; 17.23% CO,; CaO:
P,Os5 = 2.89 can be obtained concentrate with 25.58% P,Osita1, 4.24% CO, and
1.66 calcium module. When MM with 12.98% P,0s, 13.8% CO, and 3.09 calcium
module should be obtained the phosphoconcentrate with 20.04% P,Os and CaO:
P,0s5 = 1.96. Of the four types of OPF, the phosphoconcentrate with the content of
25.58-31.36% P,0Os5 and calcium modules from 1.57 to 1.66 i1s obtained. This
concentrate can be successfully processed by acid extraction to any types of
phosphoric fertilizers. In addition WBPC with the initial CaO: P,Os = 1.96 turned
into concentrate with calcium module 1.48. The content of P,Os raised from
27.26% to 33.56% 1in it.

The basic processing technological scheme of phosphate raw materials of CK
with organic acid was developed. The material balance of production was
calculated.

2. The technology of single phosphoric fertilizer based on CK phosphorites
activation with phosphoric acid was developed. The optimal norm of the acid for
decomposition of phosphate raw material was found. The single phosphoric
fertilizer has high maintenance total and acceptable form of P,0Os, and relative
content water-soluble form of P,Os is above 50%. These norms at processing of
OPF, DF and MM are equaled to 40% and when WBPC treatment is 30% of the
stoichiometry necessary for the formation of monocalcium phosphate. Activation
of the OPF, the DF and the WBPC with evaporated phosphoric acid (24.46; 29.05;
29.86; 36.23; 46.00; 50.78% P,0s) was carried out. Concentration increasing of
WPA to treatment phosphorites has practically no effect on the content of P,Osa
in the products, it significantly increases the amount of acceptable and water-
soluble forms of P,Os. So, optimal parameters for acid-heat treatment are P,Oswpa:
P,0sprMm = 1: 0.3 and the temperature 220°C. As a result product contains 43.89%
PZOStotala 35.10% PZOSacc.a 20:9% P205water-soluble.a PZOSacc. . PZOStotal = 80.11% and
P1O0swater-soluble : P2Ostotal = 47.73%. The optimal parameters for WBPC are P,Oswpa:
P,0sprMm = 1: 0.5 and the temperature 220°C. The product contains 48.8% P;Osal,
38.4% PZOSacc.a 29.3% P205wate-solublea PZOSaCC. . PZOStotal = 78.67% and P205water-soluble
: PZOStotal = 59.98%.

3. The optimum regime of single phosphoric fertilizer preparation was found
out. The developed technology was tested processing approval with the
experimental party outlet of the single phosphoric fertilizer. The basic
technological scheme was developed. The material balance per 1 ton of P,Os in
single phosphoric fertilizer was calculated. The comparative economic calculation
of single phosphoric fertilizer and ammonium phosphate productions was fulfilled.
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It is shown that the cost per 1 ton of phosphoric fertilizer is 1.65 times cheaper
than 1 ton of ammonium phosphate, though agrochemical efficiency on cottons,
they are equivalent.

4. The process of ammophosphate based on CK phosphorites was studied. In
order to eliminate the vigorous foaming to allow two-stage method of OPF
decomposition with phosphoric acid. The products receiving on its composition
can be corresponded to effective nitrogen-phosphorus fertilizers. They contain
from 34 to 38% P,Os, in which great part is acceptable for plant form (P,Os,. :
P105¢0ta1 and P2Osyater-soluvte. : P2O0stotal are equaled in a range 90-97% and 56-72%,
respectively), from 4 to 7% nitrogen. The basic technological scheme of the
ammophosphate by two-stage decomposition of OPF with phosphoric acid was
developed.

5. It has been shown that the chemical and mechanochemical activation of
OPF with nitrogen and potassium salts is one of the economical processing ways
of low-grade phosphate raw materials to effective complex fertilizers. The
solubility of the phases in the triple water-salt systems Ca3(PO,),-(NH,4),SO4-H0,
Ca3(PO4),-NH4NO3-H,0O and Caz(PO,),-NH4CI-H,O was studied by isothermal
method at 25 and 50°C. The solubility of tribasic calcium phosphate is increased in
the water in the presence of ammonium salts, especially in the ammonium sulfate.

6. The mechanochemical activations of OPF, DF, MM and WBPC was
carried out by grinding them in the presence of nitrate and ammonium sulfate till
particle size less than 0.16 mm. Both ammonium salts while dramatically increase
the content of acceptable forms of P,Os in phosphate raw materials. In the
exanimated stamp of fertilizers based on OPF at using NH4NOj the relative content
of acceptable forms of P,Os to its overall content changed from 56.08 (at N: P,Os =
1: 1) to 97.24% (at N: P,Os5 = 1: 0.1). In the case of using (NH4),SO,, these values
are in the range 67.93-98.24%. Ammonium sulfate was indeed more effective in
increasing the solubility of phosphate raw materials. The granulation process of the
fertilizer mixtures was studied by pressing. It is shown that necessary the minimum
pressing pressure is 100-150 MPa. The greatest strength of pressed pill reached at
250-300 MPa. Increasing the humidity fertilizer mixtures up to 2% increases the
strength of the pills.

7. It has been shown that the mechanochemical activation OPF in admixture
with potassium phosphate, ammonium carbonate, urea nitrate, urea and potassium
chloride also leads to increasing the acceptable form of P,Os content in OPF. The
balling method was used for fertilizer mixtures granulating. The result activation of
phosphorite rock with various type of mineral salts the increasing number of
mineral salts was constructed on rising the content of acceptable forms of
phosphorus in the raw: CO (NH,), — KCI — ammonium carbonate — NH,CI —
NH4NO; — KH,PO4 — (NH4),SO4 — CO(NH;), « HNO;. The material balance
for obtaining 1 tons granulated nitrogen-phosphorus fertilizers with N: P,0Os: K,O
= 1: 1: 1 based on the OPF and potassium chloride, nitrate and ammonium sulfate
was calculated. Economic calculations of the cost per 1 ton of nutrients in such
granulated fertilizers on 421297 and 412669 sums is less in fertilizer mixtures
based on ammonium phosphate, ammonium nitrate and potassium chloride, and
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ammonium sulfate. The basic technological scheme of production was developed.
Agrochemical tests of obtained fertilizers were conducted in vegetation and field
conditions. Results of tests shown compound nitrogen-phosphorus fertilizers on
efficiency do not lose traditional phosphorus fertilizers.

8. The physicochemical and physico-mechanical properties of the new
WBPC from CK, containing 26% P,0s were defined. The optimal conditions of
processing the WBPC into WPA were found. It is determined that the optimal
conditions of the sulfuric acid extraction of WBPC are the following: norm of
sulfuric acid - 103%, the concentration of circulating phosphoric acid - 15% P,0s,
the process temperature - 85°C and the ratio Liquid: Solid = 3: 1, in which
achieved suitable values: Kex,. = 96.33% Kieo. = 95.04%; Kyash. = 97.27%; Kyeilg. =
92.44%:; the filtration rate - 1361 kg/mz-hours, and concentration of WPA —
19.44% of P,Os. The density and viscosity of ammoniated phosphoric acid pulps
produced their new washed burned phosphoric concentrate of Central Kyzylkum,
depending on pH (0.65-8.5), temperature (40-90°C) and the moisture content in the
pulp (40-60%) have been investigated. It has been shown that in all cases the pulp
are fiowable and their rheological properties are not hindered further processing.
Neutralization of the acid obtained with ammonia to pH 5.5 and 8.5 was the basis
to receive ammonium phosphate and diammonium phosphate, respectively.
Monoammonium phosphate and diammonium phosphate with good quality were
obtained as well.
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