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8 pafiore p aCCl\lO TPeH aonpoc B3aHMO,l:\eHCTBI151 TeXH l1l IeC KHX JIl1f HOCYJIbtP0HaToB C runpa­
THp o BaHHbl M OKCIl,l:\OM aJIIOM HH I151 11 era tPOpMOH, con ep sca uiea aMI1H0 3rr HXJIOprH,l:\p m mylO 

CMOJIy 80,l:\aM I1H- 1 15 . Cop6ul11O rrpOBO,l:\IlJIIl B CTaT H'leCKI1X YCJIOBH5IX npn 113MeH5IlO m I1XC5I 

rrapaMeTPax nposenexua peaxunn ( BpeM5I; pH; KOHueHTPaUH5I JI l1r HocYJIbcP0HaToB; Ma c c a 

copfierrra; ,l:\06 aBKH, cnocofia s re B3aIlMO,l:\eHCTBOBaT b C JlllrHOCYJIbtP 0 HaTaMI1 C 06p33oBaHlleM 

nOmDJIeKTPOJII1THblX KOM rrn e Kc o B) . Ilpouecc copfiuna KOHTpOJIl1p OBaJIl1 no 113MeHeHHIO 3Ha­

lJeHI1H pH, KOH u e HTP aUl111 n llrHOc YJIb tP0 HaToB 11 110 HOB aJIIOM llHH5I tP0TOM eTP HlJeCKI1M 

11 KOMrrJIeKCoH o MeTpl1lJeCKIlM MeTO,l:\aMI1. D OK33 aHo , lJTO JlHf HOCYJIb tP0 HaTbl B3a I1MO,l:\eHcTBYIOT 

C OKCIl,l:\OM aJIIOM llHH5I 11 ero MO,l:\J1(PIlUl1p OBaHHbIMH tPopMaMIl rrpn WHpOKOM Bap bl1p OBaH l111 

yCJIO BHH COp6UHl1 C 0 6 p a30BaHlleM MOH O- 11 nomea onexynspastx cn OCB JIHrHOc y JIb tPo HaToB aa 
nosepxnocra copfiear a. H a npna epe ,l:\06aBOK KaTl10 HHOrO nOJI Il3JIeKTPOJIHTa , cnocofiuoro 06­

p330BbIB aTb rrOJII13JIeKTP OJll1THble KOMI1JleKCbl C nnrnoc ynsdioaar aa a , llOKa3aHO ys erno reaae 
COp6UHOHH blX CBOHCTB OKCI1,l:\a aJIIOMI1HI151, KaK 11 B cnyxae ,l:\06 aB KH COJll1 aJIIOMHHH5I, lJTO yxa­
3bIBaeT na npeaxryurecrao a,l:\cop6UI1I1 mrrn ocynsdioaaroa B COCTa Be KOM []JI eKCa C 1l0HaMl1 

aJIIOM IlHI151 . D OBepxHo cTHbIH cnoii ocascneunoro n arnocynsdi onara nponauae a AfI 51 HOHOB 

aJIIOMI1HI151, 0 6 p33y/omHx c5I npn p acrso p e a a a MaTPI1Ubl Cop 6 CIITa, -rr o 0 6 eClle ' IHBaeT ycn o n ns 

06p330Ba HH5I icowrtnexca C aJI lOMI1HI1CM H era ,l:\aJIbHCHw ero OCa)l():\eIlH5I. 

KJIIOlle6bJe cnoea: nn r nocyn up oaa ru, COp 6 UI151, aKTIlBHblH OKCI1,l:\ aJI IOM HII I151 . 

B6edeHue 

Jla rnocyns tpouarsr TeXHH lle CKl1e (JlCT), HBJI5UICb BT OPWIHblMH npO.D,y KT aMI1 

np0I13BO.D,CTB a nenrnonos u cynb epl1T HblM crtocofion , 06JIa.D,aJOT YHI1KaJIbHb lMI1 

CBOH CTBaMI1 [ I] 11 I1c n o n b3YJOTCH KaK csrpse Hn l1 peareirr sr .D,n 51 psna OTPa CJIe H 

n p OMblillJIe HHOCTI1 ( n JIaCTH epI1KaTOp bl , .D, I1Cnep r aTo pbl, cTa6l1JIl13aTOpbl, CM a lf l1Ba ­

'rena , n OBep XH OCTHO - a KTI1BH bl e .D,0 6 a BKH) [3] , a T aK)Ke n pI1MeH51JOTcH B xa-recrse 
aJI bTepHaTI1BH Or O TOnJII1Ba C onuoapeaeua oii pere uepauaeii pearenroa .D,JI51 n p o­

ue cca .D,eJ1 l1rHl1 ep I1Ka~HH [5]. 

Pea K~110 H H a51 crtocofinocrr, JlCT p aCCMaTp l1Ba eTCH Ka K C TOlfKH 3peH I1H p e ­

r y JlI1p OBa HHH CBOHCTB M HorHX KOMn0311~110H HblX COCTaBOB, pacrsopoa 11 cycneu­
311H pa3JI I1lfHOr O Ha3HalfeHI1H, 06pa30 BaHI1H n onH3n e KT p OJII1THbI X KOM nneKCOB, 

B TOM -nrcne B xaaecrse .uo6 aBKI1 B 6yM a)KHOH M acc e [7], TaK 11 HX COp6 ~ H o H H oro 

y.uaJI e HI1H 113 TeXH OJIOrl1lfe CKH X p a CTBo p OB 11 CTO lfHblX BO.u [8]. 
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JUlTHhIX KOMnJleKCOB, 

>K 11 I1X COp6LJ,l10HHOrO 

]. 

DPH I1CnOJlb30BaHHH KaOJIllHa B p ea KLJ,H5IX B3aHMO,L\eHCTB lUl C flCT aKTI1BHOH 

cPOP1\W H copfietrra MO)l(eT CJlY)l(l1Tb Jlb lOHCOBCKHH KHCJlOTH bIH LJ,eHTP, CB5I3aHHhIH 

C HaJIH4 He M rH,L\pOKCHJla y a1'OMa aJI lO MHHH5I. C Op 6 UHo HHb i e CBo Hc1'Ba TaKOrO cop­

6eH1'a 06YCJlOBJleHbI a1'OM HbIM COOTH o weHHeM A l /S i [ 4 ] , Y BeJlHyeHHe KOTOpOro npu­
BO,L\HT K qlopMHpoBaHHlO u e irr p o s C 1l0HH)I(eHHOH KHCJlOTH OCTblO , a 3aTeM Y4acTKoB 

nOBepXHOCTI1 OKCH,L\a aJI lO M HHH5I (AI20 ) ) , n p05lBJl5l1OI..LI,e if OCHOBHble CBo Hc TBa . Ilpa 
H3MeHeHHH YKa3 a HHOr O COOTHOWeIlH51 Al/S i n YTe M aK1'HBaUHH xaomma C nOJlY4e­

I1HeM aJI lO M HHHH- KaOJlHHH1'a [6] I303H HKae1' c neUHcPHyeCKa51 a,L\COp6LJ,H5I JlHrHHHHhlX 

Be l..lJ,eCTB 1'a KHMH copfierrr aran [8]. 
3a,L\ay a pafioru - OLJ,e HKa Mex aHH3M a B3a HMO,L\eHC1'BH5I flCT C AI20 3 ,L\Jl51 HC­

nOJlb3 0 Ba HH5I: nonysenuux ,L\a HHbIX B IIp a K1'HKe ,L\004HC1'KH BO,L\bl , a 1'aK)I(e 1303­

M O)l(!IOrO HX npHMeHeHH5I B TeXHOJlOrHyeCKH X npoueccax Llbl] . 

3KcnepUMeHmaJlbHaJi uacms 

B 3 KClle p HM e HTe HCIIOJlb 30BaJIH nopOWKOBbIH flCT OAO « BbI60prcKa51 

nenmonosa». O KCH,L\ aJI lO M HHH 5I r oprouoil M apKH A - I nocne passrona, oTMyYHBa­

Hll5l H KJla CCH<pHKaUHH llpHM e H5IJlH B BH ,L\e rpaa yn paaa epon 0,2 . . .0,4 MM. Hasecxa 
A h03 COCTaBJl5lJla 1 ,00 r , 06beM pacrsopa flCT - 5 0 CM ) , np0,L\OJI)I(H1'eJlbHOCTb 

B3aHMO,L\eHCTBH5I - I . . . 24 ,{, 3 Ha ' l eHHe p H BO,L\H hI X pacraopos flCT YC1'aHaBJlHBaJIH 

0 1' 3 , IO ,L\0 1 0 ,05 aa I1pH60pe « p H - 3 4 0 » . 

C Op 6 LJ,H lO flCT llPOBO,L\HJlH B CTaTHy e CKHX YCJlOBH5IX na A I 20 3 MO,L\HcPI1LJ,H­

pOBaI-IHe M aM HH0 3n HXJlOp r H,L\p HIIHOH CM OJlOH 'roproaoii M ap KH BO,L\aMHH-11 5 ( B­

115). O KCH,L\ aJI lOMHHH5I MO,L\H cPHUHP OBaJI H nYTeM 06pa601'KH BO,L\HhIM pacraopov 
B- 1 15 KOH LJ,e H1'p aLJ,I1eH 10 Mr/,L\M) B CTaTH y eCKHX YCJlOBH5IX 13 Te4e HHe 1 4 npH ne­

p eMeUlHBaHHI1 c nOCJle,L\YlOI..LI,eH npOMbIBKOH BO.LI.OH M CYUlKOH ne B03.L1.yxe. 
flMrHOCYJlbcPoHaT hI aHaJl I13HpOBaJI H cPoTOMeTPMyeCKH C HCn OJlb 30 BaHHeM 

peaxr naa <!>OJl HHa- ,n:e HHc a [9]. 
KOH LJ,eHTPa LJ,HlO MOHOB aJIlOM HHH5I B pacr sopax onpenensna n p5lMblM KOMIIJleK­

cO Ho MeTP H4 ec KHM THTPO Ba HH eM co CMewaHHblM HH,L\HKaTOpOM Me,L\b-3,n:TA -DAH 

(mlp I1,L\HJl- a3 0 - HaCp TOJl) HH,L\HKaTOpoM [ 14] , a 1'aK)I( e cP0TOMeTPHyeCKHM M eTO,L\OM C 

HCn OJlb 30 BaHHe M B xa-recrne Kp aCH1'eJl51 CTHJlb6a30 [11 ]. 

K OHLJ,eH1'p aUHlO CM OJlbl 8- 1 15 , HCnOJlb3yel\IOH B xaaecrse MO,L\HepHLJ,HpylO­

utero peareirra, onpenenarm epo 1'OMeTPHyeCKH C npHM eHeHHeM Me,L\HO-303HHOBoro 

KOMIIJle KCa 13 cpene UHTp aTHOr O 6 y epe p a [1 2 ]. 

Oticyocoeuue pesynsmamoe 

BJlH5IHHe p H BO,L\H bIX p a C1'Bo p OB flCT I-1a B3a HMO,L\e HCTBHe C Ah03 H3YYaJI H 

I1p H KOI-lu e l lTp a LJ,HH copfiar a, paBIIoH 12 0 0 Mr/ ,L\M ) , rH,L\POM O,L\YJle 50 B Te4eHHe I Y. 

Ha-rans uu e 3Hay e I-lH5I p H ( p H ,,) paC1'I30pOB flCT H3 M eI-l5lJl HCb 01' 3, 1O,L\0 10,05. 

Ilpn H3Me H5I1OI..IJ,HX C5I 3Ha'W HH 5IX pll, COp 6 LJ, H5I flCT OCTaBaJlaCb rtpaxra-re­
CKH n OCT0 5lHHOH H paa uoii (20 ,0±5 ,O) Mr/r. 3 1'0 0 6 CT05ITeJl hC1'BO MO)l(e1' 6blTh CB5I­

3a HO C 1'e M , 4TO 3 Ha ' IeHH5I pH paa noaecnsrx pacr sopoa (pHp) HaXO,L\HJlHCb B6JlH3H 

HeHTPaJIbHOH 06JIa CT H, sa HCKJl lO ' l e HHe M Kp a HHHx TO yeK 3aBHCHMOC1'I1 (pHC. I). 
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PI1C. 1. H3Me He Hl1e p H p aCTBOp OB ]lCT (Apl-l) npu COp6U11l1 aa HeMOLlI1­

<pI1Ql1pOBaHHo M ( 1) 11 MOLlmpl1 Ql1p OBaHHo M C rt o w o urs to B-1 15 (2) AI203 

no cpaaneamo C Ha4aJlbHblMl1 3Ha 4e H l1HM l1 ( p HH ) 

flHHI151 113Me HeHH 5I p H no H noc ne cop6 l(11 11 (puc.1, JlI1HI151 1) nepecexaer 
aficunccy p HH B TOLJKe, 6 JII13KOH K TOLJKe a ynesoro sapana ( T H 3) A1203, LJTO yxa­
su s aer aa p a3J1HLJHbI H MeXa HYI3M nornourenas nCT copfieirrora. 

COp6l(1151 JfC'I' H3 paCTBOp OB co 3HaLJeHH5IM H pH no TH3 xapa xrepaayercs 
nO,ll,UJ,eJl aLJHB a HHeM p eaKl(H OHHOH cpensi 11, Bep05lTHO , ofiycnoan ena aH110 H0 0 6 ­

M eHHbIMH npoueccasm . C Hl1)J{e HH e 3Ha l IeHI1H pH pacrsopoa flCT 11, COOTBeT­

CTBeHHO e r o xonuea r pauaa np n B3a l1M O,ll,eHCT Bl1H C Ah 0 3 113 UJ,eJlOLJHbIX cpea 
MO)J{eT 6 blTb CB5I3a HO C npoueccow CKpblT OH xoarynaua n n C T [2] a a KOHT aKTH o H 

nosepxuocra . 
Monnrpuunpo aa n nsu! nOJlI1a M I1H OM Ah03, coztepzca uuui 1,9 M r / r co pfierrra 

8-115, np05lBJl5IeT M e H b w y IO aKTl1BHOCTb OTHOC l1TeJ l b H O n C T B 'rex )J{e YCJlO BI151X 

copfiuua, H ecM o TP5I na C0 3,ll,a HHbIe ,ll,OnOJlHI1TeJlbHbIe YCJlOBH5I ,ll,Jl5I B3al1 MO,ll,eH ­

CTBI1 51 flCT C B-115, ofinanarouiero OCHOB HblM H CBoHCT BaMI1. C o p 6uH5I nCT B 

H eHTPaJIbHOH 06J1aCT l1 pl-I, COCTa BJl5IJIa (5,0± 1,5) Mr/r , B Kp a HH Hx TOlIKax 3a B I1Cl1­

MOCTl1 - 15. . . 10 1\1r/r. 
3 Ha LJeH l151 p H p a CTBOpOB no 11 nocne cop tiu nn (Apl-I) 113M e H5IJlH Cb Ta K)J{e 

pa3HOnOJlIOCHO B 3aBl1CHMOCTl1 OT 3H a LJeHl1H p H H' fll1H l151 2 (puc . 1) nepeceicaer 
aficuaccy pHH B 0 6 JIaCT I1, 6 JIH3K OH K T H 3 ):\.fUI Ah03. 3 TO MO)J{eT ykaausars aa 
y-racrne He 3a H5ITOH nOJll1a M l1H OM n OBep XHOCTI1 Ah03 B npouecce copfiua n ncT. 

KaTHO HOaKT HBHb l H nOJIl13JleKTPOJIl1T 8 -1 15 npn ancopfinn« na Ah 0 3 LJaCTHLJHO 

3KpaH HpyeT aKTHBHbIe uenrpu copfieirr a, OTBeTCT BeH Hbl e sa a,ll,COp6UHIO a HH OHOB, LJTO 

51BJl5IeTC5I n p l1'-1l1H OH CHH)J{em rn a6C Om OTH bIX 3Ha' I eHI1H COp 6U110 HH OH eMKOCTI1 6 e3 

H3MeHeH I151 Mexa HH3Ma B3a l1MO,ll,eHCTB l151 copfieara C n C T . AKrHBHbIe tPYH KU I10 HaJIb ­

nsre rpynnu n OJll1a MI1Ha na nOBepXHOCTl1 cop fie irra He B3al1MO,ll,eHCTBYIOT C flCT , Be­

p05lTHO, 113-3a CTepl1LJeCKHX TPY,ll,HOCTeH , Bbl3BaHHblX n JIOCKl1M pacnonoacennesr MOJle­

xyns: na nOBep XHOCTI1. 
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1I1 COp6UHH na lIeMO)J,H­

lU\blO 8-115 (2) AI203 

iHllMH (pHH) 
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ua (TH3) Ah03, 4TO yxa­
eHTOM. 

no TH3 xapaxrepasyercs 
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~BOPO B ]lCT H, COOT BeT­

h0 3 H3 IIJ,eJl04HbIX cpen , 
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KaIllHH 1,9 Mr/r copoeura 
J1CT B 'rex )\(e YCJlO BH5IX 
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:TBaMH . COp6l\H5I ]lC T B 

Kp aHHHx T04Kax 3aBHC H ­

~pH) H3MeH5IJlHCh 'raiose 
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pouecce cop6l\1111 ]JCT. 
p 6 UHH na Ah03 4 aCTH 4 HO 

a~cop6UHIO aHHOHOB, 4TO 

)P6UHOHHOH eM KOCTH 6e3 

\\KTHBHble cPYHKIJ,HOHaJIb­

IMo~eH cTBYIOT C ]lCT, Be­

1M pacnonoxenaea M OJl e ­

ISSN 0536 -1036. HBY3. «Jl ecnon "'ypHaJI». 2015. N~ 6 

B TO »ce BpeM5I B CJlY4ae a,lJ.COp6 l\HI1 ]lCT u a M O,lJ.HCpHUH p OBa H HOH nosepx­

JlOCT H Ah03 MoryT UpOTeKaTb peax unn KOMnJle KC006pa30Ba HH5I ]lCT C nosepx­
JlOCTHh l M 1I0 JlI13 J1e KTPOJlHTOM ,lJ.0 n OJlI13J1e KTPOJl HTH Or O KOMn JleK Ca [15] sa C4eT 

xoo uepar umu,rx B3aHMO,lJ.eHCTBH H. 

T aKHM 0 6 pa30 M , BJlH 5IHHe p H aa COp6 l\HlO ]lCT M O)KeT 6bITb CB5I3aHO C H3­

MeHeJlHeM COCT aBa M OJle KYJlhI ]lCT H CT e n e HH ,lJ.HCCOU Hal\HH cJla600CHoBHbiX 

(PY HKl\H OHaJI h H bI X rp ynn A120 3, LITO npHBO,lJ.HT K Y M e HhWeHH lO COp6l\I1H nOJlH­

3J1e KTp OJlHT a C YB eJlH 4 e HH eM p H . 

B JlH5IHHe BpeM eHH (nponcnaorrensuocr u) KOHTaKT a T pacrsopoa ]lCT C 

Ah03 na COp 6 l\111O nonnanexrpornrra ~I3Y4 aflH npn HCXO,lJ.HhI X 3 Ha4 e HH5IX p H 3,0, 
rzie nafinto nan acs BhIC OKa51 COp6 l\H5I ]lCT , K OHl\e HTpa l\H5I xor oporo COCTaBHJla 

1200 M r / ,lJ.M
3
• C Op 6 IJ,HlO npOBO,lJ.HflH B CTaTH4eCKHX YCJl OBH5IX npn paanu-raoii TeM­

nepar yp e: 20, 100 H 180 "C. B nocnenaev cny-rae COp6l\HlO o CyIIJ,e CTBJl 5IflH B aa­
'roxnaae up n rnnpou onyne 1:50. O CT aJI h Hh i e YCflOBH5I COp6UHH OCTaBaJI HCb Hem­

MeHHhIMH . 

P aBJlOBeCHbIe HflH 6 flH3KH e K HeMy Befll14H H bi COp6UHH ,lJ.OCHlralOTC5I aa 8 4 

npn UpOBe,lJ.eHHI1 peasuna B HOPM aJIh HbIX YCflOBH 5IX. 3TH )\(e 3Ha4eHH5I COp6UHH 

]lCT , pas asre 30 . . .35 M r /r COp 6 eHTa, B cnyxae COp 6 l\HH npn nOBbIWeHHOH: revmepa­
TYpe ,lJ.OCTHralOTC5I sa 4 4 (PHC. 2). ITP H 3T OM nOmOIIJ,eHHe ]lCT npn 100 H 180 DC 

npor exaer n p a KTH4eCKH O,lJ.HHaKOBO H He HM e eT HaCbI IIJ,e HI151 npu ,lJ.aHHbIX YCflOBH5IX. 

3 TO 0 6 CT0 5lTeJl hCTBO MO)\(eT 6 b lT b CB5I3a HO C npoueccost KOH,lJ.e HCaIJ,HH ]lCT HJlH 

OCa)\( ,lJ.eHH5I aJIlOMI1HHeBOH COflH ]lCT, 06pa3Y lOIIJ,e HC5I B pacrsope sa C4eT 4aCTH4HO­

ro p aCTBOpeHH5I copfienra. 
Cn nacenne CKOp OCTI1 npouecca n Om OIIJ,eH H5I ]lCT npn HOpMaJIbHOH 'rejarte­

par ype COp6l\HH M O)\(eT 6 bITb CB5I3a HO C Y BeflH4e H HeM p H ,lJ.0 5,8 ... 6,4, npn KOTO­

p OM Co p6l\1151 y M e H b WaeT C5I, a 'raioxe C Y M eHb w eH HeM paCTBopHMO CTH COp6eHTa 

npn 3THX YCflOBH5IX . Jloasnuennue reuneparypu COp6l\H H npHBO,lJ.51 T K pOCTy pH 

pacrsopon ,lJ.0 5,6 .. .6,0, HO npn 3T OM sa C4 eT YB eflH 4 e HH5I p aCT BopHM OCTH Ah03, 
n O- BH,lJ.HM OM y, He 3a M e,lJ.fl5leTC5I npouecc 0 6pa30Ba HH5I afl lOMHH H Hfl HrH OCYflb cPo Ha­

T a , KOTOp h l H fionee COp6l\HOHHO a KT HBe lI , 4eM J1l1rHOCYflbcPo HOBbie COe,lJ.HHeHI1H. 

a, MI'/r 

30 +-----+-~f-.r__+::."..::::..o..--t-----+--

-'*'7-- - -t- - - -

20 +---~TI----__+----+-----t--­

40 ,.-- - - -,-- - ---r- - - - ,--- - --,--­

1 
35 +-- - - +-- ----:;,.-::,.....-- - +-- .,....-- +-­

PHC. 2, K HHeTHKa 3 
COp6UHH ]JCT na 
AI203 (T - nponon­

)l(HTen bHOCTb peax- 25 +-- - +-- - - +-­
l.\HH; a - co p o u as 

nCT) rrpn Pa3JlI14HOH 
TeM oep aType, DC: I ­
20; 2 - 100; 3 - 180 15 +----tbC--+---4-- - -j.-- - -f-­

10 +-- - - +-- - -+-- --+--- ---,f--­
o 2 4 6 8 
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Hsor epau ancoptiua n n CT a a A h03 CHHM aJIH B 'rex )l(e YCJIOBH jI X , T . e . npu 
3Ha lfeHI1jI X p H H 3,1 , r unpostonyne 50 sa BpeMH KOHTaKTa 1 Cy T . K OHueWr p aUI1H 

nCT I13M eWIJIaCb OT 6000 JI,O 200 Mr/ tJ,M
3
. Hsorepua copfiua n n C T na Ah0 3 npu­

senena na p I1C. 3, JIH HI1H I . 

a. Mrlr 

120 

100 
1 

80 

60 

40 

20 

2 34 5 6 
c;,. 10.3. ur/AN3 

Pac. 3. 1130Tep M a cop 6 l\1111 ]lCT (Cp - KOHl\eHTpa l\WI ]lCT) aa AlzO J : 

1 - 6e3 )J.o6aBKI1; 2 - C )J.o6 aBK o H conn aJllOMI1HlU1 B KOJlW l e CTBe 10 M r /)J.M
J

; 

3, 4 - C )J.o 6aBKoH B- 115 B KOJlW l e CT Be COOTBeTCTBeHHO lO 11 30 M r / )J.M 
J 

I130 TepMa I1M e eT cr yneavar srii BHtJ, C n JIaTO B pailoue 20 Mr/r copfierrra H 

HaCbII.l.J,eHHe B paiioue 50 Mr/r copfierrr a. 
H I13K I1e 3HalfeH I1jI KOHlJ,eHTp a lJ,HH nCT B BOtJ,HOM pacrsope 06yCJIOBJIeHbI 

MOHOMOJIeKYJIjI p HbI M 3anOJIHe Hll eM n OBe p X HOCTI1 Ah03 sa cs er aHI10 H006MeHHoro 

npouecca aJI,c op6lJ,11 11. TIo Mepe HaK On JIeH l1jI n C T B rpase copfienr a C YBeJIl1'1eHl1eM 

KOH lJ,eH TP a UI'!I1 copfiar a B pacr sope nafimoztaer ca c HM 6 aTHo c YBCJIH'ICHl1e pH pae­
HOBCCHbIX pacr so poa. 

I13MeHe Hl1 e p H MO)l(eT npl1BeCTH K onpeJI,CJICHHbIM 113M eHeHHjIM B COCTaBe 

pacrsopos n C T . B KHCJIOM pacrn ope (pH 3,1) B03MO)l( HO '1a CTH'IHOe paCTBOpeH He 

Ah03 C n OHBJIeHHeM B pacr sope 110HOB A I 
3
+. 3TH HOHbl cnocofia u 06pa30 BbIB aT b 

C nCT aJII-OMHHHHJIH fHOCYJIb<p OHaT bI [13]. Il oznuenaxa aaane aJII-OMHHHHCOn e p­

»cauiero pacrnopa n C T M O)l( eT npl1BeCTI1 K 0 6 p a30BaHHI-O axs a- 11 r HJI,p OKc OepOp M 

coetJ, I1HeHHH aJII-OMHHHjI . TaK, aanpa xtep npn p H 5,2 B pacrsope 0 6pa3yI-OTCH co­

etJ,HHeHl1jI aJII-OM HH l1jI CJIeJI,ylO I.l.J,CrO COCTaBa : 

[ A I (OH )z(H zO ) 4t - 40 % H [AI 1304( OHbf + - 60 % [IS] 

HJIH [ AI I304(OH ) z8( H zO h]3+ [ 10]. 
B 3TOM cny x a e n C T C KaT I10 HaMH aJI I-OM HH HjI M o r y T aHaJIOr l1'1HO 06pa30BbI­

aars nOJI H3JIeKTPOJIHTHbl e KOMnn CKCbI (TI3K) [15]. 
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lKe YCJlOBI151X , T. e . npn 

I CYT. KOHueHTpaU H5I 

ll1l1 JICT ua AhO] npa­

nCT) na Al z0 3: 

'CI Re 10Mr/.LlM
3

; 

10 11 30 Mr/.LlM
3 

me 20 Mr/r copfierrra 11 

pacrsope o6yCJIOBJIeHbI 

ClJeT aHJ10HOo6M eHHoro 

opfieirra C YBeJIH 'leHJ1eM 
oe YBe JlJ1lJeHl1e pH pas­

113MeHeHH5IM B COCTaBe 

HaCTl1lJHOe pacrsopeaae 
hocofinu o6pa3 0 BbIBaTb 

aune aJIlOMI1HHHCO,ll,e p­

axsa- H fI1.L\p OKCO(jJOp M 

.cTBop e otipaayrorcs co­

-60 % [IS] 

aHaJIOrHlJHO 06pa30Bbl­

A[~c o p6 I.U-UI TaKHX D 3 K npezmo-rr rrr ens nee npyrnx B0 3M O)l(Hb IX coeznnre­
HHH JIC T, a lJe M CBH,ll,eTeJI bCT BY lO T H30 Te p M bi nOfJIOI.QeH H5I JICT B npHcyTcTBH H 

HOH OB aJI IO M HHH5I ( p HC. 3, JIHHH5I 2 ) H CM OJIbl B- 1 15 ( p H C. 3, JIHHHH 3, 4). 
Bsenean e B pacr aop JIC T HOHOB aJI lOMHHH5I B KOH u eHTp a UHH 10 Mr/,ll,M 

3 

pesxo H3 MeH5IeT H30 Te p M y COp 6 U HH, COX p aH5I 5I npn 3TOM OCHO BHble CTa,ll,HH npo­

uecca . I1oH o06 M eHHa51 CTa,ll,H 5I p eaJIH3y eTc5I ,ll,0 3Ha 4 eHHH COp 6UHH 5 Mr/r copfi errra 
C 06pa30Ba HHe M H e3H a lJHTeJIbHOr O nJIaTO. Il pn 3TOM nJIaTO (jJo p MHp y eTc5I np n 60­

nee HH3KH X 3HalJe HH5IX KO HI ~eHTpaUHH JICT B pacr sope, Bep 0 5lTH O, sa ClJeT 06pa30­

Ba HH5I COp 6 UH OHHO a KT HBHoH aJI lOMHHHeBo H COJIJ1 , 0 tI eM CBJ1,ll,eTeJIbCT ByeT npax­
T J1 lJe CK J1 n p 5lM OJIJ1 HeH HhIH pOC T c op6 U J1 H ( PJ1c. 3, JIH H H5I 2) C Y BeJIJ1lJeHJ1eM panao­
secaoii KOHueHTpaUHJ1 JIC T . 

I130Tep M hl COp 6 UH J1 JIC T aa Ah 0 3 B npHcyTcTBHJ1 B -1 15 B pacraope OTJIH­

lJa lOTC5I or J1 30 TepMbl COp6UHJ1 6 e3 ,ll,0 6 a BOK nOJIH3JI eKTpOJIJ1Ta, HO HMelOT 06l..l..\HH 

BH,ll, C J130TepM OH COp 6 U J1H frCT C ,ll,0 6 a BKO H COJll1 aJIlOM J1HH5I. 

Bsenenne KaTJ10HHOr O nOJIH3JIeKTPOJIHTa (KD3) B paCTBOp, conepacauurii 
JIC T , n p J1BO,ll,HT K 06paJOBUH J11O D3K PaJJIH lJHOr O COCTa Ba, xoropue, nO-BH,ll,HMOMy, 

0 6 y CJIOBJIJ1 Ba lO T cneUH(jJJ1lJe CKYJO a,ll,COp6UJ11O na n OBepXHOCTH copfieura. YCJIOBH5I 

CYI.Qe CTBOBUH J151 KfI3 J1 JIC T B pacrsope CHJ1MalOT CTe p HlJeC KJ1e 3aTPY,ll,He HJ151 K HX 

B3 a J1M O,ll,e HCTBHlO, np0 5lBJI5IBW HeC5I aa Ah03, H 06y CJIOBJIH BUlOT B03MO)l(HOCTb ofipa­
30 Ba H J151 COOTBeTCTBY lO I.l~H X D 3K. MOHOMOJIe Ky JI5Ip t Ia51 COp6UH5I np05lBJI5IeTC5I 

B paJ6aBJIeHHhl X pacr sopax JIC T , rne 0 6 p aJy lOTC5I H eCTeXJ10MeTPH4eCKHe XopOWO 

p aCTBOp J1M bl e B aone n3K C JICT. A,D,COp 6UH5I H3 6 0 JIe e KOH u e HTPHpOBaHHhlX p ac­

TBOp OB n pHBO,ll,HT K 06p aJOBa H J11O n OJIHM OJIe Ky JI5Ip HbIX CJIOe B, Ta K KaK aa nosepx­
HOCTb ancopfierrr a nepexonsr 0 6 paJOBa BW HeC5I B pacrsope BTOpJ1lJHble CTPy KT yp­

Hbl e e,ll,J1 HJ1Ub I, lJTO nozrrsepacaaer ca OT CyTcTBH e M HaC bl w e HH5I B YCJIOBH5IX axc ne ­
p J1MeHTa. 

I13YQ eHI1e BJIH5IHJ151 KOH u e HTp UUI1H copfienra (rH,ll,pOMO,ll,YJI51 p eaKUHI1) npo­

BO,ll,J1JIH rrpn pll, 3 ,0. KOHueHTp aUH5I JIC T COCTUBJI5IJIa 3 000 Mr/,ll,M 
3

, BpeM5I c o p 6­

UJ1H - I c YT . M ac c a Ha BeCO K copfieirr a H3MeH5IJIaCb OT 0,25 no 10 r rtpn nOCT05lH­
3

HOM 06b eM e pacr sopa 50 CM . 

B 3T HX )l(e YCJIOBJ151X 3KCn ep I1Me HTa n p OBO,ll,J1JIJ1 COp6 UHlO JICT aa MO,ll,I1(jJI1­

Ul1p o Ba HHo M Ah 0 3. M O,ll,H (jJI1UJ1p OBa H J1e o CYI.QeCT BJI5IJIH nyresr 06p a60TKH AhO] 
pacrsopou B - 1 15 C nocnenyroumv KOH,ll,H U HO HHpOBaHJ1eM copfieirr a. Cop6ul151 

np enapar a COCTaBJI5IJIa 0 ,2 M r / r Alz0 3. 

C o p 6 UI151 JIC T aa Ah0 3 nparcr nuecxn cos nan aer C cop fiua eii ero (jJOpMbl, 

M O,ll,J1(jJJ1UHp OBa HH o H KaT J10HHbI M n OJII13JI e KTPOJIHTOM (PI1c . 4, JII1H HH I , 2), lJTO 

CBJ1,ll,eT eJIb CT By eT 06 J1,ll,eflTJ1lJH OM M e Xa HJ13M e n OrJIOweHI1 51 copfiara. Ilpn 3T OM 

a HT J16aT HO J13M e H5ItOTC 5I 3HalJeH J1 51 pH no J1 n OCJIe B3aI1 M O,ll,eH CTBJ151 C copfietrrov. 
BbICOKa 51 KOH u eHTPaUH5I c o p 6 e HTa H e 0 6ec ne411Ba eT nOJIHOrO H 3BJIelJeHI151 

JICT 113 p aCTBopOB, 4 TO CB5I3aHO C p e3K J1M non utena-m s ana ev paBHOBeCHbIX pac­
T BOp OB JIC T , rne copfiux x 3aMe,ll,JI5IeTC5I B CB5I3J1 c o CHH)I( eHHeM CTeneHH ,ll,I1CCOUI1­

a UHH CJIa6 0 0CHOBHbiX r pyn n copfienra. 

15 1 
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a, Mr/r 

160 
1 

140 

120 

100 
l1li,80 

60 
~ 40 

220 "
 o 
o 2 4 6 8 10 12 

p , r 

PHC. 4. B JIHHHHC MaCCbI (p) HCM O):(HqlHUHp OBafIHOr O (I) H MO ):(HcPHUH­

pOBaHHOfo B -1 15 (2) A I20 3 na copfiumo ncr (a) 

A MepOTepH bl e CBo Hc TBa A h 0 3 n03BomIIOT paccaarpasars ero KaK MaKpoKa­

T HOH }um MaKpo a HHoH, cnocofinsrii K B3a HM o )].e H cT BHIO C aHHOHHblM ann, COOT­

Be T c T BeHH o , KaTH OHHbIM n OJIH3JIe KTpOJIHTOM C 06pa30BaHHeM HMM06HJIH30BaHHblx 

epOPM 3THX BeIl.l,eCTB, xoropsre MO)KHO .onpenernrr s B Ka4eCTBe nOBepXHOCTHblX 

n OJIH3JIeKTp OJIHT HhI X KOM n JIe KCOB ( 003K) . 

B JIH 5IHHe T a KHX KOMnJIe KCH hl X CTPyKTyp B COCTaBe Ah03 a a COp6QHIO ]lCT 
npOBep5IJIH n a 06pa3QaX copfienros , coztepzcauutx OT 0,025 )].0 3,70 Mr K03/r 

Alz03. Copfiinno n poBo)].HJIH npn HCXO)].HhIX 3Ha l leHH5IX pH 3,0; 4,6; 10,0. 
)J;a HHb l e n o COP 6QHH ]lCT ira MO)].HepHQH p OBaHHbl x 06pa3QaX Ah03 npase­

)].eHbl B Ta6JIHQe. 

Hs )].a HHhI X rafinaus: CJIe)].yeT, 4TO HaJIH4H e KaTHOHHor o n OJIH3 JIe KTp OJIHT a B 

COCTaBe Alz0 3 B BH)].e 003K M aJIO H3MeH5IeT xapaxr ep COP6QHH ]l CT na copfieu­

T ax C p m HOH creneasro MO)].HepHQHpOBaHHH. 

B JI H HIIII C CTcnCIUI MO JJ.H cPH QHP OB3HHH noa ep x n o cr' n AI 20"
 
K3T HOIIHhlM n OmDJIeKTp OJIlITOM H3 n OfJI Om eH H e JICT
 

N2 

CTcnCHb M O ,1\l1qJll~H -

pO Ba HIUl nosepxao­
e r n Alz0 3 KaTHOH­

p H p n p u paan nunstx 
3 Ha ' IClI IllIX p H"cx 

DOrnOll\CHHC nCT, 
upn pa3nH4HbI X 3Ha4CHHlIX 

pH"c, 

o6pa3~a IIb IM nonm nexrp o­
m lT OM, Mr K D3/r 3,0 4,9 10,0 3,0 4,9 10,0 

Al z03 

I 3,70 5,96 7,25 8,90 42 3 5 
2 1,90 5,82 7,20 9,06 43 I I 17 
3 0,20 5,45 7,35 9,05 44 8 19 
4 0,05 5,78 7,26 9,15 48 12 I7 
5 0,025 5,42 7,40 8,80 61 II 17 
6 0 5,25 7,45 8,98 35 12 13 
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12 

fI MOJ\H<pHl\ H­

(a) 

man, era KaK MaKpOKa­

aHI10HHblM H11H, COOT­

~M I1MM06Hl1l130BaHHbIX 

recrse nOBepXHOCTHbJX 

\ \z0 3 aa COp6U111O )JCT 

125 no 3,70 Mr K I13/r 
3,0; 4,6; 10,0.
 
ofipaauax A\z03 npnae­

oro nonuanexrponara B 

,6UHI1 ]lCT na copfien­

icr n AI203 

me JICT 

Il ornouieau e neT, 
lpl1 p a3J1WlHbl X 3I1a ' l e HH5IX 

Hllcx 

13,0 4,9 10,0 

!1-2 3 5 
!1-3 II 17 
lJ4 8 19 
!l8 12 17 
61 I I 17 
BS 12 13 

I1pH HH3KOH CTeneHH MO.l.lHqm UHpoBaHwl noaep xaocr n Ah03 Ha6JI1o.l.laeTC5I 

TeH.l.leHUH5I K ysen a -reamo co ptiun oa aott aKTHBHoCTH, Bep05lTHO, aa CLIeT ysenase­

HH5I LIHClla <PYHKUHOHall bHbIX r p y nn 113 COCTaBa non a an exr pornrra, pacnonoscen­

HblX aa nocr ynaoii nOBepXHOCTH MO.l.lH<pHUl1pOBaHHOrO Ah03. 

B 03MO)KHOCTb y '-IaCTH5I HOHOB allIOMHHH5I rtp n n Or llOLUeHHH nCT OKCH.l.lOM 

aJlIOMHHH5I npo sepsrrn no COp 6UHH 3THX HOHOB aa ofip as uax nCT-<pOPM Alz03, 
CO.l.lep )KaLUHX OT 5 zio 80 Mr nCT / r A h03. C op6uHIO nposonann H3 pacrsopa COllH 

3
allIOMHHH5I C KOHu eHTPaUHeH HOHa MeTalllla 10 Mr/.l.lM . H aBeCKa copfieirra COCTaB­

3nan a 0,1 r , o6beM pacr nop a - 50 CM , Bp eM5I KOHTaKTa npn n epHO.l.lHLIeCKOM nepe­

MeWHBaHHH - 1 cyr. 
B KHCllOH cpen e (npn pH 2,5) B npH cyTcTBHH COllH allIOM HHH5I (KoHueHTpaUH5I 

310 Mr/.l.lM ) KOHueHrpaUH5I HOHOB allIOMHHH5I B pa BHOBeCHblX pacrsopax .l.lll51 scex 
3

n CT-<pOPM Ah03 H3MeH5IllaCb OT 14 ,uo 19 Mr/.l.lM , T. e. Ha611IO.l.laeTC5I pacrsopeu ae 

MaTPHUbl cop fi eirr a. TaKHM 0 6pm OM, con ep scaa ne nCT OT 5 n o 80 Mr/r Ah03 npax­

THLIeCKH He H3MCH5ICT npOHHuaeMOCTH nOKpbITH5I H3 nCT npu LIaCTHLIHOM paCTBO­

p CHHH copfienra. 

C Op6UH5I HOHOB all IOMHHH5I n a 3THX ace ofipasu ax cop6eHTOB npu pH 4, Ia H 

5,00 COCTaB115l11a 4,5 .. .5,0 Mr / r copfierrra H npaKTHLIeCKH He 3aBHce11a OTero COCTaBa. 

3 TO 06CT05lTellbCTBo MO)KeT 6bITb CB5I3aHO C TeM, LITO n C T azicopfinpyercx aa Alz03 
rH .l.lPO<pH11bHbIMH cynsdio-rpynn asor K nOBepXHOCTH co pfieirra, xoropsre sa CLIeT 3TO­

1'0 3a6ll0KHpOBaHbl , a aa n OBepXHOCTH cop fieara OCTaIOTC5I c11a60KHC110THble <PYHK­

uaoaansnu e rpyrnrsr, LITO 06b5lCH5IeT H1'13KYlO copfiumo KaT1'1OHOB allIOMHHH5I. 

YBemlLIeH1'1e pH COp 6UHH no 9,5 H 11,3 npHBO.l.lHT K YBe11HLIeHHIO COp6UHH 

HOHOB allIOMHH1'15I n o 24 1'1 57 Mr Ae+/r npn MaKCHMallbHOM conepacanna nCT B 

COCTaBe A h 03, HO aapszty C 3THM Ha6JI1o.l.laeTC5I Bbl.l.lelleHHe a11IOMHHH5I B pacrsop 

n CT CHM6aTHO Be11HLIHHe Cop6u H!'1. B .l.laHHOM cn y xae 51BJTeHHe COp6UH11 MO)KHO 

paccaar punan, B pasncax 06MeHa allIOM1'1HaT-HOHOB na 1'1OHbl 11HrHocy11b<pOHaTa, 

xoropu e 11 np I1BO.l.l5lT K n O.l.lKI1CllCHI1IO paCTBopOB napany C npOUCCCOM LIaCTI1LIHOH 

.l.leCTPYKUI1I1 copoerrra. 

I . PaCCl'vIOTPeH npouecc COp6 UI1l1 )JC T na Alz0 3 npn pa 31111LIHbIX YCllOBH5IX 

B3aI1MO.l.leHCTBH5I C ,uOCTI1)KCHl1eM eMKOCTI1 no n C T casrure 100 Mr/r Ah03, LITO 

MO)J(eT HMeTb npaKTI1LIeCKoe 3HaLIeHl1e. 

2. H a npasrepe .l.l06aBOK B pacrsop KaTI1OHHor o nornranexrpornrra, cnocofiaoro 

oop aaossrsan, rton mnercrpomrrnsr e KOMn11eKCbl C n CT, nOKm aHO YBellHLIeHHe cop6­

UHOHHblX CBOHCTB A h 03, KaK 11 ).lJ15I CllYLI a51 .l.l06aBKH COJll1 alllOMI1H1151, 'ITO yxassr­

saer aa npel1MYLUeCTBeHHy lO ancopfi tuno n CT B COCTaBe xosmnexca C 110HaM11 arno­

MI1HI151. 

3. Bep05lTHbl H MexaH113M 1136bITOLIHOr O n OrnOLUeHI151 nCT CB5I3aH C nponn­

ua exro crsro Cl1051 neT ua A b03 .l.l1151 HOHOB allIOMHHH5I, 06pa3ylOLUHxc5I npn pac­

'r nopemur MaTpl1UbI copfi eur a, LITO ofiecne-umaer YCJlOBH5I 06pa30BaHH5I KOMn11eK­

ca C 110 HaM11 allIOMI1HH5I 11 er o nansaea urero OCa)K.l.leHI151 . 
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Technica l Lignosulfona tes Adsorption on Hydrated Aluminum Oxide Sa mples 

A.A . Komissarenkov ', Candidat e of Chem ical Sc ience s 
R.A . Kopnina', Postgraduate Student 
A. A . Pozdnyakovt, Deputy Director General 
ISaint Petersburg State Techno logical Un iversi ty of Plant Polymers, Ivana Chernykh st., 4, 
Sa int Peter sbu rg, 198095, Ru ssian Fede rat ion; e- mail: kom-aa @yandex.ru 
2Il1im G pro up, M ira st. , Bratsk- 18, Irk utsk regi on, 6657 18, Russian Federatio n 

T he paper examines the interactio n of tec hnical lignos ulfon ates wi th hydrated aluminum 
o xide and with its for m co ntaining aminoepi chlorohydrin resin Vodamin -I 15, Sorption was 
carr ied out in static co nd itions under varying reactio n parameters (period, pH , co nce ntra tio n 
of lignos ulfona tes, sorbent mass, add itives. capa ble of react ing with lign osul fonalcs to form 

p6\ye\~c{{6\y\e' comp \e'xes)', i he soq5tio ri proc ess was monitored'by a pH change , co nce ntra­
tio n of ligno sulfonates and aluminum ions b 'j pbotometric metbod and cbe\atomet{~ , \\ was 
demonstrated that lignosulfonates inte racted with AI20 3 and its modified forms with a wide 
va riation of conditio ns of sor ption with mono - and mul timo lecular lignosulfonates layers 
for matio n on the sorbent surface . As exempli fied in add itio n of a cationic polyelec trolyte, 
ca pable of forming polyelectro lyte co mple xes with lignos ulfon ates, the increase of the 
Al-O, sorpt ion p roperties was indicated , as in the ca se of aluminum sa lt addi tive, which in­
dicated the lignos ulfonates adsorp tion advantage in the complex wi th the alumi nu m ions. 
P recipi ta ted lignosulfon ates surfac e layer is permeab le to aluminum ions formed on dissolv ­
ing of the so rbent matrix . Th is fact provide s cond itio ns to form a complex wi th aluminum 
and its fur ther precip itat ion . 

Keywords : lignosulfo nates, so rp tion , ac tive aluminum oxide . 
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