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KHUPULI (JIokTOpJMK TUCCEPTAUACH AHHOTALMACH)

JAuccepranusi MaB3yCHHUHI 0J13ap0Juru Ba 3apyparu. J[yHéna KuUIUIOK
XYKaJqur SKUHJIApUAAH IOKOpU Ba CcUGATIM XOCWI ETUIITHUPUIIHUHT acOCUU
OMWUIApUAAH OMpU MUHEpaNl YFUTIApAaH panuoHas (oiganaHuIn XucoOJaHaTu.
[IyHUHT y4yH KUIUIOK XY>KaJTUTMHU MUHEpal VFUTiap OuiaH ONTUMall Japaxaaa
TabMHHJIAII J1013ap0 MyamMosIapaad Oupu OViIud KOJIMOKIA.

MycTakuyuiMKra SpUIITaH/laH KeHWH MamiakaTuMu3ga KUME CaHOATUHU
MOJICpHU3AIUS KWW, TEXHUK Ba TEXHOJOTUK SIHTUJIAII, YHA MyCTaxKaM XOMaIlé
O0azacm OwilaH TabMHHJAIITAa ajJoxXuga dSBTHOOP KapaTwiuO, >KymilaJa,
XYKyMaTUMHU3 TOMOHHIaH (OCPOpPUT XOM amécu 3axupanapuH Y3IallTHPHILTa
noup Kapop xamma Maxamwmii JKepon-Capmapa KOHMHH —OOCKHYMAa-00CKHAY
doiinananuira TOMUIUPUIT JACTypH KaOyn kuinuHau. Hatnxana itmnura 400 Munr
TOHHA MaxcCyjJoT Hmuiad ymkapuin KyBBaTura sra Oymran Kusunkym docdopur
KOMIUJIEKCUHMHT WIITa TYHMIHPUIUIIN YIIOY XoMmali€ UMIOPTUHU KUCKAPTHPHUILTA
noiaeBop siparran Oynca, 2014 #iunga yHuHr Oup Mwima 716 MUHr TOHHaArava
dbocopuT KOHUEHTPATHMHM TaWEPJIOBUM MKKWHYM HaBOaTtu (olaasaHuIIra
TONIIMPUIITAY, Ma3Kyp MaxXCyJOTHUHT XOPWXKJAH COTUO OJMHUIINIa OyTyHIIail YeK
KYWWJIIN.

BbyryHru xyHzaa >kaxoH MUKECHAA MacT HaBIU QocPopUTIapHU OOMUTUILIHUHT
SHTU YCYJ/UIApUHU HIIJIa0 YUKHUINra ajloxuja bTHO00p Kapatuinub, Oy Oopana
amMajira OImMUPWIAETTaH UMUK W3JIAaHWILIAPAa HUTPAT KUCIOTACH Ba OpPTraHUK
sputyBunnapaan (dorganaanbd roxopu cudarim (HochopUT KOHIIEHTPATH OJIUIIT
TEeXHOJIOTHSICUHU HIIIA0 YUKWl MyXyuM Bazudanapiaan oupu xucodmanamu. Ilact
HaBu (ochopuTiiapuHu OpraHUK HSpUTMAAP HINTAPOKUIA HUTPAT KHUCIOTAIH
OOMUTHUII TEXHOJOTHSICHMHU WINUIA0 YMKHUIIAA KAaTop, JKymJafaH, KyWHJaru
HyHanWmmapaa TETUIUIM WIMHA eYUMIIapHU acocmamn 3apyp: ¢dochar xom
amécuHU KUMEBUI OOMMTHUIIHUHT camapaly yCYJUIApUHU MIIA0 YMKHIIL, FOKOPH
kapOoHaTau (ocPopUTIapuHA HUTPAT KHUCIOTAacCH OWilaH OOMHMTHINIA XOCHI
Oynaauran KajdblM{d HUTPATHU OPraHUK 3PUTYBUMIIAp €pAamMuia axparuO OJUII
*apaCHUHU MakOyJl [IAPOUTIAPUHU AaHUKJANL; KUMEBUM OoMuTwiraH cudartiu
bocdokonueHTpaT acocuaa Gochopiau YFUTIAp OJUII TEXHOJOTUSIIAPUHU SPATHUILLL.
Hucceprauusi MaB3yCUHMHT  Joi3aposmru  ymly  HyHanunuiapjga  WiIMHUR
W3JIAHUIIUTAPHU aMajra OMIMPHUIL OWJIaH W30XJIaHaIH.

V36exucron Pecny6mukacn Ilpesupentunnnr 2015 iimn 4  mapriarn
[1D-4707-con «2015-2019 #unnapaa unuiad YUKAPUIIHA TapKUOUM Y3rapTUpHIL,
MOJCpHM3AIMsl Ba JuBEepCU(UKAIMS KWINIIHA TabMUHJIANI OYyiimda dYopa-
TagOupnap nactypu TyFpucHma»rd DapMoHH Ba Y36ekucToH PecryGmmkacu
Basupnap Maxkamacununr 2015 iiun 22 suBapnaru 8-con «CaHoatna umuiad
YUKAPUIT ~ XapaXaTIApPUHU  KUCKAPTUPHUINTa Ba  MaxXxCyJdoT  TaHHAPXUHU
nacaTUpHIlNra JOUp KylMMua 4opa-tanoupiap tyrpucunaxtu Kapopu, xampaa
Ma3Kyp (GaosMaTra Teruiuid 00mKa MebEPUN-XYKYKHUI Xy KxKaTiapaa Oelaruianrad
BazudasapHu amaira OMpHUIlra yily AUccepTaius TaAKUKOTA MyalsH JAapaxaja
XU3MAaT KWJIAJIH.



TaakuKOTHUHT pecny0juKa (paH Ba TEXHOJOTHSAJIAPH PHUBOKJIAHUIIN-
HUHI aCOCHMHM YCTYBOP HMyHAJMILIAPUIra OOFJMKINIU. Ma3Kyp TagKUKOT
pecriyonka Qan Ba TexHosorusiap puBoxJaHummHUHT  VII.  «KuméBuii
TEXHOJIOTHSJIAp Ba HAHOTEXHOJOTHSJIAP» YCTYBOp WYHAIMIIMra MYBO(UK
Oa)kapuIras.

Jucceprauust MaB3ycu OyiiM4Ya XOPWKHI WIMHI-TAAKMKOTJIAP IIAPXH.
[Tact HaBmm ¢ocdar xom amécuHu OOMUTHUIN Ba OJMHTAH (OCHOKOHIICHTPATHU
MHUHEpAJI yFUATIApra KaWTa HOUIAINra MyHAITUPWITaH WIMUAKA UW3JIAHUIILUIAP
KaXOHHUHI €TaK4Yu WIMUK MapKas3Iaph Xamaa OJIMM TabJIMM Myaccacaylapy,
xyminanan, Florida Industrial and Phosphate Research Institute (AKLL),
Engineering Dobersek GmbH (I'epmanus), Fertilizer Research Institute (ITompima),
The Chemical Society of Japan (SImonus), University of Science and Technology
(Xwuroit), Department of Chemistry (Xuamucton), Department of Chemical
Engineering (Mopnauust), Yruriap Ba HHCEKTO(GYHIMLMMLIAD WIMHI-TaIKUKOT
uuctutytd (Poccnst), YMyMuil Ba HOOPraHMK KHME MHCTHTYTHIA (Y36EKHUCTOH)
o0 GopHIIMOK/A.

®ochar xoM amécuHU (GIOTALMUOH, KUCIOTAIM Ba TEPMHUK OOHUTHUII
yCYJUIApUHU HIIa0 YMKHIIL Xamja yJapHU TaKOMWUIAIITUPHILTA OUJI KAXOHJa
o0 OOpwiraH TaJKUKOTJIAp HATHXacuia Karop, >KyMmiaJaH, KyWujaarda WIMUN
HATW)KaJap OJIMHTaH: anaTUT pyJacuHu OouuThinAa (GiaoTauus YCYJIMHHM KYIlamn
OpKalnu TapKuOWAa Taldl MOWHM, MKKWJIAMYd MOW TYIAPOHH, OKCHIJIaHTaH
METPOJIATYM Ba TEXHUK €F KHCIIOTaJlapy TyTraH COBYHJIAHTaH apajanma épaaMua
amaTUT pyJaacuaaru Kymmmuaiapaad gocdar munepanu axpatud onunras (Florida
Industrial and  Phosphate  Research Institute, AKII; Veurmmap Ba
MHCEKTOPYHTHUIUANAP HWIMUK-TAIKUKOT HMHCTUTYTH, Poccus); ¢ocdar pynacu
950°C pa xyiampunub, XOCWa OYITaH J3pKUH XOJaTAard KaJbIIMA OKCUAN CYB
épaMHia OXaK CyTura aWjaHTupwiraH Ba ¢ocdaT XoM am€cujiaH axpaTuiira
HaTWkKaga kKapOoHaTiau GocHOpPUTHU OOMUTUIITHUHT TEPMHUK YCYJIU SpaTUITaH
(Department of Chemical Engineering, Mopnanus; Engineering Dobersek GmbH,
I'epmanus); dochopur TapkubumaH KapOOHATIW  MHHEpaUlap  OpTraHHK
dbnoTopearentiap €paamMuaa axpaTUiIno, OOMUTUIIHUHT (PIIOTAMOH YCYJIU UIILIA0
gukwiran (University of Science and Technology, XuTtoii).

JyHéna anatut Ba (GocPopuT pylnajapvuHH TYpJIH XWJ ycysuiapja OOWHUTHII
Oyiinua Katop, >KymiaaaaH, KyWuJard yCTyBOp MYHamuIuiapaa TaaKUKOTIAp OJIUO
o6opunmMokaa: ¢ocdar XxoM amECHHU OOMUTHULIHUHT KUMEBUHN YCYJUIApUHU HIILIA0
yuKUIl (HUATpar, xjuopun Ba (ochop kucnoramapu Epaamuna); (HochopuTHH
dbrotamon OoMMTHIN KapaéHUAA KYJUIAaHWJIQIWraH sHTH (roTopeareHTiIap
ApaTHI; TacT HaBiaM (ochopuTiapHu KUCIOTanap OWiaH OONWUTHINIA XOCHI
Oynmaguran KaJdbIUIIM TY3JIApHU OPTraHWK JSPUTYBUWIAP HINTHPOKUAA aKPATHII
yCyJIJIApUHU UNUTa0 YuKHIll, kKapOoHatiau ¢ocdar XoM amécuH TEPMUK OOMUTHII
YCYJAYyHM SiHaJa TakOMWUIAIITUPUIL, (GOChHOPUT KOHLIEHTPATUHU MHHEpas
YFUTIapra KaiTa UIUIAIIHUHT SSHTY TEXHOJIOTUSJIAPUHU SIPATHULLL.

MyaMMOHMHI YPraHMJITaHJMK Aapaxkacu. Mnmuii-rexHuk anaduérinapia
MK dochoputiapunn (iiotaniioH Ba KMMEBHM OoiuTuin OViiMya MabiIymoTiap
manOau maBxynd (Hab6ueB M.H., boiiko B.C., Kapmeimor B.®., Amupora A.M.,
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ManamueBa C.X., I[laraii A.I'., Hamazo III.C., bernos b.M.), nekun Kuzuinkym
dhochoputnapu OKOpU KapOOHATIAHTAHJIMIH OuiIaH Oup Karopaa yHaaru Qocdar
MUHEpaIM KaJlbLUT OWJIaH ¥3apo JKHUIIC Koiulamrad, mry cababnaH yiaapHH
dbnotanusa €paamuaa OoMuTHIN OYMMYa ypUHHUIUIAp WXKOOWM HaTwkamapra oju0
kenMmarad. Kuzunkym ¢gocdart xom alécuHu HUTpAT Ba XJIOPU KUCIOTAITAPUHUHT
CYIOITUPUJITAH DPUTMAJIApH, KaJIblIMi Ba MArHUWHUHT HUTPATIM HOPJOH
spuTMagapu OwiaH KUMEBHHN ycyinaa Oovutuin opkaiud GhochopuT TapKuOuIaru
P,05 MUKIOpPHHM OLIMPHUII Ba KAJIbLUKA MOAYJIMHUA KaMalTupuil Oyitnua Oup KaH4da
WIMHA M3JIaHunUIap ofaud OopwiraH. YJIapHUHT acOCH KaMYMIUKIApU FOKOPH
KYNUKIAHUII, Ky MUKIOpJA 3pyBYaH Ty3 SpUTMAJapU XOCHJ OYIUIIM Ba IIy
sputMmanap Ownan P,Os HuHT Hykonumm XucoOjaHaaW, YyHKH KapOOHaTJIapHH
100% axxpaTu® oJMIIra H3pULINII MyMKHH 3Mac.

MK ¢ochar xom amécunman kapOOHATIapHM Ba TEPMOKOHIICHTpATHAAH
KalblUMA OKCUJIMHM YyMOJM Ba CHUpPKAa KHUCJIOTaJapHUHT  CYIOJITHPUIITaH
spuTMasiapuiad GoilaNaHuIl aMalui KUXaTAaH KU3UKUIL YUFOTAJAH, YyHKU yIiiap
dbochar muHepanuHu amanuil skuxataad napyanamaiian (Hamazor II.C., berios
b.M., CeiitHazapoB A.P.). AMMO cupka Ba YyMOJid KHUCJOTajlapu Ou3ga Kam
MUKAOpJa WIUIA0 YMKApWITaHIUTH cababiu, Wupuk Xaxmuaard ¢dochoput
KOHIIEHTPAaTH OJIMII YYyH eTapiiui sMac. UkkuHuugaH, O0MUTUIN kKapa€HKUla KaTTa
X@KMJIard MacT KOHUEHTpaUsUIM Kalbliuid (opMHATH Ba aleTaTd SpUTMalapu
Xocuia Oynmaau, ynapHHM KaiWTa HMIUam Tanad dTWiaau. YHIaH TallKapH, OpraHuk
KHCJIOTaJIap KyJa KUMMaT.

buznunr mapoutaga MK dochoputinapuan kKuMEBHA OOWMTUIIHUHT aMaira
OLIMPUII MYMKHH OYyJraH WyaM — KOHLIEHTPJAHIaH HUTpAT KHUCIOTacUIaH
doiinananui, KeWWHYAIWK KalbLUA HUTPATHU OPTaHUK OHPUTYBUM — HTAHON
épaamuaa axpatud omum  xucoOnaHanu. YmlOy  YCYJIHHMHT  ad3auiuru
capdaHaUural peareHT — STAaHOJIHU KalTa TUKJAIIl Ba YHU TEXHOJOTHK IUKJITa
KauTapull, 1y OPKAJIM Tau€p MaxCyjaoTra OCOH KaWTa WIUIAHAJWTAaH KaIbLHUN
HUTPATUHUHT KOHILIEHTPJIAHTaH SPUTMACUHU OJIMIIHUHT COJa TU3UMUIAH UOOpaT.
P,Os5 HuHr cyrok dazara HyKoauimmHu 6apTapad KAIUIl yuyH OYTKa akpaTUIAaH
OJJIMH aMMHaKk OwilaH HeWTpajslaHalu, HaTWxkaga dpyBuyaH (docdop
mukanbiuidocdarra yrran xonna GochoKoHIIEHTpAT TapkuOUAa Koidaau. PeareHT
cuparuga HNO; TaHMalIHUHT acoCHil Me30HIapu: €TKa3ud OepuIll OCOHJIWIH,
ap30H XOM ameé Oa3aCMHUHI MaBXYJJIMTH, KaJdblUid HUTPATUHUHI KHIIOK
Xyxanuruaa OeBocuta 3apypaurd xucoOnaHanu. Mnmuii-texHuk amabuériapaa
kapOoHaTii GochOpUTIAPHE HUTPAT KHUCIOTAaCH OwiaH OOWHTHIN, KEHWHYAIHK
OYTKagaH KanblMi HUTPATHU OJTAaHON EpaaMuaa axparud onum Oyhnya
MabJIyMOTJIap MaBxXyJ 3Mac.

Juccepranmss MaB3YCHHHUHI JAucCCepTanus Oa:kapwjaaérran WIMM-
TAAKHKOT MYaCCACMHMHT MIIMUH-TAIKUKOT HILJIAPH OMJIaH OOFJIUKIUTH.

Jluccepranyss TagKUKOTH YMYMHUW Ba HOOPTaHUK KHAME HMHCTUTYTHHUHT
WIMHA-TAAKUKOT unuiapu pexxkacuHuHr @OA-21-TO8 pakamimu «Mapkaszuid
Kuzunkym dochoputinapu Ba Kajauil XJIOPUIUHUA HUTPAT KUCIOTAIU KalWTa UIIAI
acocuga  ¢ocdop-kanuiau  Ba  a30T-hochop-KaIuiaM  YFATIAp  OJIUII
TEXHOJIOTUSCUHU HIILIA0 YMKHIN Ba >xopuil ke (2011-2012 i) Ba DA-A12-
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T171 pakamnu «Mapxkazuii Kusunkym ¢ochoputnapunn KumMEBUN OOMUTHIIHUHT
camapaziop, pecypcTeKaMKOp TEXHOJOTUACHUHM UIUIA0 YUKHUIIL Ba IOKOPH
KOHIIeHTpausiau  Gochopau yrutaap onmmny (2012-2014 iif.) maB3ynapuaaru
MHHOBAIIMOH Ba aMaJIMi Jloinxanap noupacuaa oaxapuira.

TagkukoTHUHTr Makcaaum Kusuikym dochoputiapyau HUTpaT KUCIOTacH
OWIaH HTaHON HWIITHUPOKHAAa OOWUTHIN, XOCWJI OYnaraH KajdblMid HHUTpPAT Ba
($hochOKOHIEHTPATHU KATTUK a30TKAJIBLUUNAIN CeUTpa XaMaa KOMIUIeKC Gpocdopiau
VFUTIIapTa KaiTa WIial TeXHOJIOTHICUHY SPATHIIIAH HOOoparT.

Makcaara 3puimim y4yH KyHu1ard TAAKUKOT Basudaiapu KyWUIras:

tokopu kapbonatin MK ¢ocdoputiapuan HUTpAT KUCIOTACH OWJIaH KUMEBUIN
OOUMTHUIN, KEHWHYAIMK XOCWJI OVJITaH KalbllMid HUTPATHH KHUCIOTa MEbEPU Ba
dbochoputHE >TaHOJTA OFMPJIMK HHUCOATWra OOFIMK paBUINAA aXPaTHO OJIHUII
xKapaCHUHU MaKOyJT apOUTIApUHNA aHUKJIAIIL;

KaJblIMK HHUTpatH HputMacura P,0s #Hykonummau Oaprapad KUIUII
MakKcaluJia HUTPOKaIbLMU(pOCchATIN CIUPTIAN CYCHEH3USIHU aMMOHUNIAIITAPUII
xKapaCHUHU TAJIKUK ATHIIL,

tokopu kapOonaTiin MK ¢ochoputiapuan KeHr xapopaT Ba KOHIIEHTpALMs
opajufu/ia 3TaHON EpAaMHaa HUTPAT KUCIOTaNW OONUTHIIA XOCWI Oyiran
HUTpOKaJbLMpochaT OYTKacHIaH KaJbl[Mii Ba aMMOHUI HUTPATIAPUHU AKPATHO
oJIuII YKapaéHuHM acocyaauran 3 ta yunuk: Ca(NO;), - C;HsOH - H,O; NH4NO; -
C2H50H - HZO, Ca(NO3)2 - NH4NO3 - Hzo Ba 3 Ta 6I/IHap Ca(NO3)2 - Hzo,
NH4,NO; - H,0 Ba C,HsOH - H,O cucremanapuman ubopat 4 KOMIOHEHTIIU
Ca(NO;),-NH4NO; - C,HsOH - H,O cuctemMacMHUHT 3pyBYAHJIMK JUAarpaMMacUHU
TY3UIII;

HUTPOKaJIbIUipocaTaun COUPTIN CYCHEH3USHU CYIOK Ba KaTTUK (pazamapra
QXPATHUII )KapaCHUTA TABCUP dTYBYH OMUJUTAPHU aHUKJIAIIT;

[UKJIMra KalTapuill Makcaauia OpraHuK SPUTYBUM — HTAHOJHU pEreHeparus
KWJIMII Ba HUTpAT KHUCIOTANIM OOWHUTHUIIHUHI KYIIMMYa MAaXCyJIOTH —KaJbLMM
HUTPAT SPUTMACUHUHT (PUBUK-KUMEBHUI XOCCATapUHU YPraHuIl;

KalblUA HUTpPAT dPUTMACHHU CYIOK Ba KATTUK KaJbIUWIM celuTpara Kanra
untam, xocwin Oynran kanbiuii HUTpatHU CO, Ba NH;3 &épmammaa NHy;NO; Ba
CaCO; ra koHBepcHs KWIMIIHUHT MaKOyJI IIApOUTIAPUHU TOTHUIII;

kuMEBUM  OoMuTmiran  (GOChHOKOHIICHTpPATHU  AKCTPAKIUOH  ¢ocdop
kucnoracura (O®K) kaita ummam, kuMmEBMil OoluTHIraH (OCPOKOHIEHTPAT,
aMMUAaKJIM CEIUTpa Ba KaJMi XJIOpUAWHU apanamtupul ityan 6unan PK- sa NPK-
YFUTIIAp OJMULI;

MK bochoputiapuau HUTpaT KHCJIOTAJIH OonuTHII xamaa
dochokonnenTpatan PK- Ba NPK- yruTmapra kaiita umnuiamn TEXHOJOTHSICHHHU
CUHOBJIAH YTKa3ull, SHIA TypJard YFUTIApHU arpoKMMEBUM CHHOBJIApAAH
VTKa3uIll,

KuMEBUM  OoMuTmiran (GochOKOHIIEHTpAT MINLIA0 YMKAPUIITHU  TAIIKHUII
STUIIHUHT Makcajara MYyBO(QUKIUTH TYFPUCHIIA TEXHUK-UKTUCOIUN XHUCOOJIapHU
OaXkapwuIll.



TankukoTHuHr 00bexkTH. MK (dochoputnapu, HUTpAT KUCIOTACH, ITAHOI,
aMMHaK, KaJbIMWAJIM CEeIUTpa, aMMOHHMM HUTpaTH, KaJIbIUK KapOOHATH, KUMEBHUI
oovtutunran gochokonneHtpar, IOK, PK- Ba NPK- yrurnap.

TagkukorHuHr mnpeameru. MK docdhoputrnapuan HUTpaT KHUCIOTAIH
OOMUTHUIL, KEHMHYAIUK TEXHOJIOTMK CHCTeMaJaH KaJbLIM HUTpPATUHU aKpaTuo
OJIMII, UIYHUHTJEK HUTPAT KUCIOTAIM OOWMUTHUIIHUHT KYIIMMYa MaxCyJOTH —
KaJIBIIMA  HUTpPATHU Ta€p MaxcyjaoTra, Xamjaa KUMEBUNM  OOHUTHUITAH
dochoxonnenTpatin DPK Ba KOMIUIEKC YFUTIAapra KaiTa HILall xapaéHiapu.

TaakukoTHUHT ycyaaapu. /Jluccepranusna KaMEBHH, (GU3UK-KUMEBUH,
KyMmIlaJaH, peHTreH(pa3anu Ba BHU3YAI-TIOJUTEPMHUK KaOW TAJAKUKOT Ba TaXJIWJ
yCyJulapyu KyJUTAaHUITAH.

JMuccepranus TAAKMKOTHHUHT WIMHI SHIWJIMTH KyW#aaruiapiad noopar:

oupunun Maporaba MK dochopuriapunu HUTpAT KUCIOTacH OMIIaH KHUCIOTA
MebEpr Ba (GOCHOPUTHUHT HTAHOJTA OFUPIUK HHUcOATHra OOFJIMK paBULIAA
00oMuTHO, XOCWJI OVIraH KaJblIMi HUTPATHU JTAHOJ 3pUTMACU OWJIaH aXpaTud
OJIMIII MYMKWHJIUTH UCOOTJIAaHTaH Ba TEXHOJOTUK TU3UMU SIPATUIITaH;

HuUTpoKanblmiidhochar 6yTkacuan pHHM 3 raya aMMOHMMJIAIITUPHUII OPKAJIH
P,Os Hu cywok (azara HyKoaumuHU TYIUK Oaprapad Kuwivin ycyiad HIiad
YUKWITaH;

3 Ta YUJIHUK: Ca(NO3)2 - C2H5OH - Hzo, NH4NO3 - C2H5OH - HzO, Ca(NO3)2-
NH4NO3 - HZO Ba 3 Ta 6I/IHap Ca(NO3)2 - HZO, NH4NO3 - HzO Ba C2H5OH - Hzo
cucteManapuyan uoopar mypakkad tapkubdmum Ca(NOs), - NH4NO; - C,H;0H -
H,O cucremanapmaru KOMIOHEHTJIAPHUHT ¥3apo TabCUpPIANIYBU OYyilMua SHTU
MabIyMOT/Iap OJMHHUO, yiap acocuaa S3PYyBYAHJIMK JuarpaMMaliapyl KypwuiraH
xamaa kapOoHaTii ¢GochOopUTIapHU HUTpPAT KHUCIOTAacu OwiaH OOWWTHII
xapaéuuaa ot cnuptuad (JC) Kyiuian MyMKUHIUTA UCOOTIaHTaH;

AaMMOHUU-HUTPAT-KAIBIUWIA APUTMACUHUHT  (DU3UK-KUMEBUM  Xoccanapu
AHUKJIAHWO, YHra OEHTOHUT MOJJIACHHM KYIIUII OPKAJIH SXIIU TOBAp Xoccalapura
sra OyiraH AOHAI0p KAJIbLMIINA CETUTPA OJUII MyMKHHIIUTH KYpPCaTUIITaH;

aMMOHUK-HUTpaT-KabIuiiin 3putMann CO, Ba NH; épnamuaa NH;NO; Ba
CaCOj; ra koHBepcHs KWIMIIHUHT MakOyJl IIapOUTIapu aHUKJIaHTaH;

kuméBnil OouTmiran dochokonnentpatiu DPK, PK- Ba NPK- yrurnapra
KaiiTa MIIanl acoCuJa SIHTM TypIard KOMIUIEKC VFUTJIAP OJIMII TEXHOJOTHUSICH
SPATUIITaH.

TaagKMKOTHUHT aMaJIuii HATUKAJAPH Kyluaaruiapaan noopar:

MK dochoputinapuau HUTpaT KUCIOTAaCH OWJIAaH 3TAaHON HINTHUPOKHUAA
kuMEBUH Ooimtrm xoMm aménaru 6amract — CaO Ba CO, itykorumra, Oy 3ca XoM
améun O®K ra xkaita wunoampga cyiabpaT KUCIOTa capUHU Cce3uIapiu
KUCKapTUPHIIl UMKOHUHH Oepajiu;

OoMUTHII TU3UMHUTAa MYBO(MUK ATaHON KailTa TukiaHaau, oduHran Ca(NOs;),
HUHT KOHLIEHTPJIAHTaH SPUTMACH CYIOK Ba KaTTHK CEJINTPAa OCOH KaWTa WIILJIAHA[IH.
bynna HNO; ukku Tapadiaama doigananuiaan: XoMm aménard KapOoHaTIapHU
aXpatu0d OJUII y4YyH BOJOPOAHUHT (Hhaod HOHM, XamJa CYIOK Ba KaTTHK
VFUTIAPHUHT 03YKa KUCMH — a30T KOMIIOHEHTHU cu(aTua UlliaTuiIaau;



kuMEBHi Ooitntunran Qochokonmenrpar Ba y acocuaa DDK, PK-, NPK-
VFUTIAPHU UILIA0 YMKAPUIIHUHT TEXHOJIOTMK TU3UMH Ba MOJIUM OajlaHCH MILIa0
yukuiaau. bointum texnonorusicu «Camapkanakumé» AXK Taxpuda KypuimMacua
dbochoput koHEHTpaTH Taxkpuba maptusicu unuwiad uyukapwiau, PK- Ba NPK-
VFUTIIAPHUHT arpOKUMEBUN CUHOBJIAPU YTKAZUILIIN.

TaagKUKOT HATHKAJIAPUHUHI HINOHWIMIMIU. DonganmaHuiran KUMEBHUMN
(anamutuKk kuUME) Ba (PuU3MK-KUMEBUN (peHTreH(aszanu, BU3YaI-TIOJIUTEPMHUK)
TaxXJINJ HaTHKajJapu TaxpuOa-caHoaT KypHiIMajiapua CHHOBAAH YTraHIUTH OUilaH
TacIuKJIaHAIH.

TagKuKOT HATHKAJIAPMHUHI WJIMHI Ba aMajuil axamusitd. WImHWHT
unvuii  axamusata 4 kommoHeHTMm Ca(NO;), - NH4NO; - C,HsOH - H,O
CUCTEMACUHUHI  DPYBYAHJIMK  JuarpaMMacuHd  Kymwtam — opkaim MK
dbochoputnapugan KapOOHATIAPHU HUTPAT KHUCIOTACM OWJIaH JTHJI CIUPTH
UIITAPOKKUAa  axpaTtuOd osmm  TexHonoruscu; Ca(NO;), HUHT  CHUPTIU
cycnieHsusacuan cnuptHu peredepanus Kuiuin; Ca(NOj), HUHT KOHIIEHTpJIAHTaH
APUTMACUHUHT (PU3UK-KUMEBHUI XOCCaJapUHU YPraHMII Ba YHJAH CYIOK Ba KATTHUK
yrutnap onuir, Ca(NO;), au NH4NO; Ba CaCO; ra KOHBEPCHACHHUHT MakKOyJs
IIAPOUTIIAPUHU TOMHUII;, KUMEBUN Oonutmiran QocdokonueHtpar acocuaa DK,
PK Ba NPK yfuTnap oquIIHUHT WIMHUN acOCIapuHU SpaTULIIaH Hoopart.

NmmauHT amanmii axaMusTd IIyHIaH uoOopatkw, (ocdar xom amécuman
KapOOHATIApHU HUTPAT KUCIOTAaCH OWJIaH 3TWJI CHUPTH MINTHPOKUIA aXpaTuod
onul, ymoy xoM aménu gochop KucIoTacura KainTa Hiuiama cyib(ar KUcioTa
cappuHU KECKMH KaMalTupUIlITra UMKOH Oepanu. Hutpat kucnorany OOMUTHILIHUHT
KYyIIMMua MaxcyJoTH cudaruia alHUKca HIyplIaHTaH TyNpoKJIapia MaxTa SKUHUTA
Kyna 3apyp Oynran MIIKOpUM (U3HONOTMK YFUT — KaJblUH HUTPAT IPUTMACH
omHaau. KuméBuit OoiutuO onuHran ¢ochOoKOHIIEHTpAT TapKUOUaa IOKOPH
HUCOUM MUKIOpAAaru YCUMIIMK Y3namryBuad ¢ocdop OVnrannurud Tydaiau y xap
XWJI TypJlard Mypakka0-apanami J0HaA0p YFuTiaap OJMIIIA KYUTAHUITUIITN MyMKHH.

TagkukKoT HATHKAJAPUHMHI kopuil KuauHumu. MK dochoputiapunu
HUTPAT KUCIOTAacH OWJIaH 3TAaHOJI MIITHUPOKKIA OOMUTHI, XOCKJI OYJraH KaJbLHii
HUTpPAT Ba POCPOKOHIIEHTPATHU KATTHK A30TKAJIBLUNIIN CEJUTPA XaMIa KOMILUIEKC
VFUTIapra Kaita uIuiam TEXHOJIOTHSICUHU UIUIA0 YUKW OYiinya OJMMHraH UIMUN
HaTWXajnap acoCUaa:

MK dochoputnapuau 3TaHOA HWIITHUPOKUAA HUTPAT KHUCIOTacH OwuiaH
Goitntum ycynura Y36exkucton PecryGmukacu WHTeUIEKTYyal MyJIK areHTIHIHU
ToMOHUIaH uXTUpo mareHTu oiuHTaH (NelAP 04973 «lOxopu kapOoHaTIaHTaH
dbochoputnapau Goiiutumn ycynu»). Hatmwxkana mact masnmu MK docdoputunaru
Kabluid MoxyivHu 2,84 nan 1,5-1,7 raya kamMalTUpuIl Ba LIy OpPKAJIM YHU KailTa
UIUIalAa MWIUIATUIaAUral yTa TaHkuc cyiabdar kucinoracu caphunu 30% ra
KUCKApPTUPHUII UMKOHUSATU SIpATUIIA]IU;

nact HaBiu Kusuikym dochopuTiapuHn HUTpAT KUCIOTACH OWIJIAH 3TaHOJ
UIITHpOKKUA  OovmTuin  TexHosorusich  «CaMapkaHAKUME»  aKIUSIOPIHUK
KaMUATUAA aMauérra TaaOuK dSTuiauO, Kopu cudarau sHru - dhocdoput
xomarniécu oymHTaH («Y3kumécanoa» AXK nunr 2016 #iun 14 uronnaru 03-2342/14
COH MabJIyMOTHOMAacH). YOy HaTWXKaJapHU aMaluérra >KOpUH  KUIUII
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(bOoCPOKOHIIEHTpPAT TaHHAPXUHU amanfgard  oBUO Kyiaupuirad ¢Gocpoput
KOHIIeHTpaTtuaaH 1,4 6apobapra ap30HIAIITHUPUII UMKOHUHH Oepaiu.

TaagkuKoT HAaTHKAJAPUHUHT anpodaumusicu. Jluccepranus UIIUHUHT
Marepuaiiapy  Kydumparn — Xankapo ~— Ba  Pecnybnuka  unMwuii-amanui
koH(pepeHuusnapaa  «CoBpeMEHHblE  TEXHMKAa M TEXHOJOTMH  TOpPHO-
METaJTyprudecko orpaciau W nytd ux passutus» (Hasowmit, 2010; 2013);
«Pa3paboTka 3¢p(HeKTUBHON TEXHOJOTUHU TMOJTYYEHUS MUHEPAIbHBIX yAOOpEHUH U
arpOXMMHUKATOB HOBOTO TMOKOJICHUSI M MPUMEHEHUE UX Ha mpakTtuke» (TolkeHT,
2010); Yosh olimlarning «Yuqori texnologik ishlanmalar ishlab chigarishga»
(Toshkent, 2010); «IlepcriekTUBBI pa3BUTHSI TEXHUKU U TEXHOJOTUU U JOCTHKEHUH
rOPHO-METATyPTUYECKOM  OTpaciu 3a TOJbl HE3aBUCUMOCTH PecmyOnuku
V30ekucran» (HaBoui, 2011); «CoBpeMeHHbIE TEXHOJIOTMM U MHHOBALMU TOPHO-
Metaitypruueckoit orpacnu» (HaBomii, 2012); «CocTosiHUE W TEpPCHEKTUBbI
MHHOBAIMOHHBIX pa3pabOTOK B 0OJACTH TEXHOJOTUM HEOPTraHMYECKUX BEIIECTB U
XUMHU3AIUU CEJIbCKOX03IUCTBEHHOT0 Mpou3BoacTBay (Tormkent, 2013); « AHAUIUTHK
kM€ haHUHUHT A0J3ap0 Myammosiapu» [V-PecnyOnuka nimuii-aManuii aHxkyMaHu
(Tepmus, 2014); «IlepcrieKTUBBI HAYKU U TPOU3BOICTBA XUMUUECKOU TEXHOJIOTHH B
V36ekucrane» (HaBowuii, 2014); «®DU3UKO-XUMHUS U TEXHOJIOTUSI HEOPTAHUYECKUX
marepuaiioB» (MockBa, 2014); VIII-MexayHapoaHOH HayYHO-TEXHHUYECKON
koH(pepeHuun «JlocTrkenus, mpoOiIeMbl U COBPEMEHHbIE TEHICHIUU Pa3BUTHUS»
(HaBowmit, 2015); «The Sixth International Conference on Eurasian scientific
development» (Vienna, 2015); 2016 iun 14 centsibpaa YMymuil Ba HOOpraHHMK
kuME MHCTUTYTH, [lomumepnap kumécu Ba (U3MKACH WIMHN-TAIKUKOT MapKasH,
TOILIKEHT KUME-TEXHOIOTUSI MHCTUTYTH Ba TolkeHT J[aBnat TeXHUKA YHUBEPCUTETH
xy3ypunaru 14.07.2016.K/T.14.01 pakammu Wnmuii kenram xommmaru 02.00.13 —
Hoopranuk Mopmamap Ba yjlap acocHjard MaTepuaiap TEXHOJIOTHICH
UXTUCOCUTH OYViiNYa UIMUM cCeMUHapAa MyXoKaMaJiaH YTraH.

TaagkMKOT HATHKAJAPHMHI 3JbJOH KWIMHUIM. [luccepranusi MaB3ycH
6yiinua sxkamm 31 Ta WIMHI WID YON OTWITaH, UIynapaaH Y30eKHCTOH
PecniyOonukacu Onuii ATTecTalusi KOMUCCUSICMHUHT JOKTOPJUK AUCCEPTALMSIIApU
acoCHM WIMHI HaTH>KaJIapUHU YOII 3TUII TaBCUSI STWITaH peciyOJIMKa Halpiapuaa
13 Tacu, xymmamad 11 tacu pecryOiinka Ba 2 TaCH XOPHXKHUH JKypHaJIapaa Halip
STWITaH Ba | Ta UXTUpOTra NAaTEHT OJIMHTaH.

JluccepTanMsIHUHT TY3WIHINH Ba XaxMu. J(uccepranus TapKkuOW KUPHIIL,
TypTTa 000, Xynoca, QoimamaHwiran amaduériaap pyhuxath Ba WIOBajIapaH
noopar. JluccepranussHUHAT XakMu 193 GETHU TaIKWiI 3TraH.
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JIMCCEPTAIIMSITHUHT ACOCHUI KUCMHA

Kupum kucMujga MIIHUHT —J1073apOJIMTM  Ba  3apypaTd  acOCJIaHTaH,
TaJKUKOTHMHI MaKcaid Ba acocuii Basmdanapu TaBcu(aHraH, Y30eKHCTOH
PecniyOnukacu (an Ba TEXHOJOTHSICH TapakKKMETMHUHI YCTUBOP HYyHalWIIapura
MOCJIUTHY, TAAKAKOTHUHT UJIMUN SITHTUJIUTH Ba aMalliid HaTWXanapu 0a€H KUJIMHTaH,
OJIMHTaH HATWKaJapHUHT WIMHUNA Ba aMalluid axamMusITH o4uuO OepuiraH, TaJKUKOT
HAaTWKQJIAPUHU aMajduE€rra >KOpUM OTUII, 4YON HSTWIraH WIMHA HIIIap Ba
JUCcepTaIys TY3WIUIIN Oyiinya MabIyMOT/Iap KeITUPUIITaH.

HMucceprauustHuar «®ocpar xoM amécuHu OOMUTHIN YycyJuiapw» J1e0
HOMJIaHTaH OMpHHYM 600KMaa Xap Xxui Typaara gocdar xoM ameéHu OOWUTUIIHUHT
(broTanuoH, TepMUK Ba KUMEBUH yCysuiapu (HUTpaT, XJopua Ba gocdop Kuciora-
mapu ¢Epnamuaa) O0aéH KuiauHrad. Mapkasuit Kusmnkym  docdoputiapuHusr
¢bu3uk-kuMEBUN TacHu (U OepuiraH Ba ylapHU OOMUTHIIHUHT OUp HEYa yCysulapH
Kaiil sTwiradH. XO3Uprd KyHJa caHoaTna KyJUIaHWIa€TraH IOKOPH XapopaTiu
TePMUK YCyJjaaH OoIKa (aJbTepHATUB OYiamuraH) OOWWUTHUIN YCYJUIApU KEJITH-
punrad. ®ocdat xoMm ameécuHU OOUUTHUI OYVIiNYa TaJIKUKOTIAp MaXMyacu TaxJIHI
KUJIMHTaH X0J1/1a Ma3Kyp UIIHUHT MakKca]l Ba Bazudanapy MaKIaHTUPUIITaH.

HMucceprauusinuar  «lOxkopum  kapOoHatiu  dochoputiapHum  3TaHOI
HINTHPOKUIA HHUTPAT KHUCJIOTACH OW/IaH OOMHUTHMIIA XOCHJ OyjaaauraH
HUTpoKaJbuuidochaTin O0yTKaAZaH KaJbUMHA Ba aMMOHUI HHUTPATJIAPHU
IKCTPAKIUA KWINII SKAPAEHUHH TAAKHK JTUID» 1¢0 HOMIIAHTAaH WKKUHYHU
6o6una MK dochoputmapuan kumEBnil OOMHMTHIN TATKUKOTIAPU KEATHUPHITAH.
dochopurnapaan kapOoHataapHu axpaTud onum yuayH 57,87% au HNO; Ba 96%
JIM TEXHUK 3TWI COUPTUIAH Poriaananuinan. boiuTui yuyH xap Xui HaBiaru (yura
HaBnaru oxmuii ¢ochoputr yuu — ODY Ba KOK ma FOKOK umnuiab uyukapuim
YUKUHIMCH — MuHepamamradn Macca, MM) MK dochoputimapu onusgu.
VYnapuunr TaBcudu 1-xanBaniga KeITUPUITaH.

1-skaaBaj
Hactaadku xom amé taBcugu

Hamyna | Xowm amé Kommonentaap Mukopu, orup.% | P20syn : P20syuy Ca0:
JUM. K-Tacu Oyiinya, P,0s

pakamMu TypHu PZOSyMyM. CaOyMyM. C02 %
1 ooy 16,60 47,13 17,23 10,20 2,84
2 ooy 17,52 47,53 15,23 17,68 2,71
3 ooy 18,70 47,80 15,30 18,49 2,56
4 MM 15,06 44,27 14,11 9,10 2,94

HNO; wmar menépu dochar xom amémaru (PX) CaO Hu mapuanamra
Hucbaran omuuaun. Pochar XoM  amMECHHUHT  ACOCHUA  MUHEpaJUIapu
dbTopkapOoHaATaNaTUT Ba KaJblMi KapOOHATH XucOOJIaHaaAW. YJiapra HUTpaT
KHUCIIOTa OWJIaH MIUIOB Oepulla Kyiuaaru peakuusiap KeTaiau:

CaCO3 + 2HNO3 —> Cﬂ(NOg)z + HzO + COzT
Ca5F(PO4)3 + 10HNO3 —> 3H3PO4 + 5C3(NO3)2 + HFT
Arapna HUTpaT KUCJIOTa MUKJIOPH CTEXMOMETpUsIaH Kam Oyica, yHAa Kyluaarua
peakuus cogup Oynaau:
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2C35F(PO4)3 + 14HNO3 —> 3C3(H2PO4)2 + 7C21(NO3)2 + 2HFT

Cywok dazara P,Os #ykonummHun  Oaprapad  KWIMII — Makcaauaa
HuTpoKanbimiipochar-cnuptian cycnensusuu (HOCC) cyrok Ba KaTtTuk ¢azanapra
axparumgad onauH yaun pH = 3 raua NH; OwraH aMMOHUANTAIITUPUIN TaBCHSI
STHNIAAM. AMMOHUWIAIITUPUIN  KapaéHuAa  Kajbluii  MoHodocdatu  Ba
HUTPATUHUHT aMMHUaK OWJIaH y3apo TabCUPJIANTYBU HATHXKACUIA KyHUIaru peaKiius
Oyinya nukanbiuiidocdar Ba aMMOHMI HUTPATU XOCKIT OYIaau:

C3(H2PO4)2 + C&(NO3)2 + 2NH3 = lZCﬁHPO4 + 2NH4NO3

bynna xocun O0Varan nukaneiuiidocdar Ty3u yykMmara Tymaad Ba IIyHAal KUiuo
xamu pochop amanuil kuxaraaH (GochoKoHIEHTpaT TapkuOuaa Kojaau. by sca
OoliuTuill yuyyH aHuya rokopu mebépaarn HNO; unuiatuimn Ba mry opkainu ¢ocdat
XOM amécupard KajlbUUM MOAYJIb KYPCATKUYMHM CE3WIAPIU MacalTHpHUIl
UMKOHUHU Oepasu. boriutmiran gochoputaa kaneuuii moayiau (CaO : P,Os) kanua
KaMm Oyica, YyHU cyib(haT KUCIOTaIM AKCTPaKIMs KUJIUIIAA IIyHYa KaM KHUCJIOTa
Tanad 3TUIAAM Ba IIyHYa MUKIOpJa KaM (Gocdorumnc Y4MKuHIUCH X0Cui OYiaau.

3T1a YYIIHK: Ca(NO3)2 - C2H50H - HZO, NH4NO3 - C2H5OH - Hzo, Ca(NO3)2 -
NH4NO3 - HZO Ba 3 Ta 6I/IHap Ca(NO3)2 - HZO, NH4NO3 - Hzo Ba C2H5OH - Hzo
cuctemanapunan uoopat 4 xkommnonentiu Ca(NOj), - NH4NO; - C,HsOH - H,O
spyBUYaHIUK auarpammacu acocuna MK rokopu kapOoHaTiu (ochopuTiapuHu
KEHI' XapopaT Ba KOHUEHTpaLUs OpaJMFU]a 3TaHOJ €pAamMuaa HUTPAT KUCIOTaIU
OooluTHIIAa XOCWJI OYnaraH HuUTpokaibluiipocar OYTKacumaH KajblMil Ba
aMMOHMU HUTPATIApUHM aXXpaTrO ouIl skapaéHu acocnad oepunau (1-pacm).

OpyBYAHJIMK TOJUTEPMUK JMarpaMMaiapiaH XyJioca KWIMII MYMKHHKH,
Ma3Kyp CUCTEMaJIAPHUHT TALIKWUII 3TYBUMWIApU OUp-OHMpuUra 3pyBUAHIUK TabCUPUHU
KypcaTamy. YpraHWIraH XapopaT Ba KOHIGHTPAIUs OPATHKIAPUIA CUCTEMAHHMHT
TAalIKWJ 3TYBUWJIApU SHTM KUMEBUN OMpUKManap XOCWJI KWIMAaIM, cucTemanap
ONIMN DBTEKTUK Typra TauTyKauaup. OJMHTaH HaTWXKalap acocujia HKOPH
kapoonatmu MK dochoputnapunn  HUTpar KUcIOTack OuiaH  OoMuTHIN,
KeWMHYAIUK HUTpOKambluidocdaT OYyTKacumaH KajablMil HUTPATHU ATHI CHHPTH
épaamuaa axparu0 ONUIN >KapaCHUHUHT AaCOCHUM TEXHOJIOTHUK KYpcaTKU4JIapH
AHUKJIAH/H.
Tomunran TEXHONOTHMK  KypcaTKHUjIapuaaH Kenn® 49ukkaH xoimga, MK
dbochoputnapuan IC HIMITUPOKUIA HUTPAT KUCIOTATH OOWUTHUIN JKapa€HU TaIKUK
stwnau. Kucinora wmenépu xom amémarm CaO Hu mapyanmamra OynraH
crexuomerpusigan 30-80% opanuruaa ysraptupwian. Xap xui xom aménaru CO,
MUKJIOpH Oup-Oupuian gapk Kuwirawiurd tydainum HutpaT kuciaoTaHuHr CaO HH
napyananyiaru Mmebepu xoM ameénaru CaCO; vy napyanamiga (xom aménaru CaO
HU Tapyajiaiira KMUCJIOTaHUHT OMp Xull Mebepuaa) xap xui O0ynamu. docdar xom
améHyu HUTpaT Kuciaota Owirad unuioB Oepumn 20-30 mgakuka gaBoMHaa OJUO
Oopwigu. Peakumon macca xapopatu — 40°C. ®docdar xoM amécuHu HUTPAT
KHUCIIOTa OWJIaH Mapuajialijiad CYHI KYIOK KYPHHMILIJArH HUTpoKaibluiidochaTiun
o6yTka xocun 6ynaau. bytka stin crimptr (3C) 6mnan X : OC = 1:(3+10) xap xun
HucOaTIapja CyKJTHPWIAA Ba 3-4 HakMKa JaBOMHUJA apalaliTUPUIAN, YHAAH
KEeWHH CyCIEH3Us BaKyyM OcTuAa (GUIbTpIAll yCyJIuaa CYIOK Ba KaTTUK (azaiapra
axpatmiau. Keitmauanuk Ham Gochokonnentpar ®X : 9C =1 : 2 Hucbarna To3a
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C,HsOH

1-pacm. Kajbuuii Ba aMMOHMI HUTPATJIAPHU IKCTPAKIUSCH BA IKCTPAKTHHU
oyraarum xkapaénuaaru Ca(NQO;), - NHyNO; - C;H;0H - H,0 >pyBUanaInk
AUATPaAMMACH.
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OC Owmnan 1oBumau. Ham uykmanm 100°C na  xyputwnmu. Kyputwiran
dbochokoneHTpaT Ba (GUIBTpATIap MabiIyM OyiraH ycyiiapjaa KUMEBUM TaXJIWJ
kunuHau. Hatmwkanap 2-4 pacMiapaa KypcaTuiras.

Xap xun Ttypaaru ¢ochar XoM amECMHM HUTpPAT KUCJIOTa OwiiaH
OOMMTUIITHUHT YMYMUN X0JaTu Y3apo Yyxmamaup. Pakat, pochokoHIeHTpaTIaru
TAIKWJI ATYBUMJIAD MHUKIOPUHUHT KYpcaTKuwiapu OwiaH ¥y3apo QapkiaHaIu.
Kucnora menépu kanua okopu 0yica, ¢pochokonuentpataa CO, MUKIOpU HIyHYA
kaMm Ba P,Os muknopu mryHya rokopu Oynaau. Yu xun HaBgaru ODY Hu HHUTpaT
KHUCIOoTacu OmiiaH OOMMTHIIIA TapKuOu Omian Oup-Oupuaan y3apo Qapk KUIyBUH
dbochokoneHTpaTIapu oauHau. Macanan, Tapkubuaa 16,60% P,0s; 47,13% CaO;
17,23% CO,; CaO : P,0Os5 = 2,84 tyrran O®Y uu ®X : 5C aucbaruauHT 1 : 3 1an
I : 10 rayva Ba xom aménaru CaO Hu mapuanamra crexuomerpusiaan 30-45%
MebEpUra puosi KUITaH XoJjga HUTpaT Kucioracu Owmnad Oonutnmaa PrOsyy.
MUKAOpU nactiaadbku 16,60% nan 21,62 man 23,74% raya P,Os (3-pacm, a), CO,
MUKAopu nactiaadbku 17,23% nan 7,82% nan 4,26% raua kamasiau. bynna gocdar
XOM amECUHUHT KapOoHaTcuznaHui napaxacu 60% nan 82% raua opramu (2-
pacMm, a). Kaneiuii monynu sca nactinadbku 2,84 nan 1,95 nan 1,60 raua xamasau.
OX : OC orupnuk HUcOaTH (QocdokoHLeHTpaT TapkuOumaru P,Os mukmopura
KyJla KaM TabCcup KypcaTaau. MacanaH, 3TUl CIIUPTU MUKJAOPUHUHT OPTHUIIH, SHHU
®X : OC nucbatunuar 1 : 3 man 1 : 10 rava y3rapumm ¢docdokoHIIEHTpaAT
tapkuOugaru P,Os wmuknopu Hutpar kuciaotacuHuHr 30, 35, 40 Ba 45%
Mebépaapuaa Moc pasuia aturu 21,62 nan 21,85% rauva, 21,89 nan 22,13% raua,
22,19 nan 22,69% raua Ba 23,25 nan 23,74% rauda opragu. Kansuuii momynu sca
Moc paBuiiga 1,95 nan 1,89 raua; 1,88 nan 1,82 raua; 1,79 nan 1,71 rava Ba 1,67
nan 1,60 raua ¥y3rapamm. YmoOy dochopur yaura 30 % wmebépumarun HUTpAT
KHUCIoTacu OuiiaH MIUIOB Oepuiina ¢GocdaT MHUHEpald NapyalaHMaiIy, aMMO
HUTpAT KUCJIOTACUHUHI cTexuomerpusigan 35-45% menépnapuna P,Os HUHT CyrOK
¢azara yrumm coaup Oynanu Ba ®X : DC Hucbatura 6ornuk pasumga 0,55-8,69%
HU Tamkwi ytaau (4-pacm, a). HNO; menépu — 50% Ba ®X : OC =1 : 5 na ymly
yrum 21,02% nvu Tamkun stagu. AvHu Qocdokonnentparra P,Os HUHT YMKHUII
yaymu 99,45 nan 78,95% raua xamasnu. by xon docdar xom amécuHu HUTpAT
KHCJIOTacu OujiaH KapOOHATCU3JIAHTUPHUIIAA KalbliMi KapOoOHaTH OwiaH Oup
Katopaa Qocdar MHUHEpATIMHUHT CyBAa 3pyBYaH MOHOKalblMiidochaT Xocui
KWJITaH XOJ1a KaJbIMi HUTpaTH OmiaH Oupraimkaa cyrok daszara YTumm OuiiaH
TYITYHTUPHUIA]IN.

Tapkubuna 17,52% P,0s tytran ODY HHM KHUCIOTACH HUTPAT KUCIOTA OWsiaH
KapOOHATCU3JIAHTUPHUII Hynu Owinan OoduTHIn OVitMua YTKa3wiraH TaaKUKOTIAp
IIYHH Kypcataukd, kuciota mebepu - 40% (CaCO; nvu mapuanamra 100% mm
Menép) Ba O®X : OC = 1 : 5 aucbarna omunran ¢ocdokonmneHTparaa (orup. %):
24,20 PyOsyyym; 17,71 PyOsyy, mum. kx-tacu Oyiinga; 12,20 P,Osy,, Tpuion b
oyinya; 39,67 CaOyyyy; 28,66 CaOyyy; 3,84 CaOgypopys; 0,65 N
CaO : P,Os = 1,64, xoM améHUHT KapOOHATCH3NAHMII Japaxacu 82,5% Oynaau.
bynna ¢ocdoxonnentparra P,Os uu uukum yanymu 94,75% HU TalIkuia 3Tajau.
HNO; nHunr mewnépu crexuomerpusigan 44% rada ommpuil, (HocoKoHIEHTpaAT
cudar KypcaTKuwiapy SAXIIMIaHCA XaM (Kadblui MOIYJIMHU KaMaTUPAAH ), aMMO
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AlIéCMHUHT KapOoHaTcH3JIaHuII Aapaxacu: a) QDY — (16,60% P,0s); 6) ODY
- (17,52% P,05); B) ODY — (18,7% P,05); r) MM — (15,06% P,0:5).
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3-pacm. HNO; menépu Ba @X : IC HucOaTura 00K paBuIa
¢pocpoxonuentparaa P,Os mukaopu: a) O®Y — (16,60% P,05); 6) ODY —
(17,52% P,05); B) ODY — (18,7% P,05); 1) MM - (15,06% P,0:5).
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4-pacm. HNO; mebépu Ba @X : IC HucéaTura 6orauk pasumaa P,Os HuHr
CcYyIOK (azara yrum gapaxacu: a) O®Y — (16,60% P,0s); b) ODPY — (17,52%
P,05); ¢) ODY - (18,7% P,05); d) MM — (15,06% P,0s).

cytok (Qazara P,Os yrumumuu kagamnamtupumn  tydaimum  (10,09%) yHuHT
¢dochokoHneHTparra yukuil yHyMuHH 89,91% raua mnacaiitupau. Mabiaym
oynaauku, ODY uu nutpat kuciaoracuHudr CaO ra 48% menépuna €xku CaCO; ra
120% menépuna Ba ®X : 3C = 1 : 5 Hucbataa napyanamza cyrok ¢azara 12,51%
raya P,Os Mmonokanbuuiipochar kypunummaa yraau, 6y P,Os HUHT YUKHUIT YHYMU
Ba YHUHT (Poc(OKOHIIEHTpaTAaru MUKAOPUHU KaMalTUpaIu.

Tapxubuna (orup. %): 18,70 P,0s; 47,8 CaO; 15,3 CO, Ba CaO : P,Os =2,56
tyrrad O®Y uu ®X : OC =1 : 5 Hucbarga HUTpAT KUCIOTACH OMIaH OOMMTHUIIIA
Kyhiuaaru tapkuOgaru (ocpopuT KoHueHTpatu onuHaau (orup. %): HNO; HuHr
36% menepu yuyH - PrOsyyyw 24,22; PyOsys, tuM. K-Tacu 0yiinya 16,83; P,Osys;,
TpuwioH b 6yiinua 12,29; CaOyyyy 40,77; CaOys, 29,64; CaOgyp opys. 1,50; CaO :
P,0s = 1,68; kapOonarcuznanum mapaxacu — 77,5%; HNO; auar 40% Menépu
yuyH 23ca - PyOsyyyn. 26,19; P2Osy,, muM. k-Tacu Oyiinda 18,88; P,Osy,, TpuioH b
oyinya 13,84; CaOyyyy. 39,92; CaOysy 29,47; CaOgys. opys. 1,67; CaO : P,Os = 1,52;
KapOoHarcuznanuin gapaxacu — 79,7% (2-pacm,B). bynaait ¢pocokoHIIeHTpaTIAp
cynbdar kucinoTanu skcTpakuus kuimum opkanun DDK Ba ammodoc onuin yuyH
tVna spokiau xucobmanaau. KOK unkuaaucn — MM HM HUTpaT KUCJIOTacu OuJiaH
oovutumn yuu cudariu dochar xom amécura annmantupand. Macanan, HNO;
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MenépH — 30-45% Ba ®X : 3C = 1:3 man 1 : 10 raua HucOaTra pruosi KWJITraH XoJiaa
18,61 man 21,20% raua P,0Os, 38,50 man 41,54% raga CaO, 3,01 man 6,80% raua
CO, Ba 1,82 nan 2,23 raya KajablHi MOIYJIUHHU TyTraH (HocPOpUT KOHILIEHTpATIAPU
onvHaau. YOy xoM améra 35-45 % i1 HUTpaAT KUCIOTAaCH OMIJIaH MILJIOB Oepulaa
dbochar munepanu napuananaau Ba ®X : 3C HucObatura 6ofnuk pasumaa 0,77-
8,81% wuu tamkun stagu (4-pacm, r). HNO; menépu — 60% Ba ®X : DC =1 : 5
HucOatna o0y kypcatkuu 24,80% raua opraau. ®X : 3C nucobatunuur 1 : 3 gan 1 :
10 rava ommpuanIIy OdUHAIUTaH (OCPOKOHIEHTPAT TAPKUOUTA JKyAa KaM TabCUp
Kypcaramu, ssbHu (pochokonunentparna P,Os muxnopuan HNO; menépu — 30 Ba
45% yuyn Moc pasumiga 18,61 mgan 18,81% raua Ba 20,50 man 21,20% raua
OLLIUPAJIH.

Nmnad yukuiran ycyna Oyinya (ochOKOHLIEHTpATHAaH KaJlblUi HUTPATHU
TymuK axpatu® onumr Ba DC capduHU ce3wiapin JAapaxana KaMauTUPHIN, YHIAH
TalIKApW KOHIIEHTPJAHTaH KaJblMH HUTPAT SPUTMACHUHU OJIMILITA SPUILIHUII Y4yH
oovuTuiaran (GpochOKOHIIEHTPATHU IOBUIIHM CaHOAT IIapouTusa (ocdoruncHu
IOBHILITA MOC OYJraH IOBUII TU3UMHU OViinMya aMaiura OUIMPHUILN TAaBCUS ITHIIAJIU.
Tapxkubuna 17,52% P,Os Tytran O®Y gaH kuMEBUM  OOMUTUITAH
(bhochOKOHIEHTPAT OIUII KAPAEHUHUHT MOJANI OKUMU XHCOOIAH IH.

Oxopuna Ttabkuananranuaex, MK kapOonatnu ¢ocdoputiapuau HUTpaT
KUCIoTack OuiaH OOMUTUIIHMHT S>KUAIMNA Kamuuiaurd: Qocdar xom amécupaan
KapOOHATIIApHU HUTpAT KUCIOTacH OMJIaH aXpaTuO onuIaa, KaM Japaxana Oyica
xam yHUHT (ocar munepanu cyrok (dazara yraguran Ca(H,PO,), xocun xuiran
XoJia KucMaH mapyanananu. by pochokonnentpar tapkudbumaaru P,Os muknopu Ba
VHUHT YUKWII YHYMUHU ce3unapiu kamantupaan. @ocdoxkonnenrparra P,Os HUHT
YUKUAII YHYMHHH OINUPHUIN MakKcaauga yHU KAaTTHK (a3a TapkuOura KauTapuii
napkop. ByHuHr yuyn autpokanbumiidochar-cnupTin OYTKaHU CYIOK Ba KAaTTHK
¢dazanapra axparumgad onauH yHu pH = 3 rava ra3cuMoH aMMmuak OujiaH
HeuTpamuianau. bynma ospyBuan ¢ocdhop aukanbiuidocdar KYpuHUIIHIA
dhochokoHIIeHTpaAT TapKUOUTa KaTapuiaam.

Cynbsdat xkucmoTtanu sxctpakius ycyiau ounan DDK onwumra sipokiau docdar
XOM amécu Kyruaaru Tanabapra xaBo0 6epuru kepak: P,Os muknopu 24,5% nan
kam Oynmacnuru, CO, mukaopu 8% JaH I0KOpU OYJIMAcIurd Ba KajJblUH MOMYIH
kypcatkuuu (CaO : P,Os) 1,6 nan optuxk Oynmaciauru mapt. Kucimora capdunu
TeXalllHu MHoOaTra onarad xoiaa, Ku3uikym ¢ocGopuT yHUHN OOMUTUIIAA YHUHT
MakOyn mebépu cudaruga 50%, ®X : 3C aucbatunu 3ca 1 : 5 n1ed Kabyn KUIUTIT
MyMkuH. Macanan, 17,52% P,0s; 47,53% CaO; 15,23% CO, Ba CaO : P,0s = 2,70
tytran ODY " 50% mebépau HNO;, autpokanbmmiidocdar 6yTkacu pH = 3 Ba
®X : OC =1 : 5 vucodarna 6onntuaranga (orup. %): PrOsyyym. — 26,20; CaOyyyy, —
38,25; CO, — 2,80 Ba CaO : P,Os = 1,46 Tapkubnaru ¢hochoKOHIIEHTpAT OTUHAN (2-
xazasain). bynna pocoxonnentparra P,Os unkum yaymu 100% HU Talkui 3taau.
VY kanpuuii MoAyiu KypcaTkuuu Oyiinda XuOWH anmaTuTd KoHueHtpartura (1,32)
AKUHAUP. BYTKaHUHT CyloK (ha3acu 3ca KaM MHUKIOpJa aMMOHUM HUTPATU TYTraH
KalblMA HUTPAT Ba 3TUJ CIUPTUAAH UOOpaT 3puT™Ma XucoOnaHaau. bynma coupt
OCOH Xaiijajiaiu Ba TEXHOJIOTUK IUKIra KahuTapuwiaau. CnupT Xalganraiiaan cyHT

18



50% Ca(NOj), Ba 3,02% NHy;NO; Oynaran KOHIIEHTpJIaHTaH aMMOHU-HUTpAaT-
KaJbLUiIKM 3putMma omHaau (AHKD).

boliutuimn  >kapa€HUMHMHT  AHUKJIAHTAH MakKOyJl KaTTalIMKIap TapKuOu
l-xanBanma KenTUpwiIraH siHa UKKH Typaaru ODdY Ba MM Hu OoimTuiiga
Kyananwiad. MM yuyH kucnorta wmebépu  yHaaru CaO HU  axparuiira
crexuomeTpusiiad 60% onuHIN.

boiintuim HaTtvkanapu 2-xaaBajiga KeJITUPUITaH. Y Hl1a KYpUHAAUKH, Xap XUJI
Typaaru ¢ocdaTr xoM améHu HUTPAT KUCTIOTa OuiaH OoiuTHILAa TapKkuOu Oyitnua
Ooup-Oupunan ¢apk KwiyBud (ocokoHIeHTpaTaap oauHau. Macanan, 16,60%
P,0s, 17,23% CO, Ba CaO : P,0Os = 2,84 sra O®Y nan (1-mamynHa) tapkuOuma
24,66% P,0s5 Ba CaO : P,Os = 1,56 tytran dochokontenTpar omuHau. Tapkuouaa
18,70% P,0s5 Ba CaO : P,0O5 = 2,60 sra O®Y HuHT yuynHud HamyHacuaaH 26,83%
P,0Os Ba CaO : P,0Os = 1,48 tytran ¢ocdokonnenrpar omuaau. 15,06% P,Os,
14,11% CO, Ba CaO : P,0Os5 = 2,94 sra MM »sca (4-mamyna) CaO : P,Os = 1,48 sra
OOMMTHIITaH XOM amiéra aijlaHajyd Ba y cyJb(aT KUCIOTAIN IKCTPAKIUS YUyH Tyja
sapokauaup. Yuaaru P,Os mukmopu sca 15,06% nman 24,21% raua xytapuiaau.
AMMOHUUNAITUPUITAH  HUTpOKaibluidochar-cnupin  OYTKAHUHT  PEOJIOTUK
xoccanapu, xamjia YHU CYIOK Ba KaTTUK (pa3anapra akpaTuil >kapacHu YpraHuiiau.
byTtkanu axpatuin Oyitnya mxoOWM HaTHIXKa JICHTa-BaKyyMJu (UIbTPAA SPUIIHUII
MyMmKuH, y 3ca KOK na maitna nonanu dochopuT yHMHM IOBMILJA CaMapaiu
KyJuTanruIMoK1a. JKapa&HHHT Moivii OamaHCH XMCOOTaH IH.

2-KaABAJ
Mapxkasuiit Kusuikym ¢ocpopuriapuaad 0TMHIAH KOHUEHTPATIAPHUHT
KMMEBUH TapKUOH

K
Jlactnabicu Xowm amémaru CaO OMHOHeHTHapo MHIIOPH, P2Osyss. :

Xom XOM orup.%

. ) napyanamra HNO3 P7O0syuym. | CaO :
amré aménaru .o
VDI P.O HUHT MeBEPH, %o PO CaO co JuM. K-Tacu| P,Os

yp 2SN | cTeXMOMETpHSA Gyitiya) | 2 oYM YMYM. 2 | 6yiinga, %
MHUKIO0PH, %o

oy 16,60 50 24,66 38,47 3,52 57,95 1,54
oy 17,52 50 26,20 38,25 2,80 59,88 1,46
oy 18,70 50 26,83 39,73 2,91 64,85 1,48
MM 15,06 60 2421 35,97 2,07 58,44 1,48

JluccepranystHuHT «Kanbuuii Ba aMMOHUM HUTPATJIAPUHUHT
KOHIEHTPJIAHTAaH JPUTMACHHHM OJHII OMJAH 3KCTPAKTAAH 3THJ CHUPTHHH
pereHepanuss KHJIHII SKApaéHUHU TAAKHK 3TUID> 7e0 HOMJIAHTaH YYUHYHU
6o6una MK dochoputiapuan OOWUTHUIITHUHT KyIIMMYa MaxCyJIOTH — aMMOHUN-
HUTpaT-Kanbuil cnupin spurMacuaad (AHKCD) stun cnvptuHu pereHepanus
KWIMII Ba yHU CYIOK XaMJa KAaTTHK a30TKaJIbLUWIM YFUTIApra KauTa WIIUIALI
KapaéHiaapuHu Ypranuira Oarunuianrad. FOkopuna kypcatwiranunek, 17,52%
P,0s ra sra O®Y nu 50% menépnaru HNO;, 6ytka pH =3 Ba ODY : 9C=1:5
HucOatna 6onutuaa 26,20% P,0s Tyrran pocdokonuentpat onunau. byTkaHuHT
CyloK (pazacu 3ca KaM MUKIOpJa aMMOHUW HHUTpPATH TYTTaH KaJlblMi HUTPAT Ba
ATWJI COUPTHUZIAaH UOOpaT pUTMa XMCOOIaHAAU. DTUJ COUPTH OCOH XaWjanaau Ba
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TexHojoruk mukira kKaitapwiaau. Ca(NO;), - NH4;NO; - C,HsOH - H,0O 4-
KOMITIOHEHTJIM CHUCTEMaHUHI H3pPYBYAHJIMK JMarpaMMacuHU KYJJlall — OpKaju
AHKCD pan cnupTHu pereHepanvs KWIMIIHUHT Ha3apuil TaxJWiau YTKa3WIIH,
HaTWKa/la CHOUPTHU pEreHepanus KWW >Kapa€HUHM XUCOOJall KyJIaHMacH
unuiad YUKWIOM Ba JacTIaOKU  CYyBIM-COMPTIM JSpUTMalap Ba OXHUPrU
MaxCyJOTJIAPHUHT TAPKUOUHM XUcOOra oJiIraH XO0J/1a TEXHOJOTHK KaTTaJuKIapHU
y3rapTUpHUII OpaTUFU aHUKJIAH]IH.

AHKC3 pan OC Hu pereHepauusacu yTkaswiad, yHaa OC HUHT LHKITa
Kaiitum papaxacu 98-99% ra eranu. Xaitnam xkapaéuunan keiiun 50% Ca(NO;),,
3,02% NH4NO; 6ynran AHKD omuamu. busamar mapoutma ODY gan
AKapa€HHUHT IOKOpUIArv KaTTAJIMKIApPUHU CaKJiaraH X0JiJla FOKOpUIa KeJITUPUIITaH
tapkuOaaru 6up ToHHa dochokonneHTpar omumaa 1,87 T AHKD xocun 6ynamm,
yHaa 1,35 T kanpuil HUTpaTH TeTparuapat Xonatuaa Oyiaam.

Ca(NO;), Ba NH4NO; xonnentpanusicura O0ofiauk papuiiga AHKD HuHr
(bU3UK-KUMEBUN Xoccaiapu (PEoJIOTHK Xoccalapy, TYHuHTraH Oyr 00CUMHM, KalHaI
Ba KpHUCTA/UIaHUIN Xapopatriapu) ypranwiaud. TaxpuOanapHu YTKazull Y4yH
nactinadku sputMmanu (50% Ca(NO;), Ba 3,02% NH,NO;) Oyrnatum iynu OunaH
xap xun koHueHTpauusuiapgaru AHKD (53,02-84,77% Ca(NO;), Ba 3,02-4,77%
NH4NO;) raitépnanau. AHKD wunr tyiiuaran oyr 6ocumu 20-40°C opanuruaa
0,44-6,38 xlla ®Hm Ttamkwn 5THO, Oy 3ca Mapkasuii OCHEHMHT WCCUK HKJIUM
apouTHa KaM ydyBUYAHJIMKKA dTa JKaHnurujaad najgonat Oepamu. AHKD HuHr
KoHLeHTpausnapu 53,02-65,71% opanuruaa ylapHUHT KpUCTAJUIAHUII XApOpaTH
(-75)+12,0°C opanuruna OVnaau, Oy yinapHH 0axopru-€3ru MaBcyMjiapia CYHOK
NCa-yrutnap cudaruga Kymiamra UMKOH Oepaau. Ym0y KOHIEHTpauusiapaaru
AHKD 30-90°C xapopar opamukiapuaa 1,3873-1,6377 r/cm’ 3uunmkra Ba 2,43-
18,85 clI3 xoBymkoknukra sra Oynagu. by xypcatkuunapra sra 6yaran AHKD
AXIIM PEOJIOTHK Xoccajlapra sragup. AMMo, oKopu KoHueHTpianran AHKD Hu
(67,83-84,77% Ca(NOs),, 3,83-4,77% NH4NO;) kymnamgan onawH CyB OuiaH
CYIOJITUPHII JIO3UM, cababu yJapHMHI KpUCTaulaHuI Xapopatu 29-60°C Hu
Tamkui 3taau. Yynku, 69,94-78,43 Ba 80,54-84,77% KoHIIEHTpaLusl OpaauKiapuia
AHKD HUHT 3MWIMK Ba KOBYIIKOKIUKIapuHU Moc pasuiga 30-50°C Ba 30-60°C
xapopatinapaa Oyrmatunrad sputmanapnan  Ca(NO;), Ba NHyNO; mapHunr
KPUCTAJUTAHUIIW TyQaiian aHUKIal MyMKUH OYIMaaun.

Hatmxanap AHKD koHueHTpanuscu OpTUIIM OWIAH YJIapHUHT KalHall
xapopatiapu omuinnHu kypcatau. Macanan, AHKD aunr 53,02% (50% Ca(NO;),,
3,02% NH4NO;) xonnentpauusicuaa 760 MMm. cuM. ycT. O0CUMHUJIa YHUHT KalHaIIl
xapoparu108°C ra tenr, AHKD nunr 84,77% (80% Ca(NOs),, 4,77% NH;NO3)
KOHIIEHTpamusicuia 3ca Oy kypcarkud 152°C raua kyrapunaau. bocumHUHT
MACAUTUPWINILNKA DJPUTMAIIAPHUHI KalHAll XapoOpaTUHH XaM KaMaWTHPaIu.
Macanan, 760 cum. ycr. 6ocumuaa 63,6% mu AHKD wunr (60% Ca(NOj),, 3,6%
NH4NO;) katinam xapopatu 130°C Hu Tamkwi 3tca, 460 cum. ycr. bocumuaa y
112°C ra tenr 6ynanu.

AHKD nonajmopiiaHraH KajlbLMIUIM CceauTpara KalTa UWUUIaHAW. YHUHT
XOCCaJlapyHU SXIIWIIAII YYyH KyliuMya cudaruia Typid >Koiinapjaard KoHiIapaH
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OJIMHTaH OCHTOHUTIAP KyJutaHWaau. OJUHTaH MaxCyJOTIAPHUHT (PU3UK-KUMEBHIA
Ba TOBap Xoccajapy aHUKJAaHIIU. Xap KaHAal TypJard OCHTOHUT KYIIMMYaCUHUHT
KUIBIUWIN  CEJIUTPA TUTPOCKONMUKIUTMHM Ba JOHAJIAp MYCTaXKaMJIUTHHU
ce3wnapiid OWMUPUIIMHUA Kypcatau. Macamnan, KarrakyproH OEHTOHUTHHU
KylIMIga YHUHr rurpockonuk Hykracu 38,70 pan 44,99% raua, Jlaron
OeHTOHUTHHU Kymuiiga — 55,55% raua, [IBI" Hagarm HaOaxop O€HTOHUTHHHU
kymmmaa — 54,99% raua Ba IIIIJ] naBmarucunu kymmwmmaa sca — 57,07% raua
omaau, OyHaa JoHanap Myctaxkamumrd moc pasumigal,98 nan 3,45 Mlla raua;
4,48 MlIla raua; 3,55 MIlla rasa Ba 5,31 MIla rawa opraau. OnuHrax
MaxcyJsoTiapaa a3oT mukaopu 14,49-14,69% opanuruna 6ynamu (3-xamaBan).

3-:xkaaBaJ
Kanbumiiiyg cesiuTpa TapkuOM Ba Xoccajiapu
Hamyna |Ca(NO;);: Tapku®, orup. % Toanap
pakamMu | OEHTOHHUT Hamnuk, MYCTAXKAMTHIH I'urpockonuk
OFUPJIUK CaO N % MIa ’ HYKTa, %
HUCOATH
1 Ca(NOs), | 27,76 15,58 1,29 1,98 38,7
KarTrakyproH 0EHTOHMTHHU KYIITaHAa
2 | 100:6 | 2651 | 1449 | 1,19 | 3,45 | 44,99
JlaroH OGHTOHUTHMHHU KVIITaHAA
3 | 100:6 | 2697 | 1469 | 1,16 | 4,48 | 55,55
Hapoaxop o0earonnTnnu Kvmranaa (IIBI" masuan)
4 | 100:6 | 2659 | 1457 | 1,11 | 3,55 | 54,99
Hapo6axop 0enTonuTnnu Kymranaa (I nasian)
5 ] 100:6 | 2732 | 1460 | 1,03 | 531 | 57,07

BeHTOHHT KymMMyYaIapu KaJIbLUUWINA CEJIMTPAHUHI CYB IOTHII CUFUMHUHHU
ce3uyapin Japakaja sSXIwianau. Yoy *KuxaT OCHTOHUTHUHT CyBAa OYKWIIH Ba
V3 MalJoHWJA Kyl MHUKIOpPAArd O3yKa KOMIIOHEHTJIApU — a30T Ba KaJlbLIUMHU
TYTTaH SPUTMATAPVHU yIIJIA0 TYpUIIH OWIaH N30XJIaHATH.

AHKD mn ammonwuit kapoonatu épaamuna NH4NO; Ba CaCO; ra xoHBepcus
KWW skapa€Hu Ypranuinau. OJMHTaH HaTHXKanap KOHBEPCHS >Kapa€HUHU OJU0
OOpPUIIHMHT MakOy/1 IMIapouTiapu cudaTuia KyWuaarda mnapaMmeTpiapHU TaBCHs
KWJIMIITa UMKOH OepJu: KaJlbLIM HUTPATU SPUTMACU KOHUeHTpauusich — 37%;
aMMOHUM KapOoHaTH MebEPH cTexruoMeTpus OVitnua — 120%; koHBepcHs xapopaTH
— 70°C; apamamrupum BakTH -120 nakuka. ByHaa Kaibluii HUTPaTUHHHT
KOHBEpCUSJIAaHUII Jaapaxacu — 99,94%, olMHran aMMOHMN HUTpaT SpUTMACHU
KOHIEHTpanusacu 3ca — 45%.

Hucceprauussauar  «Mapkasuid  KusmikyMm ¢@ochopuTIapuHE  3TAHOJI
HIITHPOKHUIA HHUTPAT KHCJIOTAIM OOWMTHIN TEXHOJOTMSICMHM CHHOBJIAH
yrkasum xamaa gocpoxonuenTpatin IPK Ba xkoMIuieke yrutjaapra Kamra
uniam»  Ae6 HOMIaHTaH TYpTUHUYM O00uM Taxpuba Kypmwimacuaa MK
dbochoputnapuan  KUMEBUN OOWWTHINT TEXHOJOTHMSICM CHHOBIAH  YTKA3WIIl,
myHuHraek ¢ocpopur xonuentpatunan ODPK, PK- Ba NPK yrurnap ommm
HaTWKaJlapy KEJIITUPUJITaH.
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Vupuknamrapuiras naboparopust MOZEN KypUiIMacuaa MK
dbochoputnapuHu HUTpPAT KHUCIOTacu OwiaH 3Tuil cnuptu umtupokuga HNO;
menepnapu 40; 45 Ba 50% xamaga ®X : OC =1 :3 Ba | : 5 orupnuk HUcOaTIapuaa
KUMEBUM OOWMUTHIN TEXHOJOTUSICH CHHOBIAH VTKazwiaud. Mopen KypuiMmacuia
oJiuHraH (Hoc(OKOHUEHTpAT HAMYHAJIADUHUHT TapKUOM J1adopaTopusl MIapoOUTHAA
OJIMHFaH  MaxcyJloTiap  TapkuOWra  yxmam  SKaHJIUTUHU  KYpcaTiu.
«Camapkannkumeé» AXK taxpuba Kypuimacuna tapkuduna (orup. %) 17,52 P,Os;
47,53 CaO; 15,23 CO,; CaO : P,Os5 = 2,71 6ynran ODY HHUTpAT KUCIOTACUHUHT
menepnapu 40 Ba 50%, ®X : OC =1 : 5 Hucbarma OOMMTHUII TEXHOJOTHICH
cuHoBnaH  ytkazwinu. byama  HNO;  menépura  GoFnumK — paBuIIia
(dochoxonnenTpataap Tapkubu (orup. %): PrOsyyw. 24,20 nan 26,05 raua; PrOsys;
auM. K-Tacu Oynnda 13,68 nan 15,89 raua; P,Osy,, Tpui. b 0yinya 9,75 nan 11,71
ra4a; CaOyyyy. 38,55 nan 40,31 raga; CO, 2,79 nan 3,89 rauga; CaO : P,Os 1,48 nan
1,66 rava y3rapau. CunoB xapaéuuna HNO; vHuHr xap Outrra menépu yuyH 30 kr
Xaxmaa OyaraH KUMEBUN OOMUTIIITAaH (POCPOKOHIIEHTPATHUHT TaXpruba HaMyHAaCH
UILIa0 YMKAPUIIIH.

JlaGopatopus TaxkpuOanapu, MWHUPUKIAIITHPUWITaH JIabopaTopusi MOJEIN
KypwiMacu Ba «Camapkangkumé» AXK Taxpuba KypuiMacujaard TaxpuOanapHH
HaTwkanapu acocuga MK dochoputnapuHu 3TaHON HUIITUPOKHAA HUTPAT
KHUCIIOTacH OuiaH OOMMTHIIHMHI TEXHOJOTHMK THU3UMHHHM aCOCUM KYpcaTKU4JapH
anukiaanad. Kumésmii Ooitutmiran (ocQOKOHUEHTpAT HIUIA0 YHKAPUIIHUHT
MOJIMHM OanaHCH TYy3WJIIU Ba TEXHOJOTUK TU3UMU TaBCHUS STUIAH (5-pacm).

Tapkubuna (orup. %): PrOsyyyw. 26,20; P,Osy,, auM. K-Tacu O6yiuya 15,69;
P05y, Tpun. b 6yiinga 11,77; CaOyyyy. 40,41; CaOys,, 38,25; CaOcyp spys. 2,28; CO;
2,80; N 1,46; CaO : P,Os = 1,46 Tytran ¢hochoKOHIIEHTpATAaH TUTHAPATIN yCYyIaa
H,SO, menepu menepu — 103%, aitnanma DK konnentpauuscu — 15% P,0Os Ba C :
K Hucbatu 3 : 1. By xonmatna Kispwamamm = 98,73%; Kiopum = 98,57%, Kumgm =
92,87%, ¢uistpnanum Tesauru 1312 kr/m*-coar, docdop kuciotacuun P,Os
oyiinua koHueHnrtpauusicu 3ca 20,19%. Kyputwnran ¢ocdorunc tapkubuga sca
CaOyyyn.; SOsymym.; P2Osywym. Ba P2Oscyy opys. MEKIOpIapu Moc paBuiiga 31,21; 43,23;
1,43 Ba 0,27% nu tamkun 3tau. docdorunc tapkubu 92% xanpuuit cynabdar
TuruApaT Ba 6,63% spumaiiiurad KoJAuKIaH noopar.

bup tonna P,0O; kypunumpa DPK onum xapa€HUHUHT MOJJIAN OKUMU
xucobonauau. Jlabopatopus Tagkukotu Hatwxkaitapu MK dochopurimapuauHr
kuMEBUK  Oovmtmirad  (GOChOPUT  KOHIIGHTPATUAAH  SXIIH  TEXHOJIOTHK
kypcarkuunapra sra IPK Ba ammodoc ouIl MyMKUHIUTUHU KYPCaTIH.

Kumésuii Ootintunran (dochokoHneHTpar Hadakat cyiabhar KACIOTAIN
sKCTpakiusra, Oanku Qochopnu YruT cudatuaa TYFPUAAH-TYFPU TYHPOKKA
COJIUIITA APOKJIUIUP. YHIATU IOKOPU MHUKIOPAArd HUCOMM YCUMIIMK Y37alryBYaH
maknaaru P,Os (60%) ra sra skaHnuru myHaaH gaitonat Oepaau. by xypcarkuy
nactinadku ochopur yauaa 18,50% ra tenr. by Goiutuin 6unan Oup BaKTHUHT
y3una dochar xom amécuHuHT ((daoyamranuHu  adriaaraaud. Iy cabGalnaH,
dbochokoHIeHTpaTIaH  MypakkaO-apajammMaid  JOHAJAOp  VFUTIAp  MILIa0
YUKAPUIIIA SXIIM KOMIOHEHT cudaTtuaa QoiilaJaHul MyMKUH.
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Mlyaman kenu® dYMKKaH Xoyma, HaM (OCHOKOHIIEHTpAT, Kadud XJIOPHIA Ba
aMMUAKJIM CEJIMTPAHU apalalliTUpUIN Hynu OuiaH Xap Xuj HucOaTaaru o3yKa
moananapura 3ra PK- Ba NPK-yrutnap onumm sxapaéuu ypranwiau. JlactiaOku
KOMITOHEHTJIAp MUKJIOPH IIyHAAM XucoOJa OJMHIUKH, OXUPrHM Maxcynoraa N :
P,0Os : K;O nucbatu 1 : 0,7 : 0,3 6ynaau. bapua napnaru PK- Ba NPK- yrutnapu
IOKOpY KOHIIEHTpalMsIIard o3ykKa Mopjaanapura sragup. Macanan, P,Os : K,O
HucoaTtu 1 :03 man 1 : 2 raua orupiuk HHCOaTH opanuruaa ojauHrad PK-
yrutnapu 14,21 nan 23,74% raga P;Osyyyy, 6,96 nan 28,01% rauga K,O, P;Osys;,
[MaxnmuauAT HUCOMH MUKIOpH 66,34 nan 69,34% raya 6ynaau. N : P,Os : K;O=1:
0,7 : 0,5 aucbatu yuyn 15,57% N, 10,99% P,0s, 7,74% K,0O Ba 03yka moananapu
nurunaucu 34,33% 6ynran NPK- yrutu onunaau. Yuaa aucouit y3nanryByad P,Os

|
| : : —
_— 7 —
: = 1 vl | LY/ 1,7’
| 2 3
| é 12
I 3 S\ %
| 11
I vV V
: o
|4 _____ | NH | MICCHK
1 _l'l g1 VB /Q- XaBo
I N i .
| N
1 ——
[ arM-ra DTaHon
; — =
1 s = L 2 4 1&
I 9 \—_ Konnencar i 10 - £
I 8 // - =
a/ oyr g o
I e~ g
- > Ca(NO3)2 "g“
:I_'apmMacn @

KaiiTa UIIamnra
S-pacm. Mapkasuii Kuzuikym ¢ocpoputiapuHu 3TaHOI HINTUPOKHUAA HUTPAT

KHCJI0TacH OMJI1aH KHMEBUI OOMUTHITHHHT NPUHHIUIIHAA] TEXHOJOTHK TU3UMMU:
1 — docdar xom amé OyHKepH; 2 — JEHTAIM H03aTOp; 3 — Mapyaiail peakTopu; 4 — HHUTpar
KHCJIOTACHHUHT Oocumin Oaku; 5 — capd ymuarud; 6 — pemynbnatop; 7 — BakyyM-QuibTp; 8 —
KaIbIIUH HUTPATIU CIUPTIN dpUTMa Hurruum;, 9 — pektudukanmon muHopa; 10 — sTaHONHH
cakjam yuyyH curuMm; 11 — 6apaban-kyputrud; 12 — nukioH; 13 — coupT TyTrud.

MUKI0pH 3ca 76,89% Hu Tamkua 3taad. bapua typaaru NPK- yrutnap nonanapu
IOKOpH  MycTtaxkamiukka (3,65 Mlla pan 6,55 Mlla raua) sraaump.
Vupuknamrupuiras  naGopatopust Kypmimacuaa PK- Ba NPK-yruTmap onmmm
pexumu cuHoBaaH yTkazwiau. 30 kr mad P,Os : K;O =1 : 0,5 Hucbarnaru PK-
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Vrutu Ba N : P,Os : K,O =1 : 0,7 : 0,5 aucoarnaru NPK-yrutnapu onausiu,
YIJIAPHUHT TapKUOU 4-)Ka/iBasiia KeJITUPHUIITaH.
4-xanBaji
KuméBnii ooiinTuiran ¢pochoxkoHuneHTPaT, KAJN XJI0PUAM BA AMMUAKJIIHN
ceautpa acocuaa PK- Ba NPK-yrutiaap rapkuou

Kumépmii Tapku0, orup.. % Jlonanap
YMYM. 2 | PyOsyaym. | CaOyyyy, | 11HrH, MITa)
P,0Os : K,O PK-yrutu
1:0,5 - | 21,77 | 1077 | 3381 | 6725 | 4525 | 150
N: P,0Os: K;O NPK-yruru
1:07:05 | 1558 | 11,02 | 774 | 1571 | 7686 | 7575 | 546

ArpokuMméBuid cuHoBiap Hatmwxanapu PK- Ba NPK-yrutnmap y3uHuHT
xoccanapu Oyinya ammodocaaH KOJMIIMAWIM Ba IMaxTa OSKUHUTA O3YyKa
MOJJIaJTApHUHT KUPUMHU Ba TYNPOKAA TYIIIaHUIIM OViinya aManuil >kuxatiaaH Oup
XWJ TabCUP KypcaTaau.

Harwxkamap PK- Ba NPK-yrurnap OJWMIDHMHT NpUHOHANMAN TEXHOJOTHK
TH3UMUHU WNUIA0 uwmkumra wuMkoH Oepaun. MK dochoputnapuam HuTpaT
KHCJIOTacH EpJlaMu/ia KOMIUIEKC KaiTa MIIAITHUHT OJIOK-TU3UMU UIUTA0 YHKUIIIH.

KuméBnii Ooitutunran (GocPOKOHIEHTpAT HIUIA0 YHKAPUIIUHU TaIlIKHII
STUIIHUHT MKTUCOAUM CaMapaJOpJWITMHU TaXMUHHM AaHUKIAIl Y4YyH YypTrada
tapkuOim 1000 tonna Kusunkym ¢ochopur pymacuHu KaiTa HILIall acocHjia
IOK®K Ba kuméBuii Goitmtmiran (ochokoHmeHTpaT Ba yiap acocuga aMMmodoc
UIUIa0 YMKAPUIUIAPUHUHT MKTUCOAMM XHUCOOJapu aMalra OUWUpHIIU. Xucobap
myHu kypcatauku, Oup ToHHa FOK®OK tamnapxu 206155 cymuu, kuméuit
oovutunran gocdokonienTpar sca 149657 cymaum tamkui 3tud, y 56498 cymra
ap3onaup. 1000 Tonna ¢ocdoput pynacunu oovutuiiaa 433,94 tonna FOK®DK,
kuMEBMKM OoutHmiga 3ca 668 T ¢GochoKOHIIEHTpAT OJWHAIU. YJapaaH MOC
paBuia 258255469 Ba 397434406 cymra Tenr Oynaran 235,1 Ba 361,8 ToHHa
ammodoc nnad ynkapuiaan. by, Kymumya pasumiaa 139 man. 179 munr cym
KHIIMaTAaru MaxcyJjoT OJUHAIM.

XVYJIOCA

1. MK ¢dochoputinapunn keHr xapopaT Ba KOHLIEHTpALMs OpaTUFUia dTAaHOJ
épAamMuga HUTPAT KUCIOTAIM OOMHUTHIIAA XOCHJI OYiraH HUTpoKaibluhdocdar
OYTKacuJaH KajJblIUi Ba aMMOHHMUI HUTpATIApUHU aXpaTUO OJMIN >KapaCHUHU
acocnaiiauran 3 ta yuwiuk: Ca(NOs), - C,HsOH - H,0; NH4,NO; - C,HsOH - H,O0;
Ca(NO3)2 - NH4NO3 - HzO Ba 3 Ta 6I/IHap Ca(NO3)2 - HzO, NH4NO3 - HzO u
C,HsOH - H,0 cucremanapuaan noopat mypakkad tapkuodiu Ca(NO;), - NH4;NO;
- C,HsOH - H,O cucremMaCMHUHI 3pYBYAHIIMK JHAarpaMMacu Ty3wiau. Maskyp
auarpamma (¢ocdat xoMm amécuHuHT Kanmbiuii Moaynmunu (CaO : P,Os) nnobartra
OJITaH XOJIJa SKCTPAKIUS >Kapa€HW TEXHOJIOTHK KaTTAIUKIAPUHH Y3rapTHPHUII
OpaJUFUHY Ba YHUHT TTapyYajJaHUII MAPOUTIAPUHU aHUKJIAI IMKOHUHU Oepajiu.
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2. Xap xuna typaaru MK docdopurnapuau. HNO; mebépunn xom aménaru
CaO uu nmapyanamra 6ynran crexuomerpus Oyinya 30 gan 60% raua, ®X : OC
Hucbatu 1 : (3-10) opanmurupga Ooiutuin >kapaéHu VYpranwiad. MacanaH,
tapkuouaa (orup. %): 18,70 P,0s; 47,80 CaO; 15,30 CO, Ba CaO : P,0s5 = 2,56
tyrran O®Y uu HNO; mebépu CaO uu napuanamra 40% (CaCO; ra 100%) Ba ®X
: 9C =1 : 5 Hucbarma 26,19% P,0s Ba kanmpiuii moaynu 1,52 ra TeHr Oyirax
dbochopur konunentpatu onuuau. Cyrok ¢dazara P,Os ykomummau OapTapad
kwmm yayH HAtpodochatiu crmpim cycneHsusiHn (HOCC) cyrok Ba KarTuk
¢dazamapra axparumgad onguH yHu pH = 3 rawa NH; Owman Heittpamnamu. by
oorutui yayH HNO; HUHT aH4Ya I0KOpH MEBEPUHM WIUIATUII Ba Iy OPKAIH XOM
aménarn CaO : P,0Os kypcaTkMuumHM nacalTUpuil UMKOHUHU Oepau. Kucmora
MenEpuan xoM amémnarn CaO ra aucbaran 40-80% opanuruma y3rapTUPHIIN. Xap
xun Typaaru Kusuminkym dochoputnapunu Ooitmtumr yuyn HNO; capdunun
TEXaIllHU WHOOATra OJITaH XO0JJ1a YHUHT MakOysn Mebépu cudatuaa 50% uu, OX :
OC nucOarunu 3ca 1 : 5 ned xucobnam MymkuH. MM yuyH 3ca 60% i1 MebEp
MakOyn ned xucobnmanau. Macanan, 17,52% P,Os; 47,53% CaO; 15,23% CO, Ba
CaO : P,Os = 2,71 tyrran O®Y uu 50% menépnu HNO;, nurpokansuuiigocdar
oyTkacu pH = 3 Ba ®X : OC =1 : 5 HucOarna oovintriaranaa (orup. %): PrOsyyym. —
26,20; CaOyyyy, — 38,25, CO, — 2,80 Ba CaO : P,Os = 1,46 rtapkubparu
docdokonuentpar onuuau. bynna gpocpokonnentparra P,Os yukui ynymu 100%
HU TAIIKWI 3TAIN.

3. Ca(NOj), - NH4NO; - C,HsOH - H,O 4-KOMIIOHEHTIH CHUCTEMaHUHT
SpyBUYaHIMK auarpammacuHu Kysmiam opkaiu AHKCD naH cniupTHM pereHepanus
KWIMIITHUHT Ha3apuil TaxJIWik YTKa3WiIau. XapopaT Ba Oocumra OOFJIMK paBHIIIA
AHKCD nan 3C HuHT Xaiganuii Te31urd anukiaaaau. 0,3 atM. 00cuMIId BaKyyMHU
kyJmam OC HUHr Xapanuimuau Kucka BakT muuga (80°C ma 60 makuka) amainra
ommpuinHu Tabmunnanan. AHKCO gan OC Hu pereHepauusicu yTKa3WIIH, YHIA
OC HUHT LMKJITra Katum aapaxacu 98-99% ra ernu. Xalgain sxapaéHuaH KeMuH
50% Ca(NO;),, 3,02% NH4NO; TyTraH aMMOHUWNIAIITUPUITAH HUTPATKAIBIUIIN
sput™a (AHKD) onunanu.

4. Ca(NOs), Ba NH4NO; xonneHntpanusicura OOFIMK paBHIlia JACTIA0KH Ba
maxcynor kypununpiaru AHKD HuHT (Gu3uMk-kuMEBUN Xoccanapu YpraHuiIu.
AHKD  Huar 53,02-65,71%  KOHLEHTpauusjlapy  OpaJufuaa  yJIApHHUHT
kpuctamutaaum xapopatu (-75)+12,0°C opamuruga 6ynaau, Oy ymapHu 0axopru-
€3ru MaBCymJlap/ia CYIOK a30TKaJbIMiIM VFUTIAp cudaTHaa KyJulalmra HUMKOH
o6epagun. AHKD sixmm peonoruk xoccanapra sra 0ynau. AHKD nonamopnanran
KIBIMIIN CeNUTpara KalTa HWIUIAHAW. YHUHT XOCCAJapyHU SIXIIWIANl Y4yH
KymuM4a cudaTuaa Typiad SKOWJIapaard KOHJApAaH OJUHTaH OEHTOHUTIAP
kymraamwiau. Ca(NOs), : berronut = 100 : 6 HucOaTAa OJWHTaH MaxCyJIOTIapaa
azor mukaopu 14,49-14,69% opanuruga 6ynaaun. AHKD Hu ammonuii kapOoHaTH
épnamuaa NHyNO; Ba CaCO; ra koOHBEpCHMS KWIHI >Kapa€HU YPraHWIJIH.
TaakuKOT HaTUX)anapu acocuaa KOHBEpPCHS KapaCHUHHU OO OOPHUIIHUHT MaKOy
mapouTiapu cudaruaa Kyiugaru napaMmeTpiiapHu TaBCUsl KWIMIITa UMKOH Oepiau:
KaJlbLIUA HUTPATH SPUTMACH KOHIEHTpauusich — 37%; aMmMoHU kapOOHATH MEBEPH
crexuomeTpus Oyitnua — 120%; kouBepcus xapopatu — 70°C; apanamiTupuin BakTH
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-120 nakuka. byHjaa kanbluii HUTPATUHUHT KOHBEpCUsIIaHUII fapaxacu — 99,94%,
OJIMHIaH aMMOHUI HUTPAT SpUTMACH KOHIIEHTpauusicu — 45%.

5. Kumsuikym dochoputiapuHi 3TaHON MIITUPOKUAA HHUTPAT KHUCIOTACH
OwiaH OOWHUTHUINHUHT HIUIA0 YHMKWITaH TEXHOJOTUACH J1abopaTopusi MoJel
kypwiMacuna Ba «Camapkanakumé» AXK Ttaxpuba Kypuwimacujaa CUHOBAAH
VTKa3WiIad. bOMUTHUIN KAPAEHUHUHT MOJJIAM OKUMHM Ba TU3UMHU TY3WIAU. TU3UM
XOM alll€HU HUTPAT KUCIOTACH OWJIaH mapyajaii, HUTpokaiabiudocdar 6yTKacuHu
KaJIbIIMA HUTPATHUHT ailaHMa CIUPTIM dPUTMACH OWIaH PEemyJbIanus KNI,
CYCIIEH3MSIHM aMMHUakKk OwiaH HeiTpasiam, HaM (OCPOKOHUEHTPATHU KaIbIHid
HUTpPATHUHT aijgaHMa »dPUTMACH Ba COUPT OWIIAaH WKKWM MapTaIWK FOBHII,
IIYHUHT/AEK Tal€p MaxXCyJIOTHU KypPUTHUIIHU ¥3 UUUTA OJIA]IH.

6. Tapxubuna 26,20% P,0O5 oynran KUMEBUN OOMUTHITaH
dochokonnenTpatnan auruapamm ycyauga H,SO, menépu — 103%, aitmanama
O@OK xonuenrpanusicn — 15% P,Os Ba C : K = 3 : 1 Hucbatnaa Kiapuanamm =
98,73%; Kiopm = 98,57%, Kiywaunw = 92,87%, bunbrpiaanum Tteznuru 1312
Kr/M>-coar, pocop kucnotacuun P,Os 6yitinua konueHTparmscy sca 20,19% napHu
MakOyn karranukiaap ne6 omuaau. Kyputunran docdorunc tapkubOuga sca
CaOyyyu.; SOsymym.; P2Osymym. Ba P2Oscyy opys. MEKIOpAapu Moc paBuiiga 31,21; 43,23;
1,43 Ba 0,27% Hu Tamkun stagu. Ham dochokoHIeHTpaT, KpUCTAII X0JaTaaru
Kalui XJIOpUIM Ba aMMHUAKIM CEJIUTPAHM apajalliTUpUIl Wyiau OujaH o3yKa
Moamanapu karra opammkaa Oymran PK- Ba NPK-yrutmap omum sxapaéau
Yypranmngu xamaa MK ¢ochoputnapunn HUTpaAT KUCIOTAacH €pAaMua KOMILIEKC
KaiTa UIUIAIHUHT OJIOK-TU3UMU HUIINIA0 YUKWINO, aMaInéTra TaBCusl KUINHIH.

7. 1000 tomna Kusmikym ¢dochoputr pymacMHM KaiTa HIUIANT acOCHIA
FOK®K Ba kuméBuii Ooitmtmiran (ochokoHmeHTpaT Ba yiap acocuga aMmodoc
UnuTad YUKAPUIIUTAPUHUHT UKTHCOIUN XHCOOJIapyu amalira OIUPWIIA. XHUCOoOIap
myHu kypcatauku, Oup ToHHa FOK®OK Ttanmnapxu 206155 cymuu, kuméuit
oovutmiran gochokoHueHTpaTHUHT 3ca 149657 cymuM Tamkuia 3tHd, y 56498
cymra apzonaup. 1000 tonHa dochopur pymacuau Oomutumga 433,94 ToHHa
IOK®K, kuméBuii Ooiiutumia 3ca 668 T GhochOKOHIIEHTpAT OMMHAIU. YIapaaH
Moc paBulga 258255469 Ba 397434406 cymra tenr Oynran 235,1 Ba 361,8 ToHHa
amMmMmodoc unuiad yukapuwiaau, SpHU, Kymumyia papuiiga 139 mid. 179 Munr cym
KUMAaTAaru MaxcyJsaoT OJIMHA/IH.
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BBE/IEHUE (aHHOTALMS AOKTOPCKOM JUCCEPTALMHI)

AKTYaJIbHOCTh H BOCTPe0OOBAHHOCTH TeMbl JHMccepranmuu. B wMupe
OCHOBHBIM (DAKTOpPOM  BBIpAIIMBAHHUS BBICOKOTO M KAYECTBEHHOTO YpodKas
CEJIbCKOXO3SIMCTBEHHBIX ~ KYJBTYp  SIBIISIETCA  PAIlMOHAIBHOE  HCHOJb30BAHUE
MUHEpaNbHBIX ynoOpenuil. IlosTomy onTuManbHOe OO€CTeueHue CelbCKOro
XO035MCTBA MHUHEPAIILHBIMU  YAOOPEHUSIMU OCTaeTCid OJHOM U3 aKTyalbHBIX
poOJIeM.

[locre mpuoOpeTeHus: HE3aBUCHUMOCTH B Halleil cTpaHe 0co00e BHHMAaHHE
yAeNsieTCs MOJAEPHU3ALMI0, TEXHUYECKYI0O M TEXHOJOTMYECKYI0 OOHOBIECHHUIO
XUMUYECKON TIPOMBIINICHHOCTH U €€ 00eCIIeUeHUI0 HaJIe)KHON ChIPhEBON 0a30H, B
YaCTHOCTH, TPABUTEIHLCTBOM IMPUHATHI TIOCTAHOBIEHWE 00 OCBOCHHM 3aMacoB
dbocdaTHOTO CHIpBS U MporpamMma MOATAHOTO BBOJAA B SKCILTyaTalldl0 MECTHOTO
Jlxepoii-CapaaprHCKOro MecTopoxkiaeHusi. B pesynbrare, BBEIEH B CTpPOH
Ko3buikyMckuit pochopuToBBI KOMILJIEKC C €KEr0JIHON MPOU3BOJUTEIBHOCTHIO
400 ThICSY TOHH MNPOAYKIMH, KOTOPBIA IMO3BOJUI COKPATUTh HMMIOPT JAHHOTO
CBIPBsI, a TIOCJIE BBOJA BTOPOM oyepeau ¢ oOIel roJ0BOM MOIIHOCTBIO 716 ThICSY
TOHH (OCHOPUTHOTO KOHIIEHTpATa TOJHOCTHIO HCKIIOYUTh TOKYIIKY 3TOTO
IPOJyKTa U3 3apyoexa.

CeroaHsIIIHUIA JI€Hb B MUpE 0c000€ BHUMaHHUE yJeisieTcs: pa3paboTKe HOBBIX
METO/IOB 00oraiieHus: HU3KOCOPTHBIX (ochopuToB, B 3TOM acnekte Haubosee
BOKHBIMU  3aJa4aMH  SIBJIIETCS  pa3paboTKa  TEXHOJOTHH  TOJYYCHUS
BBICOKOKQUECTBEHHOTO (hOC(OPUTHOIO KOHIIEHTpaTa C HCIOJIb30BAHHWEM Aa30THOM
KUCIIOTBI W OpraHuveckux pactBoputeneir. Ilpu paszpaboTke TEXHOJIOTUU
oOoraimieHuss HU3KOCOPTHBIX (OcHOpPUTOB a30THOM KHUCIOTOW B MPUCYTCTBUHU
OpPraHMYECKHUX PpacTBOpUTENEH HEOOXO0IUMO OOOCHOBaTh PN, B YaCTHOCTH
COOTBETCTBYIOIIME HAy4YHBIE PEIICHHS B CICAYIOUIMX HAIpPaBJICHUAX: pa3paboTKa
3 PEeKTUBHBIX CHOCOOOB XHMHUYECKOro obOoraimieHus ¢GocdaTHOro  ChIpbS;
HAXO0XJEHUE ONTUMAJIbHBIX YCIOBUH MpoOIlecca BhIIIEIAUYMBAHNS HUTpATa KaJblIMs,
oOpasyromierocsi mpu o0OOTraneHud BBICOKOKAPOOHATHBIX (OCHOPUTOB a30THOMN
KHUCIIOTOW C TMOMOIIBbI0 OPTaHMYECKUX PACTBOPHUTENEH; pa3padoTka TEXHOJIOTHH
nojiydueHusi (QocPOopHBIX yIOOpPEHH Ha OCHOBE KadeCTBEHHOTO XHWMHYECKH
oOoraieHHoro  (ocdokoHlieHTpaTa. AKTYyalbHOCTb TEMAaTHKU JUCCEPTALMU
onpeaensieTcsi He0OXOJUMOCTBIO BBITIOJHEHUN HAYYHBIX MCCIIEJAOBAHUN B JaHHOM
HaIpaBJICHUHU.

JlaHHOE JHCCEePTAllMOHHOE MCCIENOBAaHUE B OMPEIEICHHON CTENEHU CITYKHUT
BBITIOJTHEHHUIO 3a/1a4, MPEeIyCMOTPEHHBIX B YKa3e M mocTaHoBieHuu llpesumenta
PecniyOnuku Y36ekucran Ne YII-4707 ot 4 mapta 2015 roga «O mporpamMmMe Mep
no  o0ecrme4eHHI0  CTPYKTYpPHBIX  NpeoOpa3oBaHUM,  MOAEPHU3ALUU |
auBepcuduxarnu npoussoacTsa Ha 2015-2019 roas» u nocranosienust Kabunera
MunuctpoB Pecnyonuku VY36exkucran Ne 8 ot 22 sguBaps 2015 roma «O
JOTIOJTHUTENBHBIX MEpax MO COKPAIICHUIO MPOU3BOJCTBEHHBIX 3aTPAT U CHIXKEHHIO
ce0EeCTOMMOCTH MPOAYKIMH B MPOMBIIIJIEHHOCTH», a TAKXKE€ B APYTMX HOPMATUBHO-
PaBOBBIX JOKYMEHTAaX, MPUHATHIX B JaHHOU cdepe.
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CooTBeTCcTBHE HCCJIEIOBAHUSA NMPUOPUTETHBIM HATNPABJIEHUAM Pa3BUTHUA
HAYKH M TEXHOJIOTHM B pecnydjuke. J[aHHOE HCCIEIOBAaHUE BBHITIOJHEHO B
COOTBETCTBUHM C TMPUOPUTETHBHIM HAIPABICHUEM DPAa3BUTHS HAYKH U TEXHOJIOTHH
pecniyonuku VII. « XuMUYeCKre TEXHOJIOTUHA U HAHOTEXHOJIOTUM.

O030p HMHOCTPAHHBLIX HAYYHBIX HCCJIEI0OBAHHII MO TeMe AMCCEPTANMU.
Hayunbie wnccienoBaHusi, HampaBieHHbIE Ha obOoramieHue ¢GocaTHOTO CHIPhSI |
nepepaboTke HocHOKOHIIEHTpaTa B MUHEPAIBbHBIE YIOOPEHUS, OCYIIIECTBIIIOTCS B
BEIIyIINX HAYYHBIX IEHTPaX MU BBICIINX 00pPA30BATEIBHBIX YUPEKIACHUSIX MHPA, B
tom umcie, Florida Industrial and Phosphate Research Institute (CILA),
Engineering Dobersek GmbH (I'epmanus), Fertilizer Research Institute (Ilonpia),
The Chemical Society of Japan (fmonus), University of Science and Technology
(Kurait), Department of Chemistry (Muaus), Department of Chemical Engineering
(Uopnanust); B HaydHO-UCCIENOBATEIHLCKUX HWHCTUTYTaX IO YJIOOPECHUSIM W
uHcektopyurunuaaMm (Poccus), wHCTYyTyTe OOIIEH M HEOPraHUYECKOW XHMUU
(V30ekucran).

B pesynpTare wuccieqoBaHMii TMPOBEACHHBIX B MHpE TI0, pa3paboTKe
(bIOTAIMOHHOTO, KUCIOTHOTO M TEPMHYECKOTO METO/I0B oboramienus GochaTtHoro
CBIPBSl M UX YCOBEPIICHCTBOBAHHIO TMOIYYCHBI PsJl HAYYHBIX PE3YJIbTATOB, B TOM
qrclie: Tpu OOOTAIlCHUH alaTUTOBOW pPYyAbl MPUMEHSIOT (hJIOTAIMOHHBIN CIIOCO0,
npu KoTtopoMm (ochaTHeII MUHEpal OTIACNSETCS OT MPUMECHBIX MUHEPAIOB C
MOMOIIBI0 OMBUIGHHOM CMECH, BKJIIOYAIOIIEH TalIOBOE MAaci0, BTOPUYHBIN
MaCJIEHHBIN TyIPOH, OKUCICHHBIN METPONATYM U TEXHHUYECKHE JKUPHBIC KUCIOTHI
(Florida Industrial and Phosphate Research Institute, CIIA, w#ay4Ho-
HCCIIEIOBATENbCKUI MHCTUTYT MO YAOOpPEeHUsM M uHCeKTodyHruiuaam, Poccus);
i oboramieHus: KapOOHATHBIX (HOCHOPUTOBBIX PyI pa3paboTaH TEPMUUYECKUI
croco0, mpu KoTopoMm ¢ocdaTHyro pyay mnpokamuBaroT npu 950°C, 3atem
NPOKaJICHHBIA MaTepuall oO0pabaThiBalOT BOJOW ISl TalieHus CBOOOJHOTO OKCHIA
KaJbIUs ¢ 00pa3oBaHMEM H3BECTKOBOT'O MOJIOKA, YAAIsEMOTO W3 KOHIIEHTpAaTa, B
pe3yabTare 4dero mnosblmaercs cojaepxkanue (ocdopa (Department of Chemical
Engineering, Wopnanusa, Engineering Dobersek GmbH, I'epmanus); Ttaxxke
pazpaboraH ¢IOTAIMOHHBIN CIIOCOO oOoramieHus, Ipu KOTOpOM KapOOHATHbBIC
MUHepaibl 13 (HOochaTHOTO CHIPHS U3BIEKAIOTCS OPTraHUYECKUMU (pIIoTOpeareHTaMu
(University of Science and Technology, Kurait).

B Mupe mo oboramennio amatutoBBIX U (OCHOPHUTOBBIX PYyI PA3TUIHBIMU
crocobamMu Mo psiAy MPUOPUTETHBIX HAIMPABICHUNA MPOBOASTCS HCCIEIOBAaHUS B
TOM 4HCJIe: MO pa3paboTKe XUMUYECKUX CIIOcO00B oOoramieHust Goc(aTHoro Cripbs
(c moMomIBI0 a30THOW, coNstHOM W (HOCHOPHON KHCIIOT); CO3MaHUIO0 HOBBIX
(bIoTOpeareHToB, WCIHOJB3YeMbIX B TMporecce (IOTAIMOHHOTO OOOTaICHUS
dbochopura; HCCICTOBAHUIO METOAOB BBINIEIAYNBAHUS KaJIbIIMEBBIX  COJIEH,
oOpasyronuxcsi mpu oboraiieHuu KapOoHaTHBIX (HOCHOPUTOB HEOPraHUYECKUMU
KHACJIOTaMH B MIPUCYTCTBUH OPTaHMYECKHUX PACTBOPHUTENCH; YCOBEPIICHCTBOBAHUIO
METOJIa TEPMUYECKOTO OOoramieHus KapOoHaTHOTO (Goc(aTHOTO CHIPHS; CO3TAHUIO
HOBBIX TEXHOJIOTUH MepepadoTku (GocHOpPUTHOTO KOHIEHTpaTa B MHHEPAIbHBIC
ynoOpeHus.
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CreneHb HM3YYEHHOCTH NpPoOJeMbl. B HaydHO-TEXHHUYECKOW IUTEpAType
UMEIOTCSI  Marepuaibl 10 (QIOTAIMOHHOMY M XHMHYECKOMY OOOTaIlEHUIO
dbochopuros IIK (Habues M.H., boiiko B.C., Kapmsbimos B.®., Amuposa A.M.,
MananmueBa C.X., Ilsrait A.I'., Hamazor II.C., bernmoB b.M.). Onnako
Kb3biikymckue @Qoc@opuThl Hapsiy € BBICOKOM CTENEHbIO KapOOHATHU3AIUU
XapaKTEpU3yIOTCS TOHKUM IMpopacTaHueM (QocpaTHOr0O MHUHEpaja C KaJbLUTOM,
MO3TOMY TIOMBITKM OOOTaTUTh HMX C TMOMOUIBI0 (UIOTAllMM HE TMPHUBAIAT K
MOJIOKUTENBHBIM PE3yJIbTaTaM. bbUTM TPEANPUHSITHI MHOTOYHUCIICHHBIC IMOTBITKH
oboratuth GocdatHoe Chiphe KBI3BIIIKYMOB XHMHUYECKUMU METOJAMU C TTOMOIIBIO
pa30aBIEHHBIX pPAaCTBOPOB A30THOM W  COJSIHOM KHCJOT, a30THOKHCIIBIMU
pacTBOpaMH HHUTPATOB KaJbITUS M MarHUs, MO3BOJISIONINE TOBBICUTH COJCPKAHUE
P,Os B dochoputHBIX KOHIIEHTpaTax, TMpPU OJHOBPEMEHHOM CHW)XCHUH
KaJIBIIUEBOTO MOJYJsA 70 Tpebyemoro 3HaueHus. OCHOBHBIMH HMX HEIOCTaTKaMH
CrocO0OB  SABJISUIMCH: CWJIBHOE MEeHOOOpa3oBaHue, 0Opa3oBaHHEe OOJBIIOTO
KOJIM4YecTBa pa30aBiIeHHbIX pacTBOpoB U notepu P,Os ¢ Humu, tak kak 100 %-Hoii
CEJICKTUBHOCTH U3BJIEUEHUSI KapOOHATOB JIOCTUYbh HEBO3MOXKHO.

[IpeacraBisier WHTEpeC MpUMEHEHHWE B  pa30aBIEHHBIX  PACTBOPOB
OpraHUYeCKUX KHUCIOT, TAKUX KaK MypaBbMHAasi W YKCYCHAasi KHUCJIOTBI, KOTOpHIE
NpakTUYeCKu He pasnaraioT ¢ochaTHbII MUHEpPa ChIphsi KAYECTBE PAaCTBOPUTEIS
OKCHJIa KaJIbLIMsSI U3 TEPMOKOHIIEHTpaTa U KapOoHaTtoB u3 ¢gocdatHoro ceipbs LK
(Hamazor II.C., bernmoB b.M., CeiitHazapoB A.P.). Ho mockonpky ykcycHast U
MypaBbUHAs KHUCIOTHI MPOU3BOAATCS Y HAc B HEOOIBIIOM oOBEME, MX SBHO HE
XBaTUT JJIs1 KPYMMHOTOHHAXKHOTO MPOU3BOACTBA (oCchHOpUTHOTO KOHIIEHTpaTa. Bo-
BTOPBIX, 00Opa3oBaHUE OONBIINX OOBEMOB HH3KOKOHIICHTPUPOBAHHBIX PACTBOPOB
arerata ¥ (QopMuara KaibIMs, CTAaBUT BOMPOCHI yTuiausammu. K TomMy ixKe,
OpTraHUYECKUY KUCJIOT.

B nammx ycnoBusix HamOoliee peajbHBI MyTh XUMHUYECKOTO OOOTralieHus
dochopuroB IIK — wucnonp3oBaHve a30THOM KHUCIOTHI C MOCIHEAYIOIIUM
BBIIIEJIAYMBAHUEM HUTpaTa KaJbIHs C MOMOIIbI0 OPraHUYECKOTO PACTBOPUTENS -
staHosia. OCOOEHHOCTh JaHHOTO METOJla 3aKIIYAaeTCsl B IPOCTOTE CXEMBbI
pereHepalnud  pacxoJyeMoro peareHTa — OTaHOJa U BO3Bpara €ro B
TEXHOJIOTUYECKHI UKII, TeM caMbIM JOCTUTAETCS MOJIy4eHHE
KOHIIEHTPUPOBAHHOI'O PAcCTBOpAa HUTpaTa KalbIHs, JIETKO MepepadaThiBaeMoOro B
neneBord mpoaykrt. s mpenotBpamenus norepu P,Os B xuakyio ¢asy mepen
paslereHueM TyJiblla HEUTpaIM3yeTcsl aMMHAKOM, B PE3yJbTaTe pPacTBOPHUMBIN
dbochop mepexoauT B aukambnuidocdar KOTOpHIH OCTaeTCs B  COCTaBe
dochokonmenTpara. OcHOBHBIME KpuTepusiMmu Beioopa HNO; B kadecTBe peareHra
SBJISIFOTCS:  JIOCTYITHOCTh, HaJIMYWE JICMIEBOM CBHIPhEBOM 0a3pl u  TpsMas
BOCTPEOOBAHHOCTh HHUTpATa KaJbIUs B CEILCKOM XO3sicTBe. B mmreparype HeT
CBEJICHHI 10 oOoramieHuro KapOOHAaTHBIX (POCHOPUTOB a30THOM KHCIOTOM C
MOCJIETYIOIIUM BbIIIETaYMBAHUEM HUTPATA KaJIbIUs C TOMOIIBIO 3TaHOA.

CBsi3b TeMbl JHCCEPTALNMOHHOH PadOTHI ¢ HAYYHO-UCCJIEI0BATEIbCKUMH
pabdoTamu, rJae BbINOJIHSIETCS Auccepranmsa. J(rccepTallMOHHOE HCCIIEOBAaHUE
BBITIOJIHEHO B paMKax IJIaHa HAy4YHO-UCCIEN0BATENbCKUX padOT MHHOBAIMOHHOTO
npoekta MHctutryta oOmiei u Heopranuueckot xumuu AH PVY3: ®A-2U-TOS
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«Pa3paboTka ¥ BHEApPEHHWE TEXHOJOTUU TONydeHUST (HOCHOPHO-KATUHHOTO |
a30THO-PoCcPOpHO-KANUITHOTO ~ yAOOpEeHM  Ha  OCHOBE  a30THOKHUCIOTHOMN
nepepabotku pocdopuroB [{enTpansubix Kb3plmkymoB u xyopuaa kamus» (2011-
2012 rr.) wu HayuHo-TexHuueckoro rpaHTa: ®OA-A12-T171 «Pa3paboTka
s pekTUBHON pecypcocOeperaroniell TEeXHOJOTUM XUMHUYECKOTO OOOoTalieHus
dochopuroB  llentpanbubix  KBI3BUIKYMOB W MOJY4Y€HUE  BBICOKO-
KOHIICHTPHUPOBaHHBIX (pocdopcoaepxaniux yaoopenui» (2012-2014 rr.).

Leabio wucciaenoBaHusi sBISIETCS pa3padOTKa TEXHOJOTUM OOOTalleHus
Kb3puikymcknx  (ochopuToB a30THOM KHCIOTOM B MPUCYTCTBHM 3TaHOJA, C
nocJeAyIoeH nepepaboTKoN HUTpaTa Kaiblusgd U (GOCPOKOHIIEHTpATa B TBEPIYIO
a30THOKAJIBITMEBYIO CEUTPY U dochopcoaepraniiue KOMIIEKCHBIE YI00peHNS.

JIist  MOCTWIKEHUs TIOCTABIICHHOW IIeu TpeOyeTcs pelmieHue CIeayIOImX
3aja4:

OMpeJeeHUe  ONTUMAJIILHOTO  YCJIOBHS ~ XMUMHYECKOro  oOoramieHus
kapOoHatHbix  QocoputoB IIK  a3oTHOM  KHUCIOTOM C  MOCHEAYIOIIMM
BBIIIEJIAYMBAHUEM OOpa3yloIIerocss HHUTpaTa KalblMs pPacTBOPOM JTaHOJa B
3aBUCUMOCTH OT HOPMbI KHCIIOTBI U BECOBOT'O COOTHOIIEHUS (hochOopUTa K 3TAHOIY;

UCCJIeIOBAaHUE MPOLIEcCa aMMOHU3ALMKM HUTPOKaIbIMiidochaTHON cnupTOBOI
CYCIIEH3UU C 1eNbI0 TpeaoTBpanieHus norepu P,Os B pacTBOp HUTpaTa KaJbIIMS;

NOCTPOEHUE JMarpaMMbl PACTBOPUMOCTH 4-X KOMIIOHEHTHOW CHCTEMBI
Ca(NO;), - NH4NO; - C,HsOH - H,0O, cocrosmeit u3 3-x tpoitasix: Ca(NO;), -
CzHSOH - HZO, NH4NO3 - CzHSOH - HZO, Ca(N03)2 - NH4NO3 - Hzo n 3-x
ounapueix cucrem Ca(NOs), - H,O; NH4NO; - H,O m C,HsOH - H,O,
00OCHOBBIBAIOIIUX MPOIIECC IKCTPAKIIMA HUTPATOB KAIBIMS M aMMOHHUS U3 HUTPO-
KaTbIiochaTHBIX My, 00pa3yIONIUXCS MPU a30THOKHUCIOTHOM OOOTaIlleHUuN
BbICOKOKapOoHaTHBIX (ochoputoB IIK ¢ momomipio 3TaHosa B IIMPOKOM
TEMIIEpaTypPHOM U KOHIEHTPAIIMOHHOM J1ana3oHe;

ornpeeeHre BIUSAIOMUX (PAKTOPOB Ha pa3fesieHus] HUTpoKabluiidochaTHOM!
CIIUPTOBOM CYCHIE€H3UU Ha KUAKYIO U TBEPAYIO (Pa3bl;

pereHepanysi OpraHMuecKoro pacTBOPUTEIIS — ITAHOJIA C 1IeJIbI0 BO3BpaTa €ro B
IIUKJI IPOMBIBKUA U U3y4YeHHE (PU3UKO-XUMHUYECKUX CBOMCTB KOHILIEHTPHUPOBAHHOTO
pacTBOpa HHUTpaTa Kajblusi — TMOOOYHOTO MPOAYKTa a30THOKHUCIOTHOTO
oOoraieHus;

OTpe/ieNieHue ONTHUMAJBHBIX YCJIOBUU TMpolecca mepepaboTKu pacTBopa
HUTpaTa KaJIbIUs B KUAKYIO U TBEPAYIO KAIBIIUEBYIO CEIUTPY;

HaXOXKJIEHUE ONTUMAJIbHBIX YCIOBUIA KOHBEpcUU HUTpara Kaupuusd B NH4NO;
n CaCO; ¢ momompio CO, u NH;,;

nepepaboTka  XUMHUYECKHU 00OTaIIeHHOT O docokoHeHTpaTa B
skcTpaknuoHHyo (ocdopuyto kucnory (ODPK), momydenuss PK- u NPK-
yIOOpEeHUM MyTeM CMeNIeHUs XUMHUYECKH oOorameHHOTo (ocpoKoHIIeHTpaTa,
aMMUAYHOM CEeJUTPHI U XJIOPHUIA KaJIUs;

a30THOKHCJIOTHOe  oboramenue  dochoputoB IIK u  mepepaboTka
dbochoxonnenTpata B PK- u NPK-ynoOpeHuss u arpoxXuMuuecKue HCIBITAHUS
HOBBIX BUJIOB yJI00pEHMIA;
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BBITIOJTHEHHE  TEXHUKO-3KOHOMHYECKHX  pacueToB  IeJecoo0pa3HOCTH
OpraHu3alMy MPOU3BOJICTBA XUMUYECKH 000TraiieHHoro pochokoHeHTpaTa.

Oo0bexT uccaenoBanns. Gochopurs LK, a3oTHas KuCI0Ta, 3TAaHOJ, AMMHAK,
KalblMeBas CEeJIUTpa, HUTPAT aMMOHHUSA, KapOOHAT KaJbLUs, XUMHYECKH
oborarmenubiit pochokonnentpar, IDK, PK- u NPK-ynoOpenus.

IIpeamer wuccaegoBanus. I[lpoiiecchl  a30THOKUCIOTHOTO — OOOTalIEHUS
BbICOKOKapOoHaTHbIX (ochoputoB LK ¢ mnocrnegyromum BbllienauuBaHUEM
HUTpaTa KaJblMsl W3 TEXHOJOTHMYECKOM CHCTEMbl U TepepabOoTKH XUMHUYECKH
oboramieHHoro gocpokonnenrpara B IPK u koMIUIeKCHbIE YA0OOpEHHUs, a HUTpaTa
KaJplUsl — MOOOYHOTO MPOJYKTa A30THOKHCIOTHOIO OOOTaIleHHs B IIEJIEBbIC
MPOTYKTHI.

Metoabl ucciaenoBanusa. B nuccepranmm  IPUMEHEHBI XUMHYECKUE U
(bU3UKO-XMMHUYECKHE, B TOM YHCIIE PEHI€HO(])A30BbIX, TEPMOTPABUMETPUUECKUN U
BU3YaJbHO-TIOJUTEPMUYECKUN METO/Ibl aHAIHU3A.

HayuyHasi HOBU3HA HCCJIEIOBAHMS 3aKIIOYAETCS B CIEYIOLIEM:

BIIEPBbIE JJOKA3aHA BO3MOXHOCTh XUMU4ecKkoro odoramienust pocopuron LK
a30THOM KHUCJIOTOM C TMOCIEIYIONIMM BhIIIEIaYMBaHUEM O0pa3yloIIerocss HUTpaTa
KaJlblIMg pacTBOPOM 3TAHOJA B 3aBUCHUMOCTU OT HOPMbI KMCJIOTHI U COOTHOIICHHUS
¢docdopura K 3TaHOTY U pazpaboTaHa TEXHOJOTUYECKASI CXEMA;

pa3paboTaH MeToJ MOJHOM JuKBUjanuu norepb P,Os B xuakyio ¢asy,
MOCPEACTBOM aMMOHM3AIMH HUTpOKabLuiochaTHON myabbl 1o pH=3;

MOJIyYeHbl HOBBIE CBEJIEHUS O B3aMMOJCHCTBUM  KOMIIOHEHTOB B
cinoxxnococtaBHoi cucteme Ca(NOs), - NH4NO; - C,HsOH - H,0, cocrosieit u3
3-x owunapusix cucrem Ca(NOs), - H,O; NH,NO; - H,O u C,HsOH - H,0, 3-x
TpOﬁHBIXI Ca(NO3)2 - C2H50H - HZO, NH4NO3 - C2H5OH - Hzo, Ca(NO3)2 -
NH4,NO; - H,O m Ha UX OCHOBE NOCTPOECHHBI JHArpaMMbl PACTBOPUMHUCTH,
JI0Ka3aHa BO3MOYKHOCTh MPUMEHEHHUS ATHJIOBOTO CHHUPTA B MPOIECCe 0OOoramieHus
KapOoHaTHBIX (OCHOPUTOB A30THON KUCIIOTOM;

omnpeneneHbl  (QPU3UKO-XUMUYECKHE  CBOMCTBA  HUTPATHOAMMOHHUUHO-
KaJIbLIUEBOr'0 PAcTBOpA, a MpHU J00aBKe K HEl OEHTOHHMTA MOKa3aHa BO3MOMXHOCTb
MOJIYYECHHS TPAHYJIMPOBAHHOM KaJbI[MEBOM CEJIUTPHI C YIYUIIEHHBIMA CBOMCTBAMU;

HalJIeHbl ONTHUMAaJIbHbIE YCJIOBUSI KOHBEPCUU HHUTpATa Kajblus — MOOOYHOTO
pOoJIyKTa a30THOKUCIOTHOTO oborarenus Gocdoputos LK B NH,NO; u CaCOs ¢
nomotisro CO, u NHs;

pazpaboTaHa TEXHOJOTHS MEPepabOTKM  XUMHUYECKOro  00OrameHHOro
docdoxonnentpara B IPK, PK- u NPK-ynobpenus.

IIpakTH4Yeckue pe3yabTaThl HCCJIEJ0OBAHUSA 3aKIOYAIOTCS B CIEIYIOLIEM:

pa3paboTaHa TEXHOJOTUS A30THOKHCIOTHOTO OOorameHusi KapOOHATHOTO
docharnoro ceipbs LIK B mpucyrcTBum 3TaHOoNa, MO3BOMISIMAS YIAIUTh U3 CHIPHS
o6ammtactel — CaO, CO, U TeM caMbIM 3HAYUTEJIBHO COKPaTUTh OOBEM CepHOM
KHUCIIOTHI, AYIIEH Ha IEpepabOTKy 3TOTo Chipbsi B DDK;

COrJJaCHO CXeMe OOOoramieHusi 3TaHOJ pPEereHepupyercs, a IMOoIydaeMblil
KoHIeHTpUpoBaHHbIH pacTBOop Ca(NOj;), jnerko mepepadaThIBAeTCs B KHUAKYIO U
tBepayto cenutpy. [Ipu stom HNO; ucnons3yercsi JByCTOPOHHE: KaK HCTOYHHK
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AKTUBHOT'O MOHA BOJOPOJA MJIsi U3BJICUCHHUS] KapOOHATOB U3 CHIPbSI U B KAu€CTBE
HOCHTEJIA a30Ta — MOJIE3HON COCTABHOM YaCTH KUJIKUX U TBEPJBIX yI0OpEHMUI;

pa3paboTaHa TEXHOJIOTMYECKas CXeMa U MaTepuaibHblid OajlaHC MPOU3BOJICTBA
XuMHuuecku odoraimieHHOTro dochokoHieHTpaTa u Ha ero ocHoBe DDK, PK-, NPK-
ynoopenusi. TexHoaorus o0oraieHus npoluia anpooalfo Ha ONBITHON YCTAHOBKE
AO «CamapkaHAKUME» C BBIITYCKOM ONBITHON MapTuu (ochOpUTHOTO KOHIIEHTpATa
U TIpoBeieHbI arpoxumuyeckue uctoitanus PK- u NPK-yno6penuii.

JloCTOBEPHOCTH TMOJIyYeHHBIX Ppe3yJbTaTOB. Pe3ynbTarbl XUMHUYECKOTO
(amaymTuueckas ~ XxuMHs) W (DU3UKO-XMMHYECKOTO  METOJIOB  aHaln3a
(pentreHoda3zoBbpiii, BU3yaIbHO-TIOJIMTEPMUYCCKUN) MOATBEPXKICHBI MPOBEACHUEM
WCIIBITAaHUI Ha OMBITHO-TIPOMBIIIIJICHHOM 000PY/I0BaHHH.

Hayuynass W npakTuyeckasi 3HAYUMOCTH Pe3YyJbTATOB HCCIEI0BAHMS.
Hayynas 3HauuMOCTbh UCCIEIOBAHUS 3aKIIOYAETCS B CO3JaHUM HAYYHOM OCHOBBI
TEXHOJIOTMM CEJEKTUBHOIO M3BJieueHUs: kapoboHatoB u3 (ochopuroB LIK azorHol
KHUCJIOTOW B MPUCYTCTBUM ATAHOJIA C IPUMEHEHHUEM JHarpaMMbl paCTBOPUMOCTH 4-
x koMroHeHTHou cucteMbl Ca(NO;), - NH4,NO; - C,Hs;0H - H,0; pereneparuu
sraHosia u3 cnuptoBoil cycneHzun Ca(NOs),; u3ydeHHH (QUIMKO-XUMUYECKUX
CBOMCTB KoHLIeHTpupoBaHHOTo pacTBopa Ca(NO;), U MOIy4eHUH U3 HETO KUAKUX U
TBEPJBIX YI0OpEHU; HAXOXKIECHUU ONTUMaIbHBIX ycnoBuil koHBepcuu Ca(NO;), B
NH4NO; u CaCOs; nonyuenus DPK, PK u NPK-ynoOpenuii Ha OCHOBE XUMUYECKH
oborameHHoro (hochoKoHIIEHTpaTa.

[IpakTrueckass 3HAYUMOCTH PaOOTHI 3aKITIOYAETCS B TOM, YTO CEJICKTUBHOE
M3BJICUCHUE KapOOHATOB M3 (hOCCHIPhS a30THOW KHUCIOTOW B MPUCYTCTBUU ATAHOJIA
MO3BOJISIET PE3KO CHU3UTH PACXOJl CEPHOM KHCIOTHI, MAYIIEH Ha mnepepadoTKy
naHHOTO (hocchipbs B (pocopHyro kucioTy. B kadecTBe moOOYHOTO TIPOIYKTa
AQ30THOKMCJIOTHOTO OOOTaleHusl TMOJYy4aeTCss pacTBOp HHUTpaTa KaJbIHs -
(U3MOIOTUYECKH IIEIOYHOTO YIOOpeHus, TaKk HEOOXOIUMOIo XJIOMYaTHUKY,
O0COOCHHO Ha 3aCOJICHHBIX MOYBaX. XUMHYECKU obOoramieHHbI (HocHOKOHIIEHTpAT
MOXET CIY’)KUThb HE TOJBKO CBHIPbEM [JIi CEPHOKHUCIOTHOM 3KCTpakUUU, HO H
XOpOIIIMM KOMIIOHEHTOM JUIsl TIOJYYEHHs Pa3IMYHBbIX BHUJIOB CJIOKHO-CMEIIAHHBIX
IPaHyJIMPOBAHHBIX YIOOpeHUM, Onarojapsi MOBBILIEHHOMY COAEPKaHUIO B HEM
OTHOCHUTENBHO ycBosieMol hopMmbl docdopa.

Bueapenne pe3yabTaToB HcciaeaoBaHusl. Ha ocHOBe MOMydYeHHBIX HAYYHBIX
pe3ynbTaTOB MO pa3paboTke TexHojoruk oboramieHus dochoputoB 11K azorHOM
KHCJIIOTOM B TPUCYTCTBUU D3TaHOJA, TMepepabOTKM HUTpaTa Kajablusi U
dbochokoHIIEeHTpaTa Ha TBEP/IbIC a30TKAIBIIUEBBIE M KOMIUIEKCHBIE YI0OPEHUSI:

Ha crocob oboramenust pochoputoB 1K a30THON KHCIOTOW B MPUCYTCTBUU
ATaHOJIA MOJYYeH MaTeHT ATEHTCTBA MHTEIEKTYJIbHON cOOCTBEHHOCTH PecryOnmku
V36ekucran (NeIAP 04973 «Cmoco6 oboramieHuss BBICOKOKapOOHHU3HPOBAHHBIX
dbocdopuror»). B pesynbTaTe AOCTUraeTcs MOHUKEHUE KAJIbLIMEBOTO MOAYJIS OT
2,84 no 1,5-1,7, npu KOTOpOM MOSBISAETCS BO3MOXKHOCTH COkpamieHus Ha 30%
OCTPOACPUIIUTHON CEPHOI KUCIIOTHI;

TexHoJsorust ooorameHus: pocopuron LK a30THON KUCIOTON B MPUCYTCTBUU
sTaHoJia npouuia anpodanuio Ha AO «CamMapkaHIKUME» U TMOJYyYEeH HOBBIA BUJL
BBICOKOKa4YeCTBEHHOTO (pocdarHoro ceipbs (CrnpaBka AO «Y3kumécanoar» ot 14
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utons 2016 roma Ne03-2342/14). BHenpeHnue aHHBIX pPE3yNbTaTOB B MPAKTHKY
MO3BOJIUT CHU3UTh CEOECTOMMOCTh (OCPOKOHIIEHTpATA IO CPABHEHHUIO C
ce0eCTOMMOCTBIO MBITOT0O 000X KeHHOTO0 (pochokoHIeHTpaTa B 1,4 pasa.

AnpofGauusi pe3yJbTAaTOB HccAe0BaHusl. Pe3ynbTaThl HcCCIEAOBaHUS
NPEACTaBIIMCh Ha MeXayHapoAHbIX U PecryOiMKaHCKUX HAyYHO-TIPAKTUYECKUX
koH(pepeHuusax: «CoBpeMeHHbIE TEXHUKA U TEXHOJOTUU TOPHO-METAILTYPrU4eCcKOM
oTpaciu U nytH ux pazsutus» (Hasou, 2010; 2013); «Pa3paboTka >¢hpexTrBHOM
TEXHOJIOTHH TOJYyYEHUS MHHEPAIbHBIX YAOOPEHUH U arpOXMMHKATOB HOBOTO
MOKOJICHHUS U npuMeHeHue nx Ha mpaktuke» (Tamkent, 2010); Yosh olimlarning
«Yugori texnologik ishlanmalar ishlab chigarishga» (Tashkent, 2010);
«llepcnieKTUBbI pa3BUTHSI TEXHUKA W TEXHOJOTMU U JOCTUXKEHUH TOPHO-
METaJTypruuecKoi OTpaciau 3a rojabl He3aBUCUMOCTH PecnyOnmku Y30ekuctan»
(HaBou, 2011); «CoBpeMeHHBbIE TEXHOJOTMM W  WHHOBAllMU  T[OPHO-
Metairyprudeckoit orpacian» (HaBou, 2012); «CocrossHMe W TEpPCHEKTHUBBI
MHHOBAIMOHHBIX pa3pabOTOK B OOJACTH TEXHOJOTUHM HEOPraHMYECKUX BEIIECTB U
XUMHU3AIUU CEIBCKOX03IMCTBEHHOT0 TTpon3BojicTBay (Tamkent, 2013); « AHAIUTHK
kM€ haHUHUHT A0J3ap0 Myammosiapu» IV-PecnyOnuka nimuii-aManuii aHxkyMaHu
(Tepmus, 2014); «IlepcrneKkTUBBI HAYKH U TPOU3BOJICTBA XUMUYECKOM TEXHOJOTHH B
V306ekucrane» (Haou, 2014); «DPU3UKO-XUMUSL U TEXHOJIOTHS HEOPTAaHUYECKUX
marepuaiioB» (MockBa 2014); VIII-MexayHapoaHoi HayYHO-TEXHHUYECKON
koH(pepenuu «JlocTmxkeHus, mpoOIeMbl U COBPEMEHHbBIE TCHIICHIIUU PA3BUTHSD)
(HaBom, 2015); «The Sixth International Conference on FEurasian scientific
development» (Vienna, 2015); wa wnHayuHom cemuHape Hayunoro coBera
14.07.2016.K/T.14.01 npu Uncturyre obmielt u HeopraHuueckol xumuu, Haydno-
WCCIIEIOBATENIbCKUMA IEHTP XUMHUHA U (PU3UKU TTOJIMMEPOB, TalIKEHTCKOM XUMHUKO-
TEXHOJIOTHYECKOM HMHCTUTYT€ U TallKEHTCKOM TOCYAapCTBEHHOM TEXHUYECKOM
yHuBepcutete oT 14 centsops 2016 roxa.

Ony0JuKOBAHHOCTH Pe3yJbTATOB HcciaenoBanms. [lo teme maucceprauuu
omyOnurkoBaHbl Bcero 31 HaywyHabix pabot. M3 Hux 13 HayuHbIX cTareid, B TOM
gyucie 11 B pecnyOIuKaHCKUX U 2 B 3apyOeKHBIX KypHaiaX, peKOMEHJIOBAHHBIX
Bricmieit arrecrarmonHoit komuccuet PecnyOnuku Y30ekuctaH il MyOIuKaiuu
OCHOBHBIX HAYYHBIX PE3YJIbTATOB JOKTOPCKUX IUCCEpTalMii, a Takxke moiydyeH |
nateHT PYs.

Crpykrypa U 00beM auccepramum. CTpyKTypa AHMCCEPTAllMd COCTOUT W3
BBEJICHUS, YETHIPEX IJiaB, 3aKJIIOUEHUsS, CHUCKA HCIOJIb30BAaHHON JUTEPATYpHI,
npuioxkenuit. O0bpeMm auccepTanmu coctasiser 193 crpanuil.
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OCHOBHOE COIEPKAHUE IUCCEPTALINHN

Bo BBemeHuM 00OCHOBaHa aKTyaJbHOCTh PabOThI, CHOPMYIUPOBAHBI 1IENb U
3a/layd MCCIIEJOBAaHUM. IOKA3aHO COOTBETCTBUE HCCIEAOBAHUI MPUOPUTETHHIM
HalpaBJICHUSM Pa3BUTHS HAyKW W TEXHOJIOTMM pecnyOnuku Y30eKucraH,
U3NIAraloTCs HayyHas HOBHM3HA M NPAKTUYECKHUE pe3yJbTaThl HCCIEIOBAHMUS,
PACKpBIBAIOTCS HayyHash U MpaKTHUYecKas 3HAYMMOCThH MOJYYEHHBIX PE3YJIbTATOB,
BHEJpEHUE B  NPAKTUKY  PE3yJIbTaTOB  HUCCIEAOBaHUS,  CBEACHUS  TIO
OIyOJIMKOBaHHBIM pab0oTaM U CTPYKTYpE TUCCEPTALIUU.

B nepBoii rnase nuccepranuu «Metoabl odorameHus GochaTHOro ChIpbsi»
OMHCaHbl METOABI (HIOTAITMOHHOTO, TEPMUIECKOTO M XUMHUECKOTO oOorarieHus (c
MOMOUIBI0 A30THOW, COJNIAHOM U (GocPOpHONM KHCIOT) pa3iIUYHBIX BUJOB
docdatroro ceipbs. [Jana ¢uszuko-xumuueckas xapakrepuctuka gochopuron LK
U aHAJIM3UPOBAHBl pa3NWYHbIE CIMOCOOBI UX oOoramieHus. llpuBeneHsl npyrue
crocoObl  O0OTAIlleHUSs, AJbTEPHATUBHBIE MPUMEHSEMOMY B MPOMBIILIEHHOCTH
BBICOKOTEMIIEPATYPHOMY  TEPMHUUYECKOMY CHOCO0Yy. AHaMM3Upys KOMILIEKC
UCCIIeIOBaHUM 110 oborameHuto ¢GocdaTHOro Chipbs, ObLIN CHOPMYIUPOBAHBI 1IETh
U 3a]1a4M HacTOAIEH pabOTHI.

Bropas rmaBa aucceprauuu «HMcciaegoBaHusi mpouecca JIKCTPAKIHM
HUTPATOB KAJbUMS MW AaMMOHHMS M3 HHUTPOKAJAbUUHAPOCHATHBIX MYJbII,
o0pa3ylomuxcss NpPpH Aa30THOKHMCJIOTHOM O00OraleHMH BbICOKOKAPOOHATHBIX
¢ochopuToB B NPHUCYTCTBHH ITAHOJA» OTHOCUTCA K  HCCIIEOBAHHIO
xumuueckoro oboramenus ¢ochoputo LK. [nsa usBnedenuss kapOOHATOB WH3
dochopuroB [IK Obumm wucmons3oBanbl 57,87 %-nas HNO; u TexHMueckuit
stunoBbiid criupT (OC) 96 %-Hol koHueHTparuu. J{ns oboramenust ObUTH B3STHI
dbochoputsl LIK paznuunsix mapok (pochopuroBas myka — POM Tpex mapok u
MUHepanu3oBaHHasg macca — MM, orxox npousBoactBa MO®K na KOK). HUx
XapaKTepUCTHKa pUBeAeHa B Ta0. 1.

Tabnuua 1
XapaKkTepHCTHKA HCXOJHOIO ChIPbS

Homepa Buist ConepxaHrie KOMIIOHEHTOB, BeC. % P10sycs. : P2Oso6m. Ca0:

00pa3LoB | CBIPbS P20506m CaOop. CO, 0 JIUM. K-T€, %0 P20s
1 POM 16,60 47,13 17,23 10,20 2,84
2 POM 17,52 47,53 15,23 17,68 2,71
3 POM 18,70 47,80 15,30 18,49 2,56
4 MM 15,06 44,27 14,11 9,10 2,94

Hopmy HNO; 6panu u3 pacuera Ha paznoxenue CaO B dochaTtHOM chipbe
(®C). OcHoBHBIMM  MuHepasiaMd B  (ochaTHOM  CBIpbE  SBISIOTCA
dbropkapOoHaTanaTUT U KapOoHAT KanbIus. [Ipu 00paboTKe X a30THOM KHCIOTOM
IIPOTEKAIOT CIEAYIOIINE PEAKIINHN:

CaC03 + 2HNO3 —> Ca(NO3)2 + HZO + C02
CasF(POy); + 10HNO; — 3H;PO,4 + 5Ca(NO;), + HF
Ecnu koaum4ecTBO a30THOM KUCIOTHI MEHBIIE CTEXMOMETPUYECKOrO, TO MPOTEKAET
peakuus:
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2Ca5F(PO4)3 + 14HNO3 —> 3C3(H2PO4)2 + 7C3(NO3)2 + 2HF

C uenbto mpenotrBpamieHuss notepb P,Os B kuakyro (azy, mnpexiae dem
pasnenuTh HUTpoKanbIuidochaTHo-cipToByio cycrensuio (HOCC) na xuakyro
U TBepAyr ¢asbl, mpenjaraercs €€ aMMOHHU3HPOBaTH aMMHUAKOM JI0 3HAYEHUS
pH=3. B n1npouecce aMMOHHU3AIMU MPOUCXOAUT B3AUMOJICUCTBUE MEKIY
MoHodochaToM u HuUTpaToM Kaibius ¢ NH;, B pesynpTaTe yero oOpasyeTcs
auKanbiuiigocdar U HUTpAT AMMOHUS IO PEAKIUH:

Ca(H2P04)2 + Ca(NO3)2 + 2NH3 = 2C3HPO4 + 2NH4NO3

IIpu sTom oOpazopaBmuiicsi CaHPO, BeImagaer B 0cagoKk U TaKuM 00pa3om
npakTuuecku Bech ¢dochop ocraercs B coctaBe ¢GochoKoHIEHTpaTa. DTO JaeT
BO3MOXHOCTh UCIOJIb30BaTh sl oboraiienus 6osee Bbicokyto Hopmy HNO; u tem
CaMbIM 3HAYUTEIBHO CHU3UTh 3HAUCHHUE KAIBIIMEBOTO MOAYJIS B PochaTHOM ChIphE.
Yem menbiie CaO : P,Os B oboramenHoMm docdopure, TeM MeHbIIE TpeOyeTcs
KHCJIOTHOTO pEareHTa MpPH CEPHOKHUCIOTHOM €ro H3KCTPAKIMKA U TEM MEHbIIee
KoJn4ecTBO (hocdorurica BEIOpachIBaCTCS B OTBAJL.

Ha ocHOBe nuarpamMmbl pacTBOPUMOCTH 4-X KOMIIOHEHTHOH CHCTEMBI
Ca(NO;), - NH4NO; - C,HsOH - H,0, cocrosmeit u3 3-x tpoiasix: Ca(NO;), -
CzHSOH - HZO, NH4NO3 - CzHSOH - HZO, Ca(N03)2 - NH4NO3 - Hzo n 3-x
ounapueix cucrem Ca(NOs), - H,O; NH4,NO; - H,O u C,HsOH - H,O,
00OCHOBBIBAJICSI MPOIECC AKCTPAKIIMM HUTPATOB KaJbIUs U aMMOHHUS U3 HUTPO-
KaTbIipochaTHBIX My, 00pa3yIONIUXCS MPU a30THOKUCIOTHOM OO0OTaIleHUU
BbICOKOKapOoHaTHbIX ¢ochoputroB [IK ¢ mnomomipio 3TaHoda B IIMPOKOM
TEMIIEpaTypPHOM U KOHIEHTpallMoHHOM Juana3one (Puc. 1).

[To monuTepMUYECKUM AUarpaMMaM PAcTBOPUMOCTH MOXHO 3aKJIIOUHUTh, YTO
KOMITOHEHTHI JIAHHBIX CUCTEM OKa3bIBAIOT BHICAJIMBAIOIIEE IEHCTBUE IPYT HA JpyTa.
B u3yueHHOM TeMInepaTypHOM M KOHIEHTPAIMOHHOM MHTEpBajiaX CUCTEMbI HOBbBIE
XUMUYECKUE COCIMHEHUS HE O00pa3yloTcs, CHUCTEMbI OTHOCATCS K MPOCTOMY
ABTOHUYECKMY THIly. Ha OCHOBE MOJyUYE€HHBIX PE3YJHTATOB ONMPE/EICHbl OCHOBHbIE
TEXHOJIOTHUECKHE TapaMeTphl Ipoiecca o0orameHns KapOooHaTHRIX (ocPOoprUTOB
K a30THOM KHCIOTOW C MOCIEAYIOIIMM BBIIIEIAYMBAHUEM HUTpATa KaJlbLUs W3
HUTPOKAJIbIMI(POCcHATHON MyIbIBI C TOMOIIBIO STUIOBOTO CIIUPTA.

IIpr HaWAEHHBIX TEXHOJIOTMYECKUX NapaMeTpax HCCIEIOBAaH IIPOLECC
a30THOKHUCIOTHOTO oboramenus ¢ocpoputoB LUK B mpucyrcteuu 3C. Hopmy
KHCJIOTBI BapbupoBaiiv B npegenax 30-60% ot crexuomerpun Ha pasznoxenue CaO
B cbIpbe. Ho Tak kak B pazHoMm docdaTHoM chipbe coaepxanue CO, oTnnyaercs, To
U HOpMa a30THOW KucioThl Ha paznoxenne CaCO; B cwippe (IpU OJAMHAKOBOM
HOpME KHUCJIOThI Ha pasznoxeHue CaO B cCpIpbe) I KaXAOTO BHAA ChIPbS
otiimuaercs. O6padotky @C a30THOM KuCI0TON TTpoBOAWIM B TeueHue 20-30 MuH.
Temneparypa peakimonHoi maccel - 40°C. Tlocne paznoxxeHus GocchIipbsi a30THON
KHUCIIOTOM MOJIydaeTcss HUTpokanbluidochaTHas mynbla T'yCTOW KOHIIMCTEHIUU.
[lyneny penynbnupoBaiv 3THWIOBbIM croupToM (DC) mpH pa3inUYHBIX MAaCCOBBIX
cootHomeHusix @C : OC =1 : (3+10) u nepememmBanu B Te4eHUe 3-4 MUHYT,
[OCJIE 4Yero COJAEPKUMOE pa3Aeiisuid Ha KUAKYI0 U TBEpAyk (a3bl METOJIO0M
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C,HsOH

ﬁaﬁv%‘

Puc. 1. Iluarpamma pacrBopumoctu Ca(NOs), - NH,NO; - C,H;OH - H,O B
npoiuecce IKCTPAKIMUA HUTPATOB KAJIBIUSI H aMMOHHS H YIAPKH KCTPaKTA.
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bunpTpanuu mox BakyymMoM. Jlanmee BiaxHBI (POCHOKOHIEHTPAT MPOMBIBAIH
yuctbiM JC nipu cootHouieHuu OC : 3C =1 : 2. BnaxHbie 0ocaku BbICYIIUBAINCH
npu 100°C. Breicymennsie (ochokoHIEHTpaThl W (GUIABTPAThl  IMOJBEpPraau
XUMUYECKOMY  aHaiu3y 10  OOIIEU3BECTHBIM  METOAMKaM.  Pe3ynbrarhbl
npeacTaBlieHbl Ha puc. 2-4. PesynbTaThl oOOramieHusi pas3uyHbIX BHUIOB
¢docdaTtHOro ChIphs C a30THOM KUCIOTOM oOmIas kapThHa. Pasnuuarorcs Mexay
co00olf  TOJNBKO  aOCONIOTHBIM  3HAYEHUEM  COJAEp)KaHWS KOMIIOHEHTOB B
dochokonmenTpatax. Uem BbIllie HOpMaA KUCIIOTHI, TeM Hike comepxkanne CO, u
TeM Beile conepkanue P,Os B docdokonuentpare. s tpéx mapox POM mpu
oOoramieHMH Aa30THOM KHUCIOTOM MOIy4aroTcst (OCHOpUTHBIE KOHIIEHTPATHI,
KOTOpBIE TI0 COCTaBy OTMUalOTCs. Tak, mpu oboramenuu POM cocraBa 16,60%
P,Os; 47,13% CaO; 17,23% CO,; CaO : P,Os = 2,84 a30THOH KHCIJIOTOH
cobmonennem e€ HopMbl 30-45% ot crexuomeTpun Ha paznoxenue CaO B ChIpbe U
cootHomiennn ®C : BC or 1 : 3 go 1 : 10, comepxanne P,0Osp65, B
(dbocdokoHuEeHTpaTe Bo3pacTaeT ¢ ucxogHoro 16,60% no 21,62 - 23,74% (puc. 3-a),
cogepxanue CO, cHmxaercs ¢ ucxogHoro 17,23% no 7,62 - 4,26%. Ilpu stom
cTeneHb jaekapOoHu3auu GocdaTHoro cbipbsi yBennuupaercs ot 60 no 82% (Puc.
2-a). IIpu »TOM KaJIbIIMEBBINA MOJTYJIb CHUYKAETCs ¢ ucxoaHoro 2,84 ot 1,95 no 1,60.
BecoBoe cootHomenne ®C : OC oveHb HE3HAYUTENHHO BIMSET HA COJACpPIKAHUE
P,Os B dochoxonnentpare. Hanpumep, ¢ Bo3pacranuem koiuuectBa IC, T.e. ¢
m3menenrem cootHoueHuss ®C : 3C or 1 : 3 mo 1 : 10 conmepxkanue P,Os B
docdokoHLeHTpaTax yBenuuuBaercsa Bcero ot 21,62 o 21,85; ot 21,89 no 22,13;
ot 22,19 no 22,69 u ot 23,25 no 23,74% cootBercTtBeHHo aiig Hopm HNO; — 30, 35,
40 u 45%. KanpuueBslil MOAYJb COOTBETCTBEHHO MeHsieTcs oT 1,95 no 1,89; ot
1,88 no 1,82; ot 1,79 no 1,71 u ot 1,67 mo 1,60. [Ipu 06padoTke nanHo# PocMyKkH
30 %-Hoi1 HOPMOH a30THOW KUCIOTHI (hochaTHBI MUHEPAJT HE pa3iaraeTcs, HO MpH
HOpMax a30THOU KUCIOThI 35-45% oT crexuomerpuun npoucxomut nepexon P,Os B
KuAKyto a3y u B 3aBucumoctd oT cooTHoueHuss OC : DC cocrasuser 0,55-8,69%
(puc. 4-a). IIpu Hopme HNO; — 50% u cootnomennun OC : 3C =1 : 5 3TOT nepexo
coctasisieT yxe 21,05%, to ectb Boixon P,Os B pocokoHLeHTpaT CHUXKAETCS OT
99,45 no 78,95%. D10 00CTOSATENBCTO OOBICHIETCSA TEM, UTO MPHU JACKapOOHU3AITUU
dhochaTHOTO CHIPBs a30THOM KUCIOTOM Hapsay ¢ KapOOHATOM Kalblus GochaTHbIN
MUHEpaJ pazjaraercs ¢ o0pa3oBaHHEM BOJOPACTBOPUMOTO MOHOKalblinidocdara,
KOTOPBI BMECTE C HATPATOM KaJbIUS TIEPEXOAUT B XKHUIKYIO ¢asy. [IpoBenennbie
uccnenoBanus 1o oborameHutro POM, comepxamein 17,52% P,Os mytem eé
naexapOOHU3aIMN a30THOW KUCIIOTON MOKA3bIBAIOT, YTO MPH HOpME KUCIOTH — 40%
(100 %-nas nHopma Ha paznoxenue CaCOs;) u coornomenun ®C : 9C =1 :5 B
noyqaemoMm ¢ocdoronrenTpare coaepxkutrcsa (Bec. %): 24,20 PyOso5n; 17,71
P;,Osys. 10 umonnoM kucnore; 12,20 P,Osy, o Tpustony b; 39,67 CaOygy, ; 28,66
CaOy; 3,84 CaOygpy; 0,65 N; CaO : P,Os = 1,64, co creneHbro 1ekapOOHU3aMN
ceipbs — 82,5%. Ilpu stom Bbixon P,Os B pocdokonnentpar cocrasiusier 94,75%.
VYBenuueHue HOPMbI a30THOM KHUCHOTHI A0 44% OT CTeXMOMETpUU, XOTS U
ylydlllaeT ToKa3aTelu KadecTBa (POCPOKOHIEHTpaTa (CHUKAET KaJIbI[UEBBIN
MOJyJb), HO IPUBOJUT K CHIDKeHHUIO Bbixoga P,Os B ¢docdhokoHueHTpar 10
89,91% B cBs3U
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Puc. 3. Conep:xxkanue P,0Os5 B pochoxoHeHTpaTe B 3aBUCUMOCTH OT
cootHomenusi ®C : IC u Hopmbl HNO;: a) POM — (16,60% P,05); 6) POM —
(17,52% P,05); B) POM — (18,7% P,05) r) MM — (15,06% P,05).
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Puc. 4. Crenenn nepexona P,Os B :Kuakyo ¢pasy B 3aBUCUMOCTH OT
cooTHomieHus1t ®C : IC u Hopmst HNO;: a) POM - (16,60% P,05); 6) POM —
(17,52% P,05); B) POM — (18,7% P,05) r) MM — (15,06% P,05).

¢ poctoM niepexopa e€ B xuakyto daszy (10,09%). Okazanoch, 4TO IpH pa3ioKEHUU
P®M npu 48 %-noit HopMe Ha CaO wnmm 120 %-Hoit HOpMe Ha CaCO; a3oTHOU
kucioTsl U cooTHowieHun OC : OC =1 : 5 B xkuakyro dazy nepexoaut 10 12,51%
P,Os B Bume MoHoKanbluiipocdara, 4To CHUXKAET BBIXOA M cojaepkanue P,Os B
dhochoxoHIEHTpAaTE.

IIpu o6oramennn POM cocrasa (Bec. %): 18,7 P,Os; 47,8 CaO; 15,3 CO, u
CaO : P,0O5 = 2,56 azotHoi kuciorod npu cootHoumennu ®C : 9C =1 : 5
nosrydaercsi ochOpUTHBIN KOHLIEHTPAT CIAEAYIOLIET0 cocTaBa (Bec. %): mpu HOpMe
HNO; 36% - PyOsooum, 24,22; P2Osy; 10 nuMonHOM KMCH0TE 16,83; P,Osyc, 1O
tpunony b 12,29; CaOgsyy. 40,77; CaOyeg, 29,64; CaOyoyy. 1,50; CaO : P,Os = 1,68 co
cTeneHbto nexkapoonmzanuu — 77,5%; a npu HopMe HNO; 40% - PyOso6u,. 26,19;
P;,0Osycs. M0 mumonnOM KucnoTe 18,88; P,Osyc, o Tpunony b 13,84; CaO,gy, 39,92;
CaOyq. 29,47; CaOyopy. 1,67; CaO : P,Os = 1,52 co crenensro JekapOOHU3ALUHN —
79,7% (puc. 2-B). O6oramenue MM — orxona K®K a3oTtHOi KucnoTod Takxke
npeBpamiaer e€ B KoHauImonHoe GocdarHoe chipbe. Tak, mpu cOOIIOACHUNA HOPMBI
HNO; — 30-45% wu cootHomiennun ®C : 9C ot 1 : 3 go 1 : 10 momyuarorcs
dhochopuTHbIe KOHIIEHTpaThI, coaepxkamue ot 18,61 mo 21,20% P,0s, ot 38,50 no
41,54% CaO, ot 3,01 no 6,80% CO, u kanbuueBbIM MoAyJieM OT 1,82 no 2,23. Ilpu
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oOpaboTke maHHOTO CbIpbs 35-45 %-noit HOpmoii HNO; oT crexmomerpuu
¢docdarHbiil MuHepan pasznaraercsa u nepexon P,Os B xkuakyo a3y B 3aBUCHUMOCTH
ot cootHomenuss ®C : IC cocransier 0,77-8,81% (puc. 4-r). IIpu nHopme HNO; —
60% u cootHomiennu ®C : OC = 1 : 5 3T70T nokazarenp yBeauuupaetrcs 10 24,80%.
VBemnuenue coorHolreHus OC : DC or 1 : 3 no 1 : 10 He3HAUUTENBHO BIMSET HA
coctaB moiyyaeMoro ¢GochoKoHIEHTpara, TO ecTh conaepxkanue P,Os B
¢docdokonuenTpare yBenuuuBaercs Bcero ot 18,61 mo 18,81% u ot 20,50 nmo
21,20% nas Hopmsl HNO;3 — 30 1 45% COOTBETCTBEHHO.

Jnsa  nocTmwkeHus paspabarbiBaeMoMy crocoOy oOoramienus Haubonee
MOJIHOTO  BBINICIAYMBAHMS ~ HHUTpATa Kaimbliud W3  (POoCPOKOHICHTpaTa U
3HAYUTETLHOTO CHIDKEHHS pacxona JC 11 MPOMBIBKH, a TAKXKE MOTydeHUs OoJiee
KOHIIEHTPUPOBAHHOTO CHOUPTOBOTO pAacTBOpa HUTpPATA KajblHS POMBIBKY
BIAXHOTO (HOC(hHOKOHIIEHTpaTa MpeaiaracTcsi OCYIIECTBISATh MO MPOTUBOTOYHOM
CXeMe, HMUTUPYIONIEH MpOMBIIUIEHHbIE YCIOBUS NPOMBIBKH (ocdorurmca.
PaccunTan maTepuanbHbIN MOTOK MpOLEcca MOJYyYEeHUS] XUMUYECKH 000TallEHHOTO
bocdokonuentpara uz POM, conepxkatero 17,52% P,0s.

Kak Oblio oTmeueHo panee oOoramieHue kapOoHatHbIX (ocdoputor K
a30THOM KHUCJIOTOM MMEET OJIMH CYIIECTBEHHBIM HEIOCTATOK: NpPHU H3BICYCHHUU
KapOoHara Kanblus U3 (pocdaTHOro ChIphsi, XOTh U B HEOONBIION CTENEHU HO
POUCXOJIUT YaCTUYHOE pa3jiokeHue ero pocdarHoro muHepasia ¢ oOpa3oBaHHEM
Ca(H,PO,),, mepexomsmero B Xuakyo (azy. ITO ONIyTUMO CHUXKAET BBIXOI
conepxkanue P,Os B xoHueHTpare. JKenatenbHO €ro BEpHYTHh B TBEpAYIO (azy,
nensio yBenudeHus: P,Os B pocdokonnentpare. s 3T0r0, NpeKae 4eM pa3aeiuTh
KHUCIIYI0O HUTPOKAIBINI(OCHATHYIO-CIUPTOBYIO MYJIbITy HA JKUIKYIO U TBEPIYIO
¢da3pl MBI MoABeprayiv €€ HelTpaiau3aluu ra3oo0pa3HbiM ammuakoMm 1o pH = 3.
[Ipu sTom pactBopuMEIil (hochop Bo3BpamaeTcss B coctaB (HochHOKOHIIEHTpATa B
BUJIe TuKanbiuidocdara.

docdaTtHoe ChIpHE, npurogHoe s mnoaydeHuss u3z Hero DDK meromom
CEPHOKHUCJIOTHOM JKCTpaKLUM, JIOJDKHO OTBEYaTh CJCAYIOIUM TpeOOBaAHUSM:
coaepxanue P,0Os He Hmxe 24,5%, CO, He Bbilie 8%, a 3HAYCHHUE KAIBIMEBOTO
moxayisa (CaO : P,Os) He Oonee 1,6. C ydeToM 3KOHOMHHU pacxojia KHCIOTHI
oNnTHUMaJIbHON €€ HOpMoOM npu npoiecce odoramenuss POM moxuo cuutath 50%, a
maccoBoe cootHomienne ®C : DC = 1 : 5. Hanpumep, npu oboramenuun POM c
coaepxkannem 17,52% P,0s; 47,53% CaO; 15,23% CO, u CaO : P,0s = 2,70
(o6pazent 3) 50 %-noit HopMmoit HNO;, pH nHuTpokansimiihocdarnoit myiasnsl 3 u
BecoBoM cooTHoteHnu @C : OC, paBHOM 1 : 5, monyyeH KOHUEHTpAT cocTaBa (Bec.
%): P2O0506u, — 26,20; CaOqgy, — 38,25; CO, — 2,80 m CaO : P,Os = 1,46 (tadm. 2).
IIpu stom BeIXOA P,Os B koHueHtpar cocrasiser 100%. Ilo 3HaueHuro
KaJIBIIMEBOT0 MOJYJII OHO OJIM3KO K JyuiieMy (ochaTtHoMy chipbio — XUOUHCKOMY
anatutoBoMy KoHieHTpaty (1,32). A >kunkas daza myJsblbl MPEACTaBISIET COOOM
pacTBOp, COCTOAIIMKA W3 HUTpaTa Kaiblss U OC ¢ HEOOJIbUIUM KOJIMYECTBOM
HUTpaTta aMMoHus. CIUPT JIETKO OTTOHSIETCS M BO3BPALIAETCS B TEXHOJOTUYECKHIM
[UKIL. [Tocne OTTOHKHU cnupTa MOJIy4aeTcs KOHIIEHTPUPOBAHHBIN
HuTpoaMMmoHuHoKanbuueBbld pactBop (HAKP), comepxkaummuit 50% Ca(NO;), u
3% NH4NO;. Halinennble onTtuManbHbIE MapaMeTphbl Mpoliecca 0OOTaleHusl Mbl
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MOMNBITAIMCH TPUMEHUTH 17151 oOoramenns POM em€ nByx BunoB 1 MM, cocTaBbl
KOTOpbIX mpuBeneHbl B Tabn. 1. Jngs MM nopma HNO; Opanace 60% ot
CTEXMOMETPUH Ha BbllenaynBanue u3 Hero CaO.

Tabiamnuna 2
XUMHYECKHUI COCTAaB KOHIEHTPATOB U3 pochoputos LleHTpaabHBIX
Kb13bIKyMOB
Bun Conepkanne Hopma HNO;3 ConeprxkaHre KOMIOHEHTOB, P2Osycp. -
doc- P,0s06m na CaO B Bec. % P20seom. | CaO':
ChIPpbi CBIPBC OT
b B(ii;:é[’ HoZM CTGXI/IIZ)(I)VIGTPI/H/I P20so6m. | CaOopuy, CO, 1::;;4(1)\/40. P20s
POM 16,60 50 24,66 38,47 3,52 57,95 1,54
POM 17,52 50 26,20 38,25 2,80 59,88 1,46
POM 18,7 50 26,83 39,73 2,91 64,85 1,48
MM 15,06 60 24,21 35,97 2,07 58,44 1,48

Pe3ynbraThl oOoraiieHus NpyuBeIeHbl Takke B Tabs. 2. M3 He€ BUAHO, YTO MpHU
o0OoramieHuu pa3audHblX BHAOB  (OChaTHOrO ChIpbS A30THOM  KHUCJIOTOM
MOJIYYarOTCSI KOHLIEHTPAThl KOTOPBIE OTIMYAKOTCSA MO coctaBy. Hampumep n3z POM
¢ coaepxkanuem 16,60% P,0s, 17,23% CO, u ¢ CaO : P,Os = 2,84 (obpazer 1)
MOJIy4aeTCd KOHIEHTpAT, B COCTaBe KOTOporo umeercs 24,66% P,0Os u CaO : P,0Os
= 1,54. U3 tpetrero obpasua POM c conepxkanuem 18,7% P,0s5 u ¢ CaO : P,Os =
2,60 monydeH koHueHTpar yxe ¢ 26,85% P,Os u ¢ CaO : P,0Os = 1,59. A MM
(obpazent 4) ¢ comepxanuem 15,06% P,0s, 14,11% CO, u CaO : P,0s = 2,94
npeBpaiiaercs B odoramennoe ceipbe ¢ CaO : P,Os = 1,48 BnomHe npurogHoe st
CEpPHOKHCIIOTHON 3KCTPAKIIMK, HOCKOIBKY cojepxkanue P,Os B HEM MOBBICUIOCH C
15,06% no 24,21%. WN3ydeHbl pPEOJIOTMYECKHE CBOWCTBA AMMOHU3UPOBAHHOM
HUTPOKAJIbIUI(POCPaTHO-CIUPTOBOM MyNbIBI W MPOIECC €ro OTIAEICHHUS Ha
KUAKYI0 U TBepayro ¢asbl. [lonoxutenbHbld 3PGEKT Mo pa3AesieHUuI0 MyJIbIIbI
MOXKHO JOCTUYh MyTeM (UIbTpAlMd HAa JIEHTOYHO-BAaKyyMHOM (HIIBTpE, YTO
spdextuBHO npumensiercss Ha KOK mpu npombiBKe MUKPO3EPHUCTONW (HOCMYKH.
PaccuuTan 6ananc npoiiecca.

Tperbst rnaBa nuccepranuu «MUccjieqoBanue mpouecca pereHepamnuu
3THJIOBOI0 CIUPTA M3 DJHKCTPAKTA C TMOJYy4YeHHEM KOHIEHTPHMPOBAHHOIO
pacTBOpa HUTPATOB KAJbUUS U AMMOHHS MOCBSIIEHA PEreHEPaIlui STUIOBOTO
CIIMpTa M3 COCTaBa HUTPATHO-aMMOHMIHOKanblMeBoro pactBopa (HAKP) —
nmo6ouyHoro npoaykra oboramenus Gochoputor LIK u ero mepepaboTku B KUIAKUE
U TBEpHAbIE a30THOKAIbIMEBbIE yhnoOpeHus. Kak moka3aHo BbIie, oOOTameHue
P®M, wumeromeit 17,52% P,0Os npu nHopme HNO; - 50%, pH nynaener 3 u
cootHoumieHnn POM : OC = 1 : 5, no3Bonawino moiayyuTh (OCHOKOHIEHTPAT C
conepxanuem 26,2% P,0s. Kunkas ¢aza mynbnbl npencraBiisier co0od pacTBop,
COCTOSILMI W3 HUTpATa KAJbLUS C HEOOIBIIUM KOJMYECTBOM HUTpaTa aMMOHHMS U
OC. TlocneaHuil JIETKO OTTOHSETCS W BO3BPAIIAETCS B TEXHOJOTMYECKUH ITUKII.
IIpoBenen Teopernueckuil ananus perenepauuu cnuprta u3 HAKP ¢ npumenenunem
auarpamMMbl pacTBOpUMOCTH 4-X kommnoHeHTHOM cuctembl Ca(NOs), - NH4NO; -
C,HsOH - H,O, B pe3ynbpTare KOTOpPOHM IMOKa3aHa METOAMKAa pacuera mpoliecca
pereHepanuy CnupTa U ONpEeJeieH HHTEpBal BAPbUPOBAHUS TEXHOJOTHYECKHX
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MapaMeTpoB C YYE€TOM COCTaBa MCXOJHBIX BOJHO-CIIMPTOBBIX pAacCTBOPOB U
KOHEYHBIX TPOYKTOB.

ITpoBenena perenepanusi 9C uz HAKP, npu koTopoii crenens Bo3Bpata IC B
uuka pocturaet 98-99%. Ilocne otronku nosydeH HAKP, coaepxkanmii 50%
Ca(NO3),, 3% NH4;NO;. B nHamem ciydyae 0Opu MOJIYYEHUU OJIHOM TOHHBI
dochokonuentpata uz3 POM c copepxanuem 17,52% P,Os npu cobmoaeHun
yKa3aHHBI BBIIIE MapaMmMeTpB mpoliecca, oopasyercsa 1,87 T HAKP, B koTopom
conepxutcs 1,35 T TeTparupata HUTpaTa KaJIbLHs.

Nzyuens! ¢usuko-xumnyeckue corictBa HAKP (peomornueckue cBoiicTBa,
JABJICHHE HACBHIIIEHHBIX MApOB, TEMIIEPATYpPhl KUIEHUS W KPHUCTAUIM3ALUHU) B
3aBucuMocTH OT KoHueHTpauuu Ca(NO;), u NHyNO;. [lna npoBeneHus: OMbITOB
on1mn ipurotoBieHsl HAKP pasnuunbix konnentpanuii (53,02-84,77% Ca(NOs), n
3,02-4,77% NH4NO;) nyrem ynapku ucxoaHoro pactBopa (50% Ca(NO;), u 3%
NH4NO,). JlaBnenue HaceimeHHbIXx mapoB HAKP B nnteppane 20-40°C cocraBisieT
0,44-6,38 klla, 4TO CBUIIETENBCTBYET O MaJON UX JIETY4YECTH B YCIOBHUAX YKAPKOTO
kinMarta LlentpansHoil A3uu. B unTepBane konueHtpauuii HAKP 53,02-65,71%
TEeMIlepaTypa HX KpUCTaUIM3alMu HaxoauTcs B npexpenax (-75)+12,0°C, uro
MO3BOJISIET NMPUMEHSTh UX B BECEHHE-JETHee Bpems, B KauecTBe >kujakux NCa-
ynoOpenuit. B nuamazone Ttemmepatyp 30-90°C HAKP ¢ ykazaHHbIMU
KOHIIEHTpaUsIMH HMeeT mioTHOCTh 1,3873-1,6377 r/eM® u Bsskocts 2,43-18,85
clI3. Ilpu stom HAKP o6nagaer Xopommmu peosIOTMYECKUMHU CBOWCTBAMHU.
Onnako 6onee koHueHtpupoBanuble HAKP (67,83-84,77% Ca(NOs),, 3,83-4,77%
NHy4NOs) nepen npuMeHeHHEM HEOOXOIMMO Pa30aBisTh BOJOW, T.K. TEMIIEpaTypa
ux Kpuctamumszauuu coctaBisier 29-60°C. Tak kak omnpejeiaeHue IUIOTHOCTH U
Bsi3koctu HAKP ¢ konuentpamueir B mpenenax 69,94-78,43 u 80,54-84,77%
cootBeTrcTBeHHO Tipu 30-50°C m 30-60°C oka3asoch HEBO3MOXHBIM B CBSI3U
kpuctaunzanueit Ca(NOs), u NH4;NO; 13 ynapeHHbIX pacTBOPOB.

Pe3ynbTaThl MOKa3bpIBalOT, YTO MO Mepe MOoBbIMIeHHUs KoHueHTpauuu HAKP
yBEJIMUMBAETCSl TeMIlepaTypa uX KuneHus. Tak, npu koHueHtpauuun HAKP -
53,02% (50% Ca(NOs),, 3,02% NH4NOs;) npu naBnenuun 760 MM. pT. CT.
temrieparypa ero kurnenus pasaa 108°C, a mpu HAKP — 84,77% (80% Ca(NOs),,
4,77% NHyNO;) sTot moka3arens nossimmaetcs 10 152°C. [loHmwxkeHue naBiIeHUS
CHIIKAET U TeMIIepaTypy KUIeHUs pacTBOpoB. Tak, ecnu npu gaBieHuu 760 M. pr.
cT. Temneparypa kunenus 63,6 %-noit HAKP (60% Ca(NO;),, 3,6% NH4NO;)
coctasisieT 130°C, to npu gaBnenun 460 mm. pT. cT. oHa paBHsieTcs 112°C.

HAKP 6b1 mepepaboTaH B TpaHYJIMPOBAHHYIO KaJbLIMEBYIO cenutpy. s
yIy4IlIeHUs] CBOMCTB TMOCJEAHEM B KadecTBe JOOAaBKM  HCIOJIb30BAJIUCH
OCHTOHHUTOBBIE TJWHBI PA3UYHBIX MECTOpPOXKIeHu. OmpeneneHbl TOBapHBIC
CBOWCTBAa TIONYYCHHBIX MPOAYKTOB. I[lokazaHo, dro mobaBka OEHTOHHTA
3HAQYUTEIBHO YBEJIUYUBAET TUTPOCKONMUYECKYIO TOUKY W MPOYHOCTh T'paHyJIbl
KaJbueBol cemuTpbl. Tak, mpu pobaBke Karrakypranckoro O€HTOHUTa €€
TUTPOCKONMYECKast TOYKa MoBbImaercs ot 38,7 mo 44,99%, Jlaronckoro 6eHTOHUTA
— 10 55,55%, Has6axopckoro 6entonnta mapok: [1BI" — mo 54,99% w III1J] — no
57,07%, npu 3TOM NPOYHOCTh T'paHyd yBenuuuBaercs ot 1,98 mo 3,45 Mlla; no
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4,48 Mlla; no 3,55 MIla u nmo 5,31 MlIla, coorBerctBeHHO. B mpomaykrax
coJiepkaHue a30Ta HaxoAuTcs B npenenax 14,49-14,69% (tabu. 3).

Taoauna 3
CocTaB M CBOMCTBA KAJbIHEBOH CEJIMTPbI
e I e Y e B
00pasos |~ 0, : Gerromur | €20 N 7o Ma %
1 Ca(NO;3), 27,76 15,58 1,29 1,98 38,7
IIpu no6aBke GeHTOHUTA KaTTakypranckoro MecTopo:KIeHust
2| 100 : 6 | 2651 | 1449 | 119 | 345 [ 4499
IIpu nodaBke 6eHTOHUTA JIArOHCKOT0 MECTOPOKIACHUSI
30| 100 6 | 2697 | 1469 | 116 | 448 | 5555
IIpu no6aske HaBoaxapckoro 6enronura (Mapka I1BI)
4 | 100 : 6 | 2659 | 1457 | Lt | 355 [ 5499
IIpn no6aBke Hapoaxapckoro 6enTonuta (Mmapka IIITLJI)
5| 100 : 6 | 2732 | 1460 | 1,03 | 531 | 5707

Jlo6aBka OCHTOHHTOB 3HAYMUTEIBHO YIYyYIIaeT COPOLMOHHYIO BJIArOEMKOCTb
KaJIbIUEBOM CENUTPBI. ITO OOBICHIETCS CIIOCOOHOCTHIO pa3dyxaHus OCHTOHHUTA B
BOJIE U YJIEPKUBAHUSA B MEXKIUJIOCKOCTHBIX MPOCTPAHCTBAX OOJBIIOrO0 KOJUYECTBA
pPacTBOPOB, COAECPKAIIMX MUTATEIbHbIE KOMIIOHEHTHI — a30Ta U KAJIbLIUS.

N3yuen npouecc konBepcun Hutpata kaipiuss HAKP B NH4NO; u CaCO; ¢
noMoIbl0  KapOoHara amMoHusi. [lodyuyeHHble pe3ynbTaTbl B KadecTBe
ONTHUMAJIBHOTO  YCJOBHUSL TMPOBEACHMS Tpollecca KOHBEPCHM  MpejiararoT
cienytoiee: koHmeHTtpauus pactBopa Ca(NOs), — 37%; Hopma kapOoHaTa
ammonuss — 120% ot crexumomerpuu, Temmeparypa KoHBepcuun - 70°C;
IIPOJIOJKATENBHOCTh NepeMenminBanusa — 120 muH. IIpu 3TOM cTeneHbp KOHBEPCUHU
Ca(NO;), makcumainbHast — 99,94%, a konuentpanus pactsopa NH;NO; — 45%.

B uerBeproii rnaBe «OTpadoTKa TEXHOJOTHM A30THOKHCJIOTHOIO
odoramenust ¢gochopuroB IlenTpasbHbix KbI3BUIKYMOB B NPHCYTCTBUHM
TaHoJa W nepepadorka ¢PochokonuenTtpatra B IDPK M KOMILIEKCHBIE
yao0peHus1» TMPUBEACHbl PE3yJbTaThl anpoOalud TEXHOJOTUH XUMHUYECKOTO
oboramenus (ochoputoB 1IK Ha ONBITHOW yCTaHOBKE, a TAaKXKE IMOJYyYEHHUS W3
dhochoputHoro konnenrpara DPOK, PK- u NPK-ynobpenusi.

Ha ykpynHeHHoli mnabopaTopHOM MOJIEIbHOM yCTaHOBKE OTpaboTaHa
TEeXHOJIOTHUsSI XuMuyeckoro obOoramenus ¢ochopuroB LK azorHol kucimotoit B
npucytcTBun 3tanona npu Hopmax HNO; 40; 45 u 50% ot crexuomerpun Ha CaO
B CbIpbe U BecOBBIX cOOTHOIIEHUsAX PC : C=1:3 u 1 : 5. [TokazaHo, 4TO COCTaBbI
MOJIYYeHHBIX 00pa3oB (ochoKOoHIIEHTpaTa HAa MOJEIBHOW YCTAaHOBKE, OBLIU
UJEHTUYHBI TPOJYKTaM, MOIYYEHHBIM B JabOpaTOpHBIX ycloBusx. Ha ombITHOM
ycranoBke AQO «CamapkaHakuME» OBLIM TMPOBENEHBl HUCIBITAHUS TEXHOJOTUHU
oboramenuss POM c conepxanuem (Bec. %): 17,52 P,0s; 47,53 CaO; 15,23 CO,,
CaO : P,Os = 2,7 npu nopmax HNO; 40 u 50%, coornomenuu ®C : 9C =1 : 5.
[Ipu »Tom B 3aBucuMocTH OT HOpMbI HNOj3 coctaB hochoKOHIIEHTPATOB MEHSIICS
(Bec. %): PyOseey. 0T 24,20 10 26,05; PyOsycs. 0 MMMOHHOM KHCHOTE OT 13,68 1o
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15,89; P,Osycs. mo Tpuniony b ot 9,75 mo 11,71; CaO,gy, o1 38,55 mo 40,31; CO, ot
2,79 no 3,89; CaO : P,Os ot 1,48 no 1,66. B mporiecce ucnbiTaHuii HapaOOTaHbI
OMBITHBIE TAPTHH XUMHUYECKU oboramieHHoro ¢pochokoHeHTpara B oobeme mo 100
Kr 171 Kax10i HopMmbl HNOs.

Ha ocHoBaHum pe3ynbTaToB Ja0OPAaTOPHBIX HKCIEPUMEHTOB, OIBITOB Ha
YKPYNHEHHOU 71a00paTOpHON MOJENbHOW yCTAHOBKE M OMBITHOW ycTaHoBke AQO
«CaMapkaHJIKUME» YCTAHOBJIEHBI OCHOBHBIE TIOKA3aTEIM TEXHOJOTHYECKOIro
pexxuma oboramenus pochoputon LK a30THOM KMCHAOTON B IPUCYTCTBUH 3TAHOJIA.
CocraBrieH MaTepHalbHBI OalaHC ¥ TPEUIOKEHA TEXHOJIOTHYECKas CXema
MPOU3BOCTBA XUMHYECKHU 000TaeHHoTo hochokoHIleHTpaTa (puc. 5).

[IpoBenensl  uccienoBanus 1o noiaydyeHnro OPK U3 XUMHYECKH
oboramenHoro ¢ocdokonuenrpara cocraBa (Bec. %): PrOsosn. 26,20; P,Osye, 1m0
nuMoHHOM Kucnore 15,69; P,Osye, mo tpunony b 11,77; CaOggy 38,25; CaOyey,
19,04; CaOypo. 2,28; CO, 2,80; N 1,46; CaO : P,Os = 1,46 B nuruapaTHOM peKUME
B 3aBucuMocTi oT HopMmbl H,SO, (oT 100 mo 103% ot crexuomerpun Ha CaO),
maccoBoro cootHomenus XK : T (ot 2,5 : 1 1o 3,5 : 1) u KOHUEHTpaIMu 000POTHOMN
O®K (ot 12,0 go 16,9% P,0s). Pe3ynabTaThl 1a00paTOPHBIX OINBITOB MOKA3bIBAIOT,
yTO mpu oaHOM W Tou ke Hopme H,SO, m koHmenTpamuu o6opoTHOH DDK
yBenuueHue maccoBoro cootHomenus K : T or 2,5 : 1 go 3,5 : 1 npuBoaut x
yBenndeHuIo K., docdarnoro ceipps, Ko, pocdorunca, K, P,Os 1 ckopocts
¢bunpTparuu myaenbel. OMHAKO KOHIEHTpanus npoayknuonHon DDK cHmkaercs.
VYBenuuenue koHueHtpauu obopotHoit DK nezaBucumo ot Hopmbl H,SO, u
cootHomieHus JK : T mpUBOAUT K CHMXKEHUIO ITUX MOKA3aTEJICH, XOTS MO3BOJISET
noiay4uuth Oosee KoHueHTpupoBaHHyro ODK no P,0Os. Ha ocHoBe moiaydyeHHBIY
JNAHHBIX ~ HAWJEHbl ONTUMAJIbHBIC YCJIOBUS  CEPHOKUCIOTHOM  3KCTpaKIUU
KOHIIEHTpaTa BbllIeyKa3aHHOro cocraBa: Hopma H,SO, — 103%; xoHueHTparus
obopotHoit OPK — 15% P,05 u cootHomenne XK : T =3 : 1. B atom ciyuae K5, =
98,73%; Ko = 98,57%, Kuux. = 92,87%, ckopocth dunbTpanuu 1312 Kr/M>-4ac, a
koHueHTpaus ¢ochopuoit kucnotsl 20,19% P,Os. B BoicymienHoMm ¢ocdorurnce
coaepxanne CaOygn; SOsz06m; P2Ososm. U P20spom COCTABISIET COOTBETCTBEHHO
31,21; 43,23; 1,43 u 0,27%. ®ocdorunc uMeeT B cBoOeM coctaBe 92% nuruapara
cynb(dara xkaneuua u 6,63% HepacTBOpUMOro ocrtatka. Paccuntan maTepuanbHbIM
OamaHc mporecca mosiydeHus oaHo ToHHBI P,Os B Buae O®K. Pesynbrarh
7a00paTOPHBIX ~ HMCCIIEMOBAHWN  TOKa3add MPUHIUIHAIBHYI0  BO3MOXKHOCTH
nonydeHus: DOK u ammodoca n3 xumudeckoro oborameHHoro ¢GpocGopuTHOTO
koHieHTpata dochopuron LK ¢ xopormmmu TEXHOTOTHIECKUMH TTOKA3ATEISIMHU.

XUMUYECKH OOOTalieHHbI (OCPOKOHIEHTPAT NPUTOJEH HE TOJNBKO IS
CEpPHOKHCIIOTHON SKCTPAKIMK, HO U JIJIsl HEMOCPEICTBEHHOTO BHECEHHS B MOYBY B
kadectBe (ochopHOro ymAOOpEeHHS, CyAs 1O BBICOKOMY OTHOCHUTEIBHOMY
cozepkaHuio B HeM ycBosiemon ¢opmbl P,Os (60%). B ucxomnoit pocmyke 3T10T
nokaszareinb paBHsica 18,5%. DTo o3Ha4yaeT, 4To OJTHOBPEMEHHO C OOOTaIlCHHEM
npousolia M akTuBauus ¢ocpaTHOro Ceipbs. [l03TOMYy KOHLEHTpaT MOMXKET
CIIy’KUTh XOpOIIMM KOMIIOHEHTOM JJii TPOM3BOACTBA  CJIOKHO-CMEIIAHHBIX
IpaHyJIMPOBAHHBIX YIOOPEHUM.
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Puc. 5. lIpyHIMNIHAJBHASA TEXHOJIOTHYECKAS CXeMAa XHMHUYECKOro 000rameHus
¢pocpopurtos LlenTpaabHbiX KbI3bLIIKYMOB 230THOM KHCJIOTO B IPUCYTCTBUHU

3TaHOJIA:
1 — OyHKep a7t POCCHIPbs; 2 — JIEHTOYHBIN 103aTOP; 3 — PEaKTOp pasoXKeHUs; 4 — HaOPHBINA O6ak
a30THOM KHCIIOTBI; 5 — pacxomomeTp; 6 — pemynbnartop; 7 — BakyyM-(pmibTp; 8 — cOOpHHK
CIMPTOBOTO pPacTBOpa HHUTpaTa KayibLus; 9 — pekTuuKanoHHas KonoHHa; 10 — éMKOCTh 1uis
XpaHeHus dTa”ona; 11 — 6apaban-cymmika; 12 — ukiioH; 13 — oByIIKa i CriMpTa.

Ucxons u3 sroro, m3yded mporecc noinydenuss PK- m NPK-ynoOpenwmii c
pa3IMYHBIM COOTHOIIIEHUEM TMHUTATEJIbHBIX KOMIIOHEHTOB IIyTEM CMEIICHUS
BIIAXHOTO  (ochOKOHIIEHTpaTa, XJOpUJa Kaimus W aMMHAYHOW  CEJUTPHI.
KonudyecTBO HMCXOAHBIX KOMIIOHEHTOB Opaidy H3 Takoro pacdera, 4ToObl B
KOHEYHOM npojiykte cooTHouenue N : P,Os : K;O 6puto o1 1:0,7:0,3 1o 1: 0,7 :
06 wmor1:1:03mo1:1:2 Bce mapku PK- u NPK-ynobpenuii comepxar
BBICOKYIO  KOHIIEHTpAllMI0 NUTaTelbHbIX  BemecTtB. Tak, PK-ynoOpenus,
MOJIYyYEHHBbIE B JUana3zoHe MaccoBbix cootHomeHnud P,Os : K;Oor1:03 10 1 :2
cogepxar or 14,21 no 23,74% P,0s05m, 0T 6,96 10 28,01% K,0, P;Osyc,. 10
oTHOMEHUIO K P,Os5.6,, 0T 66,34 10 69,66%. 1151 cootHomienus N : P,Os : K,O =1
0,7 : 0,3 monyuaercs NPK-yno6penue c comepxanuem 16,52% N, 11,68% P,0s,
4,83% K,O wum cymmoi mnurarenbHbix BemecTtB - 33,03%. OTHoOCUTENbHOE
conepxanue ycposiemoit hopmbl P,Os B Hem 77,99%. Ilpu cootnomenuu N : P,Os :
K;O=1:1:0,3 npoaykr conepxur 13,79% N, 13,95% P,0s, 4,12% K,0 B cymme
31,85% u ycosiemyto popmy P,Os 76,63%. Ilpu cootnomenuu N : P,Os : KO =1
: 1 : 1 B mponykre comepxkutcst 11,98% N, 12,01% P,0s, 11,92% K,O, B cymme
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35,91%, mpuuem ycBosiemast aius pactermii popma P,Os cocraBmser 74,19% ot
obmeit P,Os. I'panynsl Bcex wmapok mnosydeHHbIX NPK-ynoOpenuii uMeroT
BBICOKYIO MPOYHOCTH (0T 3,67 1o 6,58 MIIa).

Ha ykpynHeHHOU 51a00opaTopHON YCTaHOBKE OTpPaOOTaH PEXUM MOIYYEHUS
PK- u NPK-ynob6penuii. [Tonyueno PK-ynobpenne ¢ coornomenunem P,Os : K,O =
1 : 0,5 u NPK-yno6penue ¢ coornomenuem N : P,Os : K;O=1:0,7: 0,5 nmo 30 xr,
COCTaBbl KOTOPBIX MPUBEACHBI B Ta0J. 4. Pe3ynbTaThl arpoXUMUYECKUX UCIIBITAHUMI
ropopsAT o ToMm, yTo PK- u NPK-ynoOpenus, no cBoum cBOWCTBaM HE YCTYIAKOT
aMMO(OCy W OKa3bIBAIOT OJMHAKOBOE JEHCTBHE HA TOCTYIUICHHE MUTATEIHHBIX
KOMIIOHEHTOB B PACTECHHMSI XJIOMTYATHHUKA U HA HAKOIJICHUE UX B TIOYBE.

Tao6auua 4
CocraB PK u NPK yno0penuii Ha 0cHOBe XMMHUYeCKH 000TrallleHHOT 0

(ochokoHLEHTPATA, XJIOPHUAA KAJIUA H AMMUAYHOH CEJTUTPHI
MaccoBoe XHWMHYECKUH COCTaB, BeC. Yo [TpouHOCTH
COOTHOIIICHHE PZOSyCB.: PZOSyCB.: CaOyCB: rpanyi,
N P20506111 K2O Caoo6u1 P20506111. P20506111. Caoo6m. MIla
% % %
P,0s : K,0O PK yno6penne
1:05 - 21,77 ] 10,77 | 33,81 | 6725 | 47,77 | 4525 | 1,50
N: P,0Os: K;O NPK ynoopenue
1:07:05 | 155 ] 11,02 ] 7,74 | 1571 | 7686 | 4964 | 75,75 | 546

PesynbraThl mO3BOMMIM pa3pabOTaTh MPUHIMIHAIBHYIO TEXHOJIOTHYECKYIO
cxemy mnonyuenus PK- m NPK-ynoOpenuii. CocraBneH MaTepuadbHBIA OamaHC
npou3BoicTBa ogHOM ToHHBI Kak PK, Tak u NPK ynoopenuii. Ha puc. 6 nana 01ok-
cxema KOMIUIEKCHOW m 0e30TXxoHoi mepepabotku ¢GocdoputoB 1K ¢ momormibio
a30THOM KUCIIOTBHI.

JUisi  OpHMEHTHPOBOYHOIO OMNpEENECHUsT 3KOHOMHYECKOW 3(h(PEeKTUuBHOCTH
OpraHu3allMi TPOU3BOJCTBA XMMHYECKH obOoramieHHoro ¢ochoKoHIEeHTpaTa
NPOU3BEJAEH SKOHOMUYECKH pacuer mnpousBojactB MO®K wu  xumuuecku
oboramieHHoro ¢gochokoHIeHTpaTa W ammodoca Ha UX OCHOBE Ha 0ase
nepepadotku 1000 toun ycpennennoit (17,4% P,0s) docdoputnoit pyast LK.
bruto moka3aHo, 4TO IOJHAS 3aBOJCKas CeO0ECTOMMOCTH OJHOM TOHHEI MO®K
coctaBysier 206155 cym, a xummuecku odoramieHHoro Gocdokonmentpara 149657
cyMm, 9Tto Ha 56498 cym pemene. [lpu Tepmuueckom oboramenuun 1000 ToHH
docdarnoit pyasl nomydaercs 433,94 Tt MOOK, a nmpu XxuMudecKoM 00OTaIEHUN —
668 T dochokonnentpara. M3 wux mpomssoamtcs 235,1 u 361,8 T ammodoca
COOTBETCTBEHHO Ha cymMy 258255469 u 397434406 cym. To ecTh 1OMOTHUTEIBLHO
MIPOU3BOAUTCS NPOAYKUMs HAa cymmy 139 miH. 179 ThIC. cym.

3AKIIOYEHHUE

1. IToctpoena nauarpamMmmMa pacTBOPUMOCTH 4-X KOMIIOHEHTHOM CHCTEMBI
Ca(NO;), - NH4NO; - C,HsOH - H,O, cocrosmeit u3 3-x Tpounbix: Ca(NO;), -
C2H5OH - Hzo, NH4N03 - C2H5OH - Hzo, Ca(NO3)2 - NH4N03 - HzO n 3-x
ounapueix cuctem Ca(NO;), - H,O; NH4,NO; - H,O u C,H;OH - H,O,
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000OCHOBBIBAIOIIUX MPOIIECC IKCTPAKIIMYA HUTPATOB KAJIBIUS M aMMOHHUS U3 HUTPO-
KanbuuiocaTHbIX MyJibl, 00pa3yrOMIMXCs NpU a30THOKUCIOTHOM OOOTralleHUH
dochopuro I1IK ¢ mnomomiplo 3TaHoNa B LIUPOKOM TEMIEPATYPHOM H
KOHIIEHTPAI[MOHHOM Juana3zoHe. J[uarpamma Mo3BOJII€T ONPENEIUTh HHTEPBAI
BapbUPOBAHUS TEXHOJOTUYECKUX MAPaMETPOB IMpoliecca SKCTpakiuu ¢ yuerom CaO
: P,Os docdhaTHOTO CHIPHS U YCIIOBUS €70 A30THOKUCIOTHOTO PA3JI0KEHUS.

2. UccnenoBan mpouecc oOoOramieHusi pas3inyHbIX BUIOB KapOOHATHBIX
dochopuroB [IK mpu nHOpme HNO; ot 30 mo 60% or crexuomeTpum Ha
paznoxenue CaO B coipbe 1 BecoBoM cooTHoteHnu @C : 3C =1 : (3-10). Tak, npu
oborarmennn oTHOCUTEIBHO Ooratoit POM c coxepkanuem (Bec. %) 18,70 P,Os;
47,8 CaO; 15,3 COy; 2,05 SO; u CaO : P,Os = 2,56 npu nHopme HNO; - 40% Ha
paznoxenue CaO (100% na CaCO;) u cootHomenun ®C : 9C =1 : 5, nonyvaercs
dbocopuTHbIii KOHIIEHTpAT, coaepxamuid 26,19% P,05 ¢ kanbIeBbIM MOAYJIEM
1,52. Jna mupenorBpamieHus nepexona P,Os B xuakyw a3y, mnpexae dem
pazaenuth HuUTpodocharHo-ciupToByto cycnensuo (HOCC) nHa XKuakyw u
TBepayto (da3pl, €€ ammoHu3upoBaim g0 pH = 3. DTo nano BO3MOXKHOCTH
UCIIOJIb30BaTh 1Jisi oOoraiieHus Ooisiee Bbicokyro HOopMy HNO; um TeM cambiM
cHusuth 3HaueHue CaO : P,Os B ceipbe. HopMy KHCIIOTBI BApbUPOBAJIM B IMAa30HE
40-80% ot crexuomerpun Ha CaO B cbippe. C yueTom 3koHOMHM pacxona HNO;
ONTUMaJIbHOW €€ HOpMOM Juisi oOoramieHus pa3IuyHbIX BUAOB (ochopuTos
Ks3puikyma Mmoo cunutath 50%, a MaccoBoe cootHouienne @C : OC =1 : 5. [{ns
MM mnpuemnema 60 %-Has Hopma. Tak, mpu obGoramenuun POM, coxpepxkaieit
17,52% P,0s; 47,53% CaO; 15,23% CO, u CaO : P,0Os = 2,71 ¢ 50 %-H0#1 HOpMOit
HNO;, pH nynenst 3 u cootHomenun @C : OC = 1 : 5, nmoiayyeH KOHLIEHTpaT
coctaBa (Bec. %): PyOsoem. — 26,20; CaOygy. — 38,25; CO, — 2,80; CaO : P,Os =
1,46. ITpu stom Beixo P,Os B kontienTpat — 100%.

3. IIpoBeneHn Teopernueckuil ananu3 perenepaiuu u3 HAKP ¢ npumenenuem
auarpaMMbl pacTBOpUMOCTH 4-X kommnoHeHTHOM cuctembl Ca(NOs), - NH4NO; -
C,HsOH - H,0, B pe3ynbrare 4ero paccuuTaH MPOLECC PEreHepalnud CoupTa u
ONpeJeieH HMHTEPBaJl BapbUPOBAHUS TEXHOJOTMUYECKHX MapaMeTpoOB C YYETOM
COCTaBa UCXOJHBIX BOAHO-CIIUPTOBBIX PACTBOPOB U KOHEUHBIX TPOAYKTOB. M3yuena
kuHetrka neperonku 9C u3 HAKP B 3aBucuMoOCTH OT TeMIiepaTypbl U JaBICHHUS.
IIpumenenue Bakyyma ¢ nmaBieHueM 0,3 atMm. oOecrieuuBaeT meperonky OC 3a
kopotkoe Bpemst (60 munyT mpu 80°C). Ipu pereneparun DC U3 pacTBOpa HUTpaTa
KaJIBIIHSI, SBJISIOMIETOCS] TOOOYHBIM TPOAYKTOM a30THOKHCIOTHOTO OOOTaIeHUs
docdopuros 11K, crenens Bo3Bpara IC B mmki gocturaet 98-99%. [locne oTronku
MOJIyYE€H HUTpaTHOAMMOHMITHO-KanblneBblil pactBop (HAKP), conepxkamuii 50%
Ca(NO3)2 u 3% NH4NO3

4. N3ydennl (PU3UKO-XMMUYECKHE CBOWCTBA HMCXOJHOTO U MPOIYKIIMOHHOTO
HAKP B 3aBucumoctu ot koHueHtpamnuu Ca(NOs), u NH4NO;. [lokazano, 4ro B
uHtepBasie koHueHnTpauuid HAKP 53,02-65,71% temnepaTypa ux KpucTaJIUM3aluu
HaxoauTcs B mpeaenax (-75)+12,0°C, 4yTo Mo3BOJISIET WX NMPUMEHSITHh B BECEHHE-
JE€THEE BpeMs B KadyeCTBE JKUIKHUX a30THOKaJIbLMEBBIX yaoOpenuii. HAKP
obnanaer xopowmumu peojoruueckumu cBoiictBamu. HAKP Obut mepepaboran B
IPaHyJMPOBAHHYIO KAJIBIIMEBYIO CENUTPY. sl ylydlieHus: CBOMCTB MOCIEIHETO B
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KadyecTBe JO0ABKM  WMCIOJIB30BAIMCH OCHTOHUTOBBIE  TJIMHBI  Pa3IUYHBIX
mecTtopoxkaeHuii. B mpoaykrax, monydaembix npu cooTHomeHun Ca(NOs), :
oentonut = 100 : 6 comepkanue azora HaxomuTcsa B mpenenax 14,49-14,69%.
Omnpenenenbl GU3MKO-XMMUYECKHE CBOWCTBA TMOJYYEHHBIX MPOAYKTOB. M3ydeHbI
koHuBepcusi HUTpaTta kanbima HAKP B NH4NO; u CaCO; ¢ nomompio kapOoHaTa
amMoHusi. [lomydeHHble pe3ylbTaThbl MMO3BOJWIM NPEAJIOKUTH B  KadyecTBeE
ONTUMAJIbHBIX ~ YCJIOBUH  TPOBEACHMS  TMPOIEcCa KOHBEPCUU  CIEAYIOIIH:
KOHIICHTpAIMs pacTBOpa HUTpata Kanmbiusa — 37%, HOpMa kapOoHATa aMMOHHS —
120% ot crexuomerpuu, temneparypa KoHBepcuu - 70°C, MpOIOIKUTEIBHOCTh
nepememmBanuss — 120 muH. Ilpu 3TOM JocTHraercs MakcMMalibHas CTENCHb
KOHBEpCUM HUTpaTa Kaimpuusd — 99,94%, a KoHIEeHTpauus pacTBOpa HUTpaTa
aMmMmoHus — 45%.

5. PazpaboTtanHas TexHosorus ooorameHus Kei3buikymckux ¢ochopuTon
a30THOM KHUCJIOTOM B MPUCTYTCTBUU 3TaHOJIa MPOILIa anpoOaluio Ha MOJEIbHOM
nabopaTopHON ycTaHOBKE M oOmnbITHOM yctaHOBKe AQO «CamapkaHIkumé» ¢
BBIITYCKOM OTBITHOM MapTUH XUMHUYECKH oborameHHoro (ocdokoHeHTpara.
CocraieH MaTepualibHbIi 0amaHc Mpolecca, NpeIoKeHa TEXHOJIOrMYecKasi cxema
oboramenus. Cxema BKIOUaeT B ce0s CTaauu pPa3lOKECHUS CHIPhS A30THOM
KHUCIIOTOM,  pemylblallid  HUTpOKaidbluiipocPaTHON  MyNablbl  OOOPOTHBIM
CIIUPTOBBIM PACTBOPOM HUTpATa KaJblLIMs, HEUTpAIU3allMd CYCIIEH3UU aMMHUAKOM,
JIBYXKPAaTHOW TPOMBIBKH  BJIQKHOTO  (OCHOKOHIEHTpATA  ITUPKYIUPYIOITUM
pPacTBOPOM HUTpaTa KajblUsl U CIUPTOM, a TAK¥KE CYIIKH TOTOBOTO MPOAYKTA.

6. Haiinenbl onTuMmanbHble yciioBUs 10 mnoiydeHuto DDK u3 xumuuecku
oOorateHHoro goc@okoniieHTpara ¢ coaep:xkanuem 26,20% P,Os B auruapaTtHom
pexume: HopMma H,SO, — 103%; xonuentpamus odbopotHoit DOK — 15% P,Os u
cootHowenue XK : T = 3 : 1. IIpu atoM K = 98,73%; Koy, = 98,57%, Kk, =
92,87%, cxopocth (umbTpamui 1312 kr/m*dac, a KOHIEHTpauust (ochopHOii
kuciotel 20,19% P,0Os. B Beicymennom docdorurice conepxanne CaOygy; SOsz06m;
PyOsoom, U P05y, cocTaBisier coorBercTtBeHHO 31,215 43,23; 1,43 u 0,27%.
N3yuen mnpomecc mosydeHus: cioxHo-cMmemaHHbix PK- um NPK-ynoOpenuii B
IIMPOKOM JUANA30HE COOTHOIICHUM MUTATENbHBIX KOMIIOHEHTOB ITyTEM CMEIICHUS
BIAXHOTO (OCHOKOHIICHTPATA, KPUCTAUTMUECKOTO XJIOpUIA Kalusg U aMMHAYHOMN
cenutpbl. Pazpaborana G10k-cxema KoMIuIeKCHON nepepabotku (ocoputon LK ¢
nomoiso HNO;.

7. IlpousBeneH 3KOHOMUYECKHM pacdeT npou3BojacTB MO®K u XuMHUUeCKH
oboramienHoro ¢gochokoHIeHTpaTa W ammodoca Ha UX OCHOBE Ha 0ase
nepepabotku 1000 ToHH dochoputHoit pyasl Kei3buikyma. [lokazano, 4ro moiaHas
3aBojicKas cebectoumocTh onHOM TOHHBI MO®K coctaBaser 206155 cym, a
XUMHUUYecku oboraimeHHoro ¢ocdokonueHtpara 149657 cym, uto Ha 56498 cym
nemesne. I[lpu tepmuueckom ob6oramenun 1000 ToHH dochopuTHON Pyl
nonydaercs 433,94 T MO®K, a npu XxumudeckoM oobOorameHun — 668 T
dochokonnenTpara. M3 wHmx mnpoumsBomutcs 235,1 um 361,8 T ammodoca
COOTBETCTBEHHO Ha cymMy 258255469 u 397434406 cym. To ecTh NOMOTHUTEIBLHO
MIPOU3BOAUTCS NPOAYKT Ha cyMMy 139 mutH. 179 ThIC. CyM.
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INTRODUCTION (annotation of doctoral dissertation)

Actually and relevance of the subject of dissertation. Rational application
of mineral fertilizer is the main factor for growing high and qualitative yield of
agriculture plant. Therefore, optimal prevention of agriculture by mineral fertilizer
is one of the topicality issues.

The chemical industry in the country after independence, modernization,
technical and technological renovation, special attention is given to provide it with a
strong base, in particular, by the government on the development of phosphate raw
material reserves and local Jeroen-Sardara field step-by-step commissioning
program in exploitation. As a result, Kyzylkum phosphorite complex with annual
production capacity of 400 thousand tons of products was invaded to reduce import
of the raw materials and after implementation of second stage with annual capacity
of 716 thousand tons of phosphate concentrate can be stopped complete buy of this
product form abroad.

At present, the world the special attention is given to the development of new
methods of low-grade benefication, in research carried out in this regard, nitric acid
and organic solvents on the basis of high-quality phosphate concentrate production
technology is one of the most important tasks. When development low-grade
phosphorite benefication by nitric acid in presence of organic solvents, should be
based a number, including relevant scientific solutions in the following areas:
development of effective ways of chemical benefication of raw phosphate; finding
optimal condition process of leaching calcium nitrate, formed during the
benefication of high calcareous phosphorite by nitric acid in presence of organic
solvents; development of phosphoric fertilizer technology based on quality chemical
benefication of phosphorite concentrate. Thesis topic is explained by the
implementation of the scientific research in this area.

This dissertation research is to a certain extent the tasks provided for in the
decree, and decrees of the President of the Republic of Uzbekistan No PD-4707 on
March 4, 2015 «On programme for measures of structural reforms, modernization
and diversification of production in 2015-2019» and the resolution of the Cabinet of
Ministers No 8 on January 22, 2015 «On additional measures to reduce production
costs and reduce production prime cost in the industry», as well as other regulatory
legal instruments adopted in this area.

Compliance of the research with priority areas of science and
technological development of the Republic of Uzbekistan. The dissertation was
performed in accordance with the priority areas of science and technology of the
Republic VII. «Chemical and Nanotechnologiesy.

The review of international research studies on the subject of the
dissertation. The scientific studies, that directed to the enrichment of phosphate
raw materials and processing phosphoconcentrate in mineral fertilizers are
conducted at leading research centers and research institutions of the world, in
particular the Florida Industrial and Phosphate Research Institute (USA),
Engineering Dobersek GmbH (Germany), Fertilizer Research Institute (Poland) ,
The Chemical Society of Japan (Japan), University of Science and Technology
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(China), Department of Chemistry (India), Department of Chemical Engineering
(Jordan); in research institutes for Fertilizers and Pest Control (Russia), General and
Inorganic Chemistry (Uzbekistan).

As a result of investigations concerning the development of the flotation, acid
and thermal ways of beneficiation of phosphate raw materials and improvements
received a number of research results, including the enrichment of apatite ore used
flotation method in which a phosphate mineral is separated from the impurity
minerals using saponified mixture comprising tall oil, secondary oil tar, oxidized
petrolatum and technical fatty acids (Florida Industrial and Phosphate Research
Institute, USA, Research Institute for fertilizers and Pest Control, Russia);
enrichment carbonate phosphorite ores designed thermal process in which the
phosphate ore is calcined at 950°C then calcined material was treated with water to
slaking of the free calcium oxide with the formation of milk of lime to be removed
from the concentrate, resulting in increased phosphorus content (Department of
Chemical Engineering, Jordan, Engineering Dobersek GmbH, Germany); also it
was developed that flotation beneficiation approach in which the carbonate minerals
off raw material of phosphate extracted by organic flotation reagent (University of
Science and Technology, China).

In the world of apatite and phosphorite ores enrichment in various ways for a
number of priority areas of research are carried out, including on the development
of chemical methods of raw phosphate (using nitric, hydrochloric and phosphoric
acids); the creation of novel flotation reagents used in the flotation of phosphate
rock; the study of leaching of calcium salts resulting from the enrichment of
carbonate rock phosphate by inorganic acids in the presence of organic solvents;
further improving the thermal enrichment of carbonate phosphate raw materials;
development of innovation technologies for processing of phosphorite concentrate
in mineral fertilizers.

The level of knowledge of the problem. In scientific literature, there are
materials on flotation and chemical enrichment of the CK phosphorite (Nabiyev
M.N., Boyko V.S., Karmyshev V.F., Amirova A.M., Madalieva S.H., Pyagay A.G.,
, Namazov Sh.S., Beglov B.M.). However, Kyzylkum phosphorite, along with a
high degree of carbonation characterized by thin intergrowth of phosphate mineral
with calcite, so some attempts to enrich them with the flotation have not led to
positive results. Numerous attempts have been made to enrich Kyzylkum phosphate
raw by chemical techniques using dilute solutions of nitric acid and hydrochloric
acid, solutions of calcium nitrate and magnesium nitrate, allowing to increase the
content of P,Os in the phosphate concentrate, as well as simultaneous reducing
calcium modulus to the desired value. Their main drawback is the strong foaming, a
large amount of dilute solutions formation and P,Os losses with them as a 100%
extraction selectivity of carbonates can not be achieved.

It is presented that interest the use of dilute solutions of organic acids such as
formic and acetic acid as a solvent of calcium oxide from thermo concentrate and
carbonates of phosphate raw materials of the CK, which hardly decompose
phosphate mineral of raw materials (Namazov Sh.S., Beglov B.M., Seytnazarov
A.R.). However, acetic and formic acid is produced in our in small capacity, and
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they are clearly not enough for large-scale production of phosphate concentrate.
Second, there is the formation of large volumes of dilute solutions of acetate and
calcium formate, which must somehow recycle. In addition, organic acids are very
expensive.

In our conditions, the most realistic way of chemical processing of phosphate
rock of the CK is the use of nitric acid followed by leaching calcium nitrate with an
organic solvent - ethanol. The peculiarity of this method is simplicity of
regeneration scheme of the consumable reagent - ethanol and returning it into the
production cycle, thereby obtaining concentrated calcium nitrate solution is easily
processed into the desired product. To prevent loss of P,Os in the liquid phase prior
to separation of the pulp is neutralized with ammonia; resulting soluble phosphorus
transfers into dicalcium phosphate that remains in the phosphoconcentrate. The
main selection criteria of HNO; as a reagent are: accessibility, availability of cheap
raw materials base and the direct demands for calcium nitrate in agriculture. In the
literature there is no information on enrichment carbonate phosphate with nitric
acid, followed by leaching of calcium nitrate with ethanol.

Connection of the thesis research with the thematic plans of research
scientific work. The dissertation research was carried out within the framework of
the plan of scientific research innovation project of the Institute of General and
Inorganic Chemistry, Uzbek Academy of Sciences: FA-2I-TO8 «Development and
implementation of technology of phosphorus-potassium and nitrogen-phosphorus-
potassium fertilizers on the basis of nitric acid processing phosphorite Central
Kyzylkum and chloride potassium» (2011-2012), scientific and technical grant: FA-
A12-T171 «Development of effective resource-saving technology of the chemical
enrichment of the Central Kyzylkum phosphorite and obtaining highly concentrated
phosphate fertilizers» (2012-2014).

The research objective is study Kyzylkum phosphorite enrichment by nitric
acid in the presence of ethanol, followed by the processing of phosphorite
concentrate in phosphorus compound fertilizers and calcium nitrate in the liquid and
solid nitrogen-calcium nitrate.

The following research tasks have been formulated in order to achieve this
objective:

study of the chemical enrichment of the carbonate phosphorite of CK with
nitric acid, subsequent by leaching of the resulting calcium nitrate using of ethanol
depending on the norm of acid and the weight ratio of phosphorite to ethanol;

investigation of ammoniation process of nitrogen-calcium-phosphate alcoholic
slurry in order to prevent loss of P,Os in the calcium nitrate solution;

study of the solubility diagrams of 4 fourfold component system of Ca(NOs), -
NH4NO; - C,HsOH - H,;0, consisting of 3 triple: Ca(NOs), - C,HsOH - H,0O;
NH4NO; - C,HsOH - H,O; Ca(NO3), - NH4NO; - H,O and 3 triple binary systems
of Ca(NOs), - H,O; NH4NO; - H,0O and C,HsOH - H,O, justifying the process of
extraction of calcium and ammonium nitrate off nitrogen-calcium-phosphate slurry
produced during nitric acid enrichment of high carbonate phosphorite of CK with
ethanol in a wide temperature and concentration range;
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study of nitrogen-calcium-phosphate alcoholic slurry separation process into
liquid and solid phases;

regeneration of the organic solvent - ethanol in order to return it into the cycle
and study of physicochemical properties of the concentrated solution of calcium
nitrate that is a by-product of the nitric acid concentration;

study of processing of calcium nitrate solution into a liquid and a solid calcium
nitrate;

finding optimal conditions for the conversion of calcium nitrate into NH4NO;
and CaCOj; using CO, and NHj;

study of processing of chemically enriched phosphoconcentrate in wet-
processing phosphoric acid (WPA);

study processes of PK- and NPK-fertilizer by mixing chemically enriched
phosphoconcentrate with ammonium nitrate and potassium chloride;

working out regimes of nitric acid beneficiation of CK phosphorite on pilot
plant of JSC «Samarkandkimyo» with the subsequent processing
phosphoconcentrate in PK- and NPK-fertilizer and agrochemical tests of novel
types of fertilizer;

technical and economic estimate of the reasonability of the production
organization of chemically enriched phosphoconcentrate.

The objects of the research include phosphorites of CK, nitric acid, ethanol,
ammonia, calcium nitrate, ammonium nitrate, calcium carbonate, chemically
enriched phosphoconcentrate, WPA, and PK- NPK-fertilizer.

The subject of the research is processes of nitric acid beneficiation of high
calcareous phosphorite of CK subsequent leaching calcium nitrate from the process
system and the processing of chemically enriched phosphoconcentrate in WPA and
complex fertilizers and calcium nitrate that is a by-product of the nitric acid
benefication in the desired products.

Research methods. In the dissertation, chemical and physico-chemical,
including X-rey, and thermal gravimetric visual-polythermal methods of analysis
were applied.

The scientific novelty of the thesis research is as follows:

for the first time there have been obtained the new data on the chemical
enrichment of the CK phosphorite with nitric acid followed by leaching of the
resulting calcium nitrate by ethanol solution, depending on the norm of acid and the
ratio of phosphorite to ethanol;

it has been established that ammoniation of nitrogen-calcium-phosphate slurry
to pH = 3 that allows to completely prevent the loss of P,Os in the liquid phase;

solubility diagram studied 4 fourfold component system of Ca(NO;), -
NH4NO; - C,HsOH - H;0, consisting of 3 triple: Ca(NOs), - C,HsOH - H,0O;
NH4NO; - C,H;0H - H,0; Ca(NOs), - NH4NO; - H,O and 3 triple binary systems
of Ca(NO;), - H,O; NH4;NO; - H,0 and C,HsOH - H,0, result in which minimum
amount of ethanol were defined, depending on the technological parameters of the
nitric acid benefication of carbonate containing phosphorite;
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there have been defined the physicochemical properties nitrogen-ammonium-
calcium solution and in case the addition of bentonite to the solution can be
obtained a granulated calcium nitrate with improved properties;

there been found the optimum conditions of the conversion of calcium nitrate
that is a by-product of the nitric acid benefication of CK phosphorite in NH4;NO;
and CaCOj; using CO, and NHj;

there been developed the technology for processing of chemically enriched
phosphoconcentrate in WPA, PK- and NPK-fertilizer.

The practical results of the study are as follows:

there has been developed the technology for nitric acid benefication of
calcareous phosphate raw of CK in presence of ethanol allowing to remove off raw
CaO and CO, ballast and thereby can be reduced considerably amount of sulfuric
acid, using for processing the phosphorite in WPA;

there has been regenerated the ethanol in according to scheme, and the
resulting concentrated solution of Ca(NOs), is easily processed into liquid and solid
nitrate. This HNO; used double-sided: as a source of active hydrogen ion for the
extraction of carbonates from raw material and as a nitrogen carrier that is a useful
part of the liquid and solid fertilizer;

there has been developed the flowsheet and material balance of production of
chemically enriched phosphoconcentrate and on the its basis of WPA, PK-, NPK-
fertilizers. Enrichment technology has been tested on a pilot plant of the JSC
«Samarkandkimyo» with the yield of an experimental batch of phosphorite
concentrate and agrochemical tests of PK- and NPK-fertilizer have been conducted.

The reliability of the obtained results is chemical (analytical chemistry) and
physicochemical analysis techniques (X-ray, visual polythermal) confirmed by test
in experimental-industrial equipments.

Theoretical and practical signification of the research findings.

Theoretical significance of the research is to establish a scientific basis for the
technology of selective extraction of carbonates from phosphorite of CK by nitric
acid in the presence of ethanol using solubility diagrams of 4 fourfold component
system of Ca(NOs), - NH4;NO; - C,HsOH - H,0. Ethanol regeneration from the
alcoholic suspension of Ca(NO;),. Study of physical and chemical properties of the
concentrated solution of Ca(NOs), and obtaining from it liquid and solid fertilizer.
Finding the optimal conditions for the conversion of Ca(NOs), in NH;NO; and
CaCO;. Obtaining WPA, PK- and NPK-fertilizer based on chemically enriched
phosphoconcentrate.

The practical significance of the work lies in the selective extraction of
carbonates off phosphorite with nitric acid in the presence of ethanol that can
sharply reduce the consumption of sulfuric acid going to processing of phosphorite
in phosphoric acid. As a by-product of the nitric acid benefication is obtained of
calcium nitrate solution that is physiologically alkaline fertilizers, so necessary for
cotton, especially in saline soils. Chemically enriched phosphoconcentrate can be
served not only as a raw material for sulfuric acid extraction, but also a good
ingredient for the preparation of various types of compound-mixed granular
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fertilizer, because of the increased content of relative acceptable form of
phosphorus.

Implementation of the research findings. Based on findings on development
of phosphorite from CK benefication technology by nitric acid in presence of
ethanol, processing calcium nitrate and phosphorite concentrate o solid nitrogen-
calcium and complex fertilizer:

on the way to the enrichment of CK phosphorite by nitric acid in the presence
of ethanol, patent was received by Agent of intellectual broperty of the Republic of
Uzbekistan (NeIAP 04973 «Method of enrichment high calcareous phosphorite»).
The result reduction of calcium module reaches from 2.84 to 1.5-1.7 at which there
is the possibility of highly rare sulfuric acid reduction by 30%;

the technology of enrichment of the CK phosphorite by nitric acid in presence
of ethanol was tested in a pilot plant of the JSC «Samarkandkimyo» and produced
high quality phosphate raw material (The reference of «Uzkimyosanoaty» from July
14, 2016 Ne03-2342/14). Implementation of these data results for practice allows to
reduce cost price of the phosphoconcentrate as compared to the cost of washed and
calcinated phosphoconcentrate in 1.4 times.

Approbation of the work. The study results were presented at international
and national scientific conferences: «Modern equipment and technology of mining
and metallurgical industry and their development» (Navoi, 2010; 2013);
«Developing an effective technology of mineral fertilizer and the agrochemicals of
new generation and their application in practice» (Tashkent, 2010); Young
scientists’ «Innovation technology for manufacture» (Tashkent, 2010); «Prospects
for the development of engineering and technology and the achievement of the
mining industry in the years of independence of the Republic of Uzbekistan»
(Navoi, 2011); «Modern technologies and innovations mining industry» (Navoi,
2012); «The state and prospects of innovative developments in the field of inorganic
materials technologies and chemicalization in agricultural production» (Tashkent,
2013); «Actual problems of analytical chemistry» IV-Republic scientific —practical
conference (Termiz, 2014); «Prospects for science and production of chemical
engineering in Uzbekistan» (Navoi, 2014); «Physical chemistry and Technology of
Inorganic Materials» (Moscow, 2014); VIll-International scientific-technical
conference «Achievements, Challenges and the modern trends of developmenty»
(Navoi, 2015); «The Sixth International Conference on FEurasian scientific
development» (Vienna, 2015); at a Scientific seminar of the Scientific concil
14.07.2016.K/T.14.01 under the Instirute of General and Inorganik Chemistry, the
Scintific and technical center of polymer chemistry and physics, the Tashkent
chemical-technological Institute and the Tashkent State Technical University on
September 14, 2016.

Publication of findings. According to the thesis topic 31 scientific papers
were published. Of these, 13 scientific papers, including 11 national and 2
international journals recommended by the Higher Attestation Commission of the
Republic of Uzbekistan for the publication of basic scientific results of doctoral
dissertations and 1 patent of Uzbekistan was received.
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The structure and scope of the dissertation. Structure of the dissertation
consists of an introduction, four chapters, conclusions, list of references,
applications. The volume of the dissertation is 193 pages.

THE BASIC CONTENTS OF THE DISSERTATION

The introduction substantiates the urgency of the work, states the purpose and
objectives of research. It was presented the correspondence of the research for the
priority areas of science and technology advance of the Republic of Uzbekistan.
Scientific novelty and practical results of the study are stated, the scientific and
practical significance of the results, practical application of research results,
information on published studies and dissertation structure are revealed.

First chapter “The enrichment of phosphate raw materials” of the thesis
describes methods of flotation, thermal and chemical benefication of phosphate raw
materials of various kinds. The characteristic of the Central Kyzylkum phosphorite
and alternative thermal processes for their enrichment are given. The purpose and
objectives of the present work were formulated analyzing complex research on the
enrichment of phosphate raw materials.

The second chapter «Studies of the process of extraction of calcium nitrate
and ammonium nitrate from nitrogen-calcium-phosphate slurry produced
during nitric acid enrichment of high calcareous phosphorite in the presence of
ethanol» of the thesis refers to the study of chemical benefication of phosphorite of
CK. To leach carbonates from phosphorite CK 57.87% of HNOs; and technical ethyl
alcohol (EA) containing 96% concentration were used. To enrich the CK
phosphorite were taken different brands (phosphorite flour - OPF three grades and
mineralized mass - MM, waste production of WCPC on KPC). Their characteristics
are summarized in Table. 1.

The norm of HNO; was taken based on decomposition of CaO in the
phosphate raw (PR). The main raw materials in phosphate raw are fluorine-
carbonate-apatite and calcium carbonate. When treatment with nitric acid the
following reactions:

CaCO3 + 2HNO3 —> Ca(NO3)2 + HZO + C02
CasF(PO,); + 10HNO; — 3H;PO,4 + 5Ca(NO;), + HF

Table 1
Initial phosphate raw characteristic
Samples EypehOf ConepxaHre KOMIOHEHTOB, BeC. % P,0suc. : P05y (};38 :
oSpnor- L. N ;
number | P orI;t . P,0s; CaOy, Co, by citric acid, % 273
1 OPF 16.60 47.13 17.23 10.20 2.84
2 OPF 17.52 47.53 15.23 17.68 2.71
3 OPF 18.70 47.80 15.30 18.49 2.56
4 MM 15.06 44.27 14.11 9.10 2.94

If the amount of nitric acid is less than Stoichiometric one, the reaction takes
place as follow:

2CasF(POy,); + 14HNO; — 3Ca(H,POy), + 7Ca(NOs), + 2HF
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In order to prevent loss of P,Os in the liquid phase, before the divide nitrogen-
calcium-phosphate alcoholic suspension (NCPA) into liquid and solid phases, it is
proposed the suspension ammoniated with ammonia to pH = 3. The ammoniation
process interaction between the calcium nitrate and calcium monophosphate with
NHj; i1s occurred, thereby it is formed that dicalcium phosphate and ammonium
nitrate by the reaction:

Ca(H,PO,), + Ca(NO;), + 2NH;3 = 2CaHPO, + 2NH4NO;

Thus, generated CaHPO, precipitates and the result all phosphorus remains in
the phosphoconcentrate. It is appeared that possibility to use for enriching much
higher norm of HNO; and thereby significantly reduce the value of the unit of
calcium modulus in the phosphate materials. The lower CaO: P,Os in the enriched
phosphorite, the smaller required sulfuric acid reagent during its extraction and the
smaller the amount of phosphogypsum is threw out into the spoil.

On the basis of the solubility diagrams 4 fourfold component system of
Cﬂ(NOg)z - NH4NO3 - C2H5OH - Hzo, COl’lSiStil’lg of 3 triple: Ca(NO3)2 - C2H5OH -
HzO, NH4NO3 - C2H5OH - HzO, Ca(NO3)2 - NH4NO3 - Hzo and 3 trlple binary
systems of Ca(NOs), - H,O; NH4sNO; - H,O and C,HsOH - H,O, was explained by
the process of extraction of calcium nitrate and ammonium nitrate from nitrogen-
calcium phosphate slurry produced during nitric acid benefication of high
calcareous phosphorite of CK by ethanol in a wide temperature and concentration
range (Figure 1.).

In polytermic charts of solubility can be concluded that the components of
these systems have a salting-out effect on each other. In the studied temperature and
concentration intervals of novel chemical compounds systems are not formed, the
system includes a simple evtonic type. On the basis of the results identified the main
technological parameters of the process of enrichment of carbonate containing
phosphorite of CK by nitric acid followed by leaching calcium nitrate from
nitrogen-calcium phosphate slurry by ethyl alcohol.

Based on the found technological parameters investigated the process nitric acid
benefication of phosphorite from CK in the presence of EA. Norm of the acid was
ranged from 30-60% stoichiometry on decomposition of CaO in the raw material.
However, because different phosphate raw CO, content differs from each other and
the norm of nitric acid on decomposition of CaCO; in the raw material (at the same
norm for acid decomposition of CaO in the raw material) for each raw material differ
from each other. Treatment of PR by nitric acid was carried out for 20-30 min. The
temperature of the reaction mass is 40°C. After the decomposition of phosphate rock
with nitric acid obtained nitrogen-calcium-phosphate slurry is of viscous consistency.
The pulp was repulped by EA at various weight ratios of PR: EA = 1: (3 + 10) and
stirred for 3-4 minutes after which the contents were separated into liquid and solid
phases by filtration under vacuum. Then moist phosphoconcentrate was washed clean
EA at a ratio of PR: EA = 1: 2. Wet cake dried at 100°C. The dried cake and the
filtrate was subjected to chemical analysis by well known techniques. The results are
summarized in Fig. 2-4. The overall picture of the results of enrichment of different
types of phosphate rock with nitric acid is similar.
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C,Hs;OH

Fig. 1. Diagram solubility of Ca(NO3); - NH4NO; - C;Hs0H - H,O in the process of
extraction of calcium and ammonium nitrates and evaporation of extract.
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They differ among themselves only in the absolute value of the content of
components in the phosphoconcentrate. The higher the norm of acid, the lower is the
CO, content and the higher is the content of P,Os in the phosphoconcentrate. For
the three brands OPF at enrichment by nitric acid phosphorite concentrate
generated, which in composition differ themself. So, if OPF with composition of
16.60% P,0s; 47.13% CaO; 17.23% of CO,; CaO: P,Os = 2.84 is enriched by nitric
acid compliance with its norms of 30-45% of the stoichiometry on the
decomposition of CaO in the raw materials and the ratio of PR: EA from 1: 3 to 1:
10 P,0Os. content in the phosphoconcentrate increases from 16.60% starting from
21.62 to 23.74% (Fig. 3-a), CO, content is reduced to 17.23% from the initial 7.62
to 4.26%. The degree of phosphate raw material decarbonation increases from 60 to
82% (Fig. 2-a). The calcium module is reduced from the original 2.84 from 1.95 to
1.60. The weight ratio of PR: EA very little effect on the content of P,Os in the
phosphoconcentrate. For example, with increasing number EA i.e. with the change
of the ratio of PR: EA from 1: 3 to 1: 10 P,Os content in the phosphoconcentrate
increases just from 21.62 to 21.85; from 21.89 to 22.13; from 22.19 to 22.69 and
23.25 from 23.74% respectively to standards for HNO; - 30, 35, 40 and 45%.
Calcium module respectively varies from 1.95 to 1.89; from 1.88 to 1.82; from 1.79
to 1.71 and from 1.67 to 1.60. In processing this phosphorite flour by 30% norm of
nitric acid phosphate mineral is not decomposed, but 35-45% of nitric acid of
stoichiometry P,Ojs transition is occurred into the liquid phase and depending on the
ratio of PR: EA is 0.55-8.69% (Fig. 4-a). In case 50% norm of HNO; and the ratio
of PR: EA = 1 : 5, this transition is already 21.05%. That is, the yield of P,Os in the
phosphoconcentrate decreased from 99.45 to 78.95%. This circumstance is
explained that decarbonization of phosphate raw material in nitric acid along with
calcium carbonate, as well as phosphate mineral is decomposed to form water-
soluble calcium monophosphate which, together with calcium nitrate passes into the
liquid phase. Studies on enrichment OPF containing 17.52% P,0s by its
decarbonization in nitric acid show that normal acid is 40% (100% norm for CaCO;
decomposition), and the ratio of PR: EA = 1: 5 in the obtained phosphoconcentrate
(Wt. %). PyOsy; 24.20; POs,e.. by citric acid 17.71; P,Os,e.. by Trilon B 12.20;
CaOyy . 39.67; CaO,.. 28.66; CaOyarso. 3.84; N 0.65; CaO: P,Os = 1.64, with a
degree of decarbonization of raw materials i1s 82.5%. P,0Os output in the
phosphoconcentrate is 94.75%.

Although increasing the norm of nitric acid to 44% of stoichiometry improves
the quality indicators of phosphoconcentrate (low calcium modulus), but leads to
decrease of P,Os output in the phosphoconcentrate to 89.91% due to the increase of
its transition into a liquid phase (10.09%). It is found that during the decomposition
of the OPF at the norm of 48% for CaO, or 120% norm for CaCO; of nitric acid and
the ratio of PR: EA -1: 5 in the liquid phase passes to 12.51% P,0s in the form of
calcium monophosphate, which reduces the yield and content of P,Os in the
phosphoconcentrate.

When the OPF enrichment composition (wt.%): 18.70 P,Os; 47.8 CaO; 15.3
CO, and CaO: P,0s = 2.56 by nitric acid at a ratio of PR: EA = 1: 5, phosphorite
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concentrate obtained with the following composition (wt.%) at a norm of 36%
HNO; - P,Osr. 24.22; PyOs,e. by citric acid 16,83; P,Os,e.. by Trilon B 12.29;
CaOyy. 40.77; CaOyee. 29.64; CaOyyeso. 1.50; CaO: P,Os = 1.68 with a degree of
decarbonization - 77.5%; and at a norm of 40% HNOs; - P,Osy. 26.19; PyOs,ec. by
citric acid 18,88; P,Os,c. by Trilon B 13.84; CaOyy. 39.92; CaO,.. 29.47; CaOyar.sol-
1.67; CaO: P,0Os = 1.52 with a degree of decarbonization - 79.7% (Figure 2-c.).
Enrichment of MM, which is CK waste by nitric acid, converts it to a conditioned
phosphate raw material. So, HNO; compliance standards is 30-45%, and the ratio of
PR: EA from 1 : 3 to 1 : 10 are obtained phosphorite concentrates containing from
18.61 to 21.20% P,0s, from 38.50 to 41.54% CaO, from 3.01 to 6.80% CO, and
calcium module from 1.82 to 2.23. When processing of the raw material with 35-
45% norm of HNOj; on stoichiometry phosphate mineral is decomposed and P,0Os
transition into the liquid phase and depending on the ratio of PR: EA is 0.77-8.81%
(Figure 4 d.). At a norm of HNOjs - 60% and the ratio of PR: EA =1 : 5, this value
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is increased to 24.80%. Increasing the ratio of PR: EA from 1 : 3 to 1 : 10 does not
significantly affect on the composition of the resulting phosphoconcentrate, 1.e. the
content of P,Os in the phosphoconcentrate increases from 18.61 to 18.81% and from
20.50 to 21.20% for HNO; norms is 30 and 45%, respectively.

By developing ways of enrichment in order to achieve the fullest leaching of
calcium nitrate from phosphoconcentrate and considerable reduction of EA
consumption for washing, as well as more concentrated alcoholic solution of
calcium nitrate, washing wet phosphoconcentrate proposed to carry out scheme by
counter-simulating industrial washing conditions of phosphogypsum. There has
been estimated that material flow process the preparation of chemically enriched
phosphoconcentrate from OPF containing 17.52% P,0s.

As it noted that the enrichment of carbonate CK phosphorite by nitric acid has
one major drawback: when extracting calcium carbonate from the phosphate raw
material, though in a lesser degree, partial decomposition its phosphate mineral
occurs to form Ca (H,POy,),, passing into the liquid phase. This significantly reduces
the yield and content of P,Os in the concentrate. It is desirable to return it to the
solid phase in order to increase P,Os content in the phosphoconcentrate. To do this,
before divide nitrogen-calcium-phosphate alcoholic slurry into liquid and solid
phases we subjected it for neutralization with gaseous ammonia to pH = 3. This
soluble phosphorus is recycled in the phosphoconcentrate as dicalcium phosphate.

Phosphate raw materials, suitable to obtain from it WPA by sulfuric acid
extraction, should be met the following requirements: P,Os content not less than
24.5%, CO, no higher than 8%, and the value of the of calcium module (CaO: P,0Os)
not more 1.6. In view of economy acid consumption, its optimum norm for
enrichment process can be considered OPF 50% and the weight ratio of PR: EA =
1: 5. For example, when enrichment OPF containing 17.52% P,0s; 47.53% CaO;
15.23% CO, and CaO: P,0s = 2.70 (sample 3) with a 50% norm of HNOs, pH 3 of
nitrogen-calcium-phosphate slurry and weight ratio of PR: EA equal to 1: 5
obtained concentrate composition (wWt.%): P,Os . 26.20; CaO,. 38.25; CO, 2.80
and CaO: P,Os = 1.46 (Table 2.). The yield of P,Os in the concentrate is 100%. As
the value of calcium module it is close to the best phosphate raw materials as
Khibiny apatite concentrate (1.32). The liquid phase of slurry is a solution of
calcium nitrate and EA with a small amount of ammonium nitrate. The alcohol is
easily distilled and returned to the process cycle. After distilling off the alcohol
obtained concentrated nitrogen-ammonium-calcium solution (NACS) containing
50% Ca(NO3)2 and 3% NH4NO3

On a basis of found optimal parameters of the enrichment process, we tried to
apply for the enrichment of the OPF and two other types of MM, the compositions
of which are given in the Table. 1. HNO; norm for MM is 60% from stoichiometry
on the leach CaO.

Enrichment results are summarized in Table. 2. From this it can be seen that the
enrichment of different types of phosphate rock by nitric acid concentrates obtained
on the composition, which is different. For example, of the OPF with the content of
16.60% P,0s, 17.23% CO, and CaO : P,0Os = 2.84 (sample 1) obtained concentrate,
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which has 24.66% of P,Os and CaO : P,Os = 1.54. From the third OPF sample
containing 18.7% of P,Os and CaO : P,0s = 2.60 obtained concentrate that has
26.85% of P,Os and CaO : P,Os = 1.59. MM (sample 4) with the content of 15.06%
P,0s, 14.11% CO, and CaO: P,Os = 2.94 converted into an enriched raw material
with CaO: P,Os = 1.48 and is quite suitable for sulfuric acid extraction.

Table 2
Chemical composition of concentrates from phosphorite of CK
Type of Norm of HNO; 0
phosphat P,0s, content | for CaO in raw Components content, wt. % PIZ)OCS;CC- : CaO -
¢ r"w.vl In the initial of by citrioncidl PO
material | raw,% | stoichiometry, | P,Oso. | CaOw. | CO; v ] 2
%
OPF 16.60 50 24.66 38.47 3.52 57.95 1.54
OPF 17.52 50 26.20 38.25 2.80 59.88 1.46
OPF 18.70 50 26.83 39.73 2.91 64.85 1.48
MM 15.06 60 24.21 35.97 2.07 58.44 1.48

However, P,Os; content increased in it from 15.06% to 24.21%. The
rheological properties of ammoniated nitrogen-calcium-phosphate alcoholic slurry
and the process of its separation into liquid and solid phases were studied. The
positive effect on the separation of pulp can be achieved by filtering belt vacuum
filter that effectively applied on KPC when washing microgranular phosphorite
flour. It was estimated that material balance for process.

The third chapter «Investigation of the regeneration process of ethanol
from the extract with generation concentrated solution of calcium nitrate and
ammonium nitrate» of the dissertation dedicates to the regeneration of ethyl
alcohol from the nitrogen-ammonium-calcium solution (NACS) that is a by-product
of phosphorite enrichment of CK and its processing into liquid and solid nitrogen-
calcium fertilizer. As above noted, that the enrichment OPF having 17.52% of P,0s
at a norm of HNO; - 50%, pH of the slurry and the ratio of OPF : EA =1 : 5,
phosphoconcentrate was obtained containing 26.2% of P,Os. The liquid phase of
slurry is a solution of calcium nitrate with small amounts of ammonium nitrate and
EA. The latter is easily distilled off and returned to the production cycle.
Theoretical analysis of alcohol recovery from NACS with using solubility diagrams
of 4-fourfold component system of Ca(NOs), - NH;NO; - C,HsOH - H,O, which
presents results of calculating the alcohol recovery process and determines the
interval of variation of process parameters, taking into account the composition of
the starting water-alcohol solutions and final products.

It was conducted that regeneration of the EA from NACS, in which EA return
degree in a cycle reaches 98-99%. After distillation, NACS was obtained,
containing 50% of Ca(NO;),, 3% of NH4;NOs. In this case, when generation of a ton
of the phosphoconcentrate from the OPF with the content of 17.52% P,0s,
observing the process parameters described above, produced 1.87 ton of NACS, in
which contains 1.35 ton of calcium nitrate tetrahydrate.

The physicochemical properties (rheological properties, vapor pressure,
boiling point and crystallization temperature) of NACS was studied depending on
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the concentration of Ca(NOs), and NH4NO;. In order to carry out the experiments
NACS were prepared in different concentrations (53.02-84.77% of Ca(NOs), and
3.02-4.77% of NH4NO;) by evaporation of initial solution (50% of Ca(NO;), and
3% 0fNH4NO3)

Saturation vapor pressure of NACS in the range of 20-40°C makes 0.44-6.38
kPa, which gives on low volatility in a hot climate of Central Asia. The
concentration range of 53.02-65.71% the crystallization temperature is in the range
of (-75) = 12.0°C that allows being used them in the spring and summer, as the
liquid-NCa fertilizer. In the temperature range 30-90°C NACS has a density 1.3873-
1.6377 g/em’ and viscosity 2.43-18.85 cps with the indicated concentrations. In case
NACS has good rheological properties. However, more concentrated NACS (67.83-
84.77% of Ca(NOs),, 3.83-4.77% of NH4NO;) before use should be diluted with
water, because crystallization temperature is 29-60°C. As determination of the
density and viscosity of the NACS with a concentration in the range of 69.94-78.43
and 80.54- 84.77%, respectively, at 30-50°C and 30-60°C not be possible due to the
crystallization of Ca(NO;), and NH4;NO; from evaporated solution.

As results show that concentration increase of NACS, as well as boiling point
is raised. Thus, when the concentration NACS is of 53.02% (50% of Ca(NOs),,
3,02% of NH4NOs) at 760 mm of mercury column (NTP) its boiling point is 108°C,
and at NACS is of 84.77% (80% of Ca(NOs),, 4.77% of NH4;NOs), this value rises
to 152 °C. Lowering the pressure lowers the boiling point of solutions. Thus, if the
pressure of 760 mm. mercury column, boiling point of 63.6% NACS (60% of
Ca(NO3),, 3.6% of NH4;NOs3) is 130°C, while the pressure is 460 mm. mercury
column it is equal to 112°C.

NACS was treated in granular calcium nitrate. To improve the properties of the
latter is used various bentonite clay as additive. There were have been determined
the commodity properties of the obtained products. It is shown that any addition of
bentonite increases the hydroscopic point and strength of calcium nitrate granules.
So, with the addition of bentonite from Kattakurgan its hygroscopic point increases
from 38.7 to 44.99%, Lagonsk bentonite up to 55.55%, Navbakhor bentonite
grades: PBG - up to 54.99% and PPD - up to 57.07%, while this increases the
strength of granules from 1.98 to 3.45 MPa; up to 4.48 MPa; up to 3.55 MPa and
5.31 MPa, respectively. The nitrogen content of the products is within 14.49-
14.69% (Table. 3).

The addition of bentonite considerable improves the sorption moisture capacity
of calcium nitrate. This is due to the ability of swelling bentonite in water and
retention in interplanar spaces of a large number of solutions containing nutrients as
nitrogen and calcium.

The process of conversion of NACS calcium nitrate in NH4NO;3 and CaCO;
using ammonium carbonate was studied. The results obtained as the optimal
conditions of the conversion process suggest the following: solution concentration
of Ca(NO;), is 37%; the norm of ammonium carbonate is 120% of the
stoichiometry conversion, boiling point is 70°C; stirring time is 120 min. The
degree of conversion of Ca(NO;), is max 99.94%, and the concentration of the
solution NH4NO; 1s 45%.
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The fourth chapter, «Technology development of nitric acid benefication
phosphorite from Central Kyzylkum in the presence of ethanol and processing
phosphoconcentrate in WPA and complex fertilizer» of dissertation presents
results of testing the chemical enrichment technology of CK phosphorite in the pilot
plant, as well as obtaining of phosphorite concentrate WPA, PK- and NPK-
fertilizer.

Table 3
Composition and property of calcium nitrate
Samples number Weight ratio of ' content, wt. % Moisture, | Strength, Hydr.oscopic
Ca(NQ3), : bentonite | CaO N % MPa point, %
1 Ca(NO;), 27.76 15.58 1.29 1.98 38.7
When addition Kattakurgan bentonite
2 | 100 : 6 | 2651 | 1449 | 119 | 345 | 4499
When addition Lagonsk bentonite

3 | 100: 6 | 2697 | 14690 | 116 | 448 | 5555
When addition Navbakhor bentonite (PBG )

4 | 100 : 6 | 2659 | 1457 [ 111 | 355 [ 5499
When addition Navbakhor bentonite (PPD)

5 | 100 : 6 2732 | 1460 | 103 | 531 | 5707

On the aggregated laboratory model install the technology of chemical
processing of phosphorite of CK by nitric acid was worked off in the presence of
ethanol at norm HNO; 40; 45 and 50% of the stoichiometry for CaO in the raw
material and a weight ratio of PR: EA=1:3 and 1 : 5. It has been shown that the
composition of the obtained samples of phosphoconcentrate in a model setup were
identical to the product obtained in the laboratory conditions. In the pilot plant of
JSC “Samarkandkimyo” tests on enrichment technology of OPF were carried out
with the content (wt.%): P,Os 17.52; CaO 47.53; CO, 15.23, CaO: P,0s = 2.7
HNO; at norms of 40 and 50%, ratio of PR: EA =1: 5.

In this case, depending on the norm of HNO; phosphoconcentrate’s
composition changed (wt.%): P,Osy. from 24.20 to 26.05; P,Os,... by citric acid
from 13.68 to 15.89; P,Osacc. by Trilon B from 9.75 to 11.71; CaOy, from 38.55 to
40.31; CO, from 2.79 to 3.89; CaO: P,0Os from 1.48 to 1.66. During the tests,
experimental batches of chemically enriched phosphoconcentrate were gained in the
amount of 100 kg for each norm of HNO:;.

Based on the results of laboratory experiments, laboratory experiments in the
enlarged model installation and pilot plant of JSC «Samarkandkimyo» established
the basic indicators of the technological mode of phosphorite enrichment CK by
nitric acid in the presence of ethanol. The material balance has complied and the
technological scheme of production of chemically enriched phosphoconcentrate has
proposed (Fig. 5). Studies on the production of WPA from chemically enriched
phosphoconcentrate with composition (wWt.%): P,Os. 26.20; P,Os,.. by citric acid,
15.69; PyOs,cc. by Trilon B 11.77; CaOyy. 38.25; CaO,e.. 19.04; CaOyypso1. 2.28; CO,
2.80; N 1.46; CaO: P,0Os = 1.46 were conducted in dihydrate mode depending on
the norms of H,SO, (from 100 to 103% of stoichiometry for CaO), the weight ratio
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of L: S (from 2.5: 1 to 3.5: 1) and concentration of circulating WPA (from 12.0 to
16.9% P,0s). Results of laboratory experiments show that at the same norm of H,S0,
and the concentration of WPA an increase of mass ratio of L: S from 2.5: 1 to 3.5: 1
leads to an increase of expansion coefficient (K.,.) phosphate rock, washing
coefficient (Ky,.) of phosphogypsum, yield coefficient of P,Os (Ke) and slurry
filtration rate. However, the concentration of productional WPA reduced. Increase
of circulating WPA concentrations independently of H,SO, norm and ratios of L: S
leads to a reduction of these indicators, while allowing to obtain a more
concentrated WPA for P,Os.

Based on the data, there were found the optimal conditions for sulfuric acid
extraction of the above composition: the norm of H,SO, is 103%; the concentration
of circulating WPA is 15% of P,Os, and the ratio of L: S = 3: 1. In this case K¢y, =
98.73%; Kyas. = 98.57%, Kyei. = 92.87%, a filtration rate is 1312 kg / m” « hour, and
the concentration of phosphoric acid 1s 20.19% of P,Os. Content of CaOy, .; SOs -
P;Osr. and P,Osy. 1s 31.21; 43.23; 1.43 and 0.27%, respectively in the dried
phosphogypsum. Moreover, phosphogypsum is composed of 92% calcium sulfate
dihydrate, and 6.63% of insoluble residue.

Material balance process of producing one tonne of P,Os in the form of WPA
was estimated. Laboratory studies have shown the fundamental possibility of
generation of WPA and ammophos of chemically enriched phosphorite concentrate
from CK phosphorite with good processing performance.

Chemically enriched phosphoconcentrate is suitable not only for sulfuric acid
extraction, but also for direct application to the soil as phosphate fertilizer. This is
evidenced by the high relative content of acceptable form of P,Os (60%). In the
initial OPF, the value was 18.5%. This means that at the same time during the
enrichment and activation of phosphate raw materials is taken place. Therefore, the
concentrate can be a good component for the production of compound-mixed
granular fertilizer.

Hence the process of obtaining PK- and NPK-fertilizers was studied with
different ratios of nutrient by wet mixing phosphoconcentrate, potassium chloride
and ammonium nitrate. The amount of initial components taken from this
calculation that the final product ratio of N : P,Os: K;,O 1s from 1 : 0.7 : 0.3 to 1 :
0.7:06and 1:1:03t01:1:2. All grads of PK- and NPK-fertilizers contain a
high concentration of nutrients. Thus, PK-fertilizer obtained in the range of weight
ratios P,Os: K,O from 1 : 0.3 to 1 : 2 contain from 14.21 to 23.74% P,0s,,; from
6.96 to 28.01% of K,O, P,0s,... towards P,Os,, from 66.34 to 69.66%.

For the ratio of N : P,Os : K;O = 1: 0.7: 0.3 is obtained NPK-fertilizer with
16.52% of N, 11.68% of P,Os, 4.83% of K,O and the amount of nutrients makes
33.03%. The relative content of acceptable P,Os form in it is 77.99%. When the
ratio of N : P,Os: K,O =1 :1: 0.3 the product contains 13.79% of N, 13.95% of
P,0s, 4.12% of K,O in the amount of P,O5 31.85% and acceptable form of P,Os is
76.63%. When the ratio of N : P,Os : K;O =1 :1:1 in the product contained
11.98% of N, 12.01% of P,Os, 11.92% of K,O are in amount 35.91% and
acceptable for plant form of P,Os is 74.19% of total P,Os. Granules obtained all
grades of NPK-fertilizer have high strength (from 3.67 to 6.58 MPa).
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Fig. 5. The basic technological scheme chemical enrichment of the Central Kyzylkum phosphorite by
nitric acid in the presence of ethanol:

1 - tank for phosphorite; 2 - tape measuring; 3 - decomposition reactor; 4 - pressure tank for nitric acid; 5 -
flow meter; 6 - repulpator; 7 - vacuum filter; 8 - receiver of alcoholic solution of calcium nitrate; 9 -
rectification column; 10 — capacity for storage of ethanol; 11 - drum-dryer; 12 - cyclone; 13 - trap for
ethanol.

On the aggregated laboratory setup mode for produce of PK- and NPK-
fertilizer was worked out. PK-fertilizer was obtained with a ratio of P,Os: K,O=1:
0.5 and NPK-fertilizer with the ratio of N : P,Os: K, O =1:0.7 : 0.5 to 30 kg, the
compositions of which are summarized in the Table. 4. Results agrochemical tests
indicate that PK-and NPK-fertilizer with their properties do not rebate ammophos
and have the same effect on the flow of nutrients into the cotton plant and their
accumulation in the soil.

The results allowed to develop the basic technological scheme on producing
PK-and NPK-fertilizer. Material balance of production of one ton of both PK- and
NPK- fertilizer has complied. Fig. 6 is given a block diagram of complex and non-
waste processing of CK phosphorite by nitric acid.

For the approximate determination of the economic efficiency of the
organization of production of chemically enriched phosphoconcentrate made
economic calculation of WCPC and chemically enriched phosphoconcentrate and
ammophos based on them on the basis of processing 1,000 ton of average (17.4% of
P,05) phosphorite ore from Kyzylkum.
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Table 4
Composition of PK-and NPK fertilizer based on chemically enriched
phosphoconcentrate, potassium chloride and ammonium nitrate

Chemical composition, wt. %
Weight ratioe PyO0sace © | P2Osgec.
acc. ace. Ca0,.: |Strength, MP4
N P05 K,O CaOy, P;0s:. P;0s:. C::O g
% % tot. %
P,0s : K,O PK fertilizer
1:0.5 - | 2177 | 1077 | 3381 | 6725 | 4777 | 4525 | 1.50
N : P,Os: K,O NPK fertilizer
1:07:05 [1558| 11.02 | 7.74 | 1571 | 7686 | 49.64 | 7575 | 5.46

It has been shown that the total manufacturing cost of one ton of WCPC is
206155 sums and chemically enriched phosphoconcentrate is 149657 sums that is
56498 sums cheaper. Thermal enrichment of 1,000 ton of phosphate ore is obtained
WCPC 43394 ton, and when chemical enrichment 1s 668 ton of
phosphoconcentrate. Of these, it is made 235.1 and 361.8 ton of ammophos to the
amount of 258 255 469 and 397 434 406 sums, respectively. That is additionally
produced output in the amount 139 million 179 thousand sums.

CONCLUSION

1. Solubility diagram 4 fourfold component system of Ca(NOs), - NH4NO; -
C,HsOH - H,0 has been studied, consisting of 3-triple: Ca(NOs), - C;HsOH - H,O0;
NHy4NO; - C,HsOH - H,O; Ca(NOs), - NH4NO; - H,O and 3 triple binary systems
of Ca(NOs;), - H,O; NH4NO; - H,O and C,HsOH - H,O, justifying the process of
extraction of calcium nitrate and ammonium nitrate from nitrogen-calcium-
phosphate slurry produced during nitric acid enrichment of phosphorite CK by
ethanol in a wide temperature and concentration range. Diagram allows to define
the range of variation of technological parameters of the extraction process based on
CaO: P,0s phosphate raw materials and the conditions of its nitric acid
decomposition.

2. The process of enrichment of various kinds of carbonate phosphorite from
CK in HNOj; at a norm of 30 to 60% of the stoichiometry on the decomposition of
CaO in the raw material and a weight ratio of PR: EA = 1: (3-10). The overall
picture of the results of enrichment of different types of phosphate rock in HNO; is
similar. Thus, the enrichment of relatively high concentrated OPF with the content
(wt.%) P,O5 18.70; CaO 47.8; CO, 15.3; SO5 2.05 and CaO: P,Os = 2.56 at a norm
of HNOj; is 40% on the decomposition of CaO (100% for CaCOs3) and the ratio of
PR: EA = 1: 5 is obtained phosphorite concentrate containing 26.19% of P,0s, and
calcium module 1.52. This concentrate is quite suitable for the production of
concentrated phosphate fertilizers. To prevent the transition of P,Os into a liquid
phase before divide nitrogen-calcium-phosphate alcoholic suspension (NCPAS) into
liquid and solid phases, it was ammoniated to pH = 3. This made possibility to use
for enrichment much higher norm of HNOj; and thus reduce the value of CaO: P,0s
in the raw material. Norm acid is ranged from 40-80% stoichiometry for CaO in the
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raw material. Taking into account the cost savings of HNOj its optimal norm for the
enrichment of various types of Kyzylkum phosphorite can be considered 50% and
the weight ratio of PR: EA = 1: 5. And for MM acceptable norm is of 60%. So,
when RPF enrichment, containing 17.52% of P,Os; 47.53% of CaO; 15.23% of CO,
and CaO: P,Os5 = 2.71 with a 50% norm of HNO;, pH of the slurry and the ratio of
PR 3: EA = 1: 5 obtained concentrate composition (wt.%): P,Os. - 26.20; CaOyy. -
38.25; CO, - 2.80; CaO: P,0Os = 1.46. The yield of P,Os in the concentrate is 100%.

3. The theoretical analysis of the regeneration of the NACS with the use of
solubility diagrams of 4 fourfold component system of Ca(NOs), - NH4;NO; -
C,HsOH - H,0, the result it was calculated alcohol recovery process and determined
the interval of variation of process parameters, taking into account the composition
of the starting water-alcohol solutions and final products. The kinetics of the
distillation EA from NACS depending on the temperature and pressure has been
studied. Applying a vacuum pressure of 0.3 atm. provides EA distillation for a short
time (60 minutes at 80°C). When the regeneration EA from calcium nitrate solution,
which is a by-product of the nitric acid concentration of CK phosphorite, degree EA
return to the cycle reaches 98-99%. After distilling off the NACS has been obtained
containing 50% Ca(NO;), and 3% NH4NO:;.

4. Physicochemical properties of the initial and productional NACS depending
on the concentration of Ca(NOs), and NH4NO;. It is shown that in the concentration
range of 53.02-65.71% of NACS the crystallization temperature is in the range of (-
75) = 12.0°C that allows to be used them in the spring and summer, as a liquid
nitrogen-calcium fertilizer. NACS has good rheological properties. However, more
concentrated NACS (67.83-84.77% of Ca(NOs;),, 3.83-4.77% of NH4NO;) before
use should be diluted with water, as the crystallization temperature is 29-60°C. It
was found that with increasing concentration NACS increases its the boiling point.
NACS was processed in granular calcium nitrate. To improve the properties of the
latter various bentonite clay deposits are used as additives. The products obtained
with a ratio of Ca(NQO;),: Betonies = 100 : 6 nitrogen content is in a range of 14.49-
14.69%. Physical and chemical properties of the resulting products have been
defined. Optimal conditions for the conversion of calcium nitrate of NACS in
NH4NO; and CaCOj; using ammonium carbonate. Based on the results of studies
recommended the following conditions conducting the conversion process:
concentration of calcium nitrate solution 1s 37%, the norm of ammonium carbonate
is 120% of the stoichiometry, conversion of temperature is 70°C, mixing time is 120
minutes. The degree of conversion of calcium nitrate is maximum 99.94%, and the
concentration of ammonium nitrate solution is 45%.

5. Developed technology of Kyzylkum phosphorite enrichment by nitric acid
in presence of ethanol has been tested in the model laboratory plant and pilot plant
of JSC «Samarkandkimyo» with the output of an experimental batch of chemically
enriched phosphoconcentrate. Material balance for enrichment process of
phosphorite flour containing 17.52% of P,Os has been complied. The circuit
includes a step of decomposing the raw material by nitric acid repulping nitrogen-
calcium-phosphate slurry with circulating alcoholic solution of calcium nitrate,
neutralization with ammonia suspension two fold washing wet phosphoconcentrate
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by circulating calcium nitrate solution, and ethanol, as well as drying the final
product.

6. Studies on preparation of WPA from chemically enriched
phosphoconcentrate containing 26.2% of P,Os in the dihydrate mode depending on
the norms of H,SO, 103%; the concentration of circulating WPA is 15% P,Os, and
the ratio of L: S = 3: 1. In this Ky, = 98.73%; Kyas. = 98.57%, Kyei. = 92.87%, a
filtration rate is 1312 kg / m” * hour, and the concentration of phosphoric acid is
20.19% of P,Os. Content CaOyy .; SO3101 .3 P2Osi0r. and P2Osy. 18 31.21; 43.23; 1.43
and 0.27%, respectively in the dried phosphogypsum. Material balance of the
process of obtaining one ton of P,Os in the form of WPA has been estimated.

The process obtaining compound-mixed PK- and NPK- fertilizer in a wide
range of ratios of nutrients has been studied by mixing wet phosphoconcentrate
crystalline potassium chloride and ammonium nitrate. A block diagram of the
complex processing of phosphorite of CK by HNO; has been developed.

7. For the approximate determination of the economic efficiency of the
organization of production of chemically enriched phosphoconcentrate made
economic calculation productions of WCPC and chemically enriched
phosphoconcentrate and ammophos based on them on the basis of processing of one
thousand ton of phosphate ore averaged of Kyzylkum. It has been shown that the
overall manufacturing cost of one ton of WCPC is 206155 sums and chemically
enriched phosphoconcentrate is 149657 sums that 56498 sums cheaper. Thermal
enrichment of 1,000 ton of phosphate rock 433.94 ton of WCPC is obtained, and
when chemical processing is 668 ton of phosphoconcentrate. Of these, it is made
235.1 and 361.8 ton of ammophos to the amount of 258 255 469 and 397 434 406
sums, respectively. That is additionally produced the product in the amount of 139
million 179 thousand sums.
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