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Annomauun. B cmamve ycmanosneno, umo: npu CepHOKUCIOMHOU nepepadomxu
Gochopumos  Kovizvlikym  mexHosocuueckue napamempuvl — AHALOSUYHbL  NepepadomKoll
Gocopumos Kapamay ¢ yiyuweHHvIMU ROKA3AMENAMU KPUCATLIUZAYUU U  OMMBIBKU
gocgocunca. ['uncosoti yucio 1,42 8oda na npomwiky ymenvuaemes 0o 1,3-1,5 6 3asucumocmu
om oc:m 8 Ikcmpakmope u ¢mop yacmuuro (0o 40%) nepexooum & gocgocunc Ku:x=97,6 u
Ksux=97,5%.

Kniouesvie cnosa: ¢hocghopum, Kwvizeiikym, Kapamay, cepnas xucioma, gocgophas
Kucioma, gocgoaunc, ¢pmop, mepmocmamuposanHol mpexeopioi Koibe, 31eKmpomMeuansvKa,
mepmomemp, obecipmopusanus DK, NH4NOs3, aMMOHU3AYULU, OKUCIUMEIbHO-
B0CCMAHOBUMETILHBIX NPOYECCO8, Cmenenb pasnodicenus, I uncosou yucno 1,42.

OBTAINING A COMPLEX PHOSPHORUS FERTILIZER SUCH AS DOUBLE
SUPERPHOSPHATE

Abstract. The article found that: in the sulfuric acid processing of Kyzylkum phosphorites,
the technological parameters are similar to the processing of Karatau phosphorites with improved
crystallization and washing of phosphogypsum. The gypsum value of 1.42 water for washing
decreases to 1.3-1.5, depending on the liquid:t in the extractor, and fluorine partially (up to 40%)
passes into phosphogypsum Kiv=97.6 and Kout=97.5%.

Keywords: phosphorite, Kyzylkum, Karatau, sulfuric acid, phosphoric acid,
phosphogypsum, fluorine, thermostated three-necked flask, electric stirrer, thermometer,
defluorination of EPA, NH4NO3, ammonization, redox processes, degree of decomposition,
Gypsum number 1.42.

BBEJIEHUE

VY36ekucran B kadecTBe (GoCcHOpPHBIX yIOOpEHHH HCHONB3YIOT B OCHOBHOM amModoc u
npocToil cynepdocdar BMecTo BBO3UMOro ABoiHOro cymepdocdara u3z Poccun. B mponecce
JUTMTEIIBHOTO  WCIONB30BaHus ammodoca u  mpoctoro cymepdocdara, He ComepKaiiero
PACTBOPUMOIO KaJibLisd, I10YBa O6el[HeHa, 9THUM BaXHbBIM 3JICMCHTOM B ITMTaAHUU paCTeHI/Iﬁ H B
Pa3BUTUM KHUBBIX OpPTraHM3MOB. Kabiwii HeHTpaiu3yeT KUCJIOTHOCTb B MOYBAX,
IpeaIoTBpaaeT o0pa3oBaHus IJIMHUCTBIX MuHEpanoB B3auMojeiictBueMm Al2Os, Fe203, SiOz u
Jp., MOCTYMAOIIE € MUHEPAIbHBIMU yI100OpeHUSIMHU C PAa3JIOKUBIIMMUCSA OCTATKAMU
paCTeHHﬁ, yiydmacT HaKalllIMBaHUKW TyMyCa H JOCATCIBbHOCTb 6aKTepI/H/I B IIOYBC.

KanpiumeBoe royiojlaHie MOYBBI MPUBOJUT K TOCTOSHHOMY CHIDKCHHIO €€ IUIONOPOINS,
YPOXKAWHOCTH CEITbCKOXO3SHCTBEHHBIX KYIIBTYP, MPOIYKTUBHOCTh YKMBOTHOBOJICTBA | T.1I. M3BeCTHO,
YTO KLU YKPEIUISIET CTEOIN XJIOMYATHUKA M IPYTHX PACTCHHI, BXOJUT B COCTaB KOCTHBIX TKAHEH

KMBBIX OpPraHU3MOB M YJIYYIIEHHEM COCTAaB M CTPYKTYPbI IIOYBBI CIIOCOOCTBYET IOBBIICHHIO
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YPO’KalHOCTH PACTEHUM M YIIYYLIEHHIO KadecTBa NPOAYKIMH. B CBS3M C 3THM, BCTaJ BOIPOC O
MPUMEHEHUU HOBBIX BU/IOB yJIOOpPEHUH, KOMICHCHPYIOIIMX HEJOCTATOK PACTBOPHMOTO KaJIbIMs B
TIOYBE U APYTHX AIEMEHTOB nutanusi. Kpome Toro B moimydaemsIx B HacTosIee Bpems PocGopHbIX
1 a30THO-(hochopHBIX ymoOpeHusx (ammodoc, cymepdocdar) COACPKUTCS  arpOXUMHUSCKHA
arpeccuBHbIil  prop (2,5-4,0%), KOTOpBIN pa3pylIaeT KIETKH PaCTeHUH HapyIas OKUCIUTEIbHO-
BOCCTaHOBHTEJIBHBIX MPOLECCOB. B pe3ynbrare CHMKAETCA ypokahHOCTh. Kpome Toro nomajgaer B
OpPTaHu3M KHBOTHBIX M YEJIOBEKa Yepe3 KOpM, OBOILIH, PPYKTHI U JAp. BBIMBIBAETCS U TMOMAIAET B
MUTHEBYIO BOAY. DTOp B )KUBBIX OpraHU3Max, TaK K€ KaK B PACTCHUIA, HAPYILIAET OKUCIUTEIHLHO-
BOCCTAHOBHUTEIILHBIX MPOLIECCOB, BBI3BIBAET OOJIE3HU MOYEK, EUYEHH, KPOBOHOCTBIX COCYIOB, MO3Ta
u. 1p.

MATEPHUAJIBI U METO/bI

@ochopHble ynoOpeHue, BBITYCKaeMble B HACTOAIIEE BpeMsl HE COIEPXKAT PacTBOPUMBIX
cynb(aToB, TaK cepa crocoOCTBYeT 00Pa30BaHUIO (CHHTE3) BaXKHEHIIMX KOMIIOHEHTOB KPOBH, KaK
anpOymuH, GUOpUH W KazenH B opranmsMe pactenuil. Kpome Ttoro 50-70% romoBoii HOpMBI
amMooca BHOCST oceHbto Bemaimuke. [Ipu 3ToM ammmak B cocTaBe ya0OpeHMI MOJBepraroTcs
HUTPUPUKALIIO, a YyCBOsieMble (ocdaThl MPETePIBIBAIOT PETPOrpajaliio, T.€. TEPeXOoIsT B
HeycBosieMble (popMbl PochaToB xene3a, amoMUHUE U Ap. Tak 3HAUYUTENbHAS] YaCTh MUTATEIbHBIX
aneMmeHToB Tepsercs. B pesynbrate KIIJ docdopubix ynobpenuit B mepBblil ToJl COCTaBISET
okoio 25%,a BTopoil ron gocturaet A0 40% wW3-3a  MEUICHHOTO pacTBOPEHHUS HMX B
MOYBEHHBIX PACTBOpaX NPU HCIIOJIB30BAaHUS HUTPATHBIX KOMIIOHEHTOB. A (hocdaTsl KambIus
(MOHO- W 1M) HE TOJBEPrarTcs K perporpaganuio. [lo aTomy menecoodpa3Ho HUCIONIb30BAThH
B KauecTBe ¢ochopHBIX ynoOpeHuil Tumna aBoiHoro cynepdocdara.

B HacTosiee Bpems B kKauecTBa CIOKHBIX GOocPOpHBIX y100peHuil HCIONB3YI0T aMmModoc
okoJio 70%cebecTONMOCTH MPOAYKTa COCTAaBIsET ChIphbsi((hocdopuT, cepHas KHCIOTa U aMMHUAK).
Bo BTOpBIX amMModoca BHOCAT M OCEHIO BCHAIIKE, MMPH BECHOM NpU CeBE CEMSH M B TPEThei
MOJIKOPMKH XJIoMm4aTHUKA. [0 arpoXuMHyecKuM cBoiicTBaM aMMO(OC OTIMYAETCS OT IPOCTOTO U
nBoitHOro cymepdocdara Tem, UTO TPH AJUTEIHHOM HAaXOXKIACHHH B TOYBE MPOUCXOIUT
BOJI0OpacTBOpUMBIE pocdaThl HE MUTPATHOPACTBOPBIMBIC (hOPMBI HOCHATOB KaIbIUs (OCOOCHHO B
VY30ekucTtane MOYBBI BBICOKOKAapOOHATHBIE), jkene3a M amomMuHus. Kanbruesbie ¢ocdaTs
yCBaMBaeTCsl pacTeHUsAMHU a (ocdathl Kelle3a HEe yCBaWBAIOTCS, a alOMUHHS HEW3BeCTHO. Tak
MPOUCXOIUT peTporpafanus YcBoseMbIX (ochaToB. AMMOHHUNHBIE HMOHBI 3aKpeIUIsSeTCs
MOYBEHHBIM KOMIUIEKCOM. OJIHaKO ¢ ydacTueM OaKTepuu HUTPUPHUKATOPOB MPOUCXOIUT
HUTpU(UKAIMK, a ¢ Yy4yacTHeM OaKTepUHu JACHUTUPUPUKATOPOB HUTPATHI MEPEXOAaT B
3JIEeMEHTapHBIN a30T U BBIACIAIOTCA B ra30ByI0 (a3y. Tak mporcxoauT noreps ycBOsSEMOro a3ora.
[TosTOMy BHEceHHE B TOYBY aMMO(oca B TIO3/IHEH OCEHBIO B TIOYBE HEIEIECO00PA3HO.

B »ToM oTHOmeHMH mpocTOil M JBOMHON cynepdocdar umeeT MpeuMylecTBa IO
cpaBHeHHIO aMModocam. Tak mporecc perporpajanus yMepeHHas. ITOMY HOJAeTCsl TOJIBKO
4acTh CBOOOHAs (hochopHass KUCI0TA, CBA3BIBAIOMIASACS C KEJIE30M B IMOYBE, TTOCKOJIBKY MOYBa
kapOoHaTHass oOpa3yroTcss MOHO- © audocdarbl  KadbIus, KOTOpPbIE HE MOATAIOTCA
peTporpajanuio B HOYBEHHBIX YCIOBHIX.

ITpu nmonmyyenun aBoiHoro cymnepdocdara ocHOBHas yacTh (hropa, KOTOpas sIBISETCS B
MIPH 3HAYUTEIILHOM KOJMYECTBE B YAOOPEHHH, arPOXUMUYECKUM (OMOJIOTHYECKH) arpeCCUBHBIM
(pa3pymaroT KJIETOK), CHIKaeTcs: B mpouecceynapkn DPK (KOHIIEHTpUPOBAaHUH) M B MPOIECCE
(hoCcHOPHOKUCITIOTHON PA3I0KESHIH BTOpUIHOTO (hocdara.
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ITpu hochopHOKUCIOTHOMN pa3nokeHnn pochHopUTOB UCIIONIB3YETCS XUMUYECKas SHEPTus
KHUCJIOTBI, YTO COKpAIIAeTCsl PACXOA CEPHOM KHUCIOTHI HAa €JUHMIBI MPOAYKTa. A B Ipolecce
aMMOHM3AIMHN KHCIIOro mpoaykTa a0 pH = 2,3 -2,6 cokparmiaercs pacxoJ aMMHUaKka Ha €IUHUIIBI
JOTIOJTHUTEIBHOTO TIpoaykTa Ha 70-75%.

PE3YJIbTATHI

[lpoBeneHne arpoXMMHUYECKHX HCCIEAOBAaHMA HamMu OOOCHOBaHa AHAIOTUYHYIO
s dexTrBHOCTE cynepammodoca - K u ammodoca. DT npeumyiiecTsa JBOMHOTO cynepdocdara
nepes aMMo(pocoM AaéT OCHOBAHUS Pa3BUTh TAKOTO MPOU3BOCTBA.

[To aTomMy ¢ 1eBI0 TIONTy4YeHHS BOMHOTO cynepdocdaTa pasznoxeHus: BropuaHoro P20s
¢docdara Ke3puikym mpoBoamim Tekydeil kKoHneHTpupoBanHo# (30-37% P20s), momyueHHo# 110
U3BECTHOMY CIIOCO0Y ynapuBaHHMEM MarHuiiconepskauieit ciadoit OOK cnenyromiero cocrasa,
Mmacc.%: P20s=21,06; CaO= 0,32, MgO= 1,68; SO3=2,05, F=I,37;R203=0,65, B3Becu 0,12 u np.

HeiictButensHo marnuiiconepkamas IPK npu cogepxanue MgO naxe no 0,3% ona
3arycreBaeT MpH JOCTHKeHUU KoHLeHTparuu 10 37-38% P20s (yTBepkaeHa AMepHUKaHCKUMU
yu€HbiMH). OJTHAKO MPU BBEJEHUU BTOPUYHOIO ocdara OHA MOXKET 3arycTeBaTh (KOHEUHO MpU
CJIy4aifHO OCTaHOBKH peakTopa). Bo BTOPBIX Kak yKa3aHO BBIIIE IPH BBEJCHUN HUTPATAa AMMOHUS
B HE3HAYUTEIHLHOM KOJMYECTBE MOBBIIIACTCS PACTBOPUMOCTH (hocdaTtoB (000CHOBAHO MHOTHMMHU
YUEHBIMH).

KonnenTpanusi nepBbIX BOJOPOJHBIX HMOHOB B (ocopHON KucIoTe mocie yhnapKu
cocrasisiet 0,35-0,42%, crenens odechTopuBanus cocrapusiet 17,3-25%.e. B 1Ba pa3a MeHBIIIE
10 CpaBHEHHIO cO creneHblo obecropuBanuss DDPK u3 ¢ochoputoB Kaparay B mgaHHBIX
ycnoBusix. Tak kak Kaparayckas D®K ¢ropa comepxur B Buae HoSiFs u e€ comeit, a
Kesuikymckas DDK conepskut HF, uto B mepBoM ciydae B ra3oByio a3y nepexoaut HF u SiFs,
a B0 BTopoM HF, KoTOporo nmapiuanbHoe TaBjIeHHE B Tapax MEHbIIE MapiuaibHOM 1aBieHnn SiFs
Y MEHBIIIE YIIETyYMBAeMOCTb. M Tak CHIDKAETCs Harpy3ka CHCTEMBI a0COPOITNH (PTOPHCTHIX Ta30B.

B kauectBe BTOpHuHOro ocdata s GocHOPHOKUCIOTHON PA3JI0KEHUH HCTIOJIb30BAIN
tdocdoput Kezbuikyma cienyromiero cocraBa (Macc. %): P20s =25,62; CO.=12,84; Ca0=48,56;
MgO=1,78; Fe20s= 0,35; A1,03=0,42; SO3=2,94; F=2,78; n.0. = 0,61 u H20=0,6.

[Ipomiecc paznokeHHs MPOBOAMIM B TEPMOCTATHPOBAHHOW TPEXTOpJOM KojiIbe C
THJIPO3aTBOPOM, CHAOKEHHOM JIEKTPOMEIIATIBKON, TEPMOMETPOM M OOPATHBIX XOJIOJMIEHUKOM.
[Mocne moctmxkeHus: Temmneparypbl KUCIOThl 10 60°C B konOy BBogwmm ¢ochopur. BecoBoe
cootHotrenue dochoput: IOK (100%P20s) =100:100:150 (1:1+1,5). Bpemst mporiecca 2 vaca
MIPH MIOCTOSIHHOM TepeMEITNBaHUH.

TexHonoruueckue napaMerpsl NoiaydeHus cynepdochaTHON MyIblbl U €€ XUMUYECKUIN
COCTaB MpHUBEICHBI B Tabnuie 1.

Panee ycTaHoBIeHO, 4TO OCHOBHOE Koim4ecTBO (poctara paszmaraercs u3 ¢ochopuron
Kaparay B Teuenue 90-120 MuH.; Ipy yBeIU4YEHNHN JUIUTEIbHOCTH nTpouecca 10 180 mun npu 60°C
CTEIEeHb Pa3JI0KeHUs Bo3pacTaeT Bcero Ha 1-4%, HecMOTpst Ha BEICOKOE cojiepkanue pochopHOn
KHCJIOTBl B JKAAKOW (pa3ze MydbIbl. A C TOBBIIICHHEM KOHIIGHTPAUH W JOJIH KHCIIOTHI
MOBBIIIACTCS CTETICHb pa3iokeHuss. ONTUMANIBHON KOHIEHTparuei BoiOpaHo 35-37% P20s u
BecoBoe cooTHomieHue dpochoput: DK (100%P20s) Beidbpano 1,5, T.e. konudecTBo kuciaotsl 130-
135% ot crexuomerpumu.

[ToaTOMY OMBITHI TPOBEIEHBI B ATUX ONTUMANBHBIX yCiIoBUAX. Ha ocHOBaHuu padoT,
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Tabamma 1.

TexHOIOrHYecKHe HAPAMETPRI HOTV9eHHA H XEMCOCTAE cynephochaTHOl Ny enkel Ha ocHOEe (hochopuTor Kapatay n
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Ha ocroee dochopatoe Kapatay
1. 3018 | 1:1 331:1 | 30,30 28,02 25,88 0,35 0,70 (2,14 | 41,44 | 92,47 | 9236 |62.35
2 30,18 | 1:1,5 4,97:1 | 30,79 2977 2798 0,38 | 0,76 (2,08 | 44,64 |96.70 | 54,00 |76,52
3. 3560 | 1:1 2.81:1 | 34,84 32,98 30,92 0,36 | 0,72 (2,16 | 24,48 | 94,66 | 93,75 |73,30
4. 35.60 | 1:1,5 4.21:1 | 35.62 34,95 33,63 0,40 | 080 (220 | 26,83 | 98,12 | 56,22 |86.85
5. 37.20 111 2.69:1 |36,10 34,04 31,79 0,38 | 0,76 2,10 | 22,00 5425 | 5339 |T145
6. 37.20 | 1:1,5 4,03:1 |36.94 36,07 34,60 0,42 | 084 (2,15 | 24,13 | 97.65 | 9426 |83,57
Ha ocroee dochopuroe Keizsrakyma

1. 30,22 111 331:1 | 30,85 28,63 26,66 0,34 | 068 2,15 | 40,86 | 92,81 | 93,12 |64,05
2 3022 | 1:1,5 4.96:1 | 31.20 30,28 28.62 0,38 | 0,76 (2,05 | 43,88 |57.05 | 5448 |79.80
3. 3536 | 1:1 2.82:1 | 3513 33,45 31,37 0,40 | 080 2,12 |27,70 15545 | 54,78 |77.45
4. 3536 | 11,5 4.24:1 | 3546 3498 33.60 042 | 084 (2,00 |30,58 |98.66 |96,05 |90,82
5. 37.28 | 111 2.68:1 | 36,53 34,87 32,56 044 | 088 (2,08 |2427]552% |53,54 |76,45
& 37.28 | 111,35 4,02:1 | 36,80 36,20 34,79 0,47 | 0594 (2,18 |26,48 | 9337 | 96,10 |88.,84

WHTEPECHO OBLIO CpaBHUTH Mpoiiecca npoxoasmuid ¢ Gochopurom Kenbuikym ¢ dpocopurom
Kaparay. Tak xak B ¢ochopurax Kb3buikym kapOOHATHI OOJbINE, 2 HEPACTBOPUMBIM OCTATOK
3HAYUTENIBHO MEHbIIE(IIOUYTH OTCYTCTBYET) MO cpaBHeHUIo ¢ docdoputom Kaparay, coctaBa
(macc %): P20s =25,04; CaO =39,74; MgO = 2,57; F=2,29; CO2=17,16; n.0. = 15,70 u ap.

W3 pe3ynbraToB BUAHO, YTO B KUCIION IyJiblie PpH KOHLEHTpanuu KuciaoTsl 30,18% P20s
crenenb pasnoxenus (K,) cocrarnser 62,35% npu cootnomennu pochoput: IDK(100%P20s)
= 1:1. C noBsIlIeHUEM KOHIEHTpauu KucaoTsel A0 35,60 - 37,20% P,OsK, moBbimaercs a0
71,45% cOOTBETCTBEHHO. A TMOBBIIIEHUE 0 KUCIOTH B 1,5 pa3a K, nmoBsimaetcst 1o 76,92%,
86,85% u 83,57% cOOTBETCTBEHHO KOHIIEHTPAIMSIM KHCIIOTHL.

C mnoBellIeHWEM KOHLEHTpauuu Kuciaotrel oT 35,60% P20s no 37,20% P20s K,
HE3HAYMTENIbHO CHIKaeTcs (Ha 3,28%). DTO OOBSICHSACTCS IOBBIIMICHHEM BS3KOCTH KHCJIOTHI,
KOTOpasi HECKOJIBKO CHMKAET AU Dy3UH.

A B3aumozeicTBus GpochopHOi KUCIOTH ¢ hochoputoM Kb3bUTKYM HEMHOTO aKTHBHEE,
yeM ¢ pochoputom Kaparay. Tak mpu konneHTpanmu KuciaoTsl 30,22% 1 BECOBOM COOTHOIIICHUH
bochoput:2DPK(100% P20s5) =1:1 K, coctamsier 64,05% (Ha 1,7% Bbiie), a mpu KOHIICHTPAITUU
KucnoThl 35,36%-37,28% K, nocturaer no 77,45-76,45% cootBeTcTBeHHO (4,15-5,0% BBIIIC YeM
B ¢ochopurax Kaparay).

B mponiecce cymiku nyasnsl ipu Temiiepatype 105°C mo Biaroconepkanue 1,12-1,85%
MIPOJ0JKAETCS pOLecC pa3ioxeHus pocdaTa U3-3a HaTMUIKUK cBOOOAHOM KUCIOThI. [Ipu aToM K,
MIpY TIONTy4eHUH TpoAykTa u3 gochopuroB Kaparay B 3aBUCUMOCTH OT KOHIIEHTPAIIUU KUCIIOTHI
(30,18 - 37,20%)cocrasnsier 74,20-81,70%, a u3 Kes3puikyma (30,22-37,28%) paBubl Ha 76,75-
83,40% |(Tabm. 2).
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CreneHb pa3lIoKCHUS TOBBIMIACTCS ¢ YBEJIMYCHUEM JIOJIM W KOHIICHTPAIIUM  KHCIIOTHI.
MaxkcumanbHasi CTENEHb JOCTUTAeTCS TPU CTEXHOMETPUU Ha oOpaszoBanus MoHodochara
Kanbiust 135 % ¥ KOHIEHTPAUK HCXOIHON KHCIOThI 0K0J10 35% (Kp = 97,60%).

Hanee cynepdocdarusie mnynenbl u3  ¢pochoputroB  Kb3buikyma HEHTpaTu30BaIH
ra3o00pa3HbsiM ammuakoM ot pH = 2,00-2,18 (tabuuia.2) (kucnoii cycnensun) o pH = 2.28-3.22
(Ta6i.3) (B aMMOHHM3HUPOBAHHOMCYCIIEH3M). AMMOHM3AIMIO  MPOBOJMWIM  YCTAHOBJICHHON B
TEPMOCTATHPOBAHHOUTPEXTOPJIOH  KOIIOE npu HEMPEePLIBHOM MepeMenInBaHUUC
MTOMOIIBIOANIEKTpOMeIIanku. Yepes 2-0e ropio mojaaBaiv ra3000pa3Hbld aMMHUaK, a B 3-0€Topiio
YCTaHOBJIEH TEPMOMETD.

[Tpu sTom Temmnepatypa nysbibl oBeimaetcs ot 60°C  go 70-80°C B 3aBucumoctu oT X:T u
KOHIIEHTPAIMK UCXOJHOW KUCIOTHL. B mporecce ammonu3anuu 10 pH okoso 2,5 nmpoucxoaut
HE3HAYUTENIbHOE I0Pa3NI0KeHUe, 4TOo MoBkImaeTcs K.

Tadmna 2

TexHOMOTHUECKHE T PAMETPEI NOTYYeHEA H XHMCOCTAB KHCILX YiodpeHni THIA gBoiiHoro cynephocdaTa HA ocHOBE
tdochopuTos Kapatay 1 KeneLiryma
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- | .

=2 (552 = | 5| 21 : g = g |ale|S

EF (2228 | eS| d | |® = AEla 5]
N 2 ¥z | = == E 2.8, |22

=1 L3 o | A B | ow

2 |m

e

Ha ocroBe dochoputoe Kapatay
1. (30,18 |11 4307 (40,85 3817|276 (044 |0,88 1,22 224 0484 | 9300 | 7420
203018 [1:15 4403 (43,16 [40,85)|6,72 (0,58 1.16 1,85 2,16 08,02 | 94,65 | 86,15
303360 |12 4324 (41,73 |3046|225 (048 | 096 1.26 226 06,50 | 94,36 | 8250
4. 3360 |1:13 4474 (4432 (4236|620 (066 1.32 1.44 2.28 99.06 | 96,03 | 9343
5.0 037,20 |11 4368 (4208 (3061|227 (046 |092 1,56 2,26 096,34 | 94,13 | 81,70
6. [37.20 |[1:15 4546 (4494 4317|628 036 1,12 1,12 222 08,86 | 96,06 | 92,03
Ha ocnoie dochoputor KeieLiryma

1 022 | 1:1 4449 (4146 (3025|254 (042 |0.84 1.24 222 03,33 | 94,67 | 76,65
2 0. 1:13 4475 (4392 4180|645 (052 1.04 1.61 2,08 0214 | 9517 8726
3. |35, 1:1 4461 (43,15 (4120|281 (044 |O0BE 1,32 2,15 06,72 | 93,69 | 83,60
4. |35, 1:1.3 4384 (45358 4387|633 [0.56 1.52 1.48 2,04 0063 | 96,24 | 97.60
5013728 |11 4493 (4344 (4077|272 (044 | 0,88 142 2,16 06,68 |93.23 | B340
6 3728 |[1:15 46,18 (4576 (4412|668 [058 1.16 1,18 225 00,09 | 9641 |93.44

[Tpu >TOM yBenMUMBaETCS yCBOSIEMOU (JOPMBI, a BOJIOPACTOBOpUMAsT yMEHbIIaeTcs. Tak
MoHO(OpMa B3aUMOJCUCTBHEM AaMMHAKOM TMepexoAuT Ha audopmy ¢ oOpa3oBaHHEM
MoHoaMMoHUipochara. C yMmeHblIeHHEM MoOHOKanbluiiochaTra B cucreMe paBHOBECHE
CIBUTACTCS B TPABYIO CTOPOHY (IMO-BUIMMOMY, W TIOJA JeWcTBHEM MoHO(acdaTa aMMOHHS),
oOpa3zoBaHueM MoHOGoc(]aTa, KOTOPBIN TYT K€ MEPEXOAUT Ha Audocdar.

Haneueitmee moseienne pH 10 2,7-3,22 (Naww.=1.7-2.5) NPUBOIUT K YMEHBIICHUIO
ycBosiemoit P2Os B mpoaykTe 3a cU€T peTporpagauu MoHO-u audocdatoB Ha TpudochaTsl.

OnTUManbHBIM YCJIOBHSIM TIOJNYYEHUS aMMOHH3WPOBAHHOTO JBOMHOTO cynepdocdara
(BepHee cymepammodoca, Tak cojaep)kaHue MoHoamMoHuiiocharta cocrasisier cbiie 20%),
SIBISIIOTCA KoHLeHparus ucxoano DK okono 35% P20s, K:T = 4,24:1, Bpems pa3iokeHUs
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tdochara 2 yaca mpu Temmneparype 60°C, ammonmzanus mynbnel 10 pH oxomno 2,5 mpu
temmnepatype 70-80°C. IIpu 31oM P205ycs/P20506m cocTaBisier 97-98 % (Kp= 84,93-88,29%).
Tatmina 3

TexnomornyeckHe NapaMeTPHI MOV YeHHA H XHMHYECKAA COCTAE aMMOHHIHPOBAHHOHA cynephochaTHol My IBOEL HA
ocHOoBe docdopuTos Kensrmryma (t=80°C)

2 | |9 2
2 |8 ele 2 S 2
= ko E_ a:, & a.:; = o El Eq .
2o |828lE| 2 = & & |z . - =
0, - 8 o= = 2 . i : ] [=H 5] El ol ®m r
E =] LS o) Q z |z | LI R
2 = | I 2k falk a e o lo
E g ﬂ:l o o ﬂ:l
Na [aa]
1. 3022 |11 3234 3092 |2865 1,13 | 149 | 30286 A6 [ 9361|0266 7203
3748 |30.70 |27.84 |128 |162 3972 |252 9432|9068 72.60
3266 (3039 (2618 166 | 200 |38.78 70| 9305 | 86,15 63,23
32.8% | 2077 | 2486 1,78 (246 | 3783 85 | 9062 | B3.51 33,10
33,07 (2941 (2383 266 | 3,34 |36,27 02 | BE95 | 81,10 44635
2 30,22 |1:15 31.71 ined4 2881 147 | 1.85 | 41.64 A0 | 9760 | 93,15 23,30

31,73 30,02 | 2748 1,72 | 248 | 41,16
31,80 2884 2442 249 | 5,05 (4020
36 |1:1.3 3532 |3491 |53234 148 | 1,86 | 2832
3548 3470 | 53207 1,70 | 246 | 28,03
3536 | 3396 | 3038 213 | 285 (2741
3534 | 3210 | 2835 232 | 528 | 26,68
4. 37,28 [1:15 37,02 3631 |3360 104 | 148 | 2440
3691 3390 |33.03 1.81 | 2353|2392
37,06 3496 |531.30 204 | 288 (2320
37,11 3344 | 2063 233 |5321 (2240

[»h

5435 | 91,59 6267
50,60 | 84,68 36,23
0220 | 92 64 28290
57.80 | 92.42 §4.29
55,50 | 90,03 60,18
5032 | 88,04 33,70
0208 | 9254 26,23
57.26 | 92.06 §1.23
5433 | 90,12 61,16
50,10 | 88,67 32,10

=y

1| L

[
[ ey

[
=]

o

-

il bd] B B a3 B B B B B B lad) B B B B
L =] =
[V =]

—

Tadmina 4
H3imenenne coJep:RaHAA HEROTOPRIX KOMIIOHEHTOE B IIPOIecce CYIIKH aMMOHHIHPOEAHHOI cynepdocdaTrol Ny IBNED
Ha ocHOBE (ocdopuTor Kerseumeyma

= - L O N O £ |
EARE A NN N P 1%
Nl EE | ZES | ¢ = | 2| 8 i BRI
§§ 2Ss s |2 |oalasl|l=z|=|= HE
dls e | = | = |= |42 HMEIRIN
& ™ e | R
44,30 [43.02 3908|215 [ 160 |2.06 |2.16 |254 |97.11(%084 |8555
3342 (4274 |3783(186 |1.76 | 222 |224 |268 |06258852 |15
13022 |11 43341 3183 |3624|144 [227 |2.73 [105 |2.75 |94.20] 2664 | 71,00
4332 4020 |3387|128 | 241 |334 |201 | 203 |90091] 8006 |5455
4300 3024 | 3106|081 |3.56 |446 | 230 |3.12 8038|8144 | 4600
4320 4370 |40.17]5.26 | 2,06 |2.60 |004 |252 |09842{0102 |80.18
213022 |1:15 4312 4273 | 3858|428 | 240 |346 |122 |2.71 |9683|9031 | 7842
4380 4002 |3320(252 |345 |422 | 108 | 205 |0137|83.18 |4080
4512 2357 |40.72]537 |1.88 | 235 |1.16 | 242 |98.78| 9136 | 0164
3370 [2301 |3002(844 |25 |3.12 |132 |258 |0846|00.70 |80945
3.133.56 |1:1.3 4360 |4282 |37.73| 264 |2.68 |3.60 | 121 |2.75 |96.00]88.11 |72.60
4335 |4064 |3483)132 [3.14 (412 [106 [328 [o163[8570 [4267
4552 |4400 |4008(52 |128 |1.84 |1.28 |236 |98.64|9127 |9068
4510 4410 | 3904|408 | 226 |3.18 | 115 | 256 |97.98| 0038 |%6.16
4.13728 |1:1.3 45,02 4201 |37.56| 263 |2.50 |3.52 | 123 |2.80 |9531]|87.53 |67.88
4475 4096 3502|148 [2.84 (392 |112 [322 |o01.53(8550 |4198
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OBCYXKJIEHUE

[1pu cymike npoyKTa TakKe He3HAUNTENILHO MOBBILIAETCS CTENICHDb pa3iokeHus (ocdara.
IIpu BeImEe ykazaHHON onTUMaibHON ycimoBUU P20sycs/P205s06m cocTaBmseT okomno 98,5% (pH =
2,6) (tabm. 4).

Hesnauntensno mnosbliaercs pH ynoOpenun 3a cy€T yMeHbIIEHHS] CBOOOJHON KHCIIOTBHI.
CoOoganas P2Os ipu aTom cocrasisiet 4,44% .

B npoaykre B 3aBUCHMOCTH OT J10JIM KHCIIOTHI B cMecH U pH pacTBopa cBoOo1HAs KHCI0Ta
B ipoaykte pazimuynbie (0,81 - 5,37% P205cs05).

[Ipu onTuManbHON YCIOBHUU MOJYYEH MPOIYKT, coaepkamuii B Macc. %: P2Osoou= 44,5;
P20syes= 44,0; P20ss.p. = 40,0; SO3=4.5 ; Namn=2.15; Fosu =3,12; K, cocraBisier okono 90%.

BbIBO/IbI

Takum 00pa3oM, YCTaHOBIIEHO, YTO: MPH CEPHOKHUCIOTHOW mepepaboTku (ochopuToB
KbI3bUIKYM TEXHOJOTHYECKHE MapaMeTpbl aHAJIOTHYHBI TepepaboTkoil dhocdoputoB Kaparay c
yIyUIIeHHBIMU TTOKa3aTEISIMU KPUCTATM3alliU U OTMBIBKH ocdorurnca. ['umncosoii uncio 1,42,
BOJla Ha MPOMBIBKY yMeHbInaeTcs n0 1,3-1,5 B 3aBUCHMOCTH OT X:T B JKCTpakTope u (HTop
gactuaHo (10 40%) nepexoaut B pochorunc Kizz=97,6 u Kupix=97,5%.

IIpu  docPopHOKUCIOTHOM  pasioxeHun  BTopuuHoro  (ocdara  KeI3puikym
ONTHMAJIbHBIMH YCIIOBHSMH SABJISIOTCS: BecoBoe cooTHomenne DDK (100 % P.Os) it pochoput
okoi0 135% P20s ot crexmomerpust (¢ BBemenneM NHsNO3) mast mepeBoga KambIust Ha
MoHodochar u xonuentpamus IDK 35%, temnepatypa 60°C, Bpems nepememuBanus 1,5-2,0
yaca. [Iynsny ammonusupytot o pH 2,0-2,5 npu 70-80°C u cymat npu 105°C ¢ nonyyenuem NP
yaoopenuii, coctaBa B Macc % : P2Ososm= 44,5-45,5 %, P2Osyes = 44-45 %, P205scaos= 4,5-5 %, N=
2-3%, H2O = 1,5-2,0 % u np. DxoHOMHS CepHOM KUCIOTHI cocTaBiseT 15-20 %, ammuaka 60-70
%.
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