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ITpoBeneHs! HcCIeOBAHUS TI0 ONPEETICHIIO XUMIIECKOT0, PEHTTEeHO()a30BOr0 M MUHEPAIIO-
THYECKOT0 COCTaBa KBapIeBOH pyasl. M3ydeH mporece crekaHus pyabl ¢ THAPOAUPTOPHIOM aMMO-
HUS, B PE3yJIbTaTe KOTOPOTO MPOMCXOMUT pa3AeleHHe IIMXTH Ha Ta30ByI0 (a3y B BUie rekcadTop-
CHJIMKaTa aMMOHHMSI M (DTOPUCTBIX COCIMHEHUH aTIOMUHUS, KOHICHTPUPYIOIIHECS B TBepHOH daze
creka. [IpencraBiena ycTaHOBKaA JUIS CIIEKaHUS IIMXTHI, COCTOSIIASI U3 BEICOKOTEMIIEPaTypHOH JJIeK-
TPOIIEYH, CTAJBHOTO PEaKTopa C Ta300TBOJHON TPYOKOH M KoHIeHcaropa. OmpeneneHbl OnTHMAallb-
HBIE TEXHOJOTHYECKHE YCIOBHS IIpoLecca CHEKAHMS: TEMIIepaTypa, MPOAOIKUTEIBHOCTD, COOTHO-
IIEHHE BHICOKOKPEMHHCTOH Pybl K (hTOPUPYIOMIEMY peareHTy. Y CTaHOBJIEHO, UTO MPH B3aNMOZCHCTBIN
PacTBOpOB TeKcaGTOPCHITMKATA aMMOHUS I aMMHUAaKa TPOUCXOMUT 00pa3oBaHue aMOp(hHOro KpeMHe3eMa,
TIPY 3TOM HKCTIONB30BaHNE KOHIIHTPHUPOBAHHOIO PacTBOpa aMMIaka Harbonee onTiMatbHo. OmpeerneH TeXHO-
JIOTUYECKHI PEXXUM aBTOKJIABHOTO BBIIIEJIAUMBAHMS CIIEKa U MPEICTABICHEI PE3yIbTAThl M3BICUCHHS
OKCHJIa ATIOMHHUSL.

KitioueBble ci0Ba: kBapreBas pyaa, THAPOAU(PTOPHI aMMOHHS, CTIEKaHHUe, TeKca(TOPCIIH-
KaT aMMOHUS, aMOp(HBIIT KpeMHe3eM, aBTOKJIABHOE BBIIIEIaUUBAHNE, OKCH]| ATIOMIHUS

Beenenue. B Hacrosmee BpeMst HaOmoqaeTcss MHTEHCUBHBIN POCT Pa3iNYHBIX OT-
pacieil MpOMBIIUICHHOCTH, OCHOBAHHBIX HA MMPUMEHEHUH AIIOMHUHUS U COSIMHEHUN KpeM-
Hus. B Kazaxcrane npegycMoTpeHO yBenudeHue npousBojcTsa amomunus 1o 300 - 400
TBICSIY TOHH B T0JI. Takxke HEOOXOIMMO CO3JaHNE M PAa3BUTHE XUMHYECKOH OTpacid Mpo-
MBIIIIEHHOCTH, 0a3upyIomIeics Ha TOJy4eHUH COSIMHEHNI KpeMHe3eMa, IUPOKO HUCTIONb-
3yeMBIX B IPON3BOJICTBE PE3MHOTEXHUYCCKHUX W IIMHHBIX U3/ICIUH.

CoBpeMeHHOE ITPOM3BOACTBO AIOMHHHUS OCHOBAHO HA NPHUMEHEHHH TJIMHO3EMa,
KOTOPBII MCITONB3yeTCs VTS TIOMYIeHHS alFOMIHUS 3JEKTPOJIUTHIECKIM MeTozoM. Kpome
TOrO, IJIMHO3€M TIPUMEHsETCS B KAa4deCTBE CBHIPbS B IPOM3BOJCTBE AOpa3sMBHBIX
OTHEYNOPHBIX MAaTepHaioB, JJIsI W3TOTOBJICHUS] KEPAMHUYECKHX PE3IOB, NpH (yTepOBKE
LIEMEHTHBIX NeYel, B KauecTBE AIEKTPOU3OINPYIOIIEr0 MaTeprania.

YunThBas TEMNBl poOCTa AIIOMHHHEBOH IPOMBIIIICHHOCTH U OTCYTCTBHE
OTEYECTBEHHOr'0 IIMHHOTO TpoM3BojcTBa B KazaxcTaHe, CO3aHHE HOBBIX KOMIUIEKCHBIX
TEXHOJIOTHH U1 yBEJIMYEHHS BBITyCKa IJIMHO3EMa, HOJyIeHUsI COCAMHEHNI KPEeMHUS SIB-
JSIeTCs aKTYaJIbHOM MpoOIIeMOii.

MmupoBble 3armachl KaueCTBEHHBIX OOKCHTOB JUISl POW3BOJICTBA TIIMHO3EMA OTpaHH-
YeHBI W PaclpeieIeHbl O9eHh HEPABHOMEPHO, MIO3TOMY MHTEHCHBHO BEIYTCSI IOMCKH pac-
IIMPEHHs] CBIPhEBOW Oa3bl TIIMHO3EMHOM OTpaciy ¢ OpHeHTanueld Ha OoJiee IMPOKOE HC-
MOJTb30BaHNE HU3KOKAYeCTBEHHOT0, HO Ooiee pacHpOCTPaHEHHOTO B MPHUPOJE ATIOMOCH-
JIMKATHOTO CBIPBS - KBapUEeBBIX pyd. OHOBPEMEHHO KBapIeBasi py/a siBIseTcst 3(PPEKTHB -
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HBIM CBIPHEBBIM MCTOYHHUKOM JJIsl TIOyYECHUS] COSIMHEHUH KPEMHHS - TeKca)TOpCUITNKATa
aMMOHHS U aMOP(HOTo KpeMHe3eMa.

Kazaxcran obnasaer 3HaUNTEIBHBIMY 3arlacaMy KBapLEBOH PY/IbI, COJEprKalleH mo-
BBIIIIEHHOE KOJIN4ecTBO KpemHezema oT 50 mo 80 % u oxcuna amoMuHUS - mopsiaka 15-
20%.

OpmHUM U3 MECTOpOXKIeHUH KBapueBoil pynsl (KycMypbiH) SBIISICTCS MEIKOCOMOY-
HBIII MaccuB YiyTay, pacnonoxeHHbIl B LlenTpansnom Kaszaxcrane Ha tepputopun XKes-
Ka3TraHCKOro paifona. Pyma mpencramisier co0oi TBEpAYIO MOPOIY, COACPIKAIIYI0 OCHOB-
HBIE OKCH/IBI METaJJIOB M HEMETAJUIOB MIEpEMEHHOro cocTana [1].

KBapueBas pyqa MOXKET CIYKHTh CHIPHEBBIM HCTOYHHKOM JUISI €€ MepepadoTKH ¢
LIETBIO MTOTYYEHHS TeKcapTOPCHINKaTa aMMOHNS, aMOP(HOTr0 KpeMHEe3eMa U TIINHO3eMa.

YcTaHOBIIEHO, UTO B MPOLIECCE CHEKAHMS C LEIbI0 BCKPBITUS BBICOKOKPEMHHUCTBIX
PYA C pa3zeneHreM UX Ha Ta3oByI0 (aszy U HeneTyune GTOpUAHBIE COSTUHEHHS, OTHIM H3
3 eKTUBHBIX (TOPHUPYIONINX peareHTOB sBisieTcs ruapoandTopua ammonus (NH4HF,) -
MIPOAYKT NMepepaboTKH OTXOIAIINX Ta30B cynepdochaTHbIX TpOU3BOACTB [2-3].

Pearentsl. KBapriesas pyzna, runpoaudTopu aMMOHHS, PaCTBOPHI aMMHUAKa U €1-
KOH HIeT04n.

I'mpapopndTopna aMMOHUS OTHOCHTCS K TOKCHYHBIM BEUIECTBaM, HO HE SIOBHT,
B3pBIBOOE30MACEH, MOXKapoOe30maceH Mo CPaBHEHUIO C PTOPOM, (PTOPUCTHIM BOJIOPOJIOM U
(TOPUCTOBOIOPOAHON KHCIIOTOW, HE MPENCTABISIET CYIIECTBEHHOH 3KOJIOIMYECKOH omac-
HOCTH M CTaHOBUTCS 3()(heKTHBHBIM (hTOPHPYIOIINM PEareHTOM MpH HarpeBaHuu [4].

MeTtoauka nmpoBeeHHus1 IkcnepuMeHTa. CrieKaHHe OCYIIECTBISUTH B BBICOKOTEM-
nepatypHoil anekrporieun Mapku IIT 0,75/12,5. IIpuroTtoBieHHYIO LIMXTY, B3STYIO NIPH
COOTHOIIICHUH BBICOKOKPEMHHUCTOTO CBHIPbS K THAPOAU(TOPUIY aMMOHHMS 1:2 McCTHpamu u
TIOMEIIATN B JIOJOUKY peaKTopa rnedd. PeakTop M3roTOBJICH U3 HEP)KABEIOIIEH CTald Map-
ku 12X18H10T u coobraercs ¢ Ta300TBOAHON TPYOKOH, K KOTOPOH IMOACOETMHEHA OXITaXK
JTAroIast eMKOCTh - KOHAEHCATOp (PUCYHOK 1).

1 - BBICOKOTEMIIEpaTypHas HIIEKTPOIEYb; 2 - CETEBOI BBIKIIIOYATEIb; 3 - SIIEKTPOHHBIA TepMOpEryIisi-
TOp; 4 - peakTop; 5 - MEKTPOHATPEBaATENM; 6 - TON0YKA; 7 - KOHACHCATOP; 8 - IIaHell COo MTYIEePOM;
9 - BomsHas pybamika; 10 - razoorBosmii mtynep; 11 - abcopOLHOHHBIN TPUEMHHUK;

12 - KOHTPOJIBHBIN TEPMOJATIHK

Pucynok 1 - YcranoBka 1yt CrieKaHUs ITUXTHI
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MeToas! ananu3a. Konuenrpanuro ¢gropa onpeaensuim HOHOMETPUIECKHIM METO-

JIOM, aMMHaKa M IIEeJIOYH - TUTpoBaHueM. MienTrdukanmio coeniHeHui B pyze, Clieke,
IIJIaMe ONPEeJIeIISUTH MOTYKOJIMYECTBEHHBIM PEHTI€HO()a30BbIM, MUHEPATIOTHYECKUM 1
PEHTTeHO(ITyOpECIIEHTHBIM BHIAMHU aHAJIU30B.

JKCNepUMEHTATBHAS YacTh. [ 1a00paTOPHBIX MCCIIEIOBAHNM B PA3IMYHBIX 30-
HaX MEJIKOCOIOYHOI0 MaccuBa YIIyTay MecropokieHus Kycmypbin ObUIH OTOOpaHBI IPOOBI
KBapueBoi pyasl. OToOpaHHbIE TPOOBI M3MENBYAIIH, TIIATEIFHO NePeMEIINBAIIN, BHICYILIH-
JIM 10 TIOCTOSTHHOTO Beca mipu temmeparype 105°C u ananmm3upoBani. XUMHYECKHA COCTaB
po0 npezcrasiieH B Tabmmme 1.

Tabmuma 1 - XuMuaecknii anann3 mpoO KBapIeBOH pyabl MECTOpOXAeHUS KycMypbIH

Coneprkanue, % (macc.)
[IpoOst B -

8102 A1203 F6203 CaO TIOZ NazO
1 47,8 28,3 2,3 0,9 0,3 0,30
2 66,9 27,1 1,8 0,7 0,2 0,26
3 58,7 19,9 2,4 0,55 0,28 0,46
4 46,1 18,9 2,25 0,6 0,4 0,30
5 62,7 17,9 4,1 0,5 0,1 0,10

[To pe3ymbTaTaM XHMHYECKOTO aHAIIN3a BUIHO, YTO COCTAB OTOOPAaHHBIX MPOO 3HA-
YUTENBEHO KoneOnercst mo comepxkanuto SiO, (ot 46,1 mo 66,9 %) u ALO; (ot 17,9 mo
28,1).

[IpoObI ycpenHsAH U 3aTeM CPEIHIO P00y MOABEPTaIn XUMUIECCKOMY, PEHTTECHO-
(ha30BOMY U MHHEPAJIOTHICCKOMY BHIaM aHATA30B.

XUMUYECKUH aHaIH3 OTpPa3wI CICAYIONMEE COICpKAaHNEe KOMIIOHCHTOB B YCPEITHCH-
Holt ipobe, % (macc.): SiO, - 56,4; ALLO; - 22.4; Fe,05 - 2,57; CaO - 0,65; TiO, - 0,26;
Na,O - 0,28, 1. €. B ipoOe COAEPKUTCSA 3HAUUTEITHHOS KOIMYCCTBO OKCHUAOB KPEMHUS U
aJFOMUHUS.

[MomykonniecTBeHHBI peHTreH0(ha30BbIi aHaIN3, BHITOJIHEHHBIH Ha ammapare DS
Advance (Bruker) ¢ o - Co u3nydeHneM, TIOKa3aj CIeIyIONIIiA cOCTaB KBapIeBOH pyabl, %o:
kBapra - SiO, - 47,2; myckoura - KAI,(OH, F),[Al Siz;0y] - 16,4; xaonwHHTa -
Al,05-2510,-H,0 - 36,4.

MuHepanornyecKuii aHaJIN3 MOTBEPAMII, YTO OCHOBHBIMHU COCTABIISFONIIMH HCXOJI-
HOTO CBIPbS SIBIISIOTCS: KBapIl, KAOJMHUT, TOHKOMCIIEPCHBI MYCKOBHT; TaKXXe B HEOOIb-
IIIOM KOJIMYECTBE NMPUCYTCTBYIOT reMatut Fe,O; (enmHnuHbIEe Meskue 3epHa) 1 aHara3 TiO,
(eMHUYIHBIC aHU30TPOITHBIC 3¢PHA C BRICOKUM ITOKA3aTeIIeM MPEIOMIICHHS ).

[Tpu mepepaboOTKe HEKOHIUIIMOHHBIX BHICOKOKPEMHHCTBIX PYyA OCHOBHOH IMpoOire-
MO SIBJISECTCS TIPUCYTCTBUEC B HUX 3HAYUTEIHHOTO KOJIMYECTBA OKCHAA KpeMHUs. OKchg
KPEMHUS SIBIICTCS TPYAHO BCKPHIBAEMOH COCTABIBIIONICH, MO3TOMY HEOOXOIUMO PEIIUThH
po0IEMy €ro U3BJICUCHHUS.

[pu ncoNb30BaHNM KIACCHIECKUX MIETOYHBIX, CYTb(QHUIHBIX HIH XJIOPHBIX TEXHO-
JIOTHH CHITUKATHBIC MUHEPATBI TPYIHO BCKPHIBAIOTCSA [5].
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OpHrM W3 CrIocOOOB BCKPBITHS KBAPLEBBIX PYA Uil CEIEKTUBHOIO M3BIICUCHUS
KpeMHe3eMa MOXET ObITh TePMHYECKHIT PTOpHIHBI MeToA. [ J1aBHOE penMymecTBo Gro-
PHIHOTO METOIA - 3TO IK30TEPMHUYECKHI XapakTep NMPOTEKaHWS XUMHUYECKHX pPEeaKiuii,
BCKpPBITHE BBICOKOKPEMHHUCTHIX PYZ C Pa3J/iefIeHHEM HMX Ha ra3oBylo (pa3y B BHUIE coeluHe-
HUHA KpeMHE3eMa M HEJICTYYHE COCIMHEHHS, B KOTOPBIX KOHICHTPUPYIOTCS (TOPHCTHIC
COEIMHEHUSI AJTFOMUHHS ¥ (hTOPUABI APYTUX METAIIIOB [3 - 4].

Ipu criekannu ckopocTh mporiecca (GTOpUPOBaHUS C IPIMEHEHHEM THAPOANPTOpHIA
aMMOHMS BBIIIE IO CPaBHEHHIO C APYTMMH (PTOPHUCTHIMU COETMHEHHSMH H3-3a JIOTIONHH-
TeNpHOro atoma ¢ropa.

OG6cy:xaenne pe3yabTaToB. B mpomecce criekanust, yxe npu temieparype 110 °C,
OTMEYEHO BBIZIETIEHHE Ta3000pa3HBIX BEIIECTB (ITapoB BOABI M aMMHaKa), KOTOpOE BO3pac-
TaeT ¢ MOBBIIICHUEM TeMIlepaTypsl. AMMUaK M Mapbl BOABL, MIepenie e B Ta30Byio ¢asy,
YIaBJINBAIOTCS ¥ TIOTJIOMIAIOTCS BOIHBIM PAacTBOPOM. IIpONOIKHTENBHOCTD BBIIEICHUS
JTAaHHOH Ta30BOH (a3sl UIMTCS B TEUECHHE Jaca.

[Tpn nanpHelmeM HarpeBaHUM IIMXTHI 32 CUET yBEIWYCHHS TEMIEPATYPhl U Pasiv-
WS B JIABJICHUH NTAapoB oOpa3yeTcs ciemylomas razoBas (asa - rekcadTopcuankaT aMmmo-
uust - (NH,4),SiFg, koropast Bo3ronsiercst. Bosronka rekcadropcunukaTa aMMOHHUSI B Ta30-
BYIO (ha3y MJIIET MPAKTUYECKH MOJHOCTHIO. YJIaBIMBAaHUE Ta3a OCYIIECTBIAETCS B KOH/ICH-
carope, TJie ra3 3a CYeT HPHHYIUTEIFHOTO OXJIAX/ICHNSI BOJSHON pyOalIkod MHTCHCHBHO
KOHJICHCHPYETCS C IEPEXO00M B TBEP/IOE COCTOSTHHE.

Peaxuus criekaHus BRIIAINT CIETYIOIINAM 00pa3oMm:

SIOZ + 3NH41‘IF2 = (NH4)2 SlFé + NH3 + 2H20 (1)

Hcxonst M3 9KCHepUMEHTANbHBIX JaHHBIX YCTAaHOBIIEHO, YTO Hamnbosee 3¢ddexTns-
HBII TEXHOJOTWYECKHH PEeXHMM CIEKaHHs CIEAYIOIHiA: TemrepaTypa - 550°C; Bpems BbI-
nep>xkr 120 MHUH; COOTHOIIEHHE BHICOKOKPEMHHICTOTO CHIPhS K THAPOANDTOPUITY AaMMOHHS
1:2. M3BnedeHne KpemMHE3eMa B ra3oByi0 (a3y ¢ oOpazoBaHHMEM rekcadTopcuiinKaTa am-
MOHUS B 3TUX YCIOBUSX fnocturaet 98,6 %.

Kongencar mpexacrtaBinsier co0OH KpHUCTAIIOOOpa3HBI HPOAYKT Oesioro IBera.
Cpennee XMMHUUYECKOE cofepaHue MpoObl rekcadTopcuiimkaTta aMMOHHS COCTaBISIET, %
(macc.): SiO;, - 27,9; NH, - 17,8; F - 57,0; Fe,O5 - 1,5; CaO - 0,3; TiO; - 0,035; ALO; -
0,22.

Pentrenoa3oBblii MONTYKOINYECTBEHHBIH aHAJIN3 KOHAEHCATa OTpa3wi MOHO(pa3y
rekcaTOpPCHIIMKATa aMMOHHS.

IekcadTopcrTuKaT aMMOHHS - CBIPbE VIS IMOTyYCHUST aMOp(hHOTro KpemHeseMa (Oe-
Jast caka), KOTOPBII MCHOJIB3YETCSl B KAUECTBE yCHIMBAIOMIETO HAMOIHUTENSI CHHTETHYE-
CKUX U TOJIMMEPHBIX MAaTEPHANIOB B XUMUYCCKOW, IMMHHOHN, OyMa)kKHOHU, MUIIEBOH, (apma-
HEBTHICCKON M PYTUX OTPACIIX MPOMBIIIICHHOCTH [6].

YcTaHOBIEHO, YTO TeKcaTOPCHIIMKAT aMMOHHSI XOPOIIIO PACTBOPSETCS B BOJE, IIO-
3TOMY Ul YAQJICHHS IMOCTOPOHHUX NpPHUMECeH KOHICHCAT ITOABEPrajcsi pPacTBOPCHHIO.
I[Tpuyem, [UIst Iy4IIEro pacTBOPEHHsI KOHIEHCATa Iyibia Harpeanach 10 80 °C u mepeme-
MBanach B TedeHne 20 MuH.

PactBopenue rekcadTOpcHIMKaTa aMMOHHMS TIPOTEKAET COTTIACHO PEAKIHH:
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(NH4)2$1F6 + A1203 +F6203 + TlOz + CaO + HzO =
= (NH4)2$1F6 +F6203l+ Aleg,l, +T102l + CaOL-i- Hzo (2)

B pesynmpTaTte HepacTBOpUMBIC MPUMECH B BHJE IIaMa BBITAAAIOT B ocamok. [o-
cnenyromel GpribTpanyeit YUCTHI BOMHBIA PacTBOP Tekcad) TOPCHIMKATa aMMOHHS OTIC-
JIIeTCsL OT HEPaCTBOPUBIIMXCS TIpuMecei [7].

Jnst ocaxknernss aMOpQHOTO KpeMHe3eMa OT(UIFTPOBAHHBIN BOIHBINA PAacTBOp TeK-
caTopCcHINKaTa aMMOHHS COCTaBa, r/m’: SiO, - 35,0; F - 68,0; NH, - 14,65 cMemmBancs
C BOJHBIM PacTBOPOM aMMuaka ¢ KoHueHrparwei 26,0 u 13,0 % NH; mo pH = 8 - 9. Cme-
[IMBAaHUE OCYIIECTBIBLIOCH TPH KOMHATHOW TeMIIepaType.

Peaxrust B3anMoeiicTBIS pacTBOpa TekcadTOPCHINKaTa aMMOHHUS C BOJTHBIM pac-
TBOPOM aMMHAaKa BBITIISIAT CIACTYIOIIHM 00pa3oM:

(NH,),SiFs + 4NH,OH = Si0, |+6NH,F + 2H,0 3)

Ipyn anaym3e pe3yNbTaToB SKCIEPHIMEHTOB YCTAHOBIICHO, YTO TIPH B3aUMOJEHCTBIM PACTBO-
POB rekca)TopcrMKaTa aMMOHHSI M1 aMMHaka 00pa3oBaHHe aMOP(HOr0 KpeMHe3eMa NMPOTeKaeT
TIPAKTUIECKH MTHOBEHHO, MPHYEM HCTIONB30BAHME 00Jiee KOHIIEHTPHPOBAHHOTO PacTBOpPA aMMHAKa -
26 % TIpy COOTHOITICHUH PacTBOpoB 2 : 1 Hambomee omruMaibHO. [Ipy 3TOM CTEIeHh M3BIICUCHUS
JIMOKCHZIA KpEMHHUS U3 pacTBopa gocruraet 98,75 %.

[Mocne BhmazeHns aMmopHOro KpemMHe3eMa, ero (GpUIbTPAlK U MPOMBIBKH ITOJTY-
YEHHBIH OKCH KPEMHHUS TTOJIBEPTAJICS CYILKE, a 3aTeM sl yIaJIeHNs] KPUCTAIUTM3aMOHHON
BOJIbI M KOHIIEHTPUPOBAHUSI OCHOBHOI'O IIPOJIYKTA - aMOP(HOr0 KpEMHE3eMa - NPOKaJINBa-
uuro 1pu temreparype 200°C.

ITpu npoxanBanuu m3mensiercst opma cBsa3u Bojpl ¢ SiO, - OT MIPOYHOI XUMHYE-
CKOI M KOOPIMHAIMOHHOM 10 c11aboii aacopOrmoHHo [§].

Pe3ynbraThl peHTreHoha3zoBoro aHajau3a MOKa3ald, YTO MOITYYEHHBIH MOCIe TepMo-
00paboTKN aMOp(HBIA KpPEMHE3eM MPEACTAaBIAECT COOOH XMMUYECKH YUCTBIA YIbTpaauC-
MIepCHBINA TTOpPONIOK. JTO OecuBeTHasi, peHTreHoamopduas MoHodaza - B-SiO, (u3oTporn-
HBIA JTUCTIIEPCHBIA KpHCTOOAIUT ¢ mokaszareneM mpenomiieHus N ~ 1,480) (pucyHok 2).
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Pucynox 2 - JlnpakrorpaMma peHTTeHO(a30BOro aHanu3a aMop(pHOro KpeMHe3eMa
TI0CTIE TIPOKAJIKI
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Pe3ysbraThl peHTreH(ITyOPECIIEHTHOrO aHajn3a aMOPPHOro KpeMHe3eMa MMoKa3aiu
HAJIMYUE B €ro cocraBe okcuzaa kpemuus - SiO, - 96,0 % u B MajaoM KOJIMYECTBE MPUMEC-
HBIX KOMIIOHEHTOB, % (Macc.): FeO, - 0,16; AlO, - 0,15; CaO - 0,033; TiO, - 0,1, gTo coot-
BeTCTBYeT Mapkam Oermoii caxku - BC-100, BC-120 ('OCT 18307-78) [9].

Ipu criekanuu Apyrue KOMIIOHEHTHI KBApIIEBOU PY/IbI MOJBEPrarOTCs TEPMUYUECKO-
MY Pa3JIOKEHHIO C 00pa30BaHUEM HENETY4nX (PTOPHUCTHIX coeauHenuit. dTop 3a cuer OG-
30CTH HOHHBIX PaJNyCOB U30MOP(HO 3aMelaeT HOHbI KHCIOPO/a B COSANHEHUAX BBICOKO-
KPEMHKCTOTO ChIPhSI, YTO CIIOCOOCTBYET YBEIMUYCHUIO CTEIIEHH X THUAPOJUTHUECKON JTUC-
COIMAIIMA W Pa3/ICICHUI0 CHUCTEMBI Ha HeneTyune (TOPUIHBIC COCAUHEHUS AFOMHHUS,
JKerne3a, KalblHs U TATaHa, KOTOPhIe KOHIICHTPUPYIOTCSI B TBepIoH (ase creka [2, 10].

ALO; + 3NH,HF, = 2AIF; + 3NH; + 3H,0 )
Fe,0; + 3NH,HF, = 2FeF; + 3NH; + 3H,0 (5)
CaO + NH,HF, = CaF, + H,0 + NH; (6)
TiO, + 3NH,HF, = (NH,),TiF; + 2H,0 + NH; (7)

Criex mocine OXJTaKACHUS M3MeNbyaeTcs W aHanm3upyerca. Ero cpemuuii xummde-
CKM1 aHANM3 TIOKAa3all CIEeMYIoIee CcofepKanre KOMIOHeHTOB, Macc %: SiF, - 0,9; AlF; -
19,7, FeF; - 13,8; CaF, - 7,7; TiF4 - 1,9; NH,4 - 0,65.

OTMedeHo, 9TO coAepKaHre (PTOPUAOB ATFOMHHHUS U JKelie3a B CIIEKE B 3aBHCHMO-
CTH OT TPOMOJDKHUTENFHOCTH TIpOIlecca CIIeKaHUs MoBEImaercs. Tak, depe3 30 MUHYT co-
nepxanne AlF; coctaBismio 15,5 %, FeFs; - 12,8 %; gepes 120 mun - AlF;- 19,7 %, FeF; -
13,8 %.

[IpoBeneH MOTYKONMMIECTBEHHBIN peHTTeHO(A30BBIN aHANIN3 CIIeKa, Pe3yIbTaThl KO-
TOPOr0 OTPA3WIIN CIIeAYIOIHUi coctaB daz, %: AlF; - 14,7; Ca,AlF; - 22,8; CaAlFs - 20,5;
FeF; - 1,9; CaF, - 4,8; AIO(OH) - 6,8; FeSi, - 23,6.

PentrenoryopecieHTHEIN aHaIu3 TIOKa3aj CICIYIOIIee CoIepKaHne KOMITIOHCHTOB
B yCpemHEHHO# npobe creka, %: Si-2,31; Al - 14,91; Fe - 7,67; Ti- 0,78; Ca- 6,7; Na -
2,85;S-0,111; F - 18,5.

Takum oOpa3oM, B TBepAOH HeleTydel (a3e crieka OCHOBHBIM KOMIIOHCHTOM SIBJIS-
ercst pTopun aroMuHus. Tarke, MPUCYTCTBYIOT U Apyrue (propuctsie coeauneHus [10].

C 1enpio MOTyYeHHS OCECIPUMECHOTO OKCHJAa aJFOMHHHUS HEOOXOIUMO YIAJICHHE
TTOCTOPOHHUX TIPAMECEH Kele3a, KalbIs U TUTaHa, YTO JOCTUTAeTCs MOCISAYIONINM IIie-
JIOYHBIM BBIMIECITAYNBAHUEM CITCKa.

BrrmenaunBanne crieka OBUIO OCYIIECTBICHO B aBTOKIABHBIX YCIIOBHSX TPU pas-
magsoit Temmepatype 110 u 280°C u KOHIEHTpaIH e1Koi menoun - Na,O - 186,6 r/mv’.

OmnpeneneHo, 9YTO B pe3ylbTaTe JBYXYaCOBOTO BBHIIMICITAYNBAHUS CIICKA MICTOYHBIM
pactBopoM ipu Temmneparype 280°C okcuz amoMunus Haubosee 3G HEKTHBHO PaCTBOPAET-
Csl ¥ TIEPEXOANUT B PACTBOP, HEPACTBOPUMEIC TIPUMECH OCTAIOTCS B OCAIIKE.

OTUIBTPOBAHHBIH  IETOUHO-ATIOMUHATHBI PAcTBOP C COJACPKAHHEM, I/IM:
Na,Ox - 34,0; ALO; - 33,9; SiO, - 0,2; o, - 1,65 oaBepraercs mporeccy IeKOMITO3UIIHH, a
HEPaCTBOPHUMBIHA 0CaJI0K HATIPABIISACTCS B IIPOU3BOICTBO CTPOUTEIIEHBIX MATEPHAIIOB.

B pesynbraTe qeKOMITO3UIAH IIEIIOYHO-ATFOMIHATHEIN PAaCTBOp pas3iiaraeTcs C BHI -
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MaJIcHMEM THAPOKCHJIA aTIOMHHUS, @ MAaTOYHBIM PAacTBOp HAINpPABISETCS B MPOM3BOACTBO
AITIOMUHHMS HAa TIPUTOTOBJICHHE KPHUOJIHTA.

BbmmaBmmii THAPOKCH]] aTIOMUHHS TPOMBIBACTCSI M TMOABEPraeTcsl KaJbIMHALWH.
[TpoBeneHHbIH MMOCTEe KaJbIMHAINK PEHTI€HOMIYOPECIEHTHBIH aHalN3 HOJyYeHHOTO OK-
CHUJia aJFOMHHUS TIOKa3all CIeNyIomuil coctas, % (macc.): AL O; - 99,5; Na,O - 0,28; SiO, -
0,15; Fe,O5 - 0,028.

[Momyuennslii okcux amoMuHUs cootBeTcTBYeT Mapku 'OO, oTBeuaer TpeOOBaHH-
ssm [OCT - 30588 - 98 u HanpaBsisieTcst Ha MOMyYCHUE IEKTPOIUTHY €CKOTO aTFOMHUHHS.

BeiBoabl. dTopuaHbii MeTon nepepadOTKH KBApIMTOBBIX PyJ OTBeYaeT TpeOoBa-
HUSM KOMIUIEKCHON TEXHOJIOTHH, CIIOCOOCTBYET BCKPBITHIO CIIOXKHBIX BBICOKOKPEMHHCTBIX
TIOPOJT TSI M3BJICUEHHS TeKcaTOPCIINKAaTa aMMOHHS, TTONy9IeHHsT aMOp(HHOro KpeMHe3eMa
n okcyyia amroMuHus. IlepepaboTka KBapIieBOro ChHIPbs (PTOPUAHBIM CIIOCOOOM ITO3BOJIUT
pacuIMpuTh CHIPhEBYIO 0a3y IS IIMHHOW, XUMHYECKOW N aTIOMUHHEBOH MPOMBIIUICHHO-
ctu Kaszaxcrana.
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Tyiiingeme

AOMUHUH TOTBIFBI 0ap IIMKI3aTTBIH XUMISIIBIK KYpPaMblH, PEHTTeHO(A3aIbIK KYpPaMbIH
JKOHE MUHEPAJIOTHSUIBIK KYPaMbIH aHBIKTAy >KOHIHAE 3€pTTey JKYPri3UmreH. AIIOMOCHIMKATTHI
MIFKi3aTTapAsl aMMOHHH OM(TOPUAIMEH MiCipy apKbUIBI KypaMbIHAA aMMOHUH reKcad)TOpCHINKATHI
JKOHE aMMOHHUH (hTOPHI IIOFBIPJIAHFAH KATTHI XKoHE ra3 (ha3acelH amy ypaici 3eprreai. ['a3 mmbrapy
TYTiri Gap KypblIITaH jkacajfaH peaKkTop koHe KoHnaeHcatopabiH 0,75/12,5 tanbanst IIT sxorapsl
TeMIIepaTypanbl 3JIeKTp IENIiHIH KOHABIPFBICH KYpacThIpbULAbl. PDTOpnay OapbICHIHBIH OHTAWIIBI
MIapTTAPhI aHBIKTAJIABL: TEMIIEPATypPa, Y3aKIBIK, JKOFAPBIKPEMHUIAII A TFOMUHHI TOTHIKTHI IIHKi3aTTHIH
¢ropiay peareHTiHe KaTbIHAchl. IliCipiHIiHI aBTOKJIABTBIK EPITIHAUICYAIH TEXHOJOTMSUIBIK PEXKHMI
MEH aJIFOMUHHIN TOTHIFBIH ATy HOTHXKECI KOPCETUIreH.

Tyiiin ce3mep: >XOFapBIKPEMHHMIUI AMIOMHUHUI TOTBIKTHI INHKi3aT, aMMOHMH Oudropuai,
micipy, alTFOMUHAHN reKcad) TOPCUIINKATBHI, aBTOKIIABTHI €PiTIH/IUIEY, ATFOMUHHUN TOTHIFBI

Summary

Studies to determine the chemical, roentgen-phase and mineralogical composition of high-
silicon alumina were conducted. The process of sintering of aluminosilicate materials with ammo-
nium bifluoride, contributing to the separation of raw materials to the gas phase in the form of ammo-
nium fluorosilicate and aluminum fluoride, concentrated in the solid phase of sinter was investigated.
Apparatus for charge sintering consisting of high-temperature electric furnace, steel reactor with gas
offtake tube and the vapour condenser was mounted. The optimum technological conditions of the
sintering process: temperature, duration, ratio of high-silicon aluminous raw material to fluorinating
reagent were determined. It is established, that formation of amorphous silica takes place at interac -
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tion of solutions of ammonium hexafluorine silicate with ammonia, and use of ammonia concentrated
solution is more optimal in this case. The cake autoclave leaching technological regime was deter-
mined and results of alumina recovery are presented

Keywords: quartz ore, ammonium bifluoride, sintering, ammonium hexafluorine silicate, au-
toclave leaching, alumina, amorphous silica

Tocmynuna 14. 05. 2013.
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COIIYTCTBYIOIIEE N3BJIEYEHUE MOJIUBJIEHA ITPU
HEPEPABOTKE HEKOHIUIIMOHHBIX YPAHCOJAEPXKAIIUX PY ]

B cnaboxucnbx pacTBOpax MOJIHMOJEH HAXOMUTCS B BUJAC MOJMAHHOHOB M COPOLUS €ro Ha
AQHMOHHTAX U3 3THX CPe MPOXOAUT ¢ OonbIeil 3 PpeKTHBHOCTEIO, YeM U3 KapOOHATHBIX M HEUTPAIIh-
HBIX pacTBOpoB. Hamu Oputa m3ydeHa 3aBHCHMOCTH M3MEHEHHS! COPOIIMOHHOM €MKOCTH HMOHUTA A-
500 ot pH pactBopa B mHTepBase 3HaUeHUH OT 1 10 7. Y craHoBieHo, uTo Hauboee 3 HEeKTHBHO MO-
mbnaen copobupyercs npu pH 4,0-5,0. BermenaunBanue pyas! B JaHHOM HHTEPBAJe MO3BOISET IIepe-
BecTu B pacTBop 70-80 % MommbaeHa, ocTaBIIMiics BBIIIENIAUYMUBACTCS BMecTe ¢ ypaHoM npu pH 2,4-
2,6. C menbio ompeaeneHus IapaMeTpoB XJIOPHIHO-IIET0YHOH necopOuuy MonubaeHa H3ydeHa Ku-
HETHKa IIPOLecca B CPABHEHHUH C HUCIIONB3YEeMOH B HACTOSIIEE BPEMsI B IIPOU3BOACTBEHHBIX YCIOBUSX
COZIOBO-XJIOPHIHOH. Y CTAHOBJICHO, YTO IIEIOYHO-XJIOPHAHBIE PACTBOPHI 001amaoT Gosree BBICOKOH
CKOPOCTBIO JIecOpOIMy MOJIMO/AEHA 10 CPAaBHEHHWIO C CONOBO-XJIOPHIAHBIMH. MommbneHn Hambomnee
IONIHO DIIOMPYETCS TIPY KOHIIEHTPAIMH XIOpHAA HAaTpus cbime 30 r/mv’. ONTHMANbHON KOHIEH-
Tpareil eTour B AMOMPYIONIIX PACTBOPAX ClIeayeT cautath 30-40 r/mv’.

KaioueBblie ciioBa: MOIUOICH, HEKOHIUIMOHHAS YPAHCOAEpIKAIIas pyaa, copouusi, aecopo-
LHsT, HOHUT

BBenenue. OcOOCHHOCTBEIO YpaHOBHIX MecTopoxaeHWn Kaszaxcrana sBisieTcs
OonpIoe pa3HOOOpa3We THIIOB 110 MHHEPATIOTHICCKOMY U (DU3UKO-XHMHYIECKOMY COCTa-
BaM. MHoOrue ypaHOBbIE€ MECTOPOXKICHUS SIBJISIIOTCS KOMIUJIEKCHBIMU, TaK KakK COAepKaT
Takye ICHHBIC KOMIIOHCHTHI KaK MOJHWOJCH, IMPKOHWMH, BaHAIWH, BOIb(paM, CKaHIHIA,
penuit U apyrue. [Ipu 3TOM yacTo coAep)KaHUE COMYTCTBYIOIIMX IIEHHBIX 3JIEMEHTOB B
YPaHOBBIX pyJax HaXOIUTCS B MpeAesax HECKOJIbKUX TpaMMoB Ha 1 T. Tem He meHee, mpu-
MEHEHHE COPOIMOHHO-IKCTPAKIIMOHHBIX METOJIOB TIO3BOJISACT M3BJICYh WX, OUUCTUTH U BHI-
JIENIUTh B BUJI€ YUCTBIX COEIUHEHUI. BhlieneHre neHHbIX KOMIOHEHTOB B MOIYTHYIO MPO-
JIYKIIAIO CIIOCOOCTBYET YIIEIICBICHHUIO TPOU3BOJCTBA ypaHa, a PyIbl, U3 KOTOPHIX MX W3-
BJIEKAIOT - NPEICTABIAIOT HHTEPEC JUIsl CYIIECTBEHHOIO PpACHIMPEHHS MUHEPAIBHO-
CBIPHEBOI 0a3HI MOTyYCHHUS IICHHBIX MeTaIuI0B. Kak MmpaBmito, OCHOBHEIM COITYTCTBYIOIIUM
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