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OBIIAA XAPAKTEPUCTHUKA PABOTbBI

AKTyaJlbHOCTh TeMbl auccepTamuu. OCHOBHBIM CHIPpbEM, Ha KOTOPOM
0asupyercs aJlOMHUHHMEBAs TPOMBINIJICHHOCTb, SIBJISIOTCS BBICOKOKAUE€CTBEHHbBIC
O0okcuThl. M3 HUX TIMHO3€M MPOU3BOAAT HamOOJee MPOCTHIM U HKOHOMUYHBIM
cnocobom baiiepa. OgHako pactymias nOTpeOHOCTh B MPOU3BOJACTBE AIIOMUHUSA U
IIPOJYKTOB HA €r0 OCHOBE, C OJTHOM CTOPOHBI, U HEKOTOPasi OrPaHUYEHHOCTh 3a11acoB
OOKCUTOB, C JpYroil, BbI3BAIM HEOOXOJUMOCTH HCIOJIb30BaHUSI APYIHMX BHJIOB
TJIMHO3eMcoJIepKammero Chipbsi. ChIpbeBas 0a3a aTlOMHHHEBOW, XUMHYECKOU W
dapdopo-hasHcoBOi MPOMBIINIIICHHOCTH 3HAYUTEIBHO pacUIMpuiach Oxaroaaps
JIPYTUM pa3BeAaHHBIM BUAaM TJIMHO3EMCOAEPKAIIECTO ChIpbsi. K TakuM BUJaM ChIPbs
OTHOCATCS HE(ENHWHBI, TJIWHBI, KAOJHWHBI, AQITYHUTBHI, APTHWLUINTHI, OCHTOHUTHI,
HU3KOKAYECTBEHHBIE OOKCHTHI, 3alachl KOTOPHIX MMEIOTCS B JOCTATOYHO OOJIBIITUX
KOJIMYECTBAX W MECTOPOXKIEHUSI WX TMOBCEMECTHO PaCHpOCTPAHEHBI. ODTH BHJIbI
CBIpbs, HECMOTPS Ha CPAaBHUTEIBHO HHM3KOE COJAEp)KAHUE TIIMHO3EMa, COJEpKaT
IOMUMO QJTIOMUHUA JIPYTUE TOJIE3HbIe KOMIOHEHTHI. [IpombiniuieHHas nepepadoTka
JAHHBIX Pyl MOXET OBITh MEJIeCO00Pa3HOM NTPH KOMIUJIEKCHOM HCIOJIb30BaHUU
CBIPbSI.

C oTOoM TOYKM 3peHHs akTyajbHa paboTa MO H3YYEHHUIO BO3MOXKHOCTH
pa3paboTKa KOMIUIEKCHOM TEXHOJIOTUM TepepadOTKh HE(PETUHOBBIX CHEHUTOB
mectopoxaeHus Canasik Pecryonuku Keipreizcran.

CBsi3b TEMBI JUCCEPTANNH C HAYYHBIMH POrPpaMMaMHu, TEMAMM.

1.  Ilporpamma  «HayuHO-TeXHOJOTMYECKOE€  OOOCHOBAHHME  PA3BUTHS
penxkoMmetaiuibHOUW otpaciu B Kaszaxcrane Ha 2011 - 2014 roge». I'ocpeructparus
NeO112PK00741).

2. IIporpamma: TexHosoruu oborameHus 1 IepepadoTKu TPyIHOOOOTaTUMOTO U
HHU3KOKAueCTBEHHOTO  Chipbsd Ha 2014-2016 romel. T'ocpeructpamusi  Ne
0114PK00477).

Hear auccepranmoHHON padoThl: Pa3paboTka KOMIUIEKCHON TEXHOJOTHH
nepepaboTKu He(heTUHOBBIX CHEHUTOB CaHIBIKCKOTO MECTOPOKICHUS.
3agaum uccjaeI0BaHMII:

1. HccnenoBanue XUMHUYECKOTO, TPAHYJIOMETPUYECKOTO, MHUHEPATOTHUYECKOTrO
cocTaBa He(eITMHOBBIX CUEHUTOB.

2. W3pickanue BO3MOXHOCTH TPEABAPUTEIHPHON MarHUTHOM cemapanuu pyabl C
IEJBI0 OTMCJICHUS Keje3a, KpeMHe3eMa U JAPYTruX KOMIIOHEHTOB, MEIIAOIINX
MPOIIECCY U3BJICUCHMSI TJIMHO3EMA MTPU XUMUYECKOM O0OTalllCHUH.

3. Onpenenenue 3HeprodHPEeKTUBHBIX CIIOCOOOB MPEIBAPUTEIHLHON aKTUBAIUU
He(EeTMHOBOM pyIbl IEpEl XUMUYECKUM 000TrallleHUEM.

4. Pa3paboTka TEXHOJOTHM IMEpepadOTKH  aJdtOMOKapOaHATHOTO  TaJlIui
CoJIepKalllero 0CajaKa ¢ UEIbI0 U3BICUCHUS TauInsl.

5. C menbro Moy4eHus: coj0-0nkapOOHATHOTO PYOUINI COMepIKaIero pacTBopa
nepepaboTka OOECKPEMHEHHOTO CHJIMKATHOTO pacTBopa OT oOoramieHus
He(eTnHOBOM pyabl CTOCOOOM KapOOHU3AIIHH.



6. Pa3zpaboTka amMMUa4HOW TEXHOJIOTHHU TONYYCHUS TECHTAOKCHIA BaHAIUS W3

BaHAMEBOTO KEKa.

Hayuynas HoBu3Ha paborTbl: (no cneyuanvnocmu: 25.00.13 — «Obocawenue
NOJIe3HbIX UCKONAEMbIXY)

1. PazpaboTtan croco0 XMMHYECKOTO OoOoramieHus HeeITMHOB BKIIOYAIONINN
M3MENbUCHUE, TEPMUUECKYI0 00paboTKy B MapOBO3AYIITHOW Cpefie MpU TeMIepaType
350-500°C ¢ mocineayronpM aBTOKIABHEIM IIEI0YHBIM BBIIIEIaYMBAHUEM.

2. OmpegeneHbl  yCIOBUS ~ WMHTEHCHU(HKAIMKM  Tpoliecca  aKTHBAIUU
He(eTMHOBOM py/Ibl Iepe o0oralieHueM CrmocooomM 00paboTKH MaTepuaja COA0BbIM
pacTtBopoM ¢ KoHIleHTpanueit 120-150 r/n B mpeaenax HHTEPBAJIOB TEMIIEPATYPhI OT
100 mo 150°C.

3.Pazpaboran croco0 nepepadoTKu AITIOMOKapOOHATHOTO
raJulniico/iepKamiero ocajka METOJ0M OO0pabOTKH aJIOMHHATHBIM PacTBOPOM C
MOJlyYeHHWEM OcaJlka THUAPOKCHAA AallOMUHHUA W TOCIEAyIolneld KapOoHM3amuen
OoTGUIBTPOBAHHOIO pacTBOpa razom, coaepxarum CO,.

HpaKTI/I‘leCKaﬂ H IKOHOMHNYECKadA SHAYUMOCTD MMOJYYCHHBIX PE3YJ/IbTATOB.

PazpaboTtanHasi TexHOJIOTMYECKasi CXeMa IO3BOJIUT BOBJICYb B MEpPepabOTKy
HedennHOBbIE pyAbl MecTOpoxkJaeHus CaHIbIK C TOJYYeHHUEM B BHUJE TOTOBOI
MPOAYKIIMU TOBAPHBIN IITMHO3EM, pyOUIUEBbIC KBACIIbI, IEHTAKCU]T BAaHAUs, TAJUIHM,
Tak)k€ B BHJE NOOOYHBIX MPOAYKTOB THUAPOCUIIMKATBI HATPUS U KaJIbIUs
MPUMEHSIOIINECS B MPOU3BOJICTBE CTPOUTENIBHBIX MATEPHUATIOB.

OcCHOBHBIE MOJIOKEHUS JUCCEPTANNH, BBIHOCMMbIE HA 3alIUTY:

(no cneyuanvrocmu 25.00.13 — «Obozcauiernue noae3nblx UCKONAemblxy)
1. Pa3zpaboTannsiii criocod oboramieHus: HeeTUHOBBIN PYIbI C IPEABAPUTEIILHON
AKTUBaLME€W MapOBO3AYIIHON CMECHIO U COJIOBBIM PACTBOPOM.
2. YcoBeplieHCTBOBaHHAST TEXHOJOTUYECKAsi CXeMa XUMUYECKOTO OOOTaIieHus
He(EeTMHOBBIX CHEHUTOB C TIOJYYEHHUEM TIIMHO3eMa U O€JIoTo Iuiama.
3. Pa3paboTanHas TeXHOJOTHYECKAs] CXeMa IMOTYUYEHUsT KOHIICHTPATOB TaJUTUs U
BaHAIUsA W3 OOCCKPEMHEHHOTO CHJIMKATHOTO pPacTBOpa METOJIOM TPEXCTaJAWHHON
KapOOHU3AIUH.
4, Pa3paboTanHas aMMuayHasi TEXHOJOTHS TOTYUYEHHUS TTEHTAOKCH/Ia BaHAIUS U3
BaHAJMEBOTO KEKa, BKJIIOYAIONIAs OIEpariiii MOJyYeHHS MeTaBaHaJIaTa aMMOHUS,
MOJIMBaHaaTa aMMOHUS 1 TIEHTOOKCHIa BaHAIHS.
5. Pa3paboTaHHbIi CITOCOO KOHIIECHTPHPOBAHUS PYOUIUS B MATOYHOM ITOTAITHOM
pacTBOpE METOJaMU YITAPUBAHKS M CTAIMAHON KPUCTAUIA3AINK COJIBI U MOTAIIIA.

JIMYHBIH BKJIAJ aBTOPAa COCTOMT: B aHanu3e COBPEMEHHOIO COCTOSHUSA
TEXHOJIOTUN TepepadOTKN HEe(PEeIMHOB, B aHAJINW3E BEIIECTBEHHOTO COCTaBa; B



5

pa3paboTke (PUBMKO-XMMUYECKUX HCCIEAOBAHUI C II€JIbI0 YCTAHOBJICHUS BIIMSHUS
miesiouel Ha mpoiiecc 00OTalIeHHsI; HEMOCPEICTBEHHOE BHITIOJHEHUE TaO0OPaTOPHBIX
HCCIICIOBAHUI 1O MAarHUTHOM  cemapaliy, AaKTUBAallMM W aBTOKJIAaBHOMY
BBIIIECTIAYMBAHUIO HE(PEIMHOBOTO CBHIPhS; B pa3padOTKe KOMOMHUPOBAHHOMU
TEXHOJOTUM KOMIUIEKCHOM TiepepaboTku pya  wmectopoxaeHuss CaHIbIK U
MPOBEJICHUA  YKPYIMHEHHBIX 7a00paTOPHBIX WCTOBITAHUA HA  YKPYIMHEHHO-
nabopatopHoM  00OPYIOBaHMM HAyYHO-HCCIIENOBATENbCKOro uHCTUTYyTa AQO
«IIH3MO» r. Anmater Pecny6nmkm Kazaxcran. [lo pesymprataM yKpymHEHHO-
71a00paTOPHBIX UCHBITAHUM MPOBENECH MPEIBAPUTEIBHBIN TEXHUKO-PKOHOMUYECKUIN
pacyeT TEXHOJOTMHA KOMILIEKCHOM nepepaboTKu  He(EeTMHOBBIX CHEHHUTOB
MecTopoxaeHus: CaHAbIK.

Anpolauust pe3yJabTAaTOB HMCCIeI0BAHMH. Pe3ynbTaThl HCClIEI0BaHUN
JOKJIaJIbIBAJIUCh U 0OCyx)aanuch Ha MexayHaponHoMm koHrpecce «lIporpeccuBHbie
MeToAbl 00OTallleHus U KOMIUIEKCHAs mepepadoTKa MPUPOJHOIO UM TEXHOTEHHOIO
MHUHEPAIBHOTO ChIpbs» mnpuypodeHHoe K S-metnro KasHAEH wu co3manmio
EBpa3niickoro 3KOHOMHYECKOTO COI03a, Ha HAyYHO-IPAKTUYECKUX KOH(PEPEHIMUSIX
KBIpreI3ckoro rocy/1apcTBEHHOIO TEXHHYECKOro yHuUBepcutTeTa um. M.Pa33akoBa, B
PecnyOnnkaHckux Hay4YHO-TEOPETUYECKUX KOH(epeHUHUsX. Pe3ynbTaTh
MCCJIEOBAaHUM  JOKJIAJbIBAJINCh Ha 3acefjaHusx Kadeapbl «Metamwtyprus u
METaJUTypruyecKue mpoueccel. B 3aBepiieHHOM Buie paboTa JOKIaJIbIBajlach Ha
paciMpeHHOM 3aceqaHuil kadeapol «MeTamryprust 1 METaJUlypru4eckue IpoIecchbh»
HNHcTrTyTa rOPHOIO JIeia U TOPHBIX TEXHOJIOTHNA UM. Y. AcaHanuesa.

[TosyueHHBIE PE3yNbTaThl JUCCEPTALMH PEATU30BAHBI:

1. B yKpyNnHEHHO-NIPOMBIIIIEHHOW Ja00paTopuu Hay4dHO-UCCIEIOBATEIbCKOTO
MHCTUTYTa AKIHMOHEpHOro obmectBa «lleHTp Hayk O 3emjie MEeTaJUTlypruu M
obOoramenus», T.AnMmatel PecnyOnmku Kazaxctan (AKT yKpyHmHEHHO-
7a00paTOPHBIX HCIBITAHUN 1O KOMIUIEKCHOW mepepaboTke He(eInHOBBIX
cueHuToB MecTtopoxkaeHust Cannapik ot 22.05.2015r1.);

2. B OcOO «Uudopmanmonno-Hcnenosatensckuii mnentp» r. Kapa-banra,
Koipreisckas PecnyOnmka (AKT O peanu3allMd Hay4YHBIX pe3yJbTaToB,
nmoiaydeHHbIXx B aucceprauun CanplpanueBord Y.JK. Ha coMCkaHME y4YeHOU
CTEIEHW KaHAWAAaTa TEXHUYECKMX HayK no crenranbHoctd 25.00.13
«O0oramieHye MoJIe3HbIX MCKOMAeMbIX» Ha TEMY «pa3paboTKa KOMILJIEKCHOM
TEXHOJIOTMH  MepepadOTKH  HE(ETMHOBBIX  CHEHUTOB  MECTOPOKICHUS
«CaHIBIKY).

ITostHOTA OTpakeHUsi Pe3yabTATOB JUCCEPTALNHU B MMyOJIMKAMSX.
Pe3ynprarel ucClIENOBaHUM W TIOJOXKEHUS, OTPAXKAKOIIME  OCHOBHOE
coJiepKaHUe TUCCEePTAIMOHHON paboThl omyOaukoBaHbl B 10 medaTtHbIX paboTax u
MOJTYYCHBI 2 IMaTeHTA 10 TEME TUCCEPTAIUH.
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Ctpykrypa u 00bem auccepramum. J(ucceprarmonHas paboTa COCTOUT W3
BBEJICHMS, YETHIPE TJIaB U BHIBOJIOB, M3JIOKEHHBIX Ha 125 cTpanumax, comepxut 41
PUCYHKOB, 46 TaO/MIIbI, /2 HAMMEHOBAHUH JINTEPATYPHI.

OCHOBHOE COIEP KXAHUE PABOTbI

B nepBoii riaBe mpoBeieH KpaTKuil 0030p U3BECTHBIX CIIOCOOOB MEpepadOTKU
[NIMHO3EMCOJICpXKAIlUX ~ MaTepuajoB  (XMMHUYECKOro  oOoraimieHusi  CreKaHus,
TUAPOXMMHYECKOTO  BCKPBITHSA) TOKa3zajl, 4YTo C y4eToM 3((HEeKTUBHOCTH
MPEAMOYTEHUE OTJAaHa XHUMHYECKOMY OOOTAIICHUIO THUAPOXUMHUYECKOMY CIIOCOOY
BCKPBITUS ~ MHHEpPAJOB, Kak  0Oojiee  SKOHOMHUYHOMY,  HCKIIIOYAIOIICMY
BBICOKOTEMIIEpAaTypHOE CIIEKaHWE M MeEHee »dHeproeMkomy. HccnemoBaHo
COBPEMEHHOE COTOSHUE U TIEPCIEKTUBBI MHPOBOTO TIPOM3BOJCTBA M PHIHKOB
pyouaus, ramnus, Banaaus u P30.

[IpencraBneHpl pe3ysbTaThl HMCCIEIOBAHUNA (PH3UKO-XMMHUYECKOTO aHaIH3a
MIPEACTABUTEIPHON TPOOBI pyAbl — HEPETUHOBBIX CHEHHTOB MECTOPOKICHHSI
Cannpik, ydacTka YeyekTbl KOTOpbIE TIOKa3ald, 4YTO B pYyJ€ IMOBBLIIICHHOE
comepxkaHue kpemHezema -54,5%, CpaBHHUTEIBHO HH3KOE COJIepkKaHUE OKCHAa
amoMunus -19.0% u menoueit 7,5% (c mpeodnamanueM KaaueBol menoun — 5,6%).
Hapsiny ¢ Al,O; u SiO,, odnapyxensl coemuuenus P3D (LayOs, Pr,Os;, Nd,Oj,
Hy,03, Yby03, Gd,03, Y,03, Cs,03) v peakux METauIOB — TajUIks U BaHAIUSA YTO
MOJATBEPJUIIO  1E€eCO00pPa3HOCTh  IMPOBENCHUS]  HCCIENOBAHUNA  KOMILIEKCHOU
nepepaboTKU Pyl HEPETHHOBBIX CHCHUTOB.

Bropasi__riaBa  guccepTallMOHHOM  palOOThl  TMOCBSIIEHa  pa3paboTKe
TEXHOJIOTUM  XHMHYECKOro  oOorameHuss pyabl  HEe(DETWHOBBIX  CHCHHUTOB.
[IpeacTaBneH  KOMIUIEKC ~ HMCCICOBAHWH MO  W3YYCHHIO  XUMHYECKOTO,
MUHEPAJIOTHIECKOTO U TPAHYJIOMETPUIECKOTO COCTaBa Py IbI.

MeTonoM MarHWTHOW Cemapanuy IOTYyYeHO MarHuTHas (pakiys COCTaBa:
Fe,0; — 61,796%, TiO, — 3,205%, V,03- 0,116%. Beixogq marHuTHOW (pakiun
coctaBui 16,1%. Opakuusa MOKET CITy>KUT ChIPbEM JJI POU3BOACTBA YYT'yHA.

[IpeacraBnensl pe3yiabTaThl MCCIENOBAHUNA MO pa3pabOTKE TEXHOJIOTHH
XUMHUYECKOTO OO0OTaiieHusi HeeJIMHOB C TMPEABAPUTEIHHON aKTHUBAIIMEH METO0M
TEPMHUYECKON 00pabOTKOM PyIbl MAapOBO3AYIIHON CMEChiO Mpu Temmeparype 350 —
500°C u MerogoM o0OpabOTKH pyIbl COMOBBIM PAacTBOPOM C KOHIIEHTpAIMEH
Na,CO3 120 — 150 r/am°® npu Temmeparype 150°C B aprokmase mpu XK:T = 4,0:1,0.

B pesynbrare oboraimenust HepeIMHOBON pyabl IMOCAE aKTHUBAIUA PAacTBOPOM,
coaepxamum 240 r/am° Na,O,, npu Temneparype 240°C u npomoskutenbHocTH 90
MUH., TIOJly4eH He(eInHOBBIM KoHIeHTpaT, Macc %: Na,O 17,76; K,O 0,65; Al,O3
20,4; Si0O, 19,9; Fe,03 5.4; TiO, 0.63; Rb,O 0,005; Ga 0,001; V,0s5 0,009; >reo
0,035. Crenenp u3BieueHus SiO, B pactBop coctaBuia 72,0 %.

Jlns pasneneHuss HATPUEBOM W KAJIMEBOW IIeJIoYed B pacTBOpe OOOraiieHus
ucnosb3oBaH mnporecc oopaszoBanus HKI'C npu o6eckpemuuBanuu. st momyueHus
3¢ (PEeKTUBHOTO pa3feieHus IMIeIoUeid TOMyUYeH PacTBOP C MOJISIPHBIM OTHOIIICHHUEM
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Na,0:Si0O, = 1,0:1,0. Pa3aenenne HaTpUEeBOH M KaJMEBOM IIEJOYEH B pacTBOpE C
BeifienieaneM B ocanok HKI'C cocraBuno 92,9 % Na,O, mpu 3TOM cCTemneHb
oOeckpeMHUBaHUs pacTBopa - 91,6 %.

Perenepanus menoun u3 ocagka HKI'C mpoBeneHa cOZOBBIM pacTBOPOM C
conepxanneM 60 r/am° Na,Oys mpu Temmepatype 100°C B teuernne 10-12 uacos mpu
XK:T=6:1. Crenenp perenepanuu uienodu cocrasuia 93,0 %.

B TpeTbeii riiaBe nprBeICHBI UCCIICTIOBAHUS 10 Pa3pab0OTKe TEXHOIOTUYECKOM
CXEMBI THAPOXUMHYECKON mepepaboTKu HeeITMHOBOTO KOHIICHTpATA.

[IpeacraBieHbl  UCCIAEAOBAHMS MO  WM3YYEHUIO  BIMSHUS  OCHOBHBIX
TEXHOJIOTUYECKUX TapaMeTpoB Ha W3BJICYCHHE TIJIMHO3eMa W3 HE(PEIMHOBOIO
KOHIIEHTpaTa.

Pe3ynbpTaThl SKCHEPUMEHTOB IO HCCIEIOBAHUIO BIMSAHHUS KOHIEHTPAIUU
menoun Ha ussiederne Al,O3 B mporiecce BullenaunBanus npu remmeparype 280°C
U TOpOoAoJKUTENbHOCTH 90 MMH. MOKa3aiM, YTO C YBEJIMYECHHEM KOHIICHTpAIlUU
HIEJIOYHOTO pacTBOpa U3BJICYEHUE TNIMHO3eMa yBennuuBaetrcs oT 69,13; no 93,0 %.
Hanbonee onTumanbHON KOHLEHTpALMEH IIEI0YHOTO pacTBopa sBisieTcs Capo —
500,0 r/mv’.
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MpoaoMKNTeNbHOCTb, MUH

Puc. 1. BiusHrie KOHIIEHTpallud pacTBOPA HA U3BJICUCHUE TVIMHO3EMA

[Ipy u3yyeHnuu BIUSHUS KOJMYECTBA OKCHJA KaJbIIUs HA CTETICHb U3BJICUCHUS
[JIMHO3eMa W3 HE(PEIMHOBOTO KOHIIGHTpaTa JKCIEPUMEHTHl MPOBOJUIN TIPH
nocTossHHOM Temmeparype — 280°C, mpogosmkureapHocTd 90 MUH., KOHIEHTPALUH
rcxomHOro pacteopa — 500,0 r/aM’ mpu M.o. Ca0:Si0, = (1,01,5) : 1,0.
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Momnsiproe otHotrenne CaO:SiO,
Puc. 2 Bausaue AO3HUPOBKH OKCHIAA KAJIBIHUA Ha U3BJICHCHUC I'NTMHO3CMaA

YCTaHOBJICHO, YTO MPH JIO3UPOBKe okcuaa kambnusa Ca0:Si0, = 1,1 : 1,0
BBIXOJl TJIMHO3€Ma B pacTBop coctaBisger 71,11 /oM’ IPU CTENICHU W3BJICUYCHUSA
riarHo3eMa — 98,86 %.

W3y4yeHo BIusSHUE TEMIEPATyphl HA U3BJICUCHNE TIMHO3EMA MPU KOHIICHTPAIHH
Cnazo - 500,0 /M u IPOIOKUTETLHOCTH 90 MUHYT.

95

U3BneyeHune Al ,05, %
- ~ ® o) ©
o ol o o o

(o)
(5]
T

D
o

190 200 210 220 230 240 250 260 270 280 290
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Puc. 3. Biusinue Temnepatypsl BhIIIEIaYUBaHNS HA U3BJICUCHHE TIIMHO3EMA

IIpu Ttemneparype BoimenaunBanus 280°C  Moay4eHO MaKCHMaIbHOE
colepKaHNe ATOMHHMS B JKHIKOH (ase - cocraBmio 73,32 r/mM°, mpu 9ToM
n3BJIeyeHue riarao3emMa - 93,04%.

W3 monydeHHBIX MaHHBIX HCCICAOBAHHUS BIMSHUS TPOJIOJDKUTEIHBHOCTH Ha
IpOIIECC M3BJICUEHUS TJIMHO3E€Ma CJeAyeT, YTO MaKCUMaJlbHOE W3BIICUCHUE

IJIMHO3EMA NPOUCXOAUT Ipu 90 MUH, nanpHEWIIee YBEIMYEHNE BPEMEHU MTPUBOJNT K
CHIKEHHIO CTETICHU U3BJICUCHHS.
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Puc. 4. 3aBUCUMOCTD U3BJICUCHHS TIIMHO3EMA OT IMPOAO0JIZKUTCIIBHOCTH

[IpoBe1eHHBIMU UCCIIEIOBAHUSIMU YCTAHOBJIEHO, YTO ONTUMAJIBLHBIM PEKIMOM
IS TepepaboTKH HedeIMHOBOrO KOHIGHTpAaTa SBILIOTCS: Temmeparypa — 280°C,
KOHLIEHTPALKS IIET0YHOro pactBopa — 500,0 r/am°, D03MpOBKA OKCHIA KAabIHs
CaO : SiO,=1.5: 1.0, mpogomkuteabHOCTh 90 MUH. B 3THX yCIOBHSIX U3BIICUCHHE
IJIMHO3eMa B pacTBOp coctaBmiio 93,04%.

OU3NKO-XUMUYCCKAE  WCCIICOBAHUS  IIJJaMa  IIOCJE€  BBIIICITAYNBAHUS
He(DeTMHOBOTO KOHIICHTPAT TMOKa3ajd, YTO OCHOBHBIMHU (hpa3aMM SIBIISIOTCS: aHHHT
(K0.956Fe2.918(AlSi3040)(OH),), nHarpueBo-kambimeBbiii crimkar (NaCaHSi0,),
amoMucuimkar u - amoMokapoonat HaTpus (NagASigO24(CO3)o5(OH)-3H,0),
cBOOOIHBIN okcua kpemHus (Si0O,), coenuHeHHs kene3a — (Qeppomnaprazur
(NaCa,Fe,Al(SigAl;)O2(0OH),), rematur (Fe,O3) u marnmetur (Fe3O4), a Taxoke
kanput (CaCOs).

XWMUYECKHI aHAJIM3 IIJJaMa TOCJIe MPOMBIBKH OT Imenouyd u cymku (105°C)
macc.%: AlOs3-1,6; Na,O - 15,8; SiO, - 27,1; Fe,03 - 12,9; CaO - 15,1; TiO, 1,45;
Rb,0 0,01; Ga 0,0023; V,05 0,021; > reo0,081.

AJTFOMUHATHBIN pacTBop 1ocJIe TUIPOXUMUAYECKON nepepadoTKu
He(heTMHOBOTO KOHIIGHTpATa UMeJl CIICAYIOIIUNA COCTaB, /e Al,O; - 73,32; Na,O -
409,20; SiO, - 5,00; o, — 9,2.

V3BneueHne amOMHHHS B PAcTBOP MPH BBINICTAYNBAHUN HEGETUHOBOTO
KOHIIeHTpaTta coctaBuio — 93,04 %.

Ha ocHOBaHWM aHaM3a CYIIECTBYIOIIMX CITOCOOOB BBIACICHHS THAPOOKCHIA
ATIOMUHUS W3 aJIOMOIICIIOYHBIX PAaCTBOPOB BBIOPAaH METOJ KpPHUCTAJUIM3AIlAN
ruapoantomuHara Hatpus (I"”AHa) ¢ monyyeHueM 0GOpOTHOTO BBICOKOMOMAYJIBHOTO,
BBICOKOIIIETIOYHOTO PAcTBOPA.

Jlnst  ycTpaHeHUsT OTpPHIATENILHOTO BIMSHHS KpeMHE3eMa Ha TpoIecc
kpuctajumm3anun ~ ['AHa ~ mpoBenmenbl  uccneqoBaHUs 00eCKpEeMHUBAHUS
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IpeNBapUTENIbHO pa3daBiaeHHOro 10 cogepskanusd NayOy, — 245,0 r/am® pactBOpa
OKCHJIOM KaJbIIHSL.

[Tonyueno, yro npu temmeparype 150°C u T03MpOBKE OKCHAA KallbIHs
Ca0:Si0; = 3,0 : 1,0 3a 180 MHH. amOMUHATHBIA PAcTBOP OOCCKPEMHUBACTCS 0
conepxkanns SiO, B pactBope 0,6 r/am°. C moBbiureHrHeM Temmeparypsl 10 200°C
MpOLIECC HECKOJIbKO  3aMeIsieTCs, COAEpKaHHE KpEeMHE3eMa B  pacTBOpE
yBenmmumBaercs 1o 1,6 r/am°.  Hambonee  1enecooGpasHO  IIPOBOIHTH
obeckpemMHHBaHKe Ipyu Temmeparype 150°C.

HccnenoBanre  BIUSHUA  NPOJOJKUTENIBHOCTH HAa  OOECKpPEMHHBAHUE
MCXOJIHOTO pacTBOpa MpH MOCTOSTHHON TemrepaType — 150°C u 103UpOBKe KallbIIHs
CaO : SiO, = 5:1 mnokasano, yrto 3a 60 MuH. mporecca OOCCKpEMHHBAHHS
CoepKaHHe KPEMHHS B PACTBOPE yMEHBIIWIOCH 10 0,08 r/aM°, KpeMHEBBIil MOIyIIb
pu 3ToM coctaBui 474,0.
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Puc. 5. 3aBUCHUMOCTb cTENEHN 00ECKPEMHUBAHUS OT NPOAOKUTEIBHOCTH
nmporuecca

YcTaHOBIEHO, YTO ONTUMATBHBIMH YCIOBUSMH TIpollecca O0OCCKPEMHUBAHUS
AIFOMUHATHOIO PACTBOPA OKCUAOM KalblUs SBJISAIOTCA: Temmeparypa - 150°C;
no3upoBka okcuaa kanpius Ca0:SiO, =5 @ 1; nmpoaomkuTenbHOCT 60 MHUH.

VYnapennsliii pactBop 110 coaepsxkanus 500 r/aM° OXNAKIATH 10 TeMIIEpaTyphl
40 — 42°C, npu KOTOPOH OCYIIECTBIISIN KpUCTAIUIM3AMIO. J{J1s1 yCKOpeHus mpoliecca
KPUCTAJUIU3AIMU B paCTBOP BBEJIM CBEKEOCAXKIICHHYIO 3aTPaBKy aJlOMHHATa HATPHS,
B KOJIMYECTBE - 2,5 % OT Beca pacTBOpa 3aTPaBKH.

[Tocne xkpucTamau3auu MOJydeHbl TBepAas (aza — ruIpoaTFOMUHAT HATPUS
cocraBa, %: 22,3 Al,O3; 42,0 Na,O; 3,6 SiO,, u 32,1 m.o.m. ¥ MaTOYHBIA PacTBOD,
/o AlLO; - 16,1; Na,O - 490; SiO, - 0,12.

Xumuuecknii cocras ocangka I'’AHa, macc, %: 22,3 Al,Os; 42,0 Na,O; 3,6 SiO,,
u 32,1 m.o.

[Tonyuyennsiii mocie pactBopenusi ['AHa amomunaTtHeiii pactBop ¢ o, — 1,6
MOJIBEprayii BeIKpyunBaHuio ¢ BBeacHueM 3aTpaBku Al(OH)s.
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TexHomornyeckue napaMerpbl BHIKpYUYHMBAHUS: MPOJOJDKUTEIBLHOCTh 48 Hac.,
CKOpPOCTh TepeMelnBanus myinbibl ~ 70 00/MuH; HavyanmpHas TemmepaTtypa 62°C c
MIOCTENEHHBIM CHIKeHuEeM 110 44 °C.

BrikpyunBaHuEe IPOBOIMIIH C BBEACHUEM 3aTPABKH THAPOKCHIA ATFOMUHHSL.

Bribpana BennuuHa 3aTpaBOYHOTO OTHOIIEHU paBHoe 0,3.

Crenensp pasnoxkenus pactBopa uepes 48 1 — 57,9 %.

[TpoBeneHHbI peHTreHo(a30BbI aHANIW3 TUIPOKCHIA ATIOMUHHUS TOKa3ad,
YTO OCHOBHAs (haza mpecTaBiIeHa THOOCUTOM.

B pesynbrare KanbIMHAIMK TUAPOKCHJA AIOMUHUS B  TpyOdaToi
Bpalnaromeiics meun npu temreparype 1050°C, npoaomKuTensHOCTH 1 4. moryden
TJIMHO3EM.

[IpoBeaeHbl HUCCENOBaHUS IO KOMIUIEKCHOW mepepaboTke HeheTnHOBBIX
CHUEHUTOB C TIOJYyYEHHEM KOHIICHTPATOB pPEAKUX MeTaioB. Pa3zpaboran cmocob
TPEXCTAIUNUHON MepepaboTKU TaJTUi-BaHAIUHCOAEPKAIIETO aTFOMOKapOOHATHOTO
ocaaka (AKO), mnonydeHHOro u3 O0OECKPEMHEHHOTO CHJIMKATHOIO PacTBOpA.
Breinenen ocamok, macc %: 30,0 Al,O3 0,96 Ga u 18,5 V,0s5, KOTOpBIH SBISETCS
KOHIICHTPATOM TaJUTHs, BaHATUS M TOBAPHBIA THAPOKCUI ATFOMUHHUS B KOJIHYECTBE
40,0 % ot cogepxkamerocs B AKO.

Ha mnepBoii cramuu kapOonuzanuu AKO o00pabaTbiBaloT aJlrOMUHATHBIM
pactBopoM 10 koHueHTpanuu Na,O,, B pactBope 25 — 40 r/am° 1 ocaxmaror ~ 40 %
or oOmel Macchl TUAPOKCHAA. ITOT TpHEeM oOecrneuyuBaeT  yCIOBUA,
MPEMNSATCTBYIONINE BBIJCICHUIO B OCAJ0K alFOMOCHJIMKATA HATPHS U JAPYTUX MaJIbIX
npuMeceil, 4YTo O0O0ecledYrBaeT YHUCTOTY IMOJIYy4aeMOro THUIAPOKCHAA aTIOMUHMUSL.
Bpennocts wmanbsix mpumeceit (Fe, Cu, Pb, Zn) omnpemenseTcs HE TOJIBKO
TpeOOBAHUSIMU, TPEIBSIBIIEMBIMA K YHCTOTE THAPOKCHUJIA ATIOMHHHS, COPTHOCTH
[JIMHO3€Ma, HO W TEM, YTO OHHM OTPHUIIATETFHO BIUSAIOT HA pPa3BUTHE 3€pPEH
TUAPOKCUJIA AIFOMUHHS B TIpoliecce Kpucramumsanuu. B paszpaboranHoMm crmocobe
CoAEpKaHUE MPUMECEH B TUAPOKCHUJIEC ATIOMUHMS, MOJIYy4YaeMOM Ha MEPBOM CTaauu,
He npesbimaer, %: SiO, 0,009; Fe 0,0015; Pb 0,0015; Zn 0,006 u 3TOT MPOAYKT
SIBJISICTCS] TOBAPHBIM.

Ha Bropon cragum ocaxpaoT ~ 50 % wmaccel THAPOKCUIA AIOMHUHUSA
kapOonu3anueit puinbrpara | —if craguu rasom, coxepxkamum CO, 1o Na,O,y 4 — 10
r/omM°. DTOT 0cafoK B HAMOOINbIIEH CTENCHH 3arpSI3HEH KPEMHE3EMOM H B HEM IKE
KOHIIEHTPUPYETCSI OCHOBHOE KOJMYECTBO MAJIBIX MPUMECEH.

Ha Tperbell craguu, mnocne OTOENEHUS OCHOBHOM MacChl THAPOKCHUIA
amomMunaus (mpumepHo 90 %) BBIAEIAIOT TaUIMA W BaHAIUM B KOHIIGHTpAT
KapOOHM3aIMeH MPU JOCTHKEHUH B pacTBope KoHIeHTparuu Na,Og,s 20 — 25 /e,

B pesynbrare mepepabotkun AKO mocne Tperbeli cramuu kapOOHU3AUKU ObLIT
noydeH ocanok, macc %: 30,0 Al,O3 0,96 Ga u 18,5 V;,0s, KoTOpHI sBISETCS
KOHIICHTPATOM JIJIsl IOJTyYCHHMSI TaJUTHSI ¥ TICHTAOKCH/1a BaHAIUS.

Jlst oTeneHusT BaHAAMEBOTO KOHIICHTpaTa U MOYYCHUS TaUTHACOIEPIKaIIEro
pacTBopa MPOBEICHO BCKPHITUE KOHIIEHTPATa B IIEJIOYHOM PACTBOPE C COAEPKaHUEM
240,0 t/om° Na,O,, mpu XK : T = 3 : 1, temneparype 90°C B Teuenue 1 wyaca.
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[Tonyuunu coaoIIeIouHON pacTBOP, CIEAYIOLIEr0 COCTaBa, r/zLM3: 150,9 NayOy, ;
2,8 Ga; 55,5 V,0:s.

W3 pacTtBOopa OT BHINIECIIAYWBAHUS KOHIICHTpAaTa MPH €T0 OXJIKICHUH 0
15-20°C KpuCTaIM30BaH BaHAAWEBBIA K€K, MPHUIOAHBIA JUIS JaJbHEHIIEH
nepepabOTKU B MIEHTAOKCH/T BaHA WA

XUMHYECKHI cocTaB BaHaaWeBoro keka, macc %: V.05 34,3; Al,O; 1,44,
Na,O 30,0; Na,CO; 35,6; CaO 0,5.

B TOIy4eHHOM pacTBOpe CojepkaHme rammms 2,8 r/aM°, KoTopoe
yIIOBIIETBOPSIET TpeOOBAHUSIM TUTSI 3¢ pexTUBHOrO AIEKTPOOCAKICHHUS
METaNIMYECKOT0 TrajlIus.

DNEKTPOOCAKICHUE TaUs U3 TMOJIYYEHHOTO TaMUCOEpPKaIIEro pacTBopa
npoBesid Ha onbITHOM 3JekTponuzepe AO «[HH3MO» ¢ nuckoBbIM Bpalarouamcs
FaJUIMPOBAHHBIM KATOZOM C IUIOMIAABIO MOBEPXHOCTH 30 CM° MpPOBEIH IIpH
temmepatype 50 — 70 °C, mrotHoctH Toka 50 MA/cM?, CKOPOCTH BpAIICHHS
KaTOMHBIX THUCKOB | Mm/cek. B pesymbraTte moiydeHa CTETICHb W3BJICUCHUS TaJIUS B
Metai 98,2 %, nipu Beixoze no Toky 23,4 % u pacxope anekTposnepruu 54 kBT/kr.

Jlnst mepepa®OTKM BaHAIUMEBOTO KEKa B HMCCIICMIOBAHUSX OBLT HCITOJIB30BaH
aMMUAYHbIA METOJ.

BananneBblli K€K pacTBOPWIM B JUCTUJUIMPOBAHHOM BOJE MPHU TEMIIEPATYpE
90 — 95°C u3 pacuera moxydeHus B pactBope kornenTpauun V,0s 30-35,0 r/mm’.

PacTBOpbl  oxNakmand g0 Temmeparypel  35-45°C,  Heirpanu3oBaiu
KOHIIEHTPUPOBAHHOM cepHoil kucioroit g0 pH 8,0-9,0 u BBoaunu HeoOXxoaumoe
KOJINYECTBO cysib(haTta aMMoHMs u3 pacueta 2,5 — 3,0 momst (NH,),SO4 Ha 1,0 Monb
V,0s. 3areM pacTBOp OXJaxIald J0 Temmeparypsl kpucramiusanuu 15-20°C wu
BBIJIEP>KUBAJIM TIPU ATOU TemnepaType 4-7 4acos.

13 pactBopa BeIAeisin ocanok mertaBanagata amMmonus (NH4VO3). Ocamox
OTHENSIIM  OT PAcTBOPA, MPOMBIBAIM XOJIOJHOM BOJOW W HCIIOJIB30BAIM IS
nepepaboOTKM Ha ToJMBaHAAAT aMMOHHUSA. OCTaTOYHOE COJep)KaHHE IEHTaKCHIa
BaHaUs B pacTBope cocTaBmio 0,33 r/mm’.

Jlnst monydeHus TOJMMBaHAIaTa aMMOHHUS METaBaHAIaT PEIyJbIIHPOBAIU B
ropsiueil TUCTUJUTMPOBAHHOW BOJE W3 pacdera momydeHus: koHieHtpamuu V,0Os B
nynee 50,0 — 65,0 r/IM°, mocie 4ero MyJIbIy HEUTPaAIU30BaIM CEPHOM KHUCIOTOMN
npu Temmeparype 90-95°C o pH paBroe 2. B 9THX yCIOBHIX IPOMCXOAUIA PEAKIIHS
TUAPOJIM3a METaBaHalaTa aMMOHUSI:

12NH4VO; + 4H,;S04 = (NHg)4(VO2)2 (V10028) + 4(NH,),SO,4 + 4H,0

[Munponu3 mpoBoaMIM B MIPUCYTCTBHH 3aTPaBKH, KOTOpasl MPEACTABISET COOOM
YacTh MOJIMBAHAIATa AMMOHUS OT MPEABIIYIIETO ONbITA.

Ocanok IOJIMBaHa aTa aMMOHHUSA (bUIBTpOBAIIH, MIPOMBIBAIH
IMCTHIUIMPOBAHHOM BOIOM U mpokanuBaiy mnpu 560°C i moaydeHus IEHTa0KCH A
BaHaJMsgd. XUMHYECKUI COCTAB IMOJYYEHHOI'O MEHTAOKCHIA BaHaausi, Macc %: 98,9
V,0s; 0,8V,04; 0,11Na,O; 0,005 NH4+; oo 0,145.
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CreneHb OCaXXJEHUs BaHAIUS B OCAJOK IOJMBAaHA/laTa aMMOHMS COCTaBUJIA
97,7 -99,3 %.

B pe3ynbrare kapOoHU3AIMN 00ECKPEMHEHHOTO CHIIMKATHOTO PacTBOpa MOCIe
oOoramienusi He()ETMHOBOM pyAbl MOJIYYHJIM COA0-OMKapOOHATHBIA pyOHAni
coJiep KaIIuii pacTBOp, COCTaBa, /v Na,O,s 27,0; Na,Ogs 2,9; KoOy6
120,4; K,Oq6 6,0; Al,O3 0,2; SiO,1,8; Rb,O 2,3; Ga 0,0009; V,0s 0,0165,
miotHOCTs 1,14 r/mv®. MccnejoBana BO3MOXKHOCTh KOHIGHTPHPOBAHUS PyOHINS B
pacTBope.

B pabote npoBeneHO KOHIIEHTpUPOBAHUE PYOUIUSl U3 MOTAUTHOTO MAaTOYHOTO
pacTBOpa MyTeM CTaJAMNHON BBIIAPKU U HEUTpaAIM3aIlMi pacTBOpA.

JInst mosydeHHs MaTOYHOTO IMOTAIIHOTO pacTBopa OMKApOOHATHBIM PacTBOp,
MOJIYYCHHBIA TIOCNIe KapOOHM3alMu OOECKPEMHEHHOTO0 CHUJIMKATHOIO pacTBOpa
npoliecca oboramieHus: He(EeTUHOBOM PyAbl BBIIAPUBAIU C BBIJICICHUEM COABI U
noTaria.

bukapOoHaTHYIO LIEN0Yb pacTBOpa HelTpanu3zoBaiu kayctukom Ao pH 7,0 u
MPOBENM KOHILICHTPUPYIOIIYIO BBIMApPKy A0 TMOJY4YEHHs] IUIOTHOCTH pacTBopa 1,3
r/om°, 3atem MIPOBEJIM COAOBYIO BBIMTAPKY 10 INIOTHOCTH 1,48-1,5r/nm° 63 CHIDKCHHS
TEMIIEPATYPhl U TIEPBOE CTYILIEHHUE C OTJICICHUEM MOHOTHIpaTa CO/Ibl, Jajee MPOBEIN
BTOPOE CIYIIEHHE CO CHIKEHHEM TeMmieparypsl 10 35°C ¢ BBIIEIEHHEM B OCaIOK
0€3BOIHON COBI.

XUMHUUYECKHI COCTAaB pAacTBOpa IIOCIE BBIJICICHUS COJIBI, I‘/I[MEZ Na,O,s 5,9;
K.Os 126,4; Al,050,2; SiO; 1,8; Rb,0 2,3.

B pesynbsrare u3 pactBopa Beiaemmim 81,3 % conpl B mepecuere Ha Na,Og.
PacTBOp TOCIe OTAENCHHS COIbI BBIIAPHBAIM 10 muioTHocTH 1,63 — 1,68 r/am’® ¢
OTJIeJICHUEM ocaJika IBoiHOM comornorantHoi co Na,CO3*Ko,COs.

XUMHUYECKHM COCTaB pPACTBOpa IIOCJIE BBIJICICHUS JIBOMHOW COJONOTAIIHOMN
comn, r/mm°: Na;0,60,9; K,06 121,4; Al,0; 0,2; SiO, 1,8; Rb,0 2,3.

BeigeneHHblii 0Caiok JIBOMHOM COJIM HAIpPaBUJIM HAa COHOBYIO BBIMIAPKY.
OHUIBTPAT HAPABHIIN Ha BBIAPKY 10 TIOTHOCTH 1,63-1,68 r/aM° i KPHCTAILIH3AIIHIO
HoTaiia rmocje oxJaxacHus pactsopa a0 50°C.

[Tocne oTaeneHus nortaiia MOJy4UIM MaTOYHBIN MOTAIIHBIA pacTBOp, COCTARA,
r/mm; K,0,6 18,1; Rb,O 5,9, B xoTopoM nporieHTHOe oTHomeHnue K,O: Rb,O ~ 3,0.
[TonydeHHBI pacTBOP MOXKET CIYXKUTh HCXOJHBIM CBIPbEM JJIA TMOJYy4YCHUs
PyOHIMEBBIX KBACIIOB.

YerBepToii rJjiaBe TpHUBEACHBI pa3pabOTaHHAS TEXHOJOTHYECKas CcxeMma
KOMILJIEKCHOU TIepepadOoTKU He(DETMHOBBIX CHEHUTOB U TEXHOJIOTUYECKUE CXEMBI
MOJIyYeHHUS] KOHIICHTPATOB TaJIUs ¥ BaHaAWs, T[ICHTAOKCHUJA BaHAIUs W
KOHIICHTPUPOBAHMS pyouamsi ©3 OOCCKPEMHEHHOTO pacTBopa 0OOTramieHus
He(enmnHOBOM py/bl. B onrcanny TEXHOJIOTHYECKUX CXEM YKa3aHbI ONPEICICHHbBIC B
HCCIIEIOBAHUSIX PEKUMBI IPOBEICHUSI OCHOBHBIX ONEpaIU.
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Puc. 9. TexHomornueckas cxemMa KOHIICHTPUPOBAHUS PYOUIAMS U3
00ECKpPEMHEHHOT'0 pacTBOpa oboramieHus: HeheTuHOBOM Py Ibl

B pesynbrare yKpyNHEHHO-TAO0OPATOPHBIX UCIIBITAHUNA OOOTaIllCHHE
HehenuHoBOM pyasl nepepadorano 200 kr pyasl, noiayyeHo 170 kr HedenrnHoBOro
koHrentpata u 110,4 mm® pactBopa oboramenus. Ilocie 06eCKpeMHHUBAHUS
momydeHo 69 am° pactBopa m 74,24 Kr ocamka HATPUEBO-KAIBIHEBOIO
ruapocunukata. M3pnedyenne SiO, npu oOoramieHur He(EIUHOBOW pynabl B
pactBop coctaBuiio 72,0 %. Ilpu oOeckpeMHHMBAHHHM TOJYYEHO pa3CICHHUE
HAaTPHUEBOM M KaJWUEeBOM Imeouel ¢ BoiaeaeHueM B ocaaok 92,9 % Na,O. Crenenb
pereHepanyy HaTpUEBOM IIEIOYN MPU 00pabOTKEe OcajKa HATPUEBO-KAIBIIMEBOTO
TUAPOCUIIMKATA COOBBIM pacTBOpoM cocTaBmiia 93,0 %.

[IpoBenen npeaBapUTEIbHBIN TEXHUKO-9KOHOMUYECKUN PACUET TEXHOJIOTUU
KOMIUIEKCHOM TepepadOTKH HEe(PETMHOBBIX CHUEHUTOB MeCTOpOxkacHUs CaHIbIK,
rje  ompeAcieHa  MPOU3BOAUTEIBHOCTh  MPEANPUSITHS, KOTOpas  MOXKET
nepepabaTeiBaTh 1 MJIH. TOHH He(ENIMHOBOM pPyIbl B TOA, COJepxkaiiei
cieayomyw mnpoaykuuio B ToHHax: Al,Oz 190000,0; Na,O 23000,0; KO
76000,0; Ga 50,0; V,05 200,0. 9T0 MOXET CIIYKUTh OCHOBAHUEM JIJIsl pa3pabOTKH
MPOEKTAa M0 nepepadboTke HePEeITMHOBBIX CUEHUTOB.



3AKJIIOYEHUE

1. Ha ocHOoBe aHanmu3a  U3BECTHBIX  CIOCOOOB  MepepadOTKU
TJIMHO3EMCOJIEPXKAIIMX ~MAaTepUaioB BBIOpAH IIEJTOYHOM TUIPOXUMUYECKUN
croco0 I mepepadoTKu He(EeTMHOBBIX CHEHHTOB MecTopokneHus CaHIBIK,
ygacTka UYedeKThl KOTOphIE XapaKTEePU3YIOTCS TOBBIIMICHHBIM COJEPKaHHEM
KpemHezema -54,5%, HH3KUM cojepKaHhueMm okcuaa amomunus -19.0% wu
menoueit 7,5% (¢ mpeoOiiajaHueM KalueBoH 1eaoud — 5,6).

2. Pa3paboTtanbl croco0bl XMMHUYECKOTO O0OTaleHUs] HEPEIUHOB C
NpEABApPUTEILHON  aKTUBALIMEW pyabl MyTEM TEPMHUYECKON  00paboTKH
apoBO3AYIIHON cMechio Ipu Temueparype 350-500°C u myrem 006pabOTKU Py IbI
coztoBbIM pactBopoM ¢ korneHTparnuend Na,COz; 120 — 150 r/n mpu Temmepatype
150°C B aBroxmase mpu JXX:T = 4,0:1,0.

3. lns  pasnmeneHus HATpUEeBOM M KaJWMEBOM IIEJIO0YEe B  pacTBOpE
oOoraiieHus UcIoib30BaH mpoiecc oopazoanuss HKI'C npu oOeckpemMHUBaHUU
U3BECThIO. Pa3jienieHre HaTpueBoi 1 KaJueBoil 1menouel B pacCTBOPE C MOJISIPHBIM
orHomenreM Na,O:SiO, = 1,0:1,0 ¢ Beimenennem B ocanok HKI'C, cocraBuio
92,9 % Na,O, pu crenenu obeckpeMHuBanus pactsopa - 91,6 %.

4. YCTaHOBIIEHO, YTO ONTHUMAJIbHBIM PEKUMOM Uil HepepaboTKH
He(eTMHOBOTO KOHIICHTpaTa SBJAOTCA: Temmeparypa — 280°C, KoHIIEHTparus
niesouHoro pacteopa — 500,0 r/1, go3upoBka okcuna kanpiusg CaO :Si0,= 1,5 :
1,0, nmponomkurensHocTs 90 MuH. M3BiedeHne riiMHo3eMa B pacTBOP COCTABUIIO
93,04 %.

5. Pazpaboran cmoco6 mnepepaboTku rauii-Banaguiicoaepxamiero AKO
METOJIOM TPEXCTAANIHON KapOOHU3AINH.

6. UccnenoBanbl BO3MOXKHOCTh KOHIIEHTPUPOBAHUS PYOWAMS B MATOUYHBIN
MOTAIIHBIA pacTBOp U u3BiedeHus: P30 mpu o6paboTke HEDETMHOBOTO CHIPHS
pPacTBOpaMH PA3IMYHBIX KUCIOT (COISHOM, CEpHOM M a30THOM).

7. Pa3paboTaHa TexHOJIOTHMYECKass CXeMa KOMIUIEKCHOW TiepepaboTKu
He(DETMHOBBIX ~ CHEHHWTOB, BKJIIOUAIONIas TpeIBapuTeIbHOE  oOoTraieHue
He(DETMHOBOM pyAbl TOCIIC aKTHBAIIUU, THIPOMETAIUTYPTHUYCCKYIO IIETOYHYIO
nepepadoTKy He(PEITMHOBOTO KOHIIEHTpaTa ¢ TOJyYCHHEM KOHIICHTPATOB PEIKUX
METaUIOB W3  MPOMIPOAYKTOB. [IpoBemeHbl  yKpYyIMHEHHO-Ta00OpaTOpHBIC
UCIIBITaHUST OoOoraumieHus pyAbl HE(PETMHOBBIX CHEHUTOB IO pa3pabOTaHHOU
KOMITJIEKCHON TEXHOJIOTHH.

8. IIpoBenen MPEABAPUTEIILHBIN TEXHUKO-ODKOHOMUYECKAM  pacyer
TEXHOJIOTHH KOMIIJICKCHOM nepepadoTKu He(EeTMHOBBIX CHUEHUTOB
MectopoxaeHuss CaHIbIK, TJe ONpeesieHa MPOU3BOAUTEIBHOCTh TPEANPHUSITHSA,
KOTOpasi MOXET mepepabarpiBath | MIIH. TOHH He(eInHOBOW pyasl B TOI,
colepkaiieil cienyronryro npoaykiuioo B ToHHax: Al,O; 190000,0; Na,O
23000,0; K,0 76000,0; Ga 50,0; V,0s 200,0.

DTO MOXET CIY)KUTh OCHOBaHUEM JJIS Pa3pabOTKU TPOEKTa MO TepepadoTKe
He()ETMHOBBIX CHCHUTOB.
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Pe3rome
auccepranmu  CaapipanueBoii  Yyua0oiicyn  JKeeHKYJOBHbI Ha  TeMmy:
«Pa3paboTka  KOMILUIEKCHOW  mepepadOoTkM  HedeJMHOBBIX  CHECHHUTOB
MecTopoxaeHusi CaHAbIK» HAa COMCKAHHE YYEHOH CTelNeHH KAaHAMAATa
TeXHHYECKUX HayK mno cneuuajbHocTH 25.00.13- «ObOoramenne moJie3HbIX
HCKOIAeMBbIX».

KuroueBble ci10Ba: HeQeIMH-CUCHUT, KPEMHE3EM, TJIMHO3EM, KPEMHEBBII
MOYJIb, CAHUJIMH, allaTUT, KOHI[EHTPAT.

O0beKT ncciieIoBaHuA:

Mectopoxnenne Canabik, yaacTok Yeuektsl Kbipreizckas PecyOmnmka.

Lean uccaenoBanms: PazpaboTka KOMIUJIEKCHON TEXHOJIOTUHU NIEPEPabOTKH
He(eTMHOBBIX CHEHUTOB CaH/IBIKCKOTO MECTOPOKICHHUS .

Metoabl ucc/Ie0BAHMA. UW3YYCHUE BEIIECTBEHHOIO COCTaBa  PYIbI;
MarHuTHasi cemapaiusi, akTHBalus HEePEeIMHO — CHEHUTOBOW pyAbl METOJOM
TEPMUYCCKON O0OpabOTKM TMMApOBO3AYIITHOM CMEChIO; METOJ IPEABAPUTEIBLHON
aKTUBAMK HEPETMHOBOW PyIbI COJOBOM pPACTBOPE; METOJAaMHU BHIIICIIAYNBAHUS
TJIMHO3eMa U3 He(DeTMHOBOTO KOHIICHTpAaTa, METO/T TTOJIYICHHS KOHIIEHTPATOB TaJUTHS
Y BaHaJUA.

Annapartypa uccjaenoBanusi: mukpockonom MUH-8 mpu 320x, OLYMPUS
nmpu 400x, DERIVATOGRAPHQ-1500, ML 40x20, cemaparopa 25b-CD,
anekTpoausep, aBTokias, ¢unsTp-npecc XNS 200 — 10, TepmocTtatupoBaHHBIM
peakTop.

IHonyuyeHHble pe3yJbTAThI: pa3pabOTaH CIOCOO0 XUMUUYECKOTO OOOTaIllCHUS
HEe(DEeTMHOB  BKIIOYAIOMIMK  HM3MEJIbYEHHE, TEpPMHUYECKyl0  oOpaboOTKy B
apoBO3AYIIHOMU cpeze npu Temneparype 350-500°C ¢ mociuenyronmM aBTOKIaBHBIM
IICJIOYHBIM BBIIIEIAUUBAHUEM; OTPEIENICHbl YCIOBUS WHTEHCHU(HKAIMK Mpoiiecca
aKTHBallUM HePenMHOBOH pyasl Iepen oOoramieHueM CcrnocodboM 00paboTKH
MaTepuaia COJOBBIM pacTBOpoM ¢ KoHieHTpamueit 120-150 1/m B mpenenax
uHTEpBaIoB Temmeparypsl ot 100 mo 150°C; paspabGoran croco0 mnepepaboTKH
aTIOMOKapOOHATHOTO  TaJUIMM  cOoAepKalllero  ocajka METOJOM  00pabOTKH
ATFOMUHATHBIM PAacTBOPOM C TMIOJIYYECHHUEM OCaJKa THIAPOKCHIA aIFOMUHHUS U
nocJieyronieil kapOoHu3anueld oTGUILTPOBAHHOTO PacTBOpPA Ta3oM, COICPKAIIAM
CO,.

Oobs1acTh NpUMeHeHUS

KommnekcHoe oOoramenne u  mepepaboTka TpyAHOOOOTaTUMOTO U
HU3KOKAYECTBEHHOTO PEIKOMETAIBHOTO, TIIMHO3EMHOTO W He(DETMHOBOTO CHIPHS.



CaapipanueBa YyuaoOosicyH KeenkyjgoBHanbiH 25.00.13 «Ilaiinanyy keHpepau
OalipITyy» agucTuru 0oroH4Ya «CaHAbIK KeH KaTak sKepunHjaern HedeJMHIUK
CHEHUTTEPAN KOMIUIEKCTYY MINTETYYHY HINTEN YbITYY» JereH TeMaaa TeXHUKA
WINMIEPUHUH KAaHIWAATHI OKYMYIITYYJYK JapaskacblH M3JeNl 4YbIr'Yy YYYH
JKA3bLITaH JMIIEePTAIUSTHbIH

Pe3romecu

Herusru ce3nep: HehenuH-CUEHUT, KPEMHE3EM, IIIMHO3EM, KPEMHUI MOJTyITY,
CaHUJMH, allaTUT, KOHIIEHTPAT.

N3uanoeenyn odobekTucu: Keipreiz Pecnyonukaceinaarsl CaHAbIK KEH
JKaTak )xepu, YeUeKTH y4acTory.

N3uaneenyn makcarbl: CaHIBIK JKep KaTaK KEPUHIETH HeDETUHINK
CUEHUTTEPIU UIITETYYHYH KOMIUIEKCTYY TEXHOJIOTHUSCHIH UIITEI YBITYY.

N3unneenyH mMakcaTbl: KEHIMH 3aTTHIK KypaMblH W3WIJOOHYH BIKMAaJlaphl;
MarHUTTHK cemnapanusi; HedenuH CHUEHUTTHUK KeHuepre Oyy aba apalnamnikaH
TEPMUKAJIBIK UIITETYY BIKMAChIH aKTUBJCIITHPYY ; HEDETUHAUK KEHACPIU COJaHBIH
DPUTMECUHJIEC  aKTHBACIITHPYY  BIKMAchl:  HEQENMHIAWK  KOHIICHTpATTapaaH
TJIMHO3EMJTY SPUTMETe OTKOPYY BIKMAChI, TATUH KaHAa BaHAJAWA KOHIICHTPATTAPBIH
IYyHYH BIKMACBHI.

M3unneenyn ammaparrapbl: Mukpockon MIMH-8 320x, OLYMPUS 400x,
DERIVATOGRAPHQ-1500, MJIII[ 40x20, cemaparop 25b-CD, snexTpoiusep,
aBTokaB, punbTp-ipecc XNS 200 — 10, repmocTaTTanran peakTop.

AJIBIHTaH KbIiBIHTBIKTapbI: 350-500°C Temmeparypa y6arbiHga Oyy aba
4OUpeae TEPMUKAIBIK HINTETYYy, He(DETWHIWK KEeHIASpAW OalBITYyHYH aJIJbIHIA
KoHIeHTparuschl 120-120r/1 60JIroH COJIaHbIH YPUTMECHH/IE TEMIIEPATYPAChI 100°C
man  150°C VHTEPBAJABIK YErMHJAE Marepuaigapabl MIITETYY  BbIKMAacChIH
aKTUBICIITUPYY  TMPOIECCHH  HMHTCHIM(PUKANMIIOO  IIApTTaphl  AHBIKTAJIBI;
ATIOMUHATTBIK SPUTMENIEPAN UIITETYy BIKMACHIHAA QIIOMUHUN THAPOKCUIUHUH
YOKMOCYH allyy MeHeH xaHa opurmenepau CO, kapmanran ra3jgaH
KapOOHM3AIUSIBIK (PUIBTPIIOO MEHEH TalUIMi KapMalraH alloMOKapOOHATTHIK
YOKMOJIOPTY UIITYTYYBIKMACHI UIITEIIAI YbIKTHI.

JAuccepranMsiHbIH KbIABIHTBIKTAPbIH KOJIAOHYY yeiipecy:
KbIMBIHUBLIBIK MEHEH OaMbITBIITAaH TOMOHKY calaryy ceWpeKk MeTaUIAbIH  JKaHa
TJIMHO3EM, He(DEeJIMH KaMThITaH YMMKHU 3aTThl KOMIUICKCTYY OalbITyYy.



Curriculum vitae
Thesis of Sadyralieva Uulbolsun Zheenkulovna on the topic:
""Development of complex processing of nepheline syenites from the Sandyk
deposit™ for the degree of candidate of technical sciences in the specialty
25.00.13- ""Mineral processing**

Keywords: nepheline-syenite, silica, alumina, silicon module, sanidine,
apatite, concentrate.

Object of study: Sandyk field, area Chechekty Kyrgyz Republic.

Research objective: Development of an integrated technology for processing
nepheline syenite from the Sandyk field.

Research methods: the study of the material composition of the ore;
magnetic separation, activation of nepheline - syenite ore by heat treatment with
steam-air mixture; method of pre-activation of nepheline ore soda solution; methods
of leaching alumina from nepheline concentrate, a method for producing gallium and
vanadium concentrates.

Research equipment: microscope MIN-8 at 320x, OLYMPUS at 400x,
DERIVATOGRAPHQ-1500, MDSchch 40x20, separator 25B-SE, electrolyzer,
autoclave, filter press XNS 200 - 10, thermostatically controlled reactor.

Results obtained: a method has been developed for chemical enrichment of
nepheline, which includes grinding, heat treatment in a vapor-air medium at a
temperature of 350-500°C, followed by autoclave alkaline leaching; the conditions
for the intensification of the activation process of nepheline ore before enrichment by
the method of treating the material with soda solution with a concentration of 120-
150 g/l within temperature ranges from 100 to 150°C; A method was
developed for processing gallium alumino carbonate-containing sediment by treating
with an aluminate solution to obtain an aluminum hydroxide precipitate and then
carbonizing the filtered solution with a gas containing CO..

Application area: Complex enrichment and processing of hardly-rich and
low-quality rare-metal, alumina and nepheline raw materials.



