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AJIIOMIIHIIM, fJIIIH03EM, YfJIEPO,UHbIE MATEPlIAJIbI
 

BblnapiJIBaHiJle paCTBOpOB coneaerx CiJlCTeM 

C06paTHO~ TeMnepaTYPHO~ paCTBOpiJIMOCTblO 

HaKiJlneo6pa3ylOu.'iJlX KOMnOHeHTOB 

(B nOpRIJ,Ke 06C}fJKP.eHHR) 

YAK669.712 B. r. Ka3aKOB, B. A.JIU"uu* 

H a np l1Mep e eunepneenn« Bb/COKOKp eM HI1CTbIX amO MI1HaTHb/X paCTBOpOB I1CCne,l1,OBanl1 eunepn eenne paCTBOpOB C 

06paTH0i1 ressnepervonou paCTBOpl1MOCTblO HaKl1neo6pa3YlOLLjl1X conea. YCTaHOBneHO, 'ITO paCTBOpl1MOCTb KpeMHe3eMa 

HaXO,l1,I1TCRB npRMoi1 3aB I1CI1MOCTl1 OT KOHL/eHTpa L/1111 BnIOMI1HaTHOrO p e c r eop e. Ecnn anlOMI1HaTHbli1 paCTBOp Ha BXO,l1,e B 

n ep Bb/iii «opnyc BbtnapHOiii ' 6aTapel1 HaXO,l1, I1TCR B Me TaCTa6l1nbHOM COCTORHI1I1, TO no Mepe Bblnapl1BaHI1R OH 6Y,l1,eT 

n epexounr s B 06naCTb HeHaCb/LLjeHHb/X paCTBopOB no «peunee eu». n o pesvnererei» I1CCne,l1,OBaHI1i1 ripennoxene 
npRMOTO'IHaR cxeue oCYLLjeCTBneHI1R npouecce Bbmapl1B aHI1Rnpn KOHL/eHTpaL/1111 3Tl1X c on ea B pecre ope, OTBe'laIOLLjei1 

06naCTl1 HeHa Cb/LLj eHHOrO COCTORHI1R no HI1M. no Mepe Bbtnapl1BaHI1R oecreooe B npRMOTO'lHoi1 cxeue reunepetvpe 

p ecreooe 6y,l1,eTCHI1)/(aTbCR. a KOHL/eHTpaL/I1R ml1H03e Ma - n oeuiue r ece n o Mepe np0,l1,BI1)/(eHI1R p e c reop e OT «op nyce K 

«opnvcv BbtnapHoiii6aTapel1. Texne ycnOBI1R n03BonRIOT1136e)/(aTb06pa30BaHl1Rneen n« no 3Tl1M c onat« Ha r enn ooti u enu u » 

nOBepXHOCTRX. 

KnIO'IeUble cnoee: eunep n eenn e , 06eCKpeMHI1BaHl1e, anlO MI1HaTHbli1 p aCTBOp, «sxnn«, rl1,11,pOan lOMOCl1n l1KaT HaTpI1R, 

paCTBOpI1MOCTb. mI1H03eM. 

K
COlleBbl M CHCTeMaM, HMelOlUHM 06paTHYIO TeM ­


n ep ar yp a y io paCTBOpI1MOCTh, OTHOCHT r a x n e
 

CI1CTeMbl, 13 KOTOpblX C YBell l1tI eH HeM re xcnepary­

p st paCTBOpltMOCTb conea yue ru.uiaerca. Bsmapu aamre
 
TaKMX p acrao pos, Ka K npaBI1JlO, conpaxeao C onp en e­


lleI-lI-lbIMI1 Tpy.uHOCTHMI1.
 

TaK, n pu oCYlUecTBlleHI1H MHorocTyneHl.{aToro auna­


p I1Ba H H5I. B rrpon snoncrae CYllb¢I1THOH H c Yllb¢ aTH o H
 

u enruon o s u rI, 2] B IlepBOM x opnyce sunapuoro ann a ­


pam ofipaayercs Ha KI1Il b n a OCHOBe cynsdiara KaJlbUI151. .
 

Bsmapas aaae paCTBOpOB C 06paTHOH p aCTBOpl1 MOCTb lO
 

I1MeeT MeCTO r a xxe IlPI1 n ep e p ao o r x e 3JIIOMI1HMHco.uep­


)l(alUero csrpss n a rJIl1H03eM [3 -6 ] B n p o uecce y napusa­


HI1$l KpeMHI1Hco.uep)l(alUHX paCTBopOB. B 3TOM criysae B
 

xa-recrse H3Kl1ne06pa3YlOlUl1X coe.uHHeHI1H BblCTYIlalOT
 

r l1.up03JIIOMOCI1JlI1K3Tbl lUCnO'IHbIX MeT3JlJlOB.
 

11 re u n p yrxc COeJll1HeHl15I, BbwemllOlUl1eC51113 paCTBO­


pOB npu I1X YIlapI1BaHI1H, HMelOT BbICOKYlO aJI,re3HIO K
 

TenJIo0 6MCI-IHOH rrOBCpXHOCTH. l1Me51 Hl13KY1O r ennonpo ­


BO.uHOCTb lIBbICOXYIO CKOpOCTb 3apaCTaHI1.5l TenJIo06MeH­


HOH anrraparyp sr, IlOJIyqeHHaH HaKM Ilb B KOHeqHOM csere
 

o npen eri a er HH3KYIO n p 0I1 3Bo.uI1TeJlbHO CTb ssrnapnsrx
 
fiarapeti. 

Il pn Bbmap HBaH l111 p aCTBOpOB C conepxaauev correa 

C ofiparnoii TeMnepaTypHoH p a CTBOp l1MOCTblO san a-ra 

COCTOI1T B TOM , LIT06bI OpraHl130BaTb n p o u ec c asrrrapn ­
BaHl15I IlPI1 KOHueHTpaUl111 3TI1X COJIeH B p acrsop e, OTBe­

qalOlUeH 06J1aCTI1 nenacsunennoro COCT0 5l.HH51 no 3TI1M 

* B. r.Ka 3aKoB, npod» x ad» n pOMbl WJleHHoi1 re rin oasepreru­
KI1 <jJaKYJlbTeTa npoMblwll eHHo H :meprenrKI1, e- ma i l: k64089@ 
yandex .ru , Ca HKT- []eTep6yprcKI1 H rocynapcr nen u un TeXHOIl Ofl1­

' lCCKI1H YHI1BepCI1TeT pacrur ern.u ux n OJlI1MepOB, r. C3 HKT­
Il er eptiypr: B. A. JIHl U1H. npo<jJ. Ka¢. " (]) 11 3w recKall XllMI1ll, MI1KPO­

J1 JlUHOTeXHOJ10rJ1J1» ¢aKYllbT eT3 re xao.nonur 11 HCCJlen OB3HI111 
MaTepl1aJlOB, e- m ail: vadim .lipinfpkrn .ru , CUHKT- n eTep 6yprCKI1i1 
nOmlTeXHI1'leCKHH YHlmepcl1TeT, r. Cauxr-Flere ptiypr; 
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COJl5l.M . C03JI,aHl1e TaKMX YCJlOBI1H Il03BOJl51 eT IlpeJI,OTBpa­

THTb 06pa30BaHl1e HaKI1IlI1 3THX COllet! u a rennoofivea­

Hb l X nOBepXHOCT51X . 

Bsm apn eaa ne pacrsopon COJleBblX CHCTeM C 06paT­

HOH Te~lIlepaTYPHOH paCTBOpl1MOCTblO I1CCJle.uOB3Jl11 H3 

Ilp l1Mep e BhlcoKOKpeMHI-1CTOrO 3JIlOMI1HaTH oro pacrsopa, 
Il pouecc npononamr B MHorocTynewIaToH ssm apuoa 

fi ar apee IlpI-1 KOHueHTpaUl111 Si02 B MCXO.uHOM pacrso p e 
3

1, 5 r/.uM , MOJIexyJl5lpHOM OTHOllleHl111 Na201A120 3 (K3Y­

CTl1qeCKI1~i MO.uyJlb a K) 1,5. KOHueHTpaUI-1H AJ 20 3 yse­

Jl I1'lI1JIa Cb OT 70 JI,O 140 r/JI,M
3

. B 3TOM 3J1IOMI1HaT HO M 

p acr so p e paCTBOpl1MOCTh .uI-10KCnna KpeM HH5I n aa aer C 

IlOBbIWeHl1eM revneparypsr . B 06J13CTI-1 TeM IlepaTYP 150­

160 -c (B nepaov xoprryce ssmapuoti 6 aTapel1) p aBHO­
3

BeCHa51 KOHueH1paUII51 Si02 COCTaBJI5Illa 0,35-0,40 r /.uM . 

Ilpn paCCMOTpe H.II.J1 cacresisr N~O - Al20 3 - Si02 ­

H 20 6bVI l1 IlPJ1H51TbI BO BH I1MaHI-1e cn enyto unie ¢ aKTbI. 

I . He3aBHCl1MO OT crpyxrypu 11 YCllOBJ1H I1X 06pa30­

Ba HI1 51 r ACH J1Me IOT ofiuiee CBOHCTBO, CB5I33 HHOe C 

rrOHH)f(eHl1eM p aCTBop HMOCTJ1OT TeMrrepaTypbI .IlJI5I 3JI1O ­

MI1HaTHblX pacraopos. 

2. Bee ¢OPMbI rACH I1MeIO T ofiuree CBOt!CTBO nOBbI ­

llleHI15I paCTBOpHMOCTlI OT KOHu:eHTpaUJ111 B aJiIOMHH3T­

Hbl X p acrso p ax . 

,UaHHbIe IlO pacTBoplIMOCTI1(PJ1c . I) rrOKa3 bIBalOT, 'ITO 

YIlapl1BaeMbIH paCTBOp IlO conepxaiuno Si02 HaXOJI,HTC5I 

B 06J1aCTJ1 n epec snueua u x p aCTBOpOB . B n p o u ecc e yna­

JleHI-151. pacrnopirrena 113 TaKHX p a CTBo pO B cnenyer O)l(J1­

.uaTb MHTeHCJ1BHOe BbI.ueJle HHe Ha rennoooven uux 

IlOBepXHOCT5I.X a axarteoopasyioumx KOMrr OHe HTOB, OCHO­

By KOTOpbI X COCTaBJl51eT r l1.up 0 3JIIOMOCMJlI1KaT HaTp l15I. 

llp J1 'IeM 'Ie M asnue resmepary pa , TeM 60JIbWe CJIOC'! 

HaKII IlI1. 

OLlHaKO paCTBOpl1MOCTb .uHOKCI1.ua KpeMHI151. B aJlIO ­

MI1HaTHblX pacr sopax Haxo.uJ1 TC51 B n p HMOH 3aBHCJ1 MOCTH 

OT KOHueH1paUI1H rJIl1 H03eMa (PI-1c. 2) . 3 TO 0 3Ha'IaeT, 'ITO 

asrrrapuaanae 3JIIOMHHaT Horo pacrsopa Heo 6 xo JI,HMO 

© B. I. Ka3aKOB. B. A. nl1nl1H , 20 13 
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PaCTBOpMMOCTb 5i02, r/.aM 3 

0,4 r---------------------, 

0,35 

0,3 

0,25 

0,2 

0,15 '---- --L -L- ---! 

140 160 180 200 
TeMneparypa, DC 

Puc. 1.	 3aBliCliMOCTb paCTBopHMOCTH Si0 2OTrevneparypu B aJIlO­
MIIHaTHblX pacrnopax Cxouueurpaunen 100 r / llM 3 AI20 3 
H Ct = 1,5 

K 

Kouueurosun« 5 i02, r/.aM 3 

0,8 r------------'----------, 

0,6 

0,4 

0,2 

o 150 200 

Konuentoeun» A1203, r/.aM 3 

Pllc.2. 3aBJ1CIIMOCTb pacTBOplfMOCTIl Si02 OT KOHueHTpaUHII 
AI20 3 B aJlIOMI1HaTHblX pacrsopax C C(K = l ,5 rrpn resrrre­
parype 120°C 

OpraHl130BaTb TaKHM 06pa30M, 'IT06bl C03naTb yCJIOBH5I 
orurospevennoro nOBbIWeHH5I KOHUeHTpaUI1H mHH03eMa 
H YMeHbWeHH5I rexmeparypsr . TOJIbKO B 3TOM CJIy'-Iae 
rrapanerpu sunapuaanaa 06eCne'lI1BalOT rrozurepxauue 
CHCTeMbl B HeHaCbTllleHHOM COCT05IHI1H no xpesmeaexry 
B aJ1l0MHHaTHbIX pacrsopax. 

Hal160JIee nOJIHO 3TI1M Tpe60naHHSlM OTBe'-IaeT npa­
MOTO'-IH3S1 CI1CTeMa Bbm3p11BaHH5I. Beenpyrne H3BeCTHble 
cxeMbI BblIlap11B3HH5I (npOTHBOTO'IHa5l, cveuianuaa) 
Mor)'T JII1Wb 'IaCTI1'-IHO peunrn, 3TY np06JIeMY. 

Ha PI1C. 3 npencraanena 3aBl1CHMOCTb pannosecaoro 

KpeMHeBOrO MOnyJISlI-lSi (MaccoBoe OTHOWeHHe Al203/Si02) 
OT KOHueHTpaUHH rJIHH03eMa B pacrsope rrpn <X = 1,5.

K 

06JIaCTb paCTBopOB, He uacuuremnrx no KpeMHe 3eMy, 
,nJISI paCCMaTpl1B3eMblX yCJIOBHH pacnonaraercs ssrure 
KpHBOH paCTBOpl1MOCTH 11 B npouecce Bbmapl1BaHI1S1 
KpeMHeBbIA MonyJIb He MeHSleTC5I. 

B nasane npouecca BbmapHBaHH5I paCTBOp rrepen nep­
BbIM KopnYCOMnsmapnoa yCTaHOBKl1 Haxo,nHTCSI B MeTa­

!l Si 
600 r------------------, 

550 Ar--------+_, 

500 

450 

400 

350 

300 '--_-'-_----'_ _ --'--_ --'-__-'--_-.J 

c 

50 70 90 110 130 150 170 
[A1203], r/.a M3 

PHc.3.	 3aBHcHMoCTb panaoaecxoro x pe u nenor o MOAYJlll ~Si 

(xraccoaoe oruoure-nre A1 20iSi02) OT KOHueHTpaUHli 
rJIHH03eMa B pacrsope npn C(K = 1,5: 
1- ofinacrs nepccuurenuux pacrsopon; II - nexacu­
ureanux 

cTa6H11bHOM COCT05IHI111 no KpeMHe3eMy. KOHueHT­
paUl151 xpesmeaeva B pacrsope 611113Ka K pasnouecnoa, 
COOTlleTCTBYlOlUet! COCT05lHHlO nl151 I1CXOnHoro pac­
rnopa (70 AIP3; 1,4 r /LlM3Si02; KpeMHeBblt! Mony11b 550). 
ECl1l1 no KaKHM-TO npWII1HaM B 3TOM COCT05IHI111 6yneT 
C03naHO 110KallbHOe nepecsnnenne no KpeMHe 3eMy, TO 
OHO TyT )J(e 6yneT 11I1KBl1nl1pOBaHO, TaK KaK npouecc 
BeneTC5I rtpn 6011bWOM pacxone 3aTpaBKI1. 3aTpaBKOH B 
naHHOM cnyxae 5IBJI5IeTC5I rACH, BblneJIHBWI1HC5I B 
pe3YJIbTaTe nunepxxn pacrsopa no BbITIapHBaHI15I. 
KOHUeHTpl1pOBaHl1e alllOMHHaTHoro pacrsopa (npu 
YC110BI1I1 COXpaHeHI15I KpeMHeBoro MonYJI5I) 6yneT pac­
WI1p5ITb 06JIaCTb HeHaCbllUeHHbIX paCTBOpOB. Ilpn 
nOCT05lHHOM KpeMHeBOM MonyJIe (/-lSi = 550), COOTBeT­
CTBYIOlUeM ncxorurosry pacrsopv, npouecc BbITIapl1Ba­
HI15I 6y,neT xapaKTepl130BaTbC5I np5IMot! , napan.nens­
HOt! OCI1 aficuncc, OT 70 no 140 r InM 3. PaCTBOpl1MOCTb 
xpesmeseva rtpn KOHueHTpaUl111 140 r/JI COOTBeTCTByeT 

/-lSi = 375. 
TaKI1M 06pa30M , Hal1MeHbWa5I paBHOBeCHaH KOH­

ueHTpaUI1H Si02 B pacrsope 6y,neT OTBe'IaTb YC110BI15IM 
Bbmapl1BaHI15IB nepaov xopnyce np5IMOTO'IHOt! nsmap­
Hot!6aTapel1 (HaI1BbICWa5I TeMnepaTypa 11 Hal1MeHbWa51 
KOHueHTpaUl15I Si02 ncxonnoro pacrsopa - TO'IKa A) . 
3ana'Ia COCTOI1T B TOM, 'IT06bl npl1BeCTI1 CI1CTeMY B 
COCT05lHl1e, 6JIl13KOe K paanoaecnovy no KOHueHTpa­
UI1I1 Si02 B pacrsope. 3TO B03MO)J(HO rryre a npensapa­
rensnon Bblnep)J(KH aarperorc I1CXOnHoro pacruopa npn 
resmeparype Kl1neHI151 I1JIH HeCKOJIbKO ssnne B nepsov 
xopnyce asrnapnoro annapara. CJIenOBaTeJIbHO, ecna 
aJIIOMHHaTHblH paCTBOp na axone Il nepBblt! xoprryc 
BwnapHoA 6aTapel1 HaXOnl1TC5I B MeTaCTa6l1JIbHOM 
COCT05IHHI1, TO no Mepe asmapnaauaa OH fiyner nepe­
XOnl1TbB 06JIaCTbHeHaCblIUeHHblX paCTBopOB no KpeM­
He3eMY (TO'-IKa B). Do Mepe BbllHlpl1BaHI1H pacrsopa B 
np5lMOTO'IHOHcxeve revneparypa pacrsopa 6y,neT CHH­
)J(aTbC5I, a KOHueHTpaUl15I mHH03eMa noasnuari.ca no 
Mepe npOnBI1)J(eH115I pacrsopa OT xoprryca K xopnycy 
BbITIapHOH 6aTapel1. 

J13 pHC. 3 BH,nHO, '-ITO ecnu IJ naxane npouecca ssma­
pl1BaHI15I paCTBOpHaxo,nHTC5I B MeTaCTa611JIbHOM COCTO­
51HI1l1 , TO npa KOHueHTpaUl111 Al20 3 140 r I,nM 3 ,ilJ151 roro, 
'1T06bI npl1BeCTH cncrevy B paBHOBeCHoe COCT05lHHe no 
KpeMHe3eMy, neooxoznnro aarrpaaars npouecc no JIHHHI1 
A-B-C TO'-IKa CHaXOnI1TC5I ua nepecesemur KpHBOH pac­
TBOpHMOCH I C np5lMot!, napannern.noa OCI1 opnjurar l1 

3OTBe'laIOIUet! KOHueHTpaW1l1 fJIH H03eMa 140 r/,nM . 
TaKHM 06pa 30M, npouecc BbIIlapl1BaHI1S1 BeneTCSI B 
06JIaCTH xenacsnueaxux pacrsopos no xpesmeaexry 
(06JIaCTb ABC), 'ITO HCKJIIO'IaeT 06pa30BaHHe allIOMO­
Cl1JIHKaTHOH HaKHnH na J:<:Hn5lTI1JIbHHKaX BbITIapHblX 
armaparos. 

Tlpu CHH)J(eHI1H 'rexmeparypsr alllOMI1HaTHOro pac­
rsopa (CM. pnc. 1) paCTBOpl1MOCTb KpeMHe3eMa nOBbT­
waeTCSI, '-ITO TaK)J(e cnoccticrsyer paCWHpeHl1IO 06JIaCTH 
aenacuureansrx paCTBopOB npu np5IMOTO'IHOH cxeve 

asmapaaauas. 
B npaxruxe 06eCKpeMHI1BaHHSI 60JIbWOe 3Ha'I eHHe 

HMeer BpeWI, 3aTpa'II1BaeMOe aa O'-IHCTKy paCTBopOB OT 
xpexoreaexca. l.J.eM OHO MeHbwe, TeM ssnue CKOpOCTb 
06eCKpeMHl1BaHHSI paCTBOpOB. CymeCTBeHHOe BJII1S1HHe 
na CKOpOCTb OKa3bIBalOTTaKHe diaxropsr, KaK TeMnepa­
rypa, pacxon H npnpona 3aTpaBKI1, ee yaensna» rrosepx­
HOCTb. 
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)lmiTeJJbHOCTb sunepxxa aJIIOMI1HaTHOrO pacrsopa 

rrepen Bbm apl1Bal-ineM OnpeneJUIeTCH KI1Henl'!eCKI1MI1 
OC06eHHOCTHMH npouecca 0 6eCKpeMHHBaHH5I aJIIOMI1­

HaTH bIX paCTBopOB. 3 a 2-3 '! cncr eva npn6JIH)I(aeTC5I 

K paBHOBeCHIO, H 3TOT npouecc B OCHODHOM 3aKaWIH Ba­

eTC5I [7, 8]. Hcxons H3 sr o r o, ue JIeC006pa3Ho n pHIDITb 
spesrst Bblnep)K](H pa crsopa nepen Bbm apl1BaHHeM 2 '-I. 

TaKHM o6pa30M , np5IMOTO'IH a5I cxesra BbmapHB aHHJI 

51BJJ5IeTC5I 06ocHOBaHH0I1 C ¢>113I1KO-Xl1MH'!ecKHx n03H­
UI1I1 11 ocecne-rnnaer npenorspaurenae o6pa30BaHI151 

CI1JI I1KaTHOI1 HaKHnl1 n a rennocoaeunux nOBepXHOCT5IX 
KI1nHTl1JIbHI1KOB asmapu srx an rrapar os. 

OnHOH 113 np06JJeM peannaauua TaKOH CXeMbI 5lBJUI­
eTC5I npenaaparem.nua u arpea I1CXOJlHOrO pacrsopa H 

Tessneoetvpe, °C 
110 ,·- - - - ---- - ---- - - ---, 

100 

90
 

80
 

70
 

60
 

50 70 90 110 130 150 

Pa cTBopVlMOCTbAI20 3, rlAW 

PHC. 4.	 3aBHcHMoCTb pacTBopHMOCTH rJIHH03eMa B aJllOMllH aTHblX 
pacrsopax OTr evnepar ypu npn U K = 1,5 

b Pilc. 5. Ycoaepurencr uonanuau annaparypuo-rexnonorusecxaa cxesra 
BbmapJ-lBaHHll BbICOKOKpeMHflCToro amoxuuraruoro pacrsop a: 

r I, II 
0, I , 
C ­

ij 

I. 

B 

11 

>1 

11 

'C 

\{ 

B 

o 
y 

151 °C 0 

V ­ xopnyca ssmapaux armapar oa ; 
6 - n ono r peaar enu CMeW J-lBaHJ-l Sl ; 

caaoucnapurenn 

96 °C 8TOPVl ~HbIM 

nap 

Oxnesauuoiue» 
BOAa 

YnapeHHblM 
06eCKp eMHeHHbiM 
p acTBop 

105 °C 

69 °C 

AAIOMVlHaTHbiM 
pec reop 
nocne 
BbI~ena~VlBaHVlfI 

54 103 °C 114 °C 3147 0C 

KOHAeHca T 
Ha rexnonorw-ecene 
Hy)/(,ljbl 
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asinepxxa ero npn BbI COKOH rev rteparype. 06bIl.JHO B IT03TOMY resmeparyp a 10 5 -c npunrrra B Kal.JeCTBe TeM­

aurrapiurx 6aTape5IX paCTBOp aarpesaior B peKYITepaTI1B­ rteparypsi «xperucoro» pacrsopa na asrxone 113 ssmapaoa 
HblX TenJI o 0 6 MeHH I1KaX BTOP H l.J HbIM rrapoxr xopnycos fiarapen. UPYfl1MH CllOBaMI1, 0611aCTb aenacsnnenasrx 

J asrnapasrx armaparos .	 paCTBopOB npa KOHueHTpaUl111 rnunoaeua 140 r / .nM 

B paCCMaTpl1BaeMOM crryxae TaKa51 opraHl1 3aUI151 onpenenena TeMrrepaTYPOH ssnue 100 -c . IT03TOMY B npo­
aa rpes a pacrsopa npnsena 6bI K I1HTeHCI1BHOMY sapac­ .IJYKUI1OHHOM xoprryce ITplffi5ITO arvocdiepnoe naaneaae. B 
TaHl110 TenJIo06MeHHOH arm aparypst 11, KaK CJIe.nCTBl1e, 3TI1X ycnosnax revneparypa xanenas pacrsopa C y'-IeTOM 

K BbIB O.ny ee 1133 KCflJIyaTa UI1I1. B CB5I311 C 3TI1M npe,D,JIO­ ¢113I1Ko-XI1MWlecKoH rejarreparypuojt nenpeccmr pasna 
xena OpraH113aUH5I Te rr JIo 0 6 M e Ha C I1CrrOJIb30BaHI1eM 105 ° C . 

TeflJIo06MeHHI1KOB CMeUIHBa H I15l. ITPI1 TaKOH opraaasa­ Peanl13aUI1 51 .na H H oH TeXHOllOrl111 BblTI a p l1Ba H I151 

UI1H TeflJIo06MeHa ssmanenae OTllOlKeHI1H na CTeHKax BbICOKOKpeMHI1CTbIX anJOMI1HaTHblX pacrsopos B noJIY­

COOTBeTCTBYlO meH armaparypu He srmser Ha ero I1HTeH ­ npOMblWJ1eHHbIX 11 nposn.nnnennux YCllOBI151X ( p HC. 5) 

CI1BHOCTb , 11 3KCnJIyaTaUI151 TaKI1X TerrJIo06MeHHI1KOB rrOKa33J1a OTCyTCTBl1e Bbl.nelleHI151 CHJ1HKaTHOH naxuna, 
6y.neT YCTOHl.JI1BOH B r evenue ,D,JII1TeJIbHOrO BpeMeHH . a raxxe pacr aopen ne panee BblITaBW eH HaKHnH na 

ITPI1 aarpese I1CXO.nHOro BblCOKOKpeMHI1CTOrO 3J11O­ rennooonen nux nOBepXHO CT5IX ssmapusrx armaparon 
MI1HaTHoro pacrsopa B Terrllo06MeHHI1KaX CMeweHllil B [9,10] . 
rrp5lMOTO'1H0j:"! cxeue nunapaaanns npnsener K HeKOTO ­ 3 TI1 Ha6mo.neHllil C0 3.n3J1H OCHOBy np n paapaoorxe 
povy pa36aBJIeHI11O ncxonnoro pacrsopa KOH.neHcaTOM cxeMbl Bbmapl1BaHH51. 3.necb pexosreanyercs nepecsnne­
BO.D,5lHOrOnapa, l.JTO rrOJIO:JKl1TeJIbHO OTpa3HTC5I na rJIY611 ­ Hl1e no fACH CHH MaT b nyrest BbI.nep .lKKH 3J1IOMI1H aTHO­

He 06eCKpeMHI1BaHI1 51. 3TOT 3¢¢eKT rrp05lBJI5IeTC5I B ro pacrsopa nepen ssmapaaanuesc. Pac cvorpennaa B 

CB51 311 C YMeHbllIeHl1eM paCTBopHMOCTI1 KpeMHe3eMa npa crarse yCTaHo BKa MOlKeT 6bITb HCnOllh30BaHa B TeXHOllO­

YMeHbllIeHHH KOH u eHTpaUl1Y1 anlOMI1HaTHOro pacrsopa fI1H Bbmap l1Ba H H5I .n1l51 nOBbIWeHI151 3HepreTI1l.JeCKOH 

(CM. pHC. 2). 3¢¢eKTI1BHOCTI1 n poue cca nepepaoorxa 3J1IOMI1H aTHO­

Tevrreparvpy rpeiouier o napa, no crynaiourero B nep­ ro pacr sopa. TaK, B 3 TOH y CTaHoBKe B03MO )l(HO COBMe­

BbI H xoprryc ssrrtapnoii yCTaHOBKI1, npl1HI1MaIOT, HCXO.n51 urenne nporrecco n 06eCKpeMHI1BaHH5I 11 BbmapHBaHH51 

113TeXH I1KO-3K OHOMWlec KI1X C0 0 6 p 3)l(eHI1IT, 11OH a oosr-r­ B TeX HOllOfl1 H nepepaoorxn BblCOKOKpeMHI1CToro 3J11O­

HO Haxo.nI1TC5I B 06JIaCTH 150-160 -c . 3Ta lKe 06JIaCTb MHHHeBoro csipsa. Mo.lKHO npa H 3110)l(eHHOM noaxone 
r exr rrepary p onpenenaerca raxxe H3 3aBI1CI1MOCTH xpesr­ npn yrrapaaanna KpeMHHHco.nep)l(amHX 3J1IOMHHaTHblX 

aenoro MO.nYJI51 pacrsopa OT KOHueHTpaUl111 B HeM rJIH­ p aCTBopOB nOBblCI1Tb rrp0113Bo.nI1TellbHOCTb nsnrapnoa 
H03eMa ( CM. PI1C. 3). C H H)I( eH l1e p aCTBOp l1MOCTI1 xpexi­ yCTaHoBKI1I1 CHH 3HTb y.neJIbHbrH pacxon napa. T aKa51 B03­

He3eMa ,D,JI5I n pOMblWJ1eHHbIX 3J1IOMI1H aTHbIX paCTBopOB MO)l(HOCTb OTKpbIBaeTC51 BCJIe.nCTBHe nOBbIWeHI151 K03¢­

npOI1Cxo.nI1T B nurepnane resmeparyp 100-180 -c . epl1Ul1eHTa rerrnonepena-ra B xoprr ycax surrapnux anna­
Texrneparypa pacrsopa nOCJIe nocneaaero sunap­ p aTOB . 

noro armapara rrp5lMOTOl.JHOH ssmapnon fiarapen (B npo­ I13JIO)l(eHHbIe TeXHOJIOfl1l.JeCKl1e npnauansr OpraHI1­

.nYKUI10HHOM xopnyce) onpe.neJI5IeTC51 H3 pe3YJIbTaTOB 3a UHI1 npouecca MOfyT 6bITb HCrrOJIb30BaH bl ,D,JI5I ssm a­
I1CCJIe.nOBaHI151 3a BHCH MOCTI1 paCTBOpl1MOCTH rJII1H03e ­ pHBaHH5I HJlI1 narpesa npyrax paCTBopOB C conepxanae x 
Ma B 3J1IOMI1HaTHbl X pacrsopax or revneparvpst B CHCTe ­ COJIe H , I1MeJOml1X 06paTH yJO revneparypnyro p aCTBO­

Me N a20 - A 120 J - H 20 (pHC . 4) . Ha npe.ncTaBJIeHHOH PI1MOCTb. 

3aBI1CI1MOCTI1 06JIaCTb aeaacuurenasrx 
no A 120J pacrsopou Haxo.nI1TC5I ssnue 
Kpl1BOH p aCTBOpI1M OCTH, a nep ecsnuen ­ BI1BJII10fPA<I>I1QECKIU1: C IlI1COK 
HblX paCTBOpO B - Hl1)1(e 3TOH KpI1BOH ; 
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Abstract 
Based on ex pe riment abo ut vaporization of high s ilica aluminate 
liquors th e va po riza t io n o f so lu t io ns with reverse sc ale fo rm ative 
sa lts te m pera ture sol ub ility was in vestigat ed . It is es ta blishe d th at 
so lub ility o f silic a is in direct depende nce with a lum ina te liquor 
co nce n tration . If aluminate liquor o n an input in th e first case o f 
th e evapo rating battery is in a met astable c ond it ion in p rocess of 
va po rizat ion it will pass in a rea of nonsa turated so lut ions by silic a . 
According to resea rch results of the vapori zati on real iza ti on 
techniq ue a t conc e n tra tio n o f ment ioned above salt s in a so lut io n 
re spons ible fo r th e unsatu rat ed condi tio n area of re ve rse scale 
formative sa lts is offered . In process o f vapo riza tion of liqu or in 
th e direct-flow sc he me the tempe rature o f liqu or will decr ease 
a nd conce n tra tio n of a lu mi na to ra ise in p ro cess of p romoti on of 
liquo r from th e case to th e case o f th e eva p o ra ting batte ry. T hese 
va poriza tio n conditio ns all o ws to avo id fo rma t io n of sa lts sca le 
on heat exc hange surfaces . T he o rga n iza tio n of he at exc hange 
wi th use of mixture he at exchan ge r is offe red. At su ch heat 
exchange lo ss o f adjourn me n t on wa ll s of hea t e xc ha nge 
eq u ipments d oes not in flue nce in te nsity of heat excha nge a nd 
o pe ra t ion suc h heat exc ha nge r will be steady for a long time . At 
heating of init ia l high siliceo us a lu mi nate liqu o r in mi xt ur e heat 
exc ha nger in the direct -fl ow scheme o f vapo rization willicad to 
the some d ilu tio n o f in it ial liqu o r by co nde nsa te of wa ter vap o r 

that will po sit ively be reflected in de pth of de silicati on . This effect
 
is shown in con nec tio n wi th reducti on o f so lubili ty of silica at
 
reduction of a lum ina te liquor concent ra tion.
 
Key words: vaporization, desilicat ion , aluminat e liquo r, sca le ,
 
so d iu m hydroalumosil ic at e , solubility, a lum ina .
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BKHli1ra X CIi1CTeMa TIi131i1pOBa Hbi CBeAeHli1 il 06 aTOMHOM 

CTp Oe HIi1 Ii1 , cP1i13 1i14eCKIi1X, XIi1MIi14eCKIi1X, MeXaHIi1 4eCK Ii1X 

c s o acraax 3Jle Me HTOB I-VIII r p yn n nepli10AIi14eCKO VI 

CIi1CTe Mb l B Wli1pOKOM Ii1 HTe p BaJle rer-meparyp, a TaKIKe 

npli1BeAeHbl OCHOBHb le Aa HHbie 06 Ii1CTOp li11i1 o rxp u r u » 

3JleMeHTOB, Ii1X pacnp OCTp aH eHH OCTIi1, 06beMe npoas­

BOACTBa Ii1 Te XHIi14e CKOM Ii1CnOJlb30 BaHIi1Ii1. 

A Jlil Ii1 HIKeHepHO-TeXHWJeCKIi1X p a60TH Ii1KOB Ii1 c n e u u ­

aJl Ii1CTOB Me TaJlJly p r li1 4ecKoVl, Mawli1HoCTpo li1TeJlbHo Vl, 

npaoo p o crponrernsu oa, a Bli1al..\li1o HHo Vl,XIi1 MIi14eCKOVi Ii1 

APyrli1x o r pacn e n npOMbIWJleHHOCTIi1. 
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