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DEVELOPMENT OF THE COMBINED TECHNOLOGY OF COMPLEX
PROCESSING OF ORES OF COPPER-ALUMINOSILICATE
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Abstract. The situation is the raw material base of Kazakhstan copper disturbing. In connection with this
scientific assessment is undertaken of major copper deposits from the western to the eastern border of Kazakhstan.
The combined technological scheme complex utilization the main of elements on process of the field Bozshakol is
considered. The combined technological scheme includes hydrometallurgy and redistribution of ore dressing.
Hydrometallurgical process includes sulfuric acid decomposition of sludge, crystallization of potash alum (PA), the
neutralization of the acid solution productive sand, extraction, electrowinning.

YK 622.7, 669.778

PA3PABOTKA KOMBUHUPOBAHHOM TEXHOJIOT MU
KOMILIEKCHOM NEPEPABOTKH
MEJHO-AJTIOMOCHUJ/IMKATHBIX PY ]

H. Kymaxsbin6aii', B.A. Kozios®, M.JK. Kypunos®

'AO «Kasaxcrancko-BpuTaHCKHil TeXHIUECKHi YHHBEPCHTETY, AJIMATHI;
?PI'TT «Ka3axckuii HALMOHATBHBII TeXHUYeCKni yHuBepcnteT nmenn K. Carmacsay, AlMaThl;
3Hp63HI[eHT HarmmonaneHo# akagemun Hayk PK,
3I/IHCTHTyT OpTaHMYECKOTO Katanu3a u dekTpoxumun uM. J[.B.Cokoiabsckoro, AnmaTsl

KnaioueBble cioBa: KOMOMHHMpOBaHHAs  TEXHOJOTHS, YTWIW3alUs, MECTOPOXKICHUS  bosiiakois,
AITIOMOKAJIMEBBIX KBACIIOB, SKCTPAKIIUS, JIEKTPOIIH3.

Annotanusi. Curyanust celppeBoi 0a3bl Mean Kazaxcrana TpeBoxkHas. B cBs3M ¢ 3THM mponeniaHa HaydHas
OLICHKa OCHOBHBIX MECTOPOXAEHUIl Meau OT 3amaJHbIX A0 BOCTOYHBIX rpaHul Kasaxcrana. PaccMorpena
KOMOMHHUpPOBAaHHAs TEXHOJOTHMYECKass CXeMa KOMIUIEKCHOTO YTHJIM3alMM OCHOBHBIE 3JEMEHTOB Ha IIpoIecce
MmectopoxxaeHus bosnrakons. KomOnHNpoBaHHAs TEXHOIOTHYECKAs CXeMa BKIIIOYACT MTPOIIECC THIPOMETAILUTYPTHs 1
nepenest oborameHuss pyd. [ 'MapomeTauTypruuecKuil Mepenen BKIYAeT CEPHOKHCIOTHOE BCKPBITHE IILIaMma,
KpPHCTAJUIM3aHMIo amoMokanneBbix kBacoB (AKK), HelTpanu3annio KUCIOTHI MPOILYKTUBHOTO PacTBOpa C MECKOM,
9KCTPAKIIUIO, NIEKTPOIIH3.

Pa3Butne ceippeBoif 0a3pl MenHOI oTpacnu B KasaxcraHe cBsI3aHO C BOBJICUEHHEM B MEpepaboOTKy
OCOHBIX, CIOXKHBIX IO COCTaBy, TOHKOAMCIEPCHBIX, TPYyZHOOOOTaTHMBIX, YIMOPHBIX K BCKPBITHIO
HOJIMMETAJUINYECKUX PYId. OTH OCOOEHHOCTH ONPEAENIAIOTCS UX BEIIECTBEHHBIM COCTaBOM, KaK CMECBHIO
TJIMHUCTBIX ~ aJIOMOCHJIMKATOB, CKEJIETHOro (TeTpad’ApHYecKhil) KpeMHe3eMa, THUTaHOMarHeTHTa,




Uszeecmus Hayuonanvuot akademuu nayx Pecnyonuxu Kaszaxcman

KapOOHaTa W OPraHMYECKOTO BEIECTBAa. Bce 3TO 3aTpymHSeT W3BJICUCHUE IIETICBBIX METAIIOB IPH
nepepadoTKe ATIOMOCHUIMKATHOW PYJbl U OOYCIOBIECHO HE CTOJBKO MPUCYTCTBUEM ATIOMUHHUS (B BUJIC
HIEJOYHBIX AIIOMOCHIIMKATOB), HO W CHEIM(UYHBIM TOBEIICHHEM KPEMHHS, HaXOJIIETOCS B COCTaBe
MCXOTHOTO CBHIPbS B MHOT000pa3HbIX (popMax, U3 KOTOPHIX MOXHO BBIACTHTH JBE (OpM (MOHOMEPHBIN
[Si04]" u momumepHsrii Si05).

OCHOBHBIM CBHIPBEBBIM HCTOYHHKOM Mequ B KaszaxcraHe sIBISieTCS alFOMOCWIIMKATHBIE PYJbI, KAk
BUAHO W3 Tabmumpl 1, C HU3KUM CcoJepKaHHEM IeJIeBBIX METAUIOB. XUMHYECKHH COCTaB
MEbCOJCPIKAIINX ATFOMOCHIHKATHBIX PyJl MecTopoxaeHul KaszaxcTaHa CYIIECTBEHHO HM3MEHSETCS OT
3amaJiHBIX K BOCTOYHBIM pallOHAM, TMOBBINIACTCS COJCpIKaHUE TIMHO3EMa, Kelle3a, THTAaHa, CHUKASTCS
coJep)kaHUEe KpeMHe3eMa, Kaius, MeId U XapaKTepu3yeTcs CKIOHHOCTBIO BEHIAIIUX IOpoJ K
n1aMoOpa3oBaHUIO.

Tabmuna 1 - XuMuaecknii cocTaB MeAbCOASPIKAIIIX ATIOMOCHIMKATHBIX Py MecTopoxaeHnii Kazaxcrana [1]

DIeMEeHTbI u | Mecropoxaenus

COCIMHCHUA Kockonbckoe N
Jke3kasraH KokTracskan Bo3rrakoins AxTorai

[Tpuapanse

SiO, 75 70 65 55 55

Fe,0; 3.5 3.5 4.5 8.5 8.6

TiO, 1.5 1.5 2.0 3.5 4.0

AlO; 12 13 15 20 22

Cu 0.9 0.9 0.48 0,42 0.35

K,0 4,0 3,5 2,3 2,6 1,5

Mo 0,02 0,01

>P3M 0.05 0.05 - 0.04 0.04

OB 2.5 3.0 2.5 6.0 -

Au 0.6 r/T 0.01 r/T 0.7 r/T 1.0 /T 1.0 r/T

Ag 10 r/t 031/t S/t 11.0r/T 12.0 v/t

Re 1,0 r/t 0,24 r/T

AKTOraii — MecTopoXJeHHe, HaXOAsIIecs Ha TepPUTOPUM, MPHUJIEraroled K IOry-BOCTOKY O3epa
Banxarmm, cocTonuT U3 AByX pyAHBIX TeJla ¥ 1O 3amacaM MeIu 3aHuMaeT 4-0e MecTo B Mupe. MenHas pyaa
nopQHUPOBYI0 MUHEpAU3AIMI0, a
COOTHOIIICHHE OKHCIICHHBIX K CyIbGUAHBIM ¢dopMaM MuHepaaoB Meau coctabisger 1:10. Pesepsbr

MECTOPOXICHUST AKTorall mpeAcTaBiaseT Co00H MOJIUOICH-

OKHUCIIEHHBIX pyJ cocTaBisAoT 119 MiH. TOHH c coxepkanuem Menu okoso 0,36-0,39%, a pesepssl
cynbbuaabx pya 1,27 mupa. ToHH ¢ coneprxkanuem 0,38-0,40% [2-3].

B pyne ycTaHOBIEHO IPHUCYTCTBHE CIENYIOMIMX MUHEPAIOB: MHOTOYHCICHHBIE (POPMBI KPEMHE3eMa,
kaomuauTa Aly[(OH)$Si404¢], monesoro mmara tuna ane6outa Na[AlSi;Og] u optoknaza K[(SiAl)4Og]. Ux
CTPYKTypa MpeacTaBisieT coboil GeCKOHEUHbIT 00BEMHO — CBA3aHHbIH KapKkac u3 TeTpasapoB [SiO4]" u
[AlO,]”, B mycroTax KoToporo pacrmomoxena noxHa Na, K, Ca. Cam e KpPeMHE3eM — 3TO Bs3b H3
KPEMHHUUKHUCIOPOIHBIX TETPA3POB, B KOTOPOM BCE ATOMBI KHCIIOPO/Ia MOCTHKOBBIE.

Bo3makojb - MecTopoxeHre HaxoauTcs B Dkubacty3ckoM paiione IlaBmomapckoit o6mactu B 14
KM K CeBepy OT OJTHOMMEHHOW JKeJIe3HOIOPOKHOM cTaHmuu. OHO OTHOCUTCA K MOJHOIeH-TOpHHUPOBOMY
TUTTY ¥ TPUTOAHO U OTKPBITOH pa3paboTKH. MecTOpoKIeHHEe XapaKTepH3yeTcsl KPYITHBIMH 3alacaMu
nopsiaka 1,17 Mapa. TOHH pyasl, HO HHU3KUM cojaepkanuem meau (0,42 — 0,7). Hapsay ¢ Menpio, B 3TOM
MECTOPOXKICHUH COAECPKHUTCS 30JI0TO, Cepedpo M MPUCYTCTBYIOT MOIHMOIEH U peHuii [2, 4].

B pyne ycTaHOBIEHO IPUCYTCTBHE CIENYIONIMX MUHEPAIOB: MHOTOYHCICHHBIE ()OPMBI KPEMHE3eMa,
kaonmuuuTa Aly[(OH)gSi4010], myckoButa KAL[(OHF),AlSi;04¢], oproknaza K[(SiAl),Og]. Mens B pyne
npencraBieHa xampkomupuroM CuFeS,, xampko3zmnom Cu,S, OKHCICHHBIMH (OpMaMHM MaJaxuTa
CuCO;-:Cu(OH),, azypura 2CuCO;Cu(OH),, kympura Cu,O wu CuCl,-3Cu(OH)s,.
CoOTHOIIEHNE OKUCICHHBIX K CYIbQHUIHBIM (popMaM MUHEPAIIOB MeIn cocTaBisier 1:1.

Koxrac:kan - MecTopokneHrne Haxoautcsl B EruaapioynakckoM paiione Kaparanamackoit obgact B

aTaKaMHuTa

30 kM K ceBepo-3amany oT paiioHHOro HeHTpa ErnnapiOynak. OcHOBHBIE pyIHbIE MUHEPAJIbl IEPBUYHBIX
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PYI: XaJIbKOMUPUT U OOPHUT, BTOPOCTEIICHHBIE — MIUPUT, MOTUOJCHUT, TeMaTHT, OJekias pyaa, MarHeTuT,
wibMeHUT. [luput pazBut 3a mpenenaMyu OCHOBHOHM 30HBI, B yYacTKaX C IMOBBIIICHHON KOHIICHTpaluen
CyIb(pHUIOB MEON OH MpakTHYecku He BcTpeyaercs. Jo rmyOunst 20-50 M O0TUEeTIMBO HpOsIBICHA 30HA
OKHUCIIEHHUS, B KOTOpPOIl Pa3BUTHl MaJaxuT, a3ypuT, XPU30KOJUIA, CaMOpOJIHAs MeIb, TE€TUT. 30HBI
BEIIIETAYUBAHMS 1 BTOPHYHOTO CyJIb(MUIHOTO 000TaIeHns oTcyTcTBYIOT. Penko no 90-95 M otmedarorces
€VHHUYHbIE 3epHa KOBEJUIMHA M XaJlbKo3WHA. OCHOBHBIM KOMIIOHEHTOM SBJISIETCS Meb (COAepKaHue 10
2-3%, B cpeaneM 0,76%). B pynax npucyTcTBYOT 30510T0 (coaeprxanue 1o 5 r/T, B cpennem 0,7-0,95 r/T),
cepebpo (3,3 r/T), cBUHEI, IMHK, MOJIMOIeH. MecTopoXkieHHe pa3BeaHo, 3amackl ero (Meib, 30JI0TO U
cepedpo) yrBepxkaensl B K3, Ho oTHeceHBI k 3a0anancoBBIM[S].

7Ke3kasraH - MECTOPOXKIEHUE PACIIOIOKEHO B Oro-3amanHoil yactu LlenTpansHoro Kasaxcrana B
JKeskasranckoit obnactu B 30 kM k 3amamy ot . XKeskasrana u B 9 kM k 3amagy ot ropoga Carmaes.
[110maas MECTOPOXKICHHs 0kono 120 kM’ U orpaHudyeHa KoopauHaTamu 67022r - 67032r BOCTOUHOM
nonrotel U 47050r - 470551 ceBepHO#M MmMPOThl. MUHEpANbHBIM COCTaB pPyA CPaBHUTEIHHO MPOCT.
OcHOBHass Macca MeIud CKOHIICHTPHpPOBaHA B TPeX MIMPOKO- PACIPOCTPaHEHHBIX MHHEpalaX -
XaJbKOMUpUTE, OOpHUTE W Xanbko3uHe. JJoObda cocraBiseT Okoio 17 MIH. TOHH pyael B TO..
Conepxxannem meau 0,9%, 3amacel pybl coctaBisitor 350 MiTH. TOHH [6].

Kockosibckoe pyaHOe 1MMosie Haxo[saTcsl B Mexay o3epa Apan u MyXoKUPCKHE BO3BBIIIEHHOCTH.
OOmas miomags OKBaplEBaHUS C METHOHM MHUHepaiu3auueil pyaHoro mois okomo 100 KB.KM,
XapaKTepHu3yeTcs 3amacamu rnopsaaka 250 MiH. TOHH pyasl, ¢ copepkanue menu a0 0,5-0,8%. B kauectse
COIYTCTBYIOLIMX MHUHEPAJIOB YCTaHOBJCHBI IIMHK 10 1%, cepebpo 1-20 r/T, 301010 n0 0,6 r/T, BaHAIMIA,
KOOaJIbT, HUKEIh, Oapuil.

OcHOBa XapaKTEPUCTUKU PYJIbl BEHIMIEYKa3aHHBIX METHBIX MECTOPOXKICHHH - XMMHUYECKHHA COCTaB
PYIl CYIIECTBEHHO M3MEHSIETCS OT 3alaJHBIX K BOCTOYHBIM paifOHaM, CHIDKAETCS CONep)kaHhe KpeMHUS,
MeIM, Kajus, BO3pacTaeT COJEp)KaHUHM AalIOMUHUS, JKele3a, THUTaHa, W TMOBBIIIAETCS CKIOHHOCTH
BMEIIAIIUX MMOPOJ K NuTaMoOpa3oBaHuio. Bce pemeHus 3Toi MpoOieMbl CBS3BIBATN CO CBEPXTOHKAM
M3MEJTbUECHUEM CHIPBSI.

AJTIOMOCUJIMKATHI — 3TO TPOCTPAHCTBEHHBIE, YBsI3aHHBIE KpeMHUKHCIopoaubie Terpasapa (KKT) -
[SiO4]4' U aJIOMOKHUCIIOPOJHBIE CTPYKTYpPBl M3 TETPasApOB U OKTadApoB [7], 3apsa KOTOPBIX

KOMIIEHCHPOBAH KaTHOHOMH, 2 THTAHAMATHETUTHI - IPOCTPAHCTBEHHbIEC YBsA3aHHbIC TUTAHKHCIOPOAHBIC
terpaszpe (TKT)- [TiO ]* ¢ xene30kucIopoaHbpIME CTpyKTypamMu Tiia reMatutaFe,0; u Bloctuta FeO.
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[To crpykrypromy cocraBy cuctema SiO -Al O, FeO-TiO HeyCTOWYUBEI, 3BOJIONUS KOTOPHUX
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KPEMHHU C BBICOKOW W3OBITOYHOW DHEpPTHEH, «aHTHUBEIIECTBO» 3E€MHOM KOPBI, KOTOPBIA MEPEXOIUT B
uHEepTHBIH pagukan SiO2 ¢ BBIICTCHHEM KHCIOpPOAa W JHeprud. M30bITouHas SHeEprus paaukana
pacxomyercs B 0ECKOHEYHBIX MTOJMMEPHBIX CBS3IX KpeMHe3eMa M KHCIOpPO/Ia TI0 CXeMe.
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Pazpaborana [8] KOMIUIEKCHAs TEXHOJIOTHYECKAsl CXeMa HalpaBlIeHHOTO KOHIEHTPUPOBAHHUS MEH,
pEeHHS, PENKO3EMENbHBIX M OJIarOpPONHBIX METAVIOB MYTEM MEXaHHYECKOr0 M XHMHUYECKOro
aKTHBHPOBAaHUS TIpoIlecca MOJMMEPHU3AlUN  aTOMOCHIMKATHOTOW THTAHOMAarHETHTOBOTO CBIPBS, C
BBIJICJICHHEM (IIOTOKOHIIEHTpATa METaJlIIOB u J€3aKTUBUPOBAHHOTO KpeMHe3eMa.
I'unpomeramnyprudyeckuil mepenen BKIIOYAeT CEPHOKHCIOTHOE BCKPBITHE MUIaMa, KPHUCTAUIU3ALUIO
amoMokanueBbix  kBacoB  (AKK),  Helirpanuzammio  KHUCJIOTBI  KOJJIGKTHBHOIO  pacTBOpa
JIe3aKTHBHPOBAHHBIM KPEMHE3EMOM, SKCTPAKIIUIO, IIEKTPOIIU3.

OKCIepUMEHT TpOBeAeH Ha pyAe bo3makoabckue MeCTOPOXKACHHS, 00Imas XapaKTepUCTHKA
npuBeAeHa Ha pUcyHKe 1.

cuments and Settings'ZEISS'My Documlla_rét:m Egameolkyn\11.ﬂ1.16\Sample 1 Area 2.spc Element Wt% At%
100 o C 01.75 03.04
o ¢} 45.42 59.18
. . Na 00.28 00.25
Mg 01.55 01.33
Al 18.54 14.32
6.0 Si 25.13 18.65
Kent S 00.31 00.20
- K 01.96 01.04
Ca 00.38 00.20
Ti 00.84 00.36
2.0 e Fe 03.48 01.30
c o . Ko . . Cu__ 00.38 00.12

0.0 - : e " - : : Matrix | Correction | ZAF

1.00 2.00 3.00 ié]:ergy _Sil(]gv 6.00 .00 .00 9.00 10|

Pucynok 1- mukpoananu3 B8 SEM Mukpockorie Ha pobe MecTopoxaeHus: bosmakonb

B3simn 1000 mmomMMeTamuImaeckoro adiOMOCHIIMKATHOTO CHIphS € comepkanueM, %: Al,Os-21,1;
Si0,-55; Fe,05-8.5; Na,O + K,0-3,1; Cu-0,62; Y'P33-0,05; OB-8.0; Ag,r/T - 0,22; Au,r/T -6,0.

CrIpbe moABEprajau JE3UHTErPallud U rpoxoueHuto A0 kpynHoctu 100% kmacca -0,2 MM, mpoBenau
LEHTPOOEKHYIO HHEPLIMOHHYIO KIaCCU(UKALIUIO C pa3eJICHHEM Ha CIOUCTbIE U KapKacHbIE CUIIMKAThl. B
cioucTele cuiauKkaThl BbaenaeHo 300 © oT MCXOAHOTO CHIPbS (pUCYHOK 2). COOTHOIIEHHE CIOUCTHIX U
KapKacHBIX CHJIMKATOB M3 CBHIPbSl JOJDKHO OBITH TaKUM, YTOOBI Ha 3aBEpILAIOIIMX dTamax TEXHOJIOTHU
KHCIOTHOCTh IPOAYKTUBHBIX pacTBOPOB Haxoawmaace B npeaenax pH 1,0-1,5.
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II Huka 9 %

IV Huka 1 %

X 30%

Pucynok 2 — LUk pa3aeneHus CIIOUCTHIX U MOJTUMEPHBIX CTPYKTYP
MeJIbCOJEePIKaINX AIOMOCHINKATOB py bo3makons

[Tony4yeHHBIE CIOUCTHIE CHIMKATHI CYIb(aTU3NPOBAIU B U30BITKE CEPHON KUCIOTHI U3 pacuera 140
% OT CTEXMOMETPHH Ha OKCHJ amoMuHHs 1pu Temnepatype 190 °C u mpoBoaMiM  BbIlIenauMBaHHE
Boztoit mpu T:K=1:2 npu Temmepatrype 80 °C B Teuenme 2 uwacoB. OcaloK HPOMBIBAIOT Ha (DUILTPE
ropsiueii BoJOH M MPOMBIBKY OOBEOMHAIOT ¢ OCHOBHBIM pacTBopoM. Ilpm T: K Hmxe 2 3amennsercs
nporecc unpTparnuu, a mpu T:2K Beimie 2 00beM TEXHOJIOTHYECKOTO MOTOKA PACTBOPA YBEINYHBACTCS,
YTO MIPUBOANT TEXHOJIOTHIO IKOHOMHYECKH HEPEHTAOEIbHOM.

B 600 mn pactBopa cyibdaTa allOMUHUS, NEPEXOIHBIX, PEAKO3EMEIbHBIX M IIBETHBIX METAJJIOB
([Cul=3.,5 r/m, [ALOs]=50 1/m, [H,SO4]=170 1/m) BBOmAT 49,24 T Ccynbdar kaiaws W3 pacueTa Ha
CBsI3BIBaHHUE cyib(ara amoMuHAA 10 crexuomeTpuu 100 % Ha HBOIHYIO coilb Cynb(haTOB aTIOMUHHS H
kamus. CHHTE3HpYyIOT KOMILIEKCHYIO conb Tpu Temmeparype 70-90°C. TIpouece oXMaxIeHHs pacTBopa
JBOMHOM COMM CyTb(aTa amOMHHHS M Kanus BemyT n0 Temmeparypsl 25 °C B TeueHme 8 wacoB ¢
BeiieieHreM 320 T kpuctammoruaparta amroMokanueBbix KBacloB (K;SO4cAly(SO4);224H,0). Ilocne
OCAKACHUS AaIOMOKAIMEBbIX KBAacCIIOB ITOBEIIAETCS KOHIEHTpPAIMs MEAM M KHUCIOTHOCTH pPacTBOpa
(([Cu]=4,51/n, [HS04]=250 1/m).

AIIOMOKaNIHeBble KBAacIlbl 00e3B0xkMBaIOT Tpu Temmepatype 400 °C M moIBEprarT TepMHUECKOil
06paboTke cynbhar amomunns mpu Temmeparype 800-950 °C no Texmmueckoro rimHo3ema. M3 orapka
94,02 T BBIIETAYHBAIOT BOJOH CynbdaT Kamus mpu temmeparype 80-90 °C u mpu T:K = 1:2 B TeueHue
30 munyt. OTamensercss TexHWYecKMd rimHO3eM 34,2 T, pacTBOp cyibdara Kajuus yNapuBaioT A0
BBIZICIICHUS KPUCTAJUTMIECKOTO Cybdara kamms 53,58 r.

Kapxkachsle cunrkatel B kKonudectBe 700 r moaBepraloT MarHUTHON cenapaiiy Ipy HalpsKeHHOCTH
MarHuTHOro noist 1500 speta. A oTHeneHus xKeae3HOro KOHIEHTpaTa. XBOCTHI ITOABEPratoT (iaoTanuu.

®noTtanuto cynbPpHUIOB MEPEXOAHBIX METAIIOB MPOBOJIAT Ha 00ECKHCIOPOKEHHON mmynbie npu pH
7,0. IMomyuerno 80 r koHmeHTpaTa, coaepxkamero Cu 4,6 %, w3BICUYCHHE MEAW OT HUCXOTHOW MAacCChI
coctaisieT 59,3%. XBocThl (h10TalMKM OTHPABISIOT HA TPaBUTALIMIO. [ paBUTALMIO TSHKEIBIX MUHEPAJIOB,
MEPEXOTHBIX W CaMOPOIHBIX, OJIATOPOAHBIX METAJUIOB, MPOBOAAT Ha CH(MOHHOM  THUIAPOIMKIIOHE.
XBOCTaMH TpaBUTAIIH HERTPATH3YIOT MATOYHBIN PACTBOP TIOCIE BBIICICHNS ATFOMOKAJINEBBIX KBACIIOB.

BhlleTauiBaHKE - HSHTPATH3AIHI0 KAPKACHOTO CHIIMKATa IIPOBOMIM MpH Temmepatype 80 'C, mpu
cootHomennn T:K=1:1,3 B TeueHnwe uaca, TAe coOJIOJanach KUCIOTHOCTh pacTBOpa, KOTopas
pacxoloBaJilach Ha H3BIICUCHHE IEPEXOMHBIX W PEAKO3EMENbHBIX METAUIOB M3 KapKacHOTO CHIIMKATA.
IMocne BwimenaunBanus pactBop coaepxut P3M 0,42 r/n, Cu 4,7 1/, a 0CTaTOuHOE COACPIKAHUE CEPHOU
KHCIJIOTHI B pacTBOpe cocTasisieT 25-30 /1.
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[lomydeHHBIH MOCNE HEWTpaNM3alMK TMPOAYKTUBHBIA pACTBOP OTIPABIAIOT Ha copbiuio P3M
u3BeCTHBIMU crnocobamu. Ilocie 3Toro Menp HU3BIEKaeTCS SKCTPAKLUEH, PEIKCTPAKIUIO IPOBOAUT
OTpabOTaHHBIM D3JICKTPOJIMTOM, a padHHAT HCIONB3yeTcs B 000pOTE Ui MPHUIOTOBJICHUS CEPHOU
KHCJIOTBHI.

[Tomy4eHHBIE Pe3ynbTaThl CBUACTEILCTBYIOT O BO3MOYKHOCTH KOMIUIEKCHOH MEpepabOTKH CIIOKHOTO
QIIOMOCHUIMKATHOTO CBHIPbSI € JOCTHXKEHHWEM CKBO3HOI'O W3BJIEUCHHS B COOTBETCTBYIOIIME TOBApHBIE
MPOAYKTHI aIOMUHUS Ha 56 %, sxene3a 52 %, mens 92,7 %, Y P3M 55 %, cynsdat kamuii 93 %, MIIT" 55-
80 %.

BriBoabI

1. lana 0000mICHHAs OIICHKA XHUMHYECKOTO, BEIMICCTBEHHOTO W CTPYKTYpHOTO COCTaBOB
MeabcoAepKammx pyd  KaszaxcraHa, BBIIEJICHBI OCHOBHBIC  IOPOJA0OOOPA3YIONIME  MUHEPAJIBI:
AJTIOMOCHIINKATHI, THTAHOMATHETUTHI U KAPKACHBIN KPEMHE3EM.

2. IlokazaHo, 4TO (U3INUECKHE METOABl OTAEICHUS CIIONCTHIX allFOMOCHIMKATOB U JKelle30-
THTAHOBBIX KOHIIGHTPATOB OT MCXOTHOTO CHIPHS MTO3BOJISIIOT TOBBICUTH M3BJICUCHUE MEIH, MOJIUOICHA U
peAKO3eMeIbHBIX METAJIJIOB B KOMOMHUPOBAHHOW TexHOJoruu. OOIee U3BJICUCHUE MU COCTABIISICT HE
MeHee 92%, penKo3eMenbHBIX METAIIOB - 56%.
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