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oN XI1MJ1lIECKA5I TIEPEPAEOTKA )J,PEBECI1HbI 
o 
H 

Y)J,K 667. 662.271 :553.6 12(088.)8 C 

n 

A.A. Kouuccapeueoe, T.JI. Jlytcanuua C 

Ci-Ilerepoyprcxna rocynapcrsesusui Te XHOllOnIlJ eCKHH yHHBepcHTeT K 

pacrrrrensa six rrO JIHMepOB n 
C' 

KO~IIfCCapeH KOB A"eKCeH Anexceennu ponu nc n B 1945 L , OKOH4 11J1 B 1968 L Jlenuurpancxaii 
TCXHOJlOrH4eCKll ii lIHCTlJTyr IIMeHlI Jlencosera , KaHJ\lIJ\aT XlI MlI 4eCKlIX HaY!', J\CKaH XlIM lIKO­
TeXHOJlOrll'ICCKoro <jJaKyJlbTeTa, npodieccop Ka¢ eLlpbI aHaJ1l1TlI'leCKOH XlIMHlI C v-Ilerep­
6yprcKoro rocyaapcrne nuoro TeXHOJlOn14eCKoro ynunepc ur era pacr ur ern.uux nonu v epo n. Tl 
H MeeT fi onee 160 ne-ramux pa60T D o6J1 acTlI CHHTC3a II lI CJ1 0Jlb 30B alll l ~ COp6CHTOB, TeXHOJlO­

IIrllH npOll 3BOJ\CTBa UCJlJlKJJl03bl, 6y MarH 11 xapr oua . 
E- mai l: kom- aa@ yandex .ru ~y 

M 

T I Jl yxaunna Tan.s ua J[bBoDHa OKOH4 l1JJa B 1981 L J[eHHHrpaJ\cKlIH TeXHOJlOrH 4eCKHH lIHCTlITYT 

liGn , KaHJ\HJ\aT XlIMH4eCKHX aayx, zroucnr Ka¢enpbl ofiuteii ueop r auuuecx oti XIIMHH er 
Ci-Ilerepoyp rcx orc rocynapcrneu noro TeXHOJlOn14eCKoro ynusep curer a pac'n rre ns uux no ­
JlI1MepOB, HM ecr 60Jlee 90 nesarusrx pa60T, TOM 4l1CJle 60Jlee 30 D 06J1aCTlI KOMnJlCKCHOii 
Xl1Ml14eCKOH nepepaoor xa np eaecuuu . [i
E-ma i l : tat -Jukan in a@ yande x .ru K, 

,QI 
M3YQEHME IIPOQECCA MO,UM<1>MQMPOBAHMJI 0, 
KAOJIMHA MOHAMM AJIIOMMHIUI 

lil 

JII 
Ilpencrasnensr pesynsraru c Op 6 UHOHHOr O MO,lll1qHlUHpoBaHI1 ~ xaonnna HOHaMH aJl1OMII­

HH~ B l\eJ1~X ero oT6eJlKH ,llJl ~ nansueiiurero rrpHMeHeHHH B tcasrecrae HarrOJlH HTeJl5L 
ill 

Kntoueeue cnoea: COp6l\HOHHOe MO,llWpHl\HpOBaHHe, Ka OJl 11 H, 110HbI a Jl IQM I1H I1 ~ , KOMnJleK­ 0 1 

K,coofipasosanue. 
tI, 

TeXHOJIOrl151 113rOTOBJIeHlUl 6yMarl1 BKJIlOyaeT npastenenne HanOJIHHT eJlCH, 

xcropue ofiecne-nmaior eM He06xo,D)1Mble nncaene-rarnue CBOI1CTBa 11 yneiuesns­ 5:1) 

lOT npozryxumo. Tpazuruaomn.r« HanOJIHI1TeJIeM B 6yMa))(HOM np0I13Bo,nCTBe JlBJlJI· 3C 

eTC 51 npl1po,nHbll1 KaOJII1H AbSi20S(OH)4 (COCTaB: A1 203 - 39,50; Si02 - 46,54 ; H20 lil 

- 13,96 % Mac.) , npe,nCTaBJI51lOlUl1l1 c 0 6 0 i1 'romconrrcnepcnyro rJII1HI1CTYlO nopony, M 

conepacauiyro npuaecn, OCHOBHble 113 KOTOpblX - coe,nI1HeHI151 KaJIbliHJI , r l1,npOKCII­ CC 

,nbl 11 cyJIbqm,nbl xceneaa 11 THTaHa, CHI1))(alOlUHe 6eJII13Hy nponyxra, a TaK))(e opra­ 're 
HH'leCKl1e BelUeCTBa [3]. G 

,UJI5I OT,neJIeHI151 He:lK eJIaTeJIbHhlX npHMecei1 I1JII1 nepesona oxpanreuaux A 
<pOpM »ceneaa B BOCCTaHOBJIeHHylO <pOpM y I1CnOJIb3YlOT <pl13l1lJeCKl1e ( c e,QHMeHTa- C1 

0, 
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H XHMHKO­


Cv-Ilerep­
oruuiepon. 
, TCXHOJIO· 

III1CTIIT)'T 

)ii XHMI1H 

u.uux no­
IIl neK CHOH 

nHHa 110HaMI1 aJlIOMI1­

aanonsurena . 

aJlKlMHHI15l, KOMDJIeK­

:Hl1e HanOJIHI1TeneH, 

)HCTBa 11 yneuresns­
np0I13BO,D,CTBe 5l.Bn51.­

); Si02 - 46,54; H20 
-JlliHI1CTYIO nopony, 
{ aJJbl\I15I, rl1,D,pOKCI1­

vxra, a TaK)J{e opra­

:BO,lJ,a oxpamenasrx 
eCKI1e (ce,D,I1MeHTa­
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l\IUI , uearpatpynrposanae, MarHI1THa51. cenapauna, q)JJOTaUI10HHa51. 0411cTKa, CeJIeK­

TIiBHa51. <pJIOKyJI51.UI151., TepMWleCKa51. 06pa60TKa) 11 XI1MI14eCKI1e MeTO,D,bI (KI1CJIOTHa51., 

OKI1CJllneJIbHa51. 11nl1 BOCCTaHOBI1TenbHa51. 06pa60TKa KaOnI1Ha). CYI.J..J,HOCTb TaKOH 

o6pa60TKI1 COCTOI1T B ,D,eCrpyKTypl1pyIOI.J..J,eM ,D,eHCTBI1I1 pearearos, KOr,D,a ,D,eJIaMI1­

HlipOBaHHbIH KaOJII1H, 4aCTI1UbI KOTOpOrO B onpenenennoii CTeneHI1 pa3,D,eJIeHbI no 

cnaHHOCTI1, 5l.Bn51.eTC5I fione e peaKUI10HHOCnoc06HbIM B npoueccax BbI,D,eneHI151. 

npl1MeCHbIX BeI.J..J,eCTB 11 3 COCTaBa xaonnaa I1nl1 rrepesona npl1MeCI1 »cenesa B BOC­

CTaHoBneHHyIO <POPMY. 

B p51.,D,e pa60T noxasaaa B03MO)l(HOCTb nOJIY4eHI151. aJJ.IOMI1Hl1eBbIX <pOPM 

xaonnaa, B 4aCTHOCTI1 , nyren ero 06pa60TKI1 COn51.MI1 an IOMI1H 1151. Ilpn 3TOM aa 
nOBepXHOCTI1 KaOJ1l1Ha OCa)l(,D,aeTC51. fI1,D,pOKCI1,D, aJJ.IOMHHI151. [2J , KOTOpbIH xa-re­
CTBeHHO H3MeH51.eT xapaKTepl1CTI1KI1 cycneH31111 xaonnaa. 

KaOnl1H 5l.Bn51.eTC51. Cna60KI1CnOTHbIM KaTI10H006MeHHbIM BemeCTBOM, O,D,Ha­

KO 113-3a OTCyTCTBI151. nOpl1CTOH crpyxrypsi ero 06MeHHa51. eMKOCTb, CB51.3aHHa51. 

'ronsxo C ,D,I1CnepCHOCTbIO, )l,n51. nanfionee pacnpocrpaneansrx 06pa3UOB C COBep­

uiennoii KPI1CTaJJ.JII14eCKOH CTpyKTypOH He npeasnuaer 0,5 MMonbll 00 r [5]. Do­

3TOMy aapnairr nonoofineanoro B3aI1MO,D,eHCTBI151. KaOnI1Ha C COe,D,I1HeHI151.MI1 aJJ.IO­

MI1H1151, npe,D,JIO)l(eHHbII1 B pafiorax [1, 2J He MO)KeT paCCMarpl1BaTbC51. KaK 3<p<peK­

TI1BHbIH C T04KI1 3peHI151. 06pa30BaHI151. ero Al-<pOPMbI 113-3a HI13KOH COp6UI10HHOH 

eMKOCTI1, ocooenno, B KI1CJIbIX cpeziax. 
MO,D,I1<pI1Ul1pOBaHl1e xaonnna nOnl10KCI1KaTI10Harv1l1 aJJ.IOMI1HI151. 

3
[Al 130 4(OH)2S(I-bO)sJ + npn CO,D,ep)l(aHI1I1 I1X B pacrsope, npeauuraioruev eMKOCTb 

KaTI10HHOrO 06MeHa KaOJII1Ha no 110HaM KaJJ.bUI151. B 12 pas, n03BOnl1nO YBenl1411Tb 

,D,onIO l1oHoo6MeHHO-3aMeI.J..J,eHHbIX 110HOB aJJ.IOMI1HI151. B COCTaBe «aonnna ,D,O 

0,69 MMOJIb/r. Ilpn 3TOM npoacxoznmo 113MeHeHI1e 3neKTpOKI1HeTI14eCKOro nOTeH­

UI1aJJ.a nOBepXHOCTI1 ,D,O +40 MB, 4TO rpaacdropvnpyer aJJ.IOMI1Hl1eBYIO <pOpMy xao­
nnaa B copfienr ,D,JI51. nornOlUeHI151. <pynbBoKl1cnoT [4]. 

B ,D,aHHOH paoore npennaraerca HOBbIH sapnarrr oT6enKI1 xaornma, COCT051.­

lUl1l1 B nOKpbITI1I1 ero nOBepXHOCTI1 COe,D,I1HeHI151.MI1 aJJ.IOMI1HI151. MeTO,D,OM coptiun­
oanoro MO,D,I1<pI1Ul1pOBaHI151. [8J, KOTOpbll1 ofiecne-mn 6bl He06xo,D,I1MYIO 6enl13Hy 

xaonnaa sa C4eT normoii 3KpaHI1pOBKI1 nceii nOBepXHOCTI1 rnnnacroro MaT~pl1aJJ.a 

4aCTI1UaMI1 rnnparnpoaanaoro aJJ.IOMOCI1nI1KaTa. 

COp6UI1IO 110HOB aJJ.IOMI1HI15I na xaonnae npOBO,D,I1J111 B CTaTI14eCKI1X ycnoan­
5l.X . B Ka4eCTBe pearenra I1CnOnb30RaJJ.11 AI 2(S0 4h , a B Ka4eCTBe KOMnneKcoo6pa­

soaareneii - 0,5 M cynb<p0caJJ.I1Ul1noBYIO xucnory 11 0 ,10 11 0,25 M paCTBOpbI rrm­
uepnna npn KOHueHTpaUl111 cynsrpara anIOMI1HI151. 0 ,127 11 0,025 Monbln 11 rl1,D,po­

MO,D,yne 100 11 25 COOTBeTCTBeHHO. BpeM5I B3aI1MO,D,eHCTBlliI xaonnaa C paCTBOpOM 

corm aJJ.IOMI1HI151. B npncyrcrana cynb<p0caJJ.I1UI1nOBOH KI1CnOTbI npn KOMHaTHoH 

resmeparype COCTaBn51.nO 1 CYT, npn 95 "C - 4 4 npn I1CnOnb30BaHI1I1 rnauepnaa . 
CI1HTe3 A 1-<pOPMbI kaonnna ocymecransnn TaK)I(e npn B3aI1MO,D,eI1CTBI1I1 pacrsopa 
AlCl3 B 6e3BO,D,HOM rmmepnue npn revneparype 180 "C, BpeMeHI1 B3aI1MO,D,el1­

CTBI151. 30 MI1H 11 MO,D,yne 50 . KOHueHTpaUI151. 110HOB aJJ.IOMI1HI151. COCTaBJI51.na 

0,200 Monbln . 
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c- IUJ.
PaCTBOpbl nOCJIe coptiuna .L(eKaHTI1­

' tH, l l, l . . .. 

pOBaJIl1, B HI1X onpe.L(eJI5lJII1 conepacaane -I, \l \ tu . l hH 
7 

110HOB aJIlOMI1HI15l (np5lMbIM TI1TpOBaHl1eM 

C nl1pl1.L(I1JI-a30-Ha¢TOJIOM [7]), KpeMHeBoH 

KI1CJIOTbl [6J 11 )KeCTKOCTI1 [7J. 
Ha pnc, 1 npencrasnenu nannsre no 

COp6UHl1 (cozrepacanmo) 110HOB aJIlOMI1HI15l 

113 paCTBopa CYJIb¢OCaJII1UI1JIOBOH KHCJIO­
3 

Tbl KaOnl1HOM B 3aBl1Cl1MOCTl1 OT pH cpezrsr 
C napannensnsm onpenenennev paCTBO­ 1 •... 
PI1MOCTI1 OCHOBHblX KOMnOHeHTOB TBep.L(OH 

¢a3bJ. 3Tl1 nannsre CBI1.L(eTeJIbCTBylOT 0 I II pIT 

CJIO)KHOM MeXaHl13Me B3aI1MO.L(eHCTBI15l 

PHC. 1. 3aBI1CHMOCTb COp6UHII A IIOHOB110HOB aJIlOMI1HI15l C KaOJII1HOM. 
aJIIOMHHH5I KaOJlHHOM (1) II KOHUeHTpa­

IToKa3aTeJIb pH paCTBOpOB nOCJIe 
UHH C KpeMHeBoH KJ1CJlOTbI (2) H

KOHTaKTa C KaOJII1HOM yxrem.uraerca, YTO 
HOHOB )I(eCTKOCTII (3) OT pH

CB5l3aHO C KaTl10H006MeHHblM MeXaHI13­

MOM B3aHMO.L(eHCTBI15l, B03MO)KHOH .L(eCTpyKUl1eH MaKpOpa.L(I1KaJIa aJIlOMOCI1JII1KaTa 

11 Bbl.L(eJIeHl1eM B paCTBOp KpeMHeBOH KI1CJIOTbl 11 110HOB )KeCTKOCTI1. 

MaKCI1MaJIbHOe CO.L(ep)KaHl1e 110HOB )KeCTKOCTI1 B pacrsope, pasnoe 

7,8'10-3 
MOJIb/JI, cOOTBeTCTByeT eMKOCTI1 copoenra 0,78 MMOJIb/r KaOJII1Ha, 6JIl13KOH 

K nOJIyqeHHoH B paoore [8]. 
ECJII1 npnnarr, BO BHI1MaHl1e 06MeHHblH MeXaHl13M B3aI1MO.L(eHCTBI15l H3 

pac-iera ooniero cO.L(ep)KaHI15l 110HOB )KeCTKOCTH B pacrsope, 3KBl1BaJIeHTHOro 

COp6l1pOBaHHblM KaOJIHHOM 110HaM aJIlOM11HI15l, TO, KaK noxaasisaror pac-rersr, 
.L(on5l l1oHo06MeHHoro BKJIa.L(a B 06mYlO eMKOCTb KaOJII1Ha COCTaBJI5leT 

5,5 ... 11,5%. 
YMeHbWeHl1e paCTBOpl1MOCTI1 KaOJII1Ha (pnc. 1, xpnsaa 3) no HOHaM )KeCT­

KOCTI1 C YBeJIl1yeHl1eM pH npI1BO.L(I1T K CHI1)KeHl1lO copfiuna no 110HaM aJIlOMI1HI15l, 

YTO CB5l3aHO C 110HHblM 06MeHoM. O.L(HOBpeMeHHo C pOCTOM pH Ha6JIlO.L(aeTC5l yse­

JIl1yeHl1e CTeneHI1 3aKOMnJIeKCOBaHHOCTl1 110HOB aJIlOMI1HI15l B CYJIb¢OCaJII1Ul1JIaT­

HblX pacrsopax, '-ITO .L(OnOJIHI1TeJIbHO CHI1)KaeT cop6Ul10HHylO eMKOCTb KaOJII1Ha. 

CO.L(ep)KaHHe KpeMHeBOH KI1CJIOTbl B pacrsope 06paTHO nponOpUl10HaJIbHO 

CO.L(ep)f(3Hl1lO COp6l1pOBaHHblX TBep.L(OH ¢a30H 110HOB aJIlOMI1HI15l, YTO MO)KeT 6blTb 

CB5l3aHO C yaacrnev Kpell1HeBOH KHCJIOTbl B peaKUl111 C 110HaMl1 aJIlOMI1HI15l 11 ofipa­

30BaHl1eM aJIlOMOCI1JIHKaTHblX CTPYKTyp, HeCMOTp5l na HH3KYlO creneas 110Hl13aUl111 

KI1CJIOTbl B KI1CJIOH cpene. TaKI1M 06pa30M, B3aI1MO.L(eHCTBl1e 110HOB aJIlOMI1HI15l C 

KaOJII1HOM MO)KeT 6blTb 06yCJIOBJIeHO 06MeHOM 110HOB )KeCTKOCTI1 aa 110Hbl amo­

MHHI15l. 

Kpove roro, OTMeyeHO OCa)K.L(eHl1e aJIlOMI1HI15l sa ever 06pa30BaHI15l MaJJO­

paCTBOpl1MblX rl1.L(p0aJIlOMOCI1JII1KaTOB na nOBepXHOCTH KaOJII1Ha. 3TOT nponecc 

COCTaBJI5leT OCHOBHylO .L(OJIlO COp6UHOHHOH eMKOCTI1 KaOJII1Ha 11 06yCJIOBJIeH pac­

TBOPI1MOCTblO ero KpeMHe3eMHOH YaCTH. 
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PI1C. 2. I13MeHeHl1e 6eJJfj 

OT conepzcaana A HOHC 

rsepnori ¢a3 

B npouecce HaKOIL 

JIl13Ha KaOJIHHa (pHC. 2). 
.L(ep)KaHI1I1 110HOB aJJlOMIIt 

KI1HeTHKa copriino 

CI1MaJIbHOH COp6UHH (pH 

.L(eHCTBI15l. Ha nepsov 3T 

B3aI1MO.L(eHCTBl1e Me)K):(Y 

OCa)K.L(eHH5l rH.L(poaJJIOMOC 

L(ocTaTOYHO BbICOK 

CJIOBJIeHa aerropncroii Cl 

KaOJII1Ha. Hanpasrep, B r 
aJIlOMHHI15l L\OCTHraeTC51 

HJII1 6JIH3KOe K HeMY CO)] 

HeBOH KI1CJIOTbI, YTO rrpc 
.L(aJIbHeHWeM npouecc oce 
aJIlOMOCI1JII1KaTa. 

06blYHO KaOJII1H B 

CO.L(ep)KHT 40 ... 50 % SiO 

aa Si02 MaKCHMaJJbHa51 

eMKOCTb KaOJIHHa, CB5!3aH 

)f{.L(eHHeM xpeuaeseaa 11 

aJIlOMOCI1JII1KaTHblX crpy 
6blTb 7... 8 MMOJIb/r. B 
eMKOCTb, .L(OCTHrHyTa5l sa 
COCTaBI1JIa 70 ... 80 % OT I 

KOCTH. BJIH5lHHe KOMflJIeK 

na COp6UHlO 110HOB aJIlOMI 

JleHO .L(aHHbIMH no MO):(I 

KaOJII1Ha BO.L(HbIMH paCTBOj 

aJIlOMI1HH5l 11 rnnuepana, 

npo-mue KOMnJIeKCbl C I1C 

HH5l. 
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, I . ". 

HI 

PHC . 2. 113MeHeHHe 6 en l13H bl /l, x a onnna 

or COL\ep)!(aHH~ A HOHOB anlOMHHWI B 

'raepzroii ep33e i 9 

77 1 I I I I 

3 ~ =- I. \1 \ tIl. J!. i l 

I) ~ f\ II III I'll B npouecce HaKOnJIeHI151 110HOB 3JIIOMI1HI151 B TBep):(OJ1 diaae 113MeH5IeTC5I 6e­

Jll13H a KaOJII1Ha (pnc. 2). Cyruecrseunoe 113MeHeHl1e 6eJll13HbI uacrynaer npu co­33BI1CHMOCTb COp6l\HI1 A 110HOB
 
t\ep)f(aHI1I1 HOHOB 3JIIOMHHI151 60Jlee 3 MMOJlb/r KaOJII1Ha.
Hllil K30J1liliOM (1) H KOH l\e HTp3 ­

• Kpe1>1HeBOH KI1Cn OThl (2) H Kl1HeTl1Ka copounn 110HOB aJI IOM I1HI151 KaOJII1HOM (pnc. 3) B ycnosnax MaK­

lOB )J(ecTKOCTI1 (3) OT pH CI1M3JIbHOH copouna ( p H 0,66) noxaausaer, 'iTO Ha6JIIO):(aIOTC51 A Ba arana B3aI1MO­

L\eHC TBI151. Ha nepsora arane (no 10 MI1H KOHTaKTa) ):(OMI1HHpyeT l1oHo06MeHHoe 
:popat\J1KaJIa 3JIIOMOCI1JII1KaTa 

B3aHMo):(eHCTBJ1e Me)f():(y J10HaMJ1 )f(eCTKOCTJ1 11 3JIIOMI1HI151, ):(3JIee J1):(eT npouecc
lB )I{eCTKOCTI1. 

OCa)K):(eHJ151 rH):(p03JIIOMOCJ1Jl11KaTa. 
OCTJ1 B pacrsope, paBHoe 

)J.OCTaTO'-lHO BbICOKa51 CKOpOCTb peaKUI1J1 MO):(l1cPJ1UJ1poBaHH5I KaOJII1Ha 06y ­
'8 MMOJIblr KaO JII1Ha, 6JII13KOii 

CJlOBneHa nenopncroii CTpyKTypOH 11 OTHOCI1TenbHO BblCOKOH paCTBOpJ1MOCTblO 

xaonuna . Hanpnnep, B nepssre MJ1HYTbI KOHTaKTa xaonnna C paCTBopOM corm 
~ a H I13M B3aI1Mo):(ellcTBI151 113 

3JIIOMI1HI1H ):(OCTl1raeTCH pasaoeecaoe 
pacrsope, 3KBI1B3JIeHTHoro 

C ' HI'''.
 
KaK nOKa3blBalOT pac-ierj.r, .... \10. 11. 1. 1
 

HeBOI1 KHCJlOTbI, '-ITO npenonpenenaer B . J, '1 'IlI.II J .
 

I1JlI1 6nH3Koe K HeMy conepacanne xpev­

)CTb KaOJIIm a COCTaBJI5IeT 
):(3JI b He ilw eM npouecc OCa)f():(eHJ1H r nztpo­

II 
3JIIOMOCHn Hxara. 

Kpl1B aH 3) no 110HaM »cecr­ 706bI'-lHO KaOJlHH B CBoeM COCTaBe 
)6l.\1111 no 110HaM 3JI IOM I1HI15I, 

conepzorr 40 .. .50 % Si02. B nepec-rere (i 2 
)CTOM pH Ha6JIIO):(aeTC5I y s e­ -Hfl Si02 MaKCJ1M3JIbHaH nOTeHUI13JIbHa51 
vlHHI1H B cYJIbcPocaJIl1ul1JIaT­ 5 

eMKOCTb xaomura, CBH3aHHaH C nepeoca­
)HHylO eMKOCTb KaOJII1Ha. 

)f():(eHJ1eM KpeMHe3eMal1 06pa30BaHl1eM ~ 

06paTHo nponopUl10H3JIbHO 
3JIIOMOCJ1Jl11KaTHblX crpyxryp, zronaora 

IJ1IOMI1HI151, 'iTO MO)f(eT 6bITb .1 

6bITb 7.. .8 MMOJIb/r. B aaurexi cnysae,
110HaMl1 aJIIOMI1HI151 11 06pa­

eMKOCTb, L\OCTJ1rHYTa51 sa 1 CYT KOHTaKTa, 2 
1J13KylO crenein, 110HI13aul111 

COCTaBl1na 70 .. .80 % OT B03MO)f<HOH eM­
HCTBl1e 110HOB 3JIIOMI1HI151 C 

KOCTl1 . BJlI151HJ1e KOMnneKco06pa30BaHJ151 (I I 
: )I{eCTKOCTJ1 n a 110HbI 3JIfO­

2a a cop6uJ11O HOHOB 3JIIOMHHJ1H npencras­

n eno L\aHHblMI1 no MO):(J1cPI1UJ1pOBaHHIOsa cser 06pa30BaHI151 M3JIO­
Ka OJIJ1Ha BOL\HblMI1 paCTBOpaMI1 cynsrpara PI1C. 3. KI1HeTI1K a B3 3 I1M o.ueHCTBI1Il 

'11 KaOJlI1Ha. 3TOT npouecc 
3JIIOMJ1HI1~ 11 r mutep n n a, oopasyiouiero 110HOB 3J110MI1HIUI C K30n l1HOM 113 

aonnaa 11 06yCJIOBJIeH pac­ cyn b epOC3J111l\ l1n 3THhlX p 3CTBOpOB (CM. npo-msre KOMnneKCbI C J10HaMI1 3JI IOM I1­
0603H3'-l e H I1~ H3 pHC. 1)HH5I. 

J ~I-l 
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-' 
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. \ B pe3ynbTaTe B3aHMoneMcTBHH C» II I • 
HOHOB afllOMHHHH C KaOfll1HOM B yxa­ \10. 11.'" 

. I , '1\11..... I " 

3a HHbIX ycnoans x ofipasyerca A 1­
15 (1 

epopMa xaonnna, conepacautaa B COCTaBe 

TBepnoH epa3bI 1,5 MMonb Al ]+/ r xaonn ­
1.25 

na, Ysenasenne COn epMaHI1H rnauepa ­
na	 B pacrsope, a r aioxe pH pacrsopa 

l.Ull
npHBOnH K YMeHbweHHIO conepxcanna 
CB0 6 0 ,LLHbIX HOHOB afl IOM l1Hl1H aa C4 eT 

n OBbI W e H l1H crenean 3a KOM nJIe KCOBa H­

HOCTl1 . TIPl1 3TOM CHl1MaeTCH COp 6UHH 

l10HOB afl IOM HHl1H (puc. 4) . B n a HHOM 

cnysae aafimonaerca aHTH6aTHaH 3aBl1­

CHMOCTb MeMn y copfiuneii HOHOB arno­
n . ~ :; '--_ ---..l._ _ ..L-_ _ L....:=--'-_~ MHHHH H KOHueHTpaUHeH coneii MeCT­

2 II It) pl l 
KOCTl1 . 

COp6UHoHHoe MonHepl1UHpOBa­ PHC. 4. 3a BI1CI1MOCTb napaverpos A (l , 
HHe KaOJIl1Ha HOHaMH MeTaflnOB C nepe­ 2) 11 C (3, 4) npn copfiuun H3 0,10 M 
BonOM er o B COOTBeTc TBylOll.(ylO epOPMY , (! , 3) H 0,25 M (2, 4) pacrsopos 
aepoaruo, CBH3aHO C nornouieanea rrra uepuua OT pH 

caofioznn,rx neacconanposannux H He­

3a KOM n n e KCOBa HHbl X HOHOB MeTaflna. Yaenn-reane crenean CBH3bIBaHHH l10HOB­

MonHqlHKaTopoB CHHMaeT COp6UHIO H nossnnaer 6 eJIl1 3H y norry-iarouieroc a 

nponyxra. 
Cr enens 3a KOM n n e KCOBa HHOCTH HOHOB MeTaflJIOB MOMHO KOHTPonHpoBaTb, 

nozroapaa KOMnJIeKC006p a30BaTeJIb C onpenenemrsrva c BOMCTB a M H H KOHueHTpa­

UHeH, a TaKMe H3MeHHH pH pacrsopa, KOTOpblH ooecne-maaer cooTBeTcTBYIOLUYJO 

nl1CCOUHaUHIO KOMnJIeKC006pa30BaTeJIH H nepenon KOMnJIeKCHblX c o en n n e n n i! B 

nOJIHHnepHylO epOPM Y · 

)lonOJIHHTeJIbHbIM epaKTopoM, cnocoricrayiouma H3MeHeHHIO K03epepHUHeH­

ra aCCOUH aUl1H MOHOB, HBJIHeTCH nO,LL60p cpensi C COOTBeTCTBylOLUeH nl-13JIeKTPH4e­

CKOH nponauaeaocrsio . )lJIH H3Y4eHHH B0 3M OM HOCTH y CKopeHHH npouecca MOnH­

epHUHpOBaHl1H KaOJIHHa C uern.io nOJI)TqHTb ero A l-diopvy copomno npOBOnHJIH H3 

6e3BonHblx paCTBOpOB AICI ] B rnnuepane npn TeMnepaType 180 °C. 
Ilpouecc MonHepl1UHpOBaHHH oCYLUeCTBJIHJIl1 B CTaTl14eCKHX yCJIOBHHX : 

HaBeCKa x aornma - 2 r , 06'beM pacrsopa Al CI ] B rnnuepuue - 100 CM] . B CBH3H C 

TeM, 4TO KaOJIHH HBJI5leTCH CJIa60KHCJIOTHblM KaTHOHl1TOM, nJIH YBeJIl14eHl1H ero 

eMKOCTH B rnnuepnue B paCTBOpbJ n 0 6aBJIHJIH KOH B KOJIH4eCTBe 0,5 . . .2,0 r. 
Bpeva B3aHMoneHCTBH5l - 0,5 4 . 

Ha pHC. 5 npnaenena JIHHeHHaH 3a BHCHM OCTb COp 6UHH HOHOB aflIOMHHl1H 

KaOJIHHOM H3 HeBOnHbIX paCTBOpOB OT KOHueHTpaUl1H rHnpOKCHn-HOHOB Cow . B 
Te4eHHe 30 MHH npa Cow = 8,9. 10-2 M COp6Ul1H npeasnnaer 5 MMOJIb/r copoeirra, 

npn Cow = 0,36 M oaa n OCT Hr a eT 9 MMOJIb/r KaO JIHHa aa TO Me BpeMH, 4TO COOT­
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PI1C. 5. 3 aBHcHM OCTb copfi ui 
an fOMHHH5I KaOJHlHOM 113 

rnauepn na OT KOHL\eHTpa L\ 

ureno-m 

BeTcTByeT n paKTH4eCKH TIC 

KaOnHHa. 

Iloasnueunas CKOPO( 

rHnpaTaUHH B paC TBope f Ii 

pOKCHn-l1OHOB, n eCTpYKTl1f 

nOnOJIHl-1TeJIbHOe KOnW-IeCT 

TIo cpasnemno C HCX 

nnaa YBenH4HnaCb aa 6 % I 

1. Meronov cop 6 u 

HOHaMH afllOMI1HHH H3 BOA 

snepaue non y-ienu 06p33U 

BaHHblX HOHOB aJIIOMHHH51 I 

na 6 % no cpaBHeHl110 C l1C) 

2. YCTaHO BJIeHO, 4TO 

06pa 30BaTeJIeH, BKJIfOyaI 

nponaHTPMOJI, HBJI51eTC51 CJI 

r ann a , pH, L\l13JIe KTpHyeCKI 

BalOT BbIllOJIHeHHe yCJIOBl1i 

TOB KaflbUHH H MafHI151 aa 

K a OJIHHa . )laHHoe 5lBJIeHI1e 

H Bblnem1BWHXCH B pacrsoj 
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h 8	 III JIll 

CI1M OCTb napaaerpos A (l , 
t) npn COp6UI1H 113 0,10 M 
,25 M (2, 4) paCTBOpOB 

'JJI1 11ep I1Ha OT pH 

leHI1 CB5I3bIBaHI151 110HOB­

em13HY nOJ1YlJaIOIUerOc5I 

MO)f(HO KOHTpOJIHpOBaTb, 

BOHCTBaMI1 11 KOHueHTpa­

I1BaeT cOOTBeTcTBYlOIUylO 

IlJ1eKCHbIX coe.uI1HeHI1H B 

13MeHeHHIO K03cjlcjlHUl1eH­

rCTBYIOLUeH .u113JleKTpWle­

KopeHI151 npouecca MO.ul1­

y copfiumo npOBo.uHJII1 113 

ype 180-c 
CTaTl1lJeCKHX YCJIOBI151X: 

lI1He - 100 CM
3

. B CB5I311 C 

OM, }:(Jl5I YBeJlI14eHH5I ero 

: KOJll1lJeCTBe 0,5 ... 2,0 r. 

'p6ul1l1 110HOB aJIIOMI1Hl151 

l1}:(pOKCI1}:(-HOHOB Cow. B 
raer 5 MMOJ1b/r copfienra, 

a TO )f(e BpeM5I, 4TO COOT­
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PH C. 5. 3aBHCI1MOCTb copfiunn 110HOB 

anlOMI1HHll KaOnl1HOM 113 pacrsopa """"c'';t
rnauepnua	 OT KOHueHTpaUl1l1 C OW 

LUenOYI1 
5 I I I I 

(l.IlS 11. 1s 0,25 CUll ' ' l 'lO.IIJ . 1 

BeTcTByeT nparcnrxecxn nOJlHOMY npespauieamo KpeMHeBOH KI1CJ10Tbl B COCTaBe 

KaOJlI1Ha. 

DOBblweHHa51 CKOpOCTb COp6U1111 HOHOB amOMI1HI151 CB5I3aHa C OTCYTCTBl1eM 

rJ1.upaTaU)1I1 B pacrsope rnauepnna, a TaK)Ke onpezreneuauv conepxcamreu run­
pOKCH.u-HOHOB, .ueCTpyKTHpyIOIUHX xaonnn l1 BOBJleKaIOIUJ1X BO B3al1Mo.ueHCTBHe 

.uonOJlHJ1TeJlbHOe KOJlWleCTBO copfiapyesiux HOHOB aJIIOMl1HI151 [8]. 
Do cpaBHeHl110 C I1CXO.uHbIM ofipasuon 6eJll13Ha nony-ieanux oopasnoa xao­

JlI1Ha YBeJIl14I1JIaCb Ha 6 % J1 COCTaBl1JIa 83 %. 

Bb1800bl 

1. Meroztore COp6Ul10HHOrO Mo.ul1qmUl1pOBaHI151 rexnnsecxoro KaOJIJ1Ha 

l10HaMl1 aJIIOMl1Hl151 l13 BO.uHbIX 11 HeBo.uHbIX paCTBopOB KOMnJleKC006pa30BaTeJleH 

snepasre nOJIY4eHbl 06pa3UbI ero Al-diopnsr, conepxcaume no 9 MMOJIb COp6UHpO­

BaHHblX l10HOB aJIIOMJ1HH5I aa 1 r KaOJlI1Ha, 'ITO yBeJlI1'1l1BaeT 6eJll13Hy HanOJlHI1TeJl5l 

aa 6 % no cpaBHeHl110 C I1CXO.uHbIM ofipaanoxr. 
2. YCTaHOBJIeHO, 4TO copfiuns 110HOB aJIIOMl1HI151 l13 pacrsopos KOMnJIeKCO­

06pa30BaTeJIeH, BKJII04alOIUI1X CyJIbcjlOCaJIHUl1JIOBylO KI1CJIOTY H 1,2,3­
nponarrrpnon, 51BJI5IeTC5I CJlO)KHOH cjlyHKUHeH CTeneHH 3aKOMnJleKCOBaHHOCTI1 Me­

TaJIJIa, pH, .u113JIeKTpH4ecKOH nponauaenocra cpensr. 3TH napanerpu 06ecne411­

BalOT BbInOJlHeHl1e yCJIOBHH OCa)K.ueHH5I 110HOB aJIIOMHHI151 B BI1.ue aJIIOMOCI1JlI1Ka­

TOB KaJIbUH5I 11 MarHI151 aa I1CXO.uHOH, nOCT05lHHO 06HOBJI5IIOIUeHC5I rrOBepxHOCTH 

KaOJlIiHa. L!:aHHoe 51BJleHl1e npOI1Cxo.uI1T aa C4eT paCTBOpeHH5I KpeMHe3eMHOH lJaCTI1 

H BbI.ueJIHBillI1XC5l B paCTBOp COJleH )KeCTKOCTI1. 
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Stud y of the Modification of Kaolin by Aluminum Ions 

The paper presents the results of sorption modification of kaolin by aluminum ions for its 
bleaching in order to use it as a filler. 
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