


M ET B3A VlMODE~CTB Vl $l 
30Jl T3 C C PACTBOPAMVl 

XJl 0 PVlDA KAJl Vl $l 

MccneAOBOHO 30MMOAeiiCTBHe 30n KapOrOHAMHCKOrO 

KaM9HHOrO yrnt MMpwo-6opOAMHCKOrO 6yporo yrnll 

CpaCTBOpaMH KCI p03nMltHOii KOHqeHTpaqMH. OnHCOHO 

I(HHeTMKO npoqecco UOMMOAeiiCTBHI MynoHoBneHO 

30 MCHMOCT ero xapaKTepMCTHK OT KOHqeHTpaqHH conH. 

BeA9HHe 

30 JI0 l1 Ha3bIBa lOT n e c r opa routy ro Ml1HepaJIb

nyro '-IaCTb raepziux Bl1,UOB TOrrJI H Ba : y rJIel1 , 

roprpa, CJIaHueB; p a3 JIH '-IaIOT JIeTy'-IylO 30JIy 

(30JIy -yHOC, fly as h) H IUJIaK (30JIy -UIJIaK) . 

K a K JIeTy'-Ia5I 3 0 JIa , TaK H IUJIaK OTHO C5ITC5I K 

xareropna OTXO,UOB, xoropsre MO)KHO H 3a'-IaC

ryro BblrO,UHO YTH.7IH3Hp OB a Tb , HCrrOJIb3Y5I B 

rr pOH3BO,UCTBe CTpOHTeJIbH bl X MaTepHaJIOB, KaK 

cNpbe ,UJIR H3BJIe'-IeHH5I pe,UKHX 3JIeMeHTOB 

( r epMa H H5I, raJIJIl15I, CKaH,UH5I, l1TTPH5I), ,UJI5I 

3arrOJIHeHl15I oTpa60TaH Hbl X IUaXT l1 T. ,U. [1 -5]. 

Y CTaH OBJIeH O, B TOM '-Il1CJIe H B pe3YJIbTaTe 

pa6OT, rrpOBO,Ul1BllIHXC5I B JIa6 0 p aTOp l1H HOHHO

ro 06MeHa C I16fY [ 6 -8] , '-ITO 30JIbl cn ocoriau 
nornouiars l1 ynepzcaaars l10Hbl T5I)KeJIbIX 

MeTaJIJIOB : pryrn, Ka,UMH5I , CBI1Hua l1 T. ,U., npn 

ortpenenenaux yCJIOBHRX - l10HOB Ha Tpl1 5I [ 9 ]. 

I1pl1 '-Il1 l1aMl1 nepn srx ,UByX npo u ec c o s MOrJIH 

6 bITb l10 HHbII1 0 6 MeH , He0 6MeHH a5I cop6U:H5I, 

ocaxcnenae B Bl1,Ue MaJI OpaCTBopHMbl X coennne

HHI1 ; B cny-rae H3BJIe'-Ie H H5I HaTp H5I MorJIH 

H MeTb MeCTO HOHH bl 11 06MeH HJIH He0 6 M eH Ha5I 

COp6 UH5I . 

Ouemca n p ezut o .na r a en u x H OH o 0 6 M e H H bl x 

CBOI1CTB 30JI HeB03MO)KHa 6e3 H 3Y'-IeHH5I B3al1 

~lO,UeH cTB HR 30JI C pacrnopaem 3JIeKTpOJIHTOB. 

MOTepHOnlt1 14 MeTOA I HCCneAO aHHIl 

06 b eKTaM H HCCJIe,Uo BaH HI1 5IBJI5IJIH Cb 30JIa 

KOHueHTpaTa Kaparanznmcxoro KaMeHHO

ro yrJIR, CO)J()J(eHHo r o B 1995 r. na T 3 U-1 

(r. AnMa-ATa, Ka3axCTaH, ztanee - K3-1) , H 30JIa 

Hpnra-50P0,Ul1HCKOrO 6ypor o y rJI5I ( Kancxo
A '-IHHCKHH yrOJIbHblH 6acceHH), rrOJIy'-IeHHa5I B 

M.A. CHHllKOBO*, 

noueurKo<pe.nPbl 
<p113I1yeCKOH XI1MI1I1 

XI1Ml1yeCKoro 
<poKynbTeTo, 

rOY sno 
COHKT-neTep6yprcKI1H 

rocy.nopcTseHHblH 
YHl1sepCI1TeT(cn6ry) 

M.K. n pYAHHKOB, 

MorI1CTpOHT, 
ro y sno 

COHKT-lleTep6yprcKI1H 
rocy.nopcTseHHblH 

YHl1sepcl1 TeTICn6ry) 
nPOH3BO,UHJIHCb HCCJIe,UOBaHH5I ¢paKUI101-HWro 

H p earreaorpasoaoro COCTa BOB 30JI (marin. 2)':- " 
Y1x OCHOBHblMI1 K OMrrOH e HTaMH ,IBJI5IIOTC5I 

x s ap u 11 aJIIO MOCH.7IlIKaTbl , B MeHbIIIHX KOJIl1

'-IeCTB aX n p n c y r c r a y ro r OKCH,Ubl H CHJI l1K aT bl 

)KeJIe3a, KaJIbUl15I H T. ,U. 50JIbIIIHHCTBO 3TH X 

Be meCTB 06JIa,Ua1OT CBOH CTBaMH aeo prannvec 

K l1X HO Ho06MeHHHKOB. Moxc no orsrerars, 'ITO 

n pn ¢pa K1I H OlmpOBall l1 l1 OCHOB Ha5I xacrs 

« p e,UKHX » , HeOCHOBHbIX KOMnOHe HTOB 3 0 JIbI 

CocpC/XOTa'-I l1BaeTC5I B calvIOH KpymIOH rp pax

U1m; 31'0 rr O,UTBep)J(,UaeT CR ,Ua)J(e pe3YJIbTaTaMH 

nnayansnoro Ha6 JIIo ,Ue m 15I. Hanporne, MCJlb

'-Ia llIIIa5I ¢paKUl15I He OTJIl1'lae TC5I pa3I-I006p a3 H

eM COCTa Ba . 

I1pH KOH Ta KTe ooeax 30 JI C BO,UOH rrpOHCXO,U l1T 

rrOBblIIIeHHe pH - ,U]J5I cycneasn 11 K 3-1 ,UO 8 ,80, 

,U]J5I cycneaamr Y15 3 zro 1 2 ,0 2 (KoIIueI-ITpaU:!;;'1 

TBep,UoH ¢a3bl B 060l1x C.JIy'-Ia5IX 5 r /.7I ) [8]. 
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tu: ,,1/<(1 t 
Peayrrsr aru XHMIFleCKor o aHaJIH3a 30 JI , Macc. % 

:30Jla Na20 MgO AI 203 Si02 K20 CaO Ti02 Fe203 C O 2 S03 

K 3 - 1 0 ,60 1,56 27,4 55 ,5 1,56 4 ,9 1,2 5 ,87 1,21 0,12 

HI33 0,41 7, 82 8, 8 36,3 0,1 33.5 0 ,41 11,77 0,21 0 ,80 

3 0Jla 
.N~ (l>paK

I(HIt 

Paaxrcpu 
y:aCTJ1I(, MM 

lloJl}l 
(llp aKI~HII, % 

OCH013lIbIe KOMIIOlICHTbl (rro l (,HIHbIM peurrcnorpaaosoro aII aJIH3a) 

1 2 3 4 5 

1 0,84<d 3 
Si02 (c-xsapu), AI2SiOS, Si02 (o.-KpHCT06aJIIH) , 

(Cao.o4Mgo,4JFe0 ,4s)Si03 (nnreox m ) , aMoP<PHa5I rpaaa . 

K 3-1 
2 0.1 <d<0,84 89 

Si02 (u-xsapu), AI2SiOS, avoprpa aa <pa3a, Fe203 (rewar trr), 
F e304' 

:~ d <O ,l 8 Si02 (o-knapn). AI 2SiOS, aMop <pHa5I rpasa. 

1 0,84<d 2 
Si02 (u- xaapu) , 0.- F e203, Fe304, o.-C a2Si04, x Si 0 2 ( l -x ) x Al203 

(x = 0,15 ; He KpJ1CTaJIJII1y:eCKI1li). 

I1G3 
2 0,1 <d<0,84 23 

Si02 (u- xs apu) , o.-F e203, Fe304, o.-C a2Si04, x Si02 (l-x) x Al20 3 
(x = 0,1 5 , AI2SiOs. 

3 d<O,l 75 Si02 (o-xnapu) , o.-C a2Si04, o.-F e203, Fe 30 .1' 

Tc16. /uu,a 2 
Kpar xoe onncanne <ppaKUJ1H 

B axcnepnvearax ncn om.aonanncr, pacrnopu 
KC l C KOHUCI-ITpaUHeH 0,01, 0,05 J1 0 ,1 MOJIb/ JI. 

]-IaBecKH 30JI bi (0,5 r) 3aJIHBaJIH COOTBeTcTBy lO

IUHMH pacrnopava (no 50 MJI); rrepHOnW-IeCICH 

113:\l ep5IJIH p H cycne ua n ii. LJepe3 onpeneneu 
nsre npOMe)KyTKH BpcMeHH OTn eJI5IJIH r nepztyro 
(pa3y 01' )KJ1nKoli. 3 0 JIy nOCJIe KOHTaKTa BbICY

llUlUaJIYI H orrpeneJI5IJII1 H3MeHeHI1e ee MaCCbI; B 

<pl1JIbTpaTe onpeneJI5IJIH KOHueHTpaUHIO K+ H B 

nexoropstx CJIy Y:a5IX ztpyra x HOHOB. B Tey:eHl1e 

nepuozta B3aHMOn dicTBI1>I IIpOH3BOnHJIC51 KOHT

POJIb UeJIWIYIHbl pH cycne ns nn. 

e3Y IaTaTW II X 06cyqeHlle 

MCCJIe,llOBaHH5I KIIH eTl IKI1 B3aI1MOneH CTBH5I 

30 J1b1 K3-1 C paCTBOp aMH xnopnzta KaJIH5I 

nOKa3aJIH, Y:TO 3aBHO IMOCTJ1 pH cycnen
3HI1 01' BpeMeHI1 KOHTaKTa I1MelOT CXO)KHI''! BlI n 

- CHaY:aJIa p H B03paCTaeT, 3aTeM CHH)KaeTC5I 11, 

HaKOHeu, cTa6I1JIH3l1pyeTC5I (pu c. 1 A). Xapax
rep 113MeHeHI15I BeJIHY:J1Hbl pH 01' Bp eMeI-IYl B 

cyc nenanax VIE3 B u eJIOMananorn-ren - CHa<Ia

JIa OHa B03paCTaeT, rrOCJIe 6 CYT ICO HTaKTa C pac
TBOpOM K Cl ziocrnraer MaKcHMyM a H 3aTeM 

CHI1)KaeTC51 ; B 0,1 M pacrsope COJII1 CHH)KeHHe 

He3Ha'-IYITeJIbHOe, B 0 ,0 1 M - 6 0 JIee pesxoe 
(puc. 2 A). Vpc sem, pH B cyc nena a sx K3-1 

6 JI1I3 0K K HellTpaJIbHoMY, 13 cycrreH3I15IX I1E3 

pe aKUII5I cpezrsr CHJIbHOIUeJIOY:Ha5I. 

Maccu HaBeCOK K3-1 B 0,05 11 0,1 M pacrsopax 
YBeJII-IY: I-IBaIOTC5i rro OTHOIlIeHHIO K acxoznroa, 
n p Hy:eM YBeJII1Y:HBaIOTC5i TeM aasrernee, y:eM 

60JIbille KOHueHTpaUH51 COJUI; B 0,01 M pacrsope 
Macca 30JIbl cnasana Melibwe J1CXOnHOlI, rrOTOM 

60JIbWe (puc. 1 E). 3a13HCHMOCTH Am 01' sp esre

HI1 nJI5i sc ex KOHueHTpaUI1l1 B u eJIOlVI On HOTI1II 

HbI. Maccsi HaBeCOK I1E3 rrpn B3aHlVIo,QellcTBHH 

C 0,1 M pacrnopov xno p uzta ICaJIH5I CHaY:aJIa 

YMeHbWaIOTC5I, 3aTeM, -repes 13 cyr. A m ,QOCTl1r a

er MHHI1MYMa, a noaxe Macca HaBeCKI1 CTaHO

BHTC5I HeCKOJIbKO 60JlbWe HCXO,QHOH. B oo.nee 

pa36 aBJIeHHOM 0,01 M pacrsope H3MeHe HHe 

KmO'leBble cnOBO: 

neTY4 a~ sono, 
Me TOnn bl, 

YfO HHblH o 6 Me H 

M.A. C~H71KOBa l>1 AP. / / BODA: Xli1MlI171li13KOJlOr li1 71 N22, $eBpanb 2012 r . c. 87-91 
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PIlC . I . 113M e l-i e m UI 3Ha'-leHH }[ pH (A) , xracc 
HaBeCOK (E) H K OH u et ITp aUHII HOHOB K + (B) B 

epH.1IbTpaTax npn KOHTaI<Te 30JI bi K3- 1 C 0 ,01 M 
([) , 0, 0 5 M (2) H 0 , 1 M ( 3) p aCTBOpaMH KCl. ~ 

Ma CCbI aesna-nrr ensuo, '-lyTb 6 0JIee norpeinnoc
TH onpene.nenn a; TaK »ce, KaK H B np ezru nyiuea 
cny xae, MaCChI lIa BeCOK rr o OTHOllIeHHIO K HCXO.u

Hbi M cnaxana YMe HblliaIOTC5I, a 3aTeM y BeJIH '-lH 

BaIOTC51 , HO 3TO rrpOHCXOWH ITJlaBHO, 6e3 Ha6 JIIO

lJ:aBUler OC51 panee iVIHHHMyIvi a (puc. 2 E). 
TI PH on peneneuan K OHueHTpaUHI1 HO HOB K+ B 

cj)llJIbTpa Ta x 6 hlJI 0 YCTaH ORlle HO , CITO B 0 ,01 II 

0 ,05 M pacr nopax K Cl nOCJIe KOHTaKTa C K3-1 

paaunua M eiKlJ:Y paaaosecuoit H I1CXOlJ:HOt'I KOH 

uerrr pauaeii KaJIH51 rrO.1IOiKH TeJIbHa, r. e. HO Hbi 

MeTaJIJIOB nepexonar I13 3 0JIbI B paCT BOp , HO 

7,7 

7,6 

7,5 

7,4 

7,3 

7,2 

7,1 

I 7,0 
Q. 

6,9 

6,8 

6,7 

6,6 

6,5 

6,4 
p aBHOBeCHa51 KOHueHTpaUH51 H, CJIe.uOBaTeJIhHO, 1--,---.-----,,---,--,---,--.,--.-----,---.-----r-..--r---, 
~C co sp estenexi YMeHbWa eT C5I. B 0 ,1 M pacr
sope ~C OTpHu aTeJIbHa, T. e . I IO Hbl xamor MllrpH

PYIOT I13 pacr sopa B sony, HO paBHOBeCHa51 KOH

uenr pauna K + B cj:JHJIbTpaTaX np n y Be.nIl '-leH HH 

Bp eMeHH KOHTan a yBeml'-lHBa eTC5I (puc. 1 B) . 
TI PH KOHTaKTe 0, 01 l\{ pacr sopa XJIOp HlJ:a KaJI H5I C 

1153 rr pOHCXOlJ:HT YBeJIlI '-leH He COlJ:ep)KaHH5I 

KaJI H 51 B pacr s ope, rrpH'-l eM 3aBHCH M OCTb HOCH T 

3K c Tp e M a.ll bH bIH xapaxrep ( c MHHH M y M OM 

rrOCJIe 13 CYT B3aHMo.uet'ICTBH51). B oonee KOH 

ueirr pn poaanns rx 0 ,1 M p acrsopax paanosec

Ha 5I K OH u e w rpaUH51 HO HO B KaJIH5l M e lIbUle 

HCXOlJ:HO} I ; rrO CJIe 13 CYT K OHTaKTa Ha6 JIIOlJ:a eT

0 1 M HHH MyM (puc . 2 B) . 
T a KuM 06pa30M, .uJI5l ocen x 30JI n p n B3aH MO 

lJ:eticTBH H C p acruopasnr OTHOCYITeJIbHO HH3KHX 

KOHueHTpaU1ll1 Ha6JIIOlJ:aeTC5I nepexozt llO HOB 

KaJIH5I H3 30JIhi B pacTBo p, a npn K OHTa KTe C 

60.ll e e KO H u e HTp HpoBaH H bIMH paCTBo p a M H 

0,04 

0,Q3 

0,02 

E 
0,01<l 

0,00 

-0,01 

o 5 10 15 20 25 30 

B p e MH KOHTaKTa , CyrKL-1 

6 

F1 o 
-----------. 

~. 
--- -~--- - ---- ------- ----- - -~~~~~. _-------~ -

•
/ ' yMeHbweHL-le Ma CCbl 

-0,02 +--....---.----.-----,--,------,----,-----,-----,----,06p aT Hbl t'1 npouecc. 
5 10 15 20 25 30B cj:J HJIbTp aTa x rr OCJIe xoirraxra C H E 3 onpezie


JI5IJIH TaK iKC KOHueHTp a Ul1H HOHOB H aTpH51 , BpeMfl KOHTa KTa. cyrKL-l
 

KaJIb UH 5I H xce.neaa. COlJ:e p )KaH He 3Tl1X KaTl10 


HOB npaxr trvecxa He 3aBH CHT OT BpeMeHH KOH 
 B 
Ta I<Ta, HO 3a MeTHO 3aBHCl1 T OT l1CXOlJ:H o t'I KO H  0,025 

- - - -e- - - - - - - ••ueirrpainur K Cl : B cj:J HJIbT p a TaX, rrO JIy'-l eHHbIX 
0,020 

rr OCJIe B3 aH MOlJ:et'ICTBI151 C 30JIOH 0,01 M pacrso 


pa , KOHl\CH T p a UHH Na" H Ca2+ Ha XOlJ:51TC51 na 0,0 15 yseJ1W·jeHL-le KOHLjeH TpaL.jL-lL-l
 --1 
ypo s n e 10-1 ~I O JIb/JI, B cj:JH JIbT p aTaX H OCJIe B3a - e - 2 

0,010l1Mo.ue t'l c TBH5I l1E 3 C 0,1 M paCTB OpOM K Cl OH H 3tJ
lola n opa .ro « nsnue. K OIfnCIiTpa UH 5I HO HO B 0,005 
»ce.neaa BO a c e x CJIyqa51 x 6 b lJI a MeHee 1 x 10-4 

c:; 
MO.1Jh / JI (p uc. 2 n. 

-§ 
0 - ----------------- - - - - - -_._ - =-=-=-=~:-:-=-:::-=-::-:~~~=-= -. --0,000 - - - - - - - - - ~ -- 
::E 

c.5 -0 ,005<J 

3a IOlfeHlle -0,010 

n
 -0,0 15

OJI Y Qe H H hl e p e a y n sra'r s r n 0 3 BOJI5IIOT
 

npeJ!IT0 .7l0 iKI1Tb, ' ITO rr p n KOHTa KTe 30 JI C
 -0 ,020 
p a CTB Op a MH KCl rrpOlICXOW1T He CKOJI bKO 

p a 3JIWI Hhi X rr pouec con. Bo-n epserx, 3TO p a c  5 10 15 20 25 30 

rsop eune KOMnOHeH TO B 30 Jl b l , n p e xczie sccro BpeMH, CyrKL-l 
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Puc, 2. I13MeHeIUIH 3 l1a tIeI-I!1 l 1 pH (A), Macc 
12,4 A 

Hao eCOK (E), KOHueH Tp aUJIH HOHOB K+ (B) H 

HOHOB Na+ H C a 2+ B <pHJIbTpa TaX npn KOHTaKTe 

30 JIb[ I113 3 C 0,01 M (1) H 0,1 M (2) pacrnopa 
MH K CI. ~ 

utexo-rnsrx, conponccxnaea oe nO BbI llIeHH eM p H 

B )KH)lKOH cpa s e H n e p exo n ov B tree HOI-roO K +, 

Na" H Ca2+ . BO-OTOp bI X. 3TO HOHHbl rI 0 6MeH, 

npe)lnOJI O)KHTeJI bI-l O HOH OB K +, H311a llaJIbHO 

HaXO)lHB UU1X O T 0 p acrsope, n a H OllbI, HaXO)lH

urueca B 3 0 JIe , Be pOHTHee scero Na " H C a 2+ . 

Ilpor exanu e s r o ro npouecc a )lOJI)KHO n p uso

)lHT b K ysreasuremno « o nuearparnm 0 (lHfJIb

rpare HOHOB KaJ IHH H YBemIlfeHH [O cozrepscamra 
Na" H Ca2+. Teoperuxecxn B03MO:>KHO TaK:>Ke 

06pa30BaI-IHe M aJIOp aCTBo p HJ\l b IX COe)lHHeml11, 

I-IO HCCJIe)lOBaHI-IbIe CHCT eMbl H e CO)lC p :>KaJII1 

HOHOO, crrocotiaux 06p a30BbID aTb MaJIOpaCT

BOp HM b[e cOe)lH H eH H5J C HO HaMH KaJIH5J . 

I [ e0 6 M e HHo e rrornourenne B zra n n o ra cny s ae 

r arose MO:>KHO Cl.JHTaTb MaJI OBep 0 5ITHbI M . 

T aKHM 06p a3 0 M, Ba:>KHellJJlYIO POJIb BO B3aHMO

neiicran u 30 JI C paCTDOpaMH KCl HrpaIOT zrn a 

p a3 HOHan p a BJIe HH bIX npouec ca: pac r sopeune H 

HOHHblll 06MeH . Onu n H3 HHX npa noznrr K y ne

JIHl.JeHH IO KOHueHT paW lH llOHOD K+ B pacrnope 

H Y MeHbllIeH HIO M ac c HaB e CKH ; BTO POH - K 

n p5IMO rrpOH lBOrrOJIO)l<HbI M peaynsraran. 3 TH 

npoueccsi rrpOTe KaIOT BO scex pacrs opax, HO 

IUITeHCHBHOCTb I1 BpeMe HHa5I 3aB I1CH MOCT b HX 

pa3BHTH5I pa3JIHtIHbI I1 onpe.ll eJI5JIOTC51, npexczte 

acero, COCTaBO M KOHKpenlOH 30JIbI H HCXO.ll HOIf 

KOHlleI-lTp aU He H COJIH B KOHKpeTH OM pacrnope, 

JIumepamypa 
1. IlaHTeJIeeB B.r. COCTan H cnoiicrna 30 JI !>I H 

W JIaKa T3C / B.r. IlaHT eJI e e B, 3 .A. JIapHHa, 

B.A. M eJIeHTbeB H zip . JI.: 3 HeproaTOMH 3)laT, 

1985. 288 c. 
2. KH3HJIb W Te HII JI.51 . K OMrr o HeHTbI 30JI H urna

KOB T 3 C / JI.51 . KH 3HJI bWTe l':lH, H.B. ,lly 60B, 

12,2 

12,0 

I 11,8 
a. 

11,6 

11,4 

11,2 

0,010 

0,005 

0,000 

-0,005 

E 
<l 

-0,010 

-0,015 

-0 ,020 

»>:e~/ e 
eI ...---.______e -e-2~ 
e ........----. •

•I• 

• 

e 

0 5 10 15 20 25 

BpeM~ KOHTaKTa, CyrKl<1 

6 
e 

- - - - - - - - - - - - - - - - - - - i1-:"::'::': - '='"'- ~~ ~-~_:a -- - - :':-'=' - - "-'- - -~----r-~-

• 
r=;=1l 

e ~ 

YMeHbWeHl<1e MaCCbl 
e 

5 10 15 20 25 30 

BpeM~ KOHTaKTa , CyrKl<1 

M,A. CI-1H5lKOSO 1-1 no. / / BOD,A: XV1MV1$l V1 3KOnOiV1$l N22, ~eBpanb 2012 r , c. 87-91 

30 



- ---- -- --- - -- - - - - - - - - - - - - - -- - -- - --

0,005 

0,000 

c:;	 -0,005 
J5 a 
::;

c.5 -{),01O 

<J 

-0,015 

-0,020 

2,6 

2,4 

2,2 

2,0 

1,8 

1,6 
.!l 
oS 
c:; 1,4 0 
::;
c.5	 1,2 

1,0 

0,8 

0,6 

0,4 

B 

.i->:"
- . _____________ yBen~YeH~e KOHl..\eHTpa~~ 

- - - - - - - - - - - - - . 

r=;=11
e 
~• 

• YMeHbweH~e KOH l..\eHTpa I..\ ~~ 

5 10 15 20 25 30 

BpeMH KOHTaKTa, cyrK ~ 

r 
" 

.--e.~ - e 
e

- -- 1, Na' 
- . - 1, Ca2 

+ 

2, Na' 

- ,,- 2, Ca2 
+ 

0,2 +--,--------,c-----,------r"'---r---,---,--~-__r"-.,_______, 

5 10 15 20 25 30 

BpeMH KOHTaKTa , cyr K ~ 

A.JI. Illnuurnu a, c.r Ilapana . M .: 3 J-1epro
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INTERACTION OF THERMAL STATION ASH 
AND POTASSIUM CHLORIDESOLUTION 

The inte raction o f the Ka raganda 
coa l ash an d Irsha-Bor o d ino 

bro wn co a l with KCI so lutio ns of 
di ffe rent co nce ntra tions have been 
investigated . The kinetics o f the 

interaction process as well as ey words: fly ash , metals, io n 

d ep end ence be tween its exchange 
char ac ter istics an d sa lt 
co nce ntra tio nhave been descr ibed . 
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