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B.n~f1H~E np~PO):~bl K~C.1l0THOrO PEArEHTA HA BbIXO.Q 

~ CBO~CTBA KAT~OH~TOB , 1l0nY4EHHbiX ~3 .QPEBECHbIX On~nOK 

© H.IJ. /{elllleKo·, If. C. Kpyznoe o, If.B. /{eillleKo 

Cenxm-Ftemeptiypecnuil eocyoepcmeennuii neCOmeXHUlJeCKUU ynueepcutnem 
UM. C.M. Kupoee, nucmumymceua nep., 5, CaHKm-nemep6ypz, 194021 (POCCUR), 
e-mail: ipdeineko@mail.ru 

H 3yqCHO Bnl-U1HHC npuponu KHCJlOTHOrO pearerrra (H2S0 4, H C I0 4, 4-CH}C 6H 4S0 3H, CICH 2C O O H , H 3P04) na ss rxon 
H COp6 11HOHHble CBOI1cTBa nonyseaasrx ill COCHOBbl X OnHJlOK KaTHOHIITOB. HaH6 0 Jlee BblCOKHH BblXOll npon yxra nafirno naerca 

npn HcnOJlb30BaHHH <POC(!J0PHOH KHCJlOTbI. KaTHOHHTbI conepxcar CHJlbHOKHCJlOTHble H CJla60KHCJlOTHb le <PYHKllHOHaJlbHble 

rpynn sr; cyMMapHall eMKOCTb no KaTHoHy Na+ orncnsuux 06pa3110B 1l0CTHraeT 2 MMOJlb/r. COp6eHTbl, nonys exa sre C HCnOJlb
2 2

30Ba HHeM cepuoii, x nopuoii H <pOC<pOpHOH KHCJlOT, HMCIOT BblCOKOC CpOllCTBO K KaTHOHaM C d + H Pb +; CMKOCTb no 3TI1M x a

THOHaM naxornrrcs B HHTCpBaJIC 1,0- 1,5 MMOJlb/r. 

Kmoveeue cnoea: OnHJlKH, KHCJlOTbl , KaTHoHHTbJ, BbIXOll, CHJlbHOKHCJlOTHblC rpynrn.r, CJ1a60 KHCJl OTHbIC rpynnsr, cop6

llWl , KaJlMH H, llHHK, CBHHCll. 

Beeoeuu e 

06pa6oTKa L\PCBCCHbIX Onl1nOK BOllHblM p aCTBOp OM CCpHOH KHcnOTbI C orronxon B XOL\C npouecca BOL\bJ 

npHBOL\HT K 06pa30Ba HHI{) aepacrso p a aoro B o praHl14 CCKl1X paCTBO p I1TCn~X 11 BOL\H bIX p a crso p a x lllCn0 4 11 11 KlI 

CJlOTbI npo n y xra , nposana rouiero Ka Tl10 HOo6MCHHbI C CBOHCTB a [1, 2]. TIP I1 3TO M B n on yva e a o « Ta KI1M o6pa30M 

KaTHOHHTC npncyrcrayior KaK CHnb HOKHcnOTHbIC, TaK H cna6oKHCnOTHbJC rpyrmsr [2]. 06pa30BaHHc CHnbHOKHC

nOTHblX 11 0 HOrCHH bi X llCHTpO B npo l1Cx OL\I1T B p eaynsrare BBCL\CHIi~ B HcpaCTBopliMYIQ CeTtlaTYIQ MaTplilly npo

L\YKTa cynstpoaoaoxacnux rpyrm, 4 TO CB~3aHO co c nocotinocrsro CCp HOH xacnors: aucrynan, B p onu HC ronsxo 

KaTaJJ H3aTopa, HO H peare ir r a . Cna60 KHcnOTH blC rpyrtrtsr, M onbH a~ L\OM KOTOp bl X L\OCTli r aCT 80%, npCL\CTaBn CHbI 

Kap60 Kc HnbHblMIi H <pcH on bH bl M H r HL\pOKCHJlbHbIMH rpy n n a v n [3], KOTOp bl C 06pa3Y1QTC~ 113 KOM nOHCHTOB L\PC

BCCHHbI B p eay n sr ar e KHcnOTHO-KaTaJJI1TH4CCKHX peaxuati. 

Hanaxae 60nbworo KOnl14CCTBa cna60K HcnOTHbIX rpyn n, npO~ Bn ~ I{)IllHX 3nCKTpOHOL\OHOP HbIC CBOHCTBa, 

YKa3bIBaeT Ha B03MO)f( HOCTb np H M CHCHH~ nonyxaeuux COp6CHTOB B Ka4 CCTBC KOM TIJICKCOo6pa3 YlQ lllHX HOHI1TOB 

[ 4]. OL\Ha KO n p a Hc n o n b30Ba HI1H CCpHOH xncnorta BbIXOL\ COp6CHTa HCB bICOK BCn CL\CTBHC 06pa30Ba HH~ 113 KOM 

n OHCHTO B L\pC BCCHHbI sna-nrrensnoro KonH4CCTBa paCT BOp l1M bl X COCL\HHCHHH , YL\aJJ~I{)IllI1XC~ H3 npo n y xra npn 

npOMblBKC cro BOL\OH H BOL\HO-lllCn04 Hb IM paCTBopOM . Ilocxonsxy 06pa30BaHHC cna60KHcnOTHblX rpynn o6y

cnOBnCHO KHCJlOTHO-KaTaJJI1TJ14CCKHMH pCaKIlI1~MH, np CL\CTa Bn ~ CTC~ , 4TO L\n H nonyxenaa Cna60Kl1CnOTHblX Ka

TI10H I1TOB, nOMI1MO CCp HOH xncnorsr, M O)f( HO I1Cn Onb30BaT b 11 npyrne KH c n OT Hbl C pearenr t.r. 

B L\aHHOH pa6 0 T C n p I1BCL\CHbI peaynsrar sr HCCn CL\OBaHHH Bn l1~ H H~ npaporm KI1Cn OT HOro pea retrra aa Bb l 

XOL\ H COp 6 1111 0H HbI C CBOHCTBa KaTHOHHTOB, nonY4CHHblX li3 COCHOB blX ormnox. 

3KcnepUJHell /1laJIbHaJl uacm s 

B Ka4CCTBa HCXOL\HOrO Cbl Pb~ Hcn on b30 BaJJH COCHOBbI C onnrr x n (0,25 -0,5 MM); cOL\Cp)f(aH HC 3K CTp a KTHB

HbIX BClllCCTB (3KCTparcHT - 3ToKcH3TaH) COCTaBn~no
Ile uuexo Hca« Tlaenoeu u - 1l01IT0p XHMH4eCKHX HaYK,
 

npoqieccop, ren.: (812) 550-06-98, 5,22%, nurnana - 26,7% .
 
e-mail : ipdeincko@mai l. ru
 Onsrrsi npOBOL\HnH B COOTBeTCTBliH C paaee pas

Kpyenoea Hpu ea Cepeeeeua - CTYllcHTKa pafioraanof M CTOL\liKOH [1]. 06111aH CXCM a s x c n ep a v ea 

Ile ioi exo I1HHa Banepseena - 1l01leHT, xannaaar 
'ra npHBCL\CHa aa pHCyHKC. 

XI1MH4CCIiliX HaYK 

ABTOP, C KOTOPbIM cnenyer BCCTH nepenucxy, 

mailto:ipdeincko@mail.ru
mailto:ipdeineko@mail.ru
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I flpoMblBKa 1,5 MNaOH.BoAOH
 

I_ _ 
Ilpoxrsrs xa 1.5 M so, BO;lOH iI 

Orrpeaenexae Ofiuras cxeraa nposencaaa 
COoOUHOHHhI:X CB OHLm I

'- - -- -- - - - - _. - - - - - - - - - -- - - -- , 3KCn ep l1MeHTa 

B Ka4eCTBe I1CXOnHOH peaxuaoaaon cp en st I1CnOJlb30BaJll1 0, I MOJlllpHbie aoznn.re pacraopsr aeopraua-re

CKI1X (cepaas KI1CJlOTa - CKI , xnopaas KI1CJlOTa - XK, oproqiocrpopnaa KI1CJlOTa - <1>K) 11 OpraHHLleCKI1X 

(n-TOJlYOJlCYJlb¢OKI1CJlOTa - T CK, MOHOXJlOpyKcycHall KI1CJlOTa - XYK) KI1CJlOT. nJlll 06eCne4eHl15l paBHOMcpHOrO 
3).pacnpeneneaua KI1CJlOTbl B cupse naaecxy Onl1JlOK (9- 10 r) noueurann B 1136bITOK pacrsopa (60 CM C uensro 

YTOllHCHl1l1 BJlI1JIHl1l1 KOHlleHTp all1111 KI1CJlOTbl na BbIXO)]. 11 CBOHCTBa COp6CHTOB B OnHOM onsrre 6blJl raioxe I1C

nOJlb30BaH 0,2 MOJlllPHblH paCTBOp cepnoii KI1CJlOTbl (CK2) , cB0 60nHO crexarounni 1136bITOK xoroporo ornensnn. 
3)Ilo cne nporurrxn CblPbJI K pcaKUHoHH OH CMCCI1 n 06aBJlll Jll1 B Ka4e CTBC aurpeaepa M-KCI1JlOJl (70 CM 11 OTrOHlIJlH 

1136bIT04HYlO H peaK\.l110HHYIO BO)].y B BI1)].C aseor pon a C paCTBOpI1TCJleM . Ofiuias np On OmKI1TeJlbHOCTb np ouecca 

COCTaBJlllJla 4 4; npa 3TOM OCH OBHall 4aCTb BO)].bl OTrOHlIJlaCb npl1MCpHO sa I 4. 

3a MaKCI1MaJlbHYIO revrteparypy 06pa60TKI1 npl1HI1MaJlI1 resmeparypy KHneHl1l1 pacraoparens (139 "C). 

ITo OKOH4aHI1H pCaK\.lHI1 11 OXJla)K)].eHl1l1 pCaKUI10HHoti CMeCI1 nepacrnopxaumiica MaTCpl1aJl OT)].CJllIJlI1 OT axrpe

nepa 11 3KCTparl1pOBaJll1 113 TBepnOrO OCTaTKa HI13KOMOJleKYJlllpHble nponyxrsi 1130npOnHJlOBbIM Cnl1pTOM, a 3aTeM 

OTMblBaJll1 OT OCTaT04Hbl X KOJll14CCTB KI1CJlOTbl 11 runpO¢I1J1bHblX BCl..l.leCTB sonoa )].0 HetiTpaJlbHOH PCaKlll111 cpe 

)].bl 11 06CCUBe4HBaHHlI 3J1 lOaTa. Ilocne BblCYWHBaHl1l1 non ynpoziyxra (IT-I) npl1 70 ° C no nOCTollHHOH MaCCbI o n

penenann er o BblX O)].. 

nJlll ynaneuns 113 npon yxra aeurecrs, paCTBopHMbI X B uienou 11 , IT-I npOMblBaJll1 B KOJlOHKe pacrsopou 

1,5 M NaOH )].0 06ecllBc4 11BaHHlI 3J1lOaTa. naJlce copfieirr OTMblBaJll1 OT uieno-nt BO)].OH, nepesonnnn er o B 

H +-¢opM Y, ofipafiar t.raaa 1,5 M HCI , nocrte -rero np owuaann BO)].OH )].0 HeHTpaJlbHOr O pH, BblCYWI1BaJIl1 B aaxy 

yM-3Kc11KaTOpc Han PzOs )].0 nOCTOlIHHOH MaCCbl 11 on pen en sn a auxon KaTI10HHTa (IT-2). Do pa3HOCTI1 Me)K)].y 

BbIXOnaMI1 IT-I 11 IT-2 pa CC411TblBaJII1 KOJlH4eCTBO aeurecre, paCTBOpl1MblX B urerrosa. 

B BOnHOM nI1CTI1JlJlllTC, oT06paHHoM B xone onsrr a, npOBOnl1J111 KOJll14CCTBCHHoe o n p en en ea n e KI1CJlOT, .llJl1l 

4ero THTpOBaJIH aJIHKBOTHYIO lJaCTb pa crsopa 0,1 H NaOH B npI1C)'TCTBI1I1 ¢ eHOJl¢TaJICI1Ha, H nOCKOJlbKY, KaK 

6blJlO nOKa3aHO panee [7] , TaM COn Cp)f<l1TClI npCI1MYI..l.lCCTBCHHO yxcycnaa KHCJlOTa, COnep)KaHI1C KHCJlOT npasene

HO B pa csere aa YKCy CHYIO KI1CJlOTY. 
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BJTI151HYlE DPYlPOL\bI KYlCnOTHOrO PEArEHTA . .. 

QT06bl OueHHTb n omo HOHOreHHblX rpynn, npncyrcrayrouiax B HCXOJlHOi1 npeeecaae H noaanarouraxca 

B pesynsrare 06pa60TKH npH KOMHaTHOH rewneparype 2-npOnaHOnOM H paCTBOpaMH KHCnOTbI H ureno-m, OJlHH 

cfipaseu OnHnOK (10 r) 6blfl nonaeprayr TaKHM )f(e 06pa60TKaM, KaK H accnenyevsre 06pa3Ub1, aa HCKnIO'-IeHHeM 

nepaoii CTaJlHH (xorrrponsuuf oopaseu - KO) , T.e. 6e3 HarpeBaHHSI C paCTBOpOM KHCnOTbl. 

B nonyseuuux COp6eHTaX (fI-2) onpenensnn conepacaane CHnbHOKHCnOTHblX H Cna60KI1CnOTHbIX rpynn 

il,fl HaMI1'-1 eCKI1 M MeTOJlOM . ):.(.rISI aroro B nefonsuryro qll1nbTpOBaJlbHYlO BOpOHKy noveuiann oxono 1 r KaTI10HI1Ta, 
33aJll1BaJlH 30 CM JlI1CTI1JJnl1pOBaHHoi1 sonu 11 OCTaBnSlnl1 KaTI10HHT Ha6yxaTb B Te'-leHl1e CyTOK. Qepe3 Ha6yxwl1i1 

3
KaTI10HI1T rrponycxann nOCneJlOBaTemHO no 100 CM 0 ,5 H NaCl, 0,5 H CH3COONa H 0,1 H NaOH co CKOpOCTblO 

npl16m1311TenbHo 1,6 CM3/MI1H (r.e, B revenue npnvepao 1 '-I). Ilpa ::lTOM nocne nporrycxaans nepasrx JlBYX pac
3, 3

TBOpOB KaTHOHI1T npoauaann SO CM a nocne nponycxaaas pacrsopa NaOH - 200 CM JlI1CTI1JIJIl1pOBaHHoi1 BO

Jlbl, c0611paSl ::lJIlOaTbI rrocne rrponycxaana Ka)f(JlOrO pacrsopa 11 JlI1CTI1JIJIl1pOBaHHoH sonu JlnSl OTMblBKI1 OT Hero 

KaTHOHI1Ta B ornensnue KOJI6bl 11 3aMep Sl Sl 06beM xascnoro cyMMapHoro pacrsopa. 

PaC'-IeTCOJlep)f(aHl1JI CHnbHO- H CJIa60KHCnOTHbIX rpynn OCYlllCCTBnSlnl1 cnenyioiuau 06paJOM. 
3)1. CUJlbHOKUCJlOInHble zpynnu. B aJlHKBOTHOi1 '-IaCTI1 amoara (25 CM nOCJIe nponycsanax '-ICpe3 KaTI10HHT 

pacrsopa NaCI onpenenann KOnl1'-1eCTBO BbIJleJII1BWCHCSI KI1CJIOTbl THTpOBaHl1eM 0,1 H NaOH B npncyrcrann Me

ranopaiosa 11 no nony'-leHHblM pe3YJIbTaTaM Bbl'-ll1CnSlJII1 conepacauue Cl1nbHOKI1CnOTHblX rpynn KaTI10HI1Ta 

(MMonb/r) no rpopMync :: 

3rne Vo - 06111Hi1 06beM arnoara, CM ; Vr - 06bCM TI1TpaHTa, nOWCJlWI1H na TI1TpOBaHl1e aJlI1KBOTHOi1 '-IaCTI1 arnoa
3; 3Ta, CM 0,1 - KO::lrprpl1Ul1eHT nepecsera KOnl1'-1eCTBa llleJIOQI1, aupaaceanoro B CM B MMonb; VA- 06bCM THTpye 

3;
MOi1 aJll1KBOTHOH '-IaCTI1 arnoara, CM In - Macca HaBCCKI1 KaTHOHHTa, r. 

3)2. Kap60KCUJlbHbi e epynnu, B aJll1KBOTHOH '-IaCTI1 arnoara (10 CM nocne nponycxaana sepea KaTHOHI1T 

pacrsopa CH3COONa onpenensnn KOnl1'-1eCTBO BbIJleJII1Bwci1cSI KHCJIOTbI Tl1TpOBaHl1eM 0,1 H NaOH B rrpncyrcr

BI1I1 rpeHonrpTaJIel1Ha. COJlep)f(aHHC -eOOH-rpynn B KaTI10HI1Te (MMom/r) paCC'-II1TbIBaJll1 no rpopMync, HCnOJlb

3ycMOH nns pac'-leTa COJlep)f(aHI1S1 CI1J1bHOKI1CnOTHbIX rpynn. 
3)3. (/JeHOJlbHble epynnu , B aJlI1KBOTHOi1 '-IaCTH arnoara (10 CM nOCJIC nponycxaana '-ICpe3 KaTI10HI1T pac

TBopa NaOH onpCJleJlSlJII1 OCTaTOQHOe KOnl1QeCTBO uienovn, npOBOJlSl THTpOBaHI1C 0,1 H HC] B npHcyTCTBl111 rpc

aornpraneuaa, 11 3aTeM paCC'-II1TbIBaJll1 conepacaxne -OH-rpynn B KaTI10HI1TC (MMonb/r) no rpopMyJIe: 

(100- V(T )O,1 

EOH = A 
In 

rne 100 - 06bCM 0,1 H NaOH, nponycxaevorc '-ICpe3 KaTI10HHT, Mn; Vo : 06111Hi1 06beM ornoara, CM
3; Vr- o6beM 

3
TI1TpaHTa, noureznuaii ua THTpoBaHHe aJlHKBOTHOH '-IaCTI1 srnoara, CM 3; VA - aJlHKBOTHaSl '-IaCTb smoara, CM ; 0,1 

KO::lrprpHUHeHT nepecxera KOnl1'-1CCTBa urenoxn, Bblpa)!(eHHOrO B Mn B MMOJIb; III - Macca HaBeCKI1 KaTI10HI1Ta, r. 

Onpeoenenue COp6lJUOl-lHbIX ceoiicme kamuonum oe no UOHa.M Pb2
+, Cd2

+, 2112 
+. ):.(.rISI 113yYCHI1S1 COp6UI10H

HbIX CBOHCTB I1cnOnb30BaJlI1 nponaacnue npenaparsi aUeTaTOB CBI1Hua, KaJlMHSI 11 UHHKa KBaf1l1rpHKaUHI1 «sna» ; 

onpeneneane KOHueHTpaU~1l1KaTHOHOB OCY1lleCTBJlSlJ1.l-l, 6epSl 3a OCHOBy crannaprnue MeTOJlI1KI1 15, 6]. 

B xonfiy nOMe1llaJIH 0,4-0,5 r KaTl10Hl1Ta H nponnrsiaana ofi paaeu 5 CM3 JlHCTl1nnl1pOBaHHoi1 sonu B revemre 

2 '-I. IJocne Ha6yxaHI1S1 B Kon6y Jl06aBnSlnl1 no SO CM 3 0,1 M pacrsopoa Pb(CH3COOh, Cd(CH3COOh Hnl1 

Zn(CH3COOh 11 OCTaBnSIJTI1 oopasuu B pacrsopax coneii ua CyTKI1 , nepl1oJlH'-IeCKI1 nepeueunrsas. 3aTeM pacrsop 

ornenann OT KaTI10HHTa C nououuao nopucroro crexnsunoro rpl1nbTpa. B HCXOJlHblX pacrsopax 11 B nOJIY'-IeHHbIX 

rpl1nbTpaTax 113MepSlnl1 pH C ncvoumo aonouepa I1-120.1. KOJIl1'-1ecTBo COp611poBaHHblx KaTI10HI1TOM 110HOB Me

TaJlnOB HaXOJll1nl1 no paJHOCTI1 Me)f(Jly KOHueHTpaUl1eH 110HOB B Ha'-laJIbHOM pacrsope 11 B rpHnbTpaTe, nOJIyYeHHoM 

nocne B3aI1MOJleHCTBI1S1 C KaTI10HI1TOM . OnpCJleneHI1C KOHUCHTpaUI1i1 npOBOJl~11 UITPI1MeTpHQCCKI1M MeTOJlOM . 

Ilpa THTpOBaHI1H I1CXOJlHOrO pacrsopa K HeMy Jl06aBnSlnH BOJlY C TaKHM paC'-IeTOM, '-ITo6bl cofirnonanocs 

COOTHoweHHe, KaK H npu aHaJlH3C 06paJUOB, - 10 :: 1. 
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Onpeoeneuue «onuenmpauuu UOH06 Cd, Zn, Ph U pacuem coptiuuonuux ceoucme.	 Ta6 

1. ,lJ,n51 onpenen exn s KOHueHTpaUl111 110HOB Cd K aJIl1KBOTHOH 4aCTI1 (3 CM
3

) aHaJII1311p y eMo ro pacrsop a 
Pe ~ 

3	 3 3
np116aBJI5IJII1 5 CM auerarnoro 6y¢epHoro pacrsopa, 10 CM C 1HsOH, 1 CM I1H,llI1KaTOpa ,llI1TI130Ha, p aCTBOpeHHO

J 
ro B a UeTOHe (25 Mr/lOO CM\ 11 TI1TPOBaJIl1 0,05 M pacr aopov 3 llTA no nepexona OKpaCKI1 I1H,llI1KaTOpa 113 

( 
OpaH)f(eBOH B cepyio . C 

YCTaHOBJIeHl1 e TI1Tpa pacrsopa 3 llT A o CY1l\eCTBJI5IJII1 no craanapraovy 0 ,1 H pacrsopy KMn04. 

3	 3
HCXO,ll51 113 MOJIeKy Jl5lpHoH MaCCbl Ka,llMI151 paCC411TbIBaJII1 ero KOJII14 eCTBO (X , Mr/cM ) , CB5I3bIBaeMoe 1 CM 1 

pacrsopa 3llTA: 

x = M T · M ca , 
KO 

3 
me Mr - MOJI5IpHa51 KOHueHTpaUI151 pacrsopa 3llTA , MOJIb/ cM ; M Cd - MOJIeKyJI5IpHa51 Macca Cd, Mr/MOJIb. C5I 

3aTeM BbI4I1CJI5IJII1 COp 6 UMOHHy lO eMKOCTb KaTI1 0HI1Ta no Cd (Y, Mrl r ) no rpopvyne: Tot 

KOl 

np 

KI1I 

60 rne vO - 0 6 b e M 3 llT A ( CM\ n OWe,llWI1H na TI1TpOBaHl1e aJIl1 KBOTHOH 4aCTI1 I1CXO,llH OrO pacrsopa auerara xazi
3 cy

Mli5I ; VA - 0 6beM 3 llT A ( CM ) , nOWe,llWI1H na rurpoaaaae aJIHKBOTHOH 4 aCTI1 ¢I1JI bTpaTa , nOJIY4eHHoro nOCJIe 

B3aI1M O,lleH CTBI151 C KaTI10HI1TOM ; Va - cyMMapHblH 06beM ( CM
3

) pacrsopa COJIH 11 ,llI1CTHJIJIHpOBaHH OH BO,llbI, I1C
6e 

3 301
nOJIb30BaHHOH ,llJl51 Ha6yxaHH5I KaTI10HHTa; VA - 06beM aJIHKBOTHOH 4aCTH auanaanp yeaor o pacrsopa (CM ) ; 

Ky
IIJ - Macca HaBeCKH KaTI10HI1Ta (r) . 

2. Onpenenenne KOHueHTpaUl1I1 110HOB Zn B pacrsopax H pacxer COp6UI10HHOH cnocoonocrn KaTI10illITa n o 3TOMY 
He 

n o 
MeTaJUlY npoaonnnn aHaJIOfll 4 HO MeTO,llHKe, npHBe,lleHHOH )lJl5I onpenenenas COp6UHOHHOH cnoc0 6HoCTH no Cd. 

3. Onpenenenae	 KOHueHTpaUl111 110HOB Pb B pacrsopax npOBO,llHJII1 cJI e,llYI01l\HM 06pa30M: aJIl1K BOTHY IO 
Be 

3 3 3 CK 
4aCTb (4,7 CM ) anannaupyea oro pacrsopa pa36aBJI5IJIH 25 CM ,llHCTI1JIJIHpOBaHHoH BO,llbI, ,ll0 6aBJI5IJIH 3 CM aue 


TaTHOrO 6y<jJ ep Hor o pacrsopa, 1 CM
3 

HH)lIIKaTOpa KCHJIeHOJIOBOrO opaaacesoro (0, 1% - HbI H cJIa 601l\ eJI04 HOH son He
 

HbIH pacrsop) H TI1TPOBaJIl1 0,05 M paCTBOpOM 3llTA no nepexona MaJIl1HOBOH OKpaCKI1 I1H,llI1K aTOpa B JII1MOHHO pe
 

)f(eJITYJO . Pacser npOBO,llHJI C5I n o ¢ opMyJI aM , aHaJIOfH4HbIM HCn OJIb30BaHHbIM ,llJI5I pacsera COp6U HOHHOH a KTHB


UIHOCTI1 no HOHaM Cd . 

ps 

Oticyscoenue peiynsmamoe	 3) 

ITPH 06pa60TK e n p es ecuor o Be1l\ eCTB a pa36aBJIeHHbIM BO,llHbIM paCTBopOM cepnoii KHCJI OTbI C OTrOHK OH 
4 ' 

B xone npouecca BO,llbI npcrexaior KaK peaKUHI1 ,lleCTpyKUHI1, TaK 11 npouec cu KOH,ll eHCaUl1I1. TIo Mepe CHI1)f(eHH5I 

,llOJIH BO,llbI B peaKUHOHHOH CM eCI1 YCI1JIHBa eTC5I POJIb peaKUHH KOH,lleHCaUHH , 4TO npHBO,llHT K 0 6pa30BaHHIO 
B 

B Ka4eCTBe KOHe4Horo npoziyxra rs epnoro, He p aCTB Opl1M OrO B BO,llHbIX CHCTeM ax M B opraHH4eCKI1X paCTBOpl1Te
B 

JI5IX OCTaT Ka . Ba)f(HbIM CBOHCTB OM nOJIY4 aeMorO nponyxra 5IBJI5IeTC5I HaJII14He B HeM 110HoreHHblX rpynn , c n ocoti 
6 

HblX scryn ars B 0 6MeHHble p eaKUHH C KaTHOHaM l1. IT0 3TOMY npe,llCTaBJI5IeTC5I nepCneKTHBHbIM I1Cn OJIb30BaTb 3T I1 
r 

nponykrsr KaK KaT I10 HI1TbI. ITPI1 npHMeHeHHI1 B Ka4eCTBe KI1CJIOTHOrO KaTaJII13aTOpa cepnoii KI1CJIOTbI o n x o s p e 

MeHHO C ee Ka TaJIHTH4eCKHM ,lle HCTB l1eM npOHCxO ,llHT H a aen e a n e B ¢OPMI1PYJ01l\YIO C5I CeT 4 aTYlO M aTpl1Uy Cy JIb 
1 

¢OHOBOKI1CJIbIX rpynn . Hapaa y C 3T I1M I1 CMJIbHOKHCJIOT HbI M H rpynnava, B npo ziyxr e npnc y r crayior 11 CJIa6 0 KI1

CJIOTHble peaxnaonasre uearpu, ,llOJI5I KOT OpbIX nazce npl1 ,llOCT aT04HO 60JIbW OM pacxone c ep a o ii KJi CJIOT bl 3aM eT 

HO asuu e, 4 e M ,llOJI5I CHJIb HOKI1CJIOTHb I X rpynn [7]. K aK 6blJIO Bbl 5lCHeHO [3], CJla6 0 KI1CJlOT Hbl e UeHTPbl B nOJIY4ae

MbIX KaTHo Ho 06MeHH HKax npencrasneau Kap6 0KCHJIbHbIMI1 11 eHOJl bHbIMI1 , B TOM 411CJle 11 ¢eHOJIbHblMl1, rpyrma

MH . ITOCKOJlbKY Kap60KCHJIbHble 11 runpoxcunsnsre rpynnsi 0 6 J1 a,ll a IOT KOMnJIeKC006pa3YJ01l\HMI1 CBOHCTBa M I1, 

nonynaesrue H3 n pes ecu u u KaTI10HIHbl MoryT npe,llCTaBJI5ITb npaKTI14eCKHH HHTepeC KaK cop6eHTbI nns y ,ll aJIeHH5I 

H3 paCTBopOB 110HOB nOJll1BaJIeHTH bIX MeTaJIJI OB. O,llHaKO npn I1CnOJIb30BaHI111 B Ka4eCTBe pearerrra cepaoii KI1

CJlOTbl B pesyn srar e 0 6pa30BaHI151 CYJlbql OHOBOKHCJIbIX rpynn 3Ha WTeJlbHa51 4aCTb nepBI14H O 0 6pa3YJ01l\erOC5I 

npon yxra p aCT BOp 5leT C5I npa ero 0 6pa60TKe 1l\eJl04HbIM p acrs opo« , 11 BCJIe,llCTBl1e 3TOro BbIXO,ll KaTHOHI1Ta cpas

HI1TeJIbH O HeBbICOK. 04eBH,llH O, 4TO npnweneane ,llP YfHX KI1CJlOTHbIX peareirros nonsoro npl1BeCTI1 K nOBbIWeHl11O 

asixona uenes o ro nponyxra BCJIe,llCTBl1e HCKJlI04eHH5I B0 3MO)f(HOCTI1 06pa30B aHI151 CI1JIbHOn OJl5lp Hb lX Cy JIb<jJ OHO

BOKI1CJlbI X rpynn . Pe3YJlbTaTbI On bITOB, npaseneaau e B Ta6JII1ue 1, rt ozrraepacnaior ztanno e npennonoacenae. 
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BJIH5IHI1E nPI1PO,Uh1 KI1CJIOTHOrO PEArEHTA . . . 

Tafinnua 1. BbIXO.u rtponyrcroa, 06pa3yIDI..l.lHXCJI npa KI1CflOTHOH 06pa60TKe COCHOBblX ornrrrox 

Peareirr pK KHCIlOTbI [8] 
Pacxon, 

% OT a,c.a 
Buxon npO.!l)'KTOB, % OT a c.n. 

cop6eHT utenosepacrsopaasie aeruecrsa nerysne KHCIlOTbl 

KO 

CK1 

CK2 

XI<: 
TCK 

<PK 
XYK 

-
-3 ,1 

-8 

-2,7 

2,12 

2,87 

-

5,9 

9,3 

6 ,4 

11,1 

6,3 

6,1 

81,0 

59,5 

60,9 

64,6 

75,] 

82,6 

82,1 

... 
21,5 

16 ,1 

12,9 

8,1 

4,7 

10,5 

... 
1,6 

. . . 

3,7 

2,0 

1,4 

1,2 

KaK BI1.uHO no cpaBHeHl11D C cepnoii KI1CflOTOH, I1CnOflb30BaHl1e npyrux KHcnOTHbLX KaTaIll13aTOpOB npI1BO,llI1T 

K 06pa30BaHl1ID nponyicra C cyurecraenno 60flee BblCOKI1M BbIXO,llOM. MaKCI1MaIlbHbIH BbIXO,ll COp6eHTa aafimonaer

CJI ,llflH cjJOCepOpHOH KI1CflOTbI. B cnyxae npl1MeHeHI1H ronyoncynsrpoxacnon,r, aansiouieiica 60flee Cl1flbHOH KHcnO

TOH, asixozi COp6eHTa HillKe, 'ITO CBH3aHO C 60flee aKTHBHblM npOTeKaHHeM peaxuati rH,llPOflI1TI1'1eCKOH necrpyxuna 

KOMnOHeHTOB npeaecmru. ,UeHcTBHe XflOpHOH KHCflOTbI, npoaanmouieii Hal160flee CHflbHble KI1CflOTHble CBOHCTBa, 

npI1BO,llHT K erne forree 0I..l.lYTHMOMY naneinno suxona copfieirra. TIOMHMO peasujni ,lleCTpYKI.lI1I1, ,lleHCTBHe XflOpHOH 

KI1CIlOTbl cOnpOBO)/(!1aeTCH H oKHcnHTeflbHblMH npeepauieaaaxor, aa 'lTO, B 'laCTHOCTH, YKa3bI.BaeT 06pa30BaHl1e 

60flbwero, no cpaBHeHHID C OnbITaMH, BbInOflHeHHblMH C npYrHMI1 KHCflOTaMH, KOflH'leCTBa nerysux KHCfl 01'. B npu

C)'TCTBI1I1 MOHOxnOpyKCyCHOH KHCflOTbI KOJ1I1'leCTBO 06pa3)'1OI..l.lerOCH nponyxra npnvepao paBHO xomrsecrsy Cop

6eHTa, nony-rennoro C cjJOCepOpHOH KI1CflOTOH. O.uHaKO, B OTJ1I1'll1e 01' OnbITOB C cjJOCepOpHOH KI1CflOTOH, npn ncnons

30BaHl1H MOHOxnOPYKCyCHOH KHCflOTbI nony-raercs 3Ha'lI1TeflbHO 60flbwe urenosepacraopnaux BeUleCTB. TIOCKOflb

Ky pK 3THX KHCflOT 6m13KH H HX rnnpomrrusecxoe neHCTBHe nOfl)J(HO 6blTb He osem, BeflHKO, necrpyxuns KOMno

HeHTOB npeaecaau B I1X npncyrcrsan, O'leBI1,llHO, npOI1CXO,llI1T B He3Ha'lI1TeflbHOH CTeneHH, H B cnysae oopasua, 

nonyxeaxoro C MOHOxnOPYKCyCHOH KI1CflOTOH, npn 06pa60TKe uieno-n.io He pacrsopuracro B peaKl.l110HHOH CMeCH 

aeuiecrsa 113 Hero ynansercs sna-nrrensnoe KOflH'leCTBO revauenrnonos . B TO ace cavoe BpeMJI aaasaanue KI1CflOTbl 

CKflOHHbl K 06pa30BaHHID CflO)J(H03epHPHOH CBH3H, 11 epocepopHaH KHCflOTa, HBflHJlCb, B OTJJl1'll1e 01' MOHOXflOpyKCyC

HOH, TpeXOCHOBHOH KI1CflOTOH, MO)J(eT 06Pa30BbIBaTb 'rpn TaKHe CBJl311, TeM CaMbIM aucrynas B pona cnraaaiourero 

pearerrra, exrnouarouiero onarocaxapansr B CeT'laT)'IO MaTpl1HY nepacraopnaoro nponyxra. 

Ofipauiaer na cefis BHHMaHHe TO, 'lTO npn I1CnOflb30BaHl111 cepxoii KI1CflOTbl 60flee BblCOKOH xonuenrpa

HI1H (on biT CK2) KOflH'leCTBO 06pa3)'1OI..l.ll1XCH ureno-repacraopavux aeuiecrs HI1)J(e , 'leM B onsrre C MeHbWI1M 

paCXOnOM pearenra, OTHOCI1TeflbHO He60flbwoe nossnnenae BbIXOna KaTHOHI1Ta no cpaBHeHl11D C onbITOM CK 1 

snecs MO)J(eT 6blTb 06bHcHeHo 60flee aKTHBHbIM npOTeKaHHeM peaKl.\HH nerunparauna. 

113Y'1eHHe l1oHo06MeHHbix CBOHCTB nonyseaasrx KaTHOHI1TOB nOKa3aIlO cyuiecrsenaue pa3flH'lI1H B xonu

'leCTBeHHOM cOnep)J(aHHI1 ornensusrx KaTl10H006MeHHbix rpynn . 

KaK BHnHO H3 npnseneaasrx B rafinnue 2 nanusrx, ace ofipaausi HMelOT CHflbHOKI1CflOTHble rpynnsr. Ecnn 

B cnyxae copfieirroa, nonyuennstx C cepnoii KHCflOTOH, 3THMH rpyrmaxra, KaK OTMe'laIlOCb , HBflJlIDTCH cynstpoao

aoxncnsre rpynnsr , TO B crrysae zrpyrux 06pa3l.l0B CHflhHOKHCflOTHhle cBoHCTBa, nO-BI1,llHMoMy, npOJlBflHIDT xap

60KCl1flbHbie H enonsasre rpyrmsi, HMelDl..l.lHe B xasecrae COCe,llHI1X 3aMeCTHTefleH anexrpoaoaxuerrropnsre rpyn

nHpoBKH, noasnuarounre KHCflOTHhle CBOHCTBa Ha3BaHHblX cjJYHKl.\HOHaflbHblx rpynn [9] . CymeCTBeHHo 60flee 

asicoxoe conepacaane CHflbHOKI1CflOTHhIX rpynn xapaxrepao ,llflJl copfieura, nonyseunoro C epOCepOPHOH KHCflO

TOH , 'lTO, nO-BI1.LlI1MOMy, B 3Ha 'lHTefl bHOH CTeneHH CBJl3aHO C BBeneHl1eM B cersaryio MaTpHl.lY epOCepOpHOKI1CflblX 

rpynn, cnna KOTOpbl X nOBbIWaeTCJI TaIOKe acnencrsue npHcyTcTBI1J1 3fleKTpOHOaKl.lenTOpHbIX 3aMeCTHTefleH, Ha

XO,llJlI..l.lHXCH B COnpJIJKeHI1H co CflO)J(H03epHPHbIMH CBH3HMI1 06pa3yIDI..l.lHxCJI cjJocepaTOB. 

Tafinnua 2 . l1oHo06MeHHbie CBOHCTBa KaTI10HI1TOB, MMoflb/r 

KaTHOHHT 
CHIlbHOKHcIloTHble CIla6oKI1CIlOTHbie rpyrmsr CyMMa KJ1CIlOTHbIX 

rpynnrpynrn.r xapfoxca.u.nue eaorn.aue 
KO 

CKI 

CK2 

XK 

TCK 
<t>K 

XYK 

0,12 

0 ,33 

0 ,32 

0,13 

0,14 
0 ,83 

0 ,13 

0 ,14 

0,23 

0,99 

0,72 

0,43 
0,89 

0,15 

0 ,20 

0,40 

0,65 

1,10 

0,23 
0 ,50 

0,20 

0,46 

0,96 

1,96 

1,95 

0,80 
2 ,22 

0,48 
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Bo BCeX nony-rennux KaTI10HliTaX Ha6J11onaeTClI npncyrcrsne Kap60KCI1J1bHbIX rpynn, KaK 113BeCTHO, He

xoropue KOMnOHeHTbI npeBeCI1HbI (nOJlI1YPOHl1nbl 11 Jll1rHI1H) conepxar Kap60KCI1J1bHble rpyrmst, '-IeM 11 06bllCHlI

eTClI I1X npncyrcrane B KOHTpOJlbHOM oopaaue . Bonee BbICOKoe no cpaBHeHl110 C KOHTPOJlbHblM 06pa3UOM coziep

»caane Ha3BaHHblX rpynn nO'-lTI1 BO scex copfieurax, aa I1CKJlIO'-IeHl1eM nponyxra, nonysenuoro C MOHOXJIOpyK

CyCHOH Kl1CJlOTOH, nO-BI1llI1MOMy, 06bllCHJleTClI nporexannera OKl1CJlliTeJlbHO-BOCCTaHOBI1TeJlbHbIX peaKUI1H C ysa 

CTl1eM aKTI1BHblX I1HTepMenl1aTOB, 06P33Y1OUU1XClI npn rHnpOJlI1T11'-1eCKI1X npeapauieiruax KOMnOHeHTOB npeaecn

Hbl. OnHaKO HeJlb311 I1CKJlIO'-II1Tb npOllBJleHl1l1 OKI1CJlI1TeJlbHbIX CBOHCTB B YCJlOBl1l1X 3KCnepl1MeHTa 11 y ornensnux 
I1CnOJlb30BaHHblX pearerrron , B '-IaCTHOCTI1 y cepnoii 11, KaK OTMe'-laJJOCb, y XJlOpHOH KI1CJlOT. 

Iloasnueaae KOJlI1'-1eCTBa eHOJlbHblX (cjJeHOJlbHbIX) KI1CJlOTHblX rpynn y npenaparoa nocne Kl1CJlOTHOH ofipa

60TKI1 MO)f(HO06bJlCHI1Tb KaK p33pbIBOM npOCTbIX 3cjJ I1pHbiX CBJl3eH B MaKpoMoJleKyJle rnrrunua, TaK 11 npcrexanaea 

peaKUI1H nerunparaunu B nl10JlbHbIX rpynnuposxax nonacaxapanos, OrHOCI1TeJlbHO HeBbICOKoe conepacaane 

eHOJlbHbIX rl1npOKCI1J1bHbIX rpynn y 06P33Ua, nony-reanoro B npncyrcrana TOJlyOJlCyJlbcjJOKI1CJlOTbl, BepOllTHO , CBlI

3aHO C rpynaocn.ro npOHI1KHOBeHl1l1 CpaBHI1TeJlbHO 60JlbW0l1 MOJleKYJlbl peareirra K peaKUl10HHblM ueirrpara. 3TO 

06bllCHlIeT 11 OTHOCI1TeJlbHO aeasicoxoe cyMMapHoe con epscaa n e KI1CJlOTHblX l..(eHTpOB B paCCMaTpl1BaeMOM 06p33ue. 

Ofipaaeu, nOJl)"-leHHblH C MOHOXJIOpyKCyCHOH KI1CJlOTOH, no cocraay KI1CJlOTHblX rpyrm nO'-lTI1 He OTJII1'-1a

eTClI OT KOHTpOJlbHOro o fipaaua, '-ITO norrrsepacnaer cnenanaoe asnue 3aKJIl0'-leHl1e 0 He o -reu s 3Ha'-lI1TeJlbHbIX 

CTpyKTypHbIX 113MeHeHI1JIX KOMnOHeHTOB npeBeCI1HbI npl1 06pa60TKe 3TI1M peareHTOM. 

TIPI1 cpaBHeHl111 cop6eHTOB, nOJlY'-leHHbI X npl1 I1CnOJlb30BaHI111 CepH OI1 KI1CJlOTbl pa3H0l1 KOHueHTpaUI1I1, 

Bl1nHO, '-ITO B cnyxae CK2 conepxanne KI1CJlOTHbIX rpynn CYUleCTBeHHO nsnue, 11 , y-nrrsiaa» MeHbwee KOJlI1'-1eCT

BO ll\eJlO'-lepaCTBOpI1MbIX BeUle CTB, MO)f(HO cnenars auaon 0 nOBblWeH1111 POJIII peaKUI1H KOHneHCaUl111 H cjJ yHK

Ul10HaJJH3aUl111 C onHOBpeM eHHbIM CHI1)f(eHl1eM POJlI1 peaKUI1H n eCTpYKUI1H n OJlHMepOB npesecaoro aeurecrsa npu 

YBeJlI1'-1eHI1H KOHueHTpaUl111 cepuoii KHCJlOTbl. 

TIpl1 cyTCTBl1e sna-nrrensnorc KOJlI1'-1eCTBa CJla60KI1CJlOTHbIX rpynn, 06J1analOll\I1X KOMnJleKC006pa3Y1Oll\I1

MI1 cBoi1 CTBaMI1, YKa3bIBaeT aa B03MO)/(HOCTb I1X npl1MeHeHI1JI a n a yzranenaa 113 paCTBopOB 110HOB rsacern,rx Me

TaJJJlOB. TI03TOMY 6 blJla 113)"-1eHa copfiuns nOJl)"-leHHblMH KaTI10HI1TaMI1 TaKI1X TOKCI1'-1 HbIX 110HOB MeTaJJJlOB, KaK 

KaTI10HbI CBHHua , KanMl1l1 11 UI1HKa. 

Pe 3YJlbTaTbI no COp6UHI1 110HOB KanMl1l1 npnaenensr B Ta6J1l1ue 3. Ilonyvennue axcnepaaearansuue n an

asre csanerenscrayior 0 pa3HoH CTeneHH cp oncrsa coprienros K 3TOMY KaTI1OHy . EMKOCTb ofipasua, nonyseaaoro 

C MOHOXJIOpyKCyCHOI1 Kl1CJlOTOH , OKa3aJJaCb npnvepao TaKoH )f(e, KaK 11 y KOHTpOJlbHOrO ofipaana, '-ITO 06bllCHlIeT

ClI HI13KI1M con epacaa a eu 110HoreHHblX rpynn . HeO)f(l1naHHblM OK33aJJaCb cpaamrrensao neaucoxas eMKOCTb K 

KanM1110 copfieara, nony-reuuoro npn HCnOJlb30BaHI111 B xaxecrae KaTaJJI13aTOpa cjJoccjJopHoli KI1CJlOTbl, I1MelOUlero 

nOCTaTO'-lHO BbICOKoe ccnepscaane 110HOreHHbIX UeHTpOB. KaK 6blJlO BhIlICHeHO, 3TO CB1I3aHO C HenOCTaTO'-lHOH 

mnpocjJHJIbHOCTblO oopaaua, npenllTCTBYIOUleH npOHI1KHOBeHl11O MOJleKYJl BO,nbI BHYTPb c op fi errr a . TIPl1 I1CnOJlb

30 BaHI111 n Jlll aafiyxanns eon no-cn a pr o aor o (3 : 2) pacrnopa nonysenu naaasre, 60Jlee 06beKTl1BHO orpaacaioume 

ero COp6Ul10HHble CBOHCTBa ( CM. Ta6Jl . 3) . Bucoxoe CpO,nCTBO K KaTHOHaM Ka,nMl1l1 Ha6J1lOnaeTCJI ,UJl1I copfiearoa, 

nony-reausi x C cepnoa 11 XJI0p HOH KI1CJlOTaM11. Cyurecrsexnoe CHH)f(eHl1e pH B cjJHJlbTpaTaX caaaerenscrayer 0 

TOM, '-ITO KaTI10HbI B3aI1Mo,neI1CTBYIOT C CHJlbHOKI1CJlOTHbIMI1 rpyrmaan. O,nHaKO, Y1.JI1TbIBall, '-ITO 3KBHBaJJeHT xan

MI1JI B nsa pa sa MeHbwe er o MOJleKyJlllpHOH MaCCbI, cpasaeaae naHHblX no COnep)f(aHI1IO KHCJlOTHbIX rpynn (CM. 

Ta6J1. 2) 11 eMKOCTH copoenros no 110Hy KanMl1l1 cau n eren scr ay er 06 Y'-laCTI1H B COp6UHI1 11 CJla60KI1CJlOTHblX uen

TpOB aa C'-IeT 06pa30BaHI111 Koop,nI1Hal..(110HHbIX CBJl3eH . 

C XOIl.Hall xapruaa , XOTlI H C uexoropuva OTJlI1'-1I1J1MH, Ha6JTIOII.aeTClI 11 B cn ysae COp6Ul1H 110HOB UI1HKa 

(Ta6J1. 4) . Haafionsuiyio eMKOCTb 3neCb raiose npoasnmor copfierrrsr, nonyvennsre C cepuoii, XJI0pH OH 11 cjJoc

cjJOpHOH KI1CJl OTaMI1. Ormaxo B 3TOM cnyx ae eMKOCTb copfienroa HeCKOJlbKO HJi)f(e, '-IeM npa copfiunn HOHOB xan

Ml1l1 . 3TO CB1I3aHO C TeM, '-ITO B cnyxae 06pa30BaHHlI KoopnHHaUl10HHOH CB1I 311 aazcnoe 3Ha'-leHl1e I1MeeT paccrox

Hl1e Me)f(ny cjJyHKUI10HaJJbHblM11 rpynnaMI1 Jll1raHII.OB. [lOCKOJlbKY 110H UI1HKa I1MeeT MeHbWI1H panuyc (0, 074 HM) , 

'-IeM 110H KaIl.Ml1l1 (0,095 HM) [10] , He ac e cjJ YHKUI10HaJJbHble r pyn n si pacnonaraiorcs na OnTI1MaJJbHOM ,UJl1I ofipa

30BaHHlI KOMnJleKCa C UI1HKOM paCCTOlIHI1I1. 

Ta6J1l1ua 3. Copfinaa 110HOB Kan Ml1l1 KaTHOHI1TaMH 

Ta 

,LU 

n. 

n 

B 

Il apaverpu KO C K I CK2 xx T CK <PK X Y K 

Mr/r 21 ,4 125 11O 109 30,8 41 ,7 (113) 20 ,8 

MMOnb/r 0, 19 1,1 0 ,95 0,95 0,28 0,37 ( 1,0) 0,18 

pH qlHnbTpaTa* 6,5 ... 5,6 5,6 5,4 5,9 (5, 5) 6,4 

npI1Me'-laHI1lI: •pH acxonnoro pacrnopa auerara KanMl1lI-7,3 ; ** B cxofixax npnseneau nannue, nonys eunue DpH Ha6yx aHI1H 

ofipar ua B BonHo-cllHpTOBOM pacrsope. 

C 
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Ta6JIHua 4. Cop6ul111 KaTl10Hl1TIlMl1 l10HOB Ul1HKa 

Ilapaverpu KO CK1 CK2 xx TCK <!>K XYK 

Mr/r 12,6 39,7 50,7 49,6 24,1 24,5 (53,7) 24,4 

MMOJlb/r 0,19 0,61 0,77 0,76 0,37 0,37 (0,82) 0,37 

pH <jJl1JTbTpaTa * 6,5 ... 5,8 5,9 6,2 6,0 (5,6) 6,5 

npHMe'-IaHI1Jl: *pH HCXO,lJ.HOrO pacrsopa auerara Ul1HKa - 6,6; **B cK06Kax npnnenem.r nannue, norrysennue npa Ha6yxaHl1l1 

otipasuaB BO)JJiO-CmlpToBoM pacrsope. 

Y1.Jl1TbIBall, 1.JTO npn 06pa30BaHI1I1 KOMITJleKCOB C l10HaMl1 MeTaJIJlOB CB>J3blBaeTC>J 60JlbWee, 1.JeM neofixo

,lJ.HMO WIll HeihpaJIl13aUl1l1 sapsna l10HOB 1.Jl1CJlO mrrannoa, cnenaaa ITOnbITKa onpenenars, y'IaCTB)'IQT Jll1 B KOM

nJJeKco06pa30BaHl111 Hl13KOMOJleKYJlllpHbIe coezntnenns (ncau), T.e. ofipasoaueaercs Jll1 BHyTpeHIDIlI cdiepa KOM

nJJeKCOB TOJlbKO sa C'IeT ¢YHKUl10HaJIbHbIX rpynn copfieara I1Jll1 B POJll1 Jll1raH,QOB asicrynarcr 11 1.JaCTI1Ubl, npl1

cyrcrsyrounre B pacrsope. ,Z:(.nll 3TOro npl1 l13Y1.JeHl111 copfiujnr l10HOB CBl1Hua 06pa3UbI nocne BbI,QeplKl1BaHl1l1 

B pacrsope COJll1 l1 OT,QeJleHl1l1 ¢l1JlbTpaTa rurareru.no OTMbIBaJIl1Cb BO,QOH OT CJle,QOB necopcaposaasoa COJll1, 

H nccne BbIcYWI1BaHl1l1 (103±2 °C) B HI1X ortpezrenancx npnpocr MaCCbI, 06YCJlOBJleHHbIH cOp6Ul1eH KaTl10Ha. 

)laHHbIe, npuseneiuo.re B rafirnrue 5, He ,QalOT anomre O,QH03Ha1.JHOrO OTBeTa na 3TOT nonpoc. Y KOHTpOJlbHOrO 

ofipasua l1 cop6eHTOB, rrOJlY1.JeHHbIX C l1CrrOJlb30BaHl1eM cepnoii Kl1CJlOTbI l1 TOJlYOJlCYJlb¢OKI1CJlOTbl, npnpocr Mac

CbI 06pa3UOB nocne copfiuna OKa3aJIClI 60JlbWe MaCCbI COp6l1pOBaHHoro KaTl10Ha. TI03TOMY B 3Tl1X cny-rasx MOlK

HO rOBOpl1Tb 06 Y1.JaCTI1l1 B 06pa30BaHI1l1 KOMrrJleKCOB He TOJlbKO rrOJl>JpHbIX rpynrnrposox cop6eHTOB, HO l1 aue

TaT-aHl10HOB Wl1Jl11 MOJleKYJl BO,QbI. Y 06pa3UOB lKe, rrOJlY1.JeHHbIX B npucyrcraaa XJlOpHOH, ¢OC¢OPHOH l1 MOHO

XJJOPYKCyCHOH Kl1CJlOT, npnpocr MaCCbI HeCKOJlbKO MeHbwe KOJll11.JeCTBa COp6l1pOBaHHoro KaTI10Ha. O,QHaKO 3,QeCb 

noxa npexczteapevenno nenars BbIBO,Q 06 OTCYTCTBl111 Koop,QI1HaUl111 KaTl10HOB C Hl13KOMOJleKYJlllpHbIMl1 coenmre

HW1Ml1. Measuiae 3Ha1.JeHl111 npnpocra MaCCbI MOlKHO 06bllCHl1Tb 11 HeycTOH1.Jl1BOCTblO KaTl10HI1TOB rrpl1 nOBbI

weHHOH rerarteparype, l1CrrOJlb30BaHHoH ,QJl>J BbICYWl1BaHl1l1 ofipasuoa. B ,QaJIbHeHWeM 3TOT sonpoc rpefiyer 60

JJee 06CTOllTeJlbHOrO l13Y1.JeHl111. 

KaK 11 rrpl1 copfiunu l10HOB Ka,QMl1l1 l1 Ul1HKa, 06pa3UbI, nonyaenasre C noraouu.io cepaoii 11 XJlOpHOH Kl1

CJJOT, rrOKa3bIBaIOT ,QOCTaTO'IHO BbICOKoe CpO,QCTBO K KaTl10HaM CBl1Hua, CpaBHl1MOe co CpO,QCTBOM K 110HaM xan

MHlI. 1-13 3TOro cnezryer BbIBO,Q, 1.JTO CeJleKTl1BHOCTb Ha3BaHHbIX coptienros B psny l13Y1.JeHHbIX 110HOB MeTaJIJlOB 

uesernnca. ,[(Jlll ofipasua xce, nonyuennoro C ¢OC¢OPHOH KI1CJlOTOH, nafimonaercs aexoropas CeJleKTl1BHOCTb rro 

OTHOWeHl11O K l10HaM CBl1Hua; eMKOCTb no CBl1HUY B norrropa pasa nsnue, 1.JeM eMKOCTb rro l10HaM Ka,QMl1l1, l1 B ,QBa 

pasa npeasuuaer eMKOCTb copfieirra K l10HaM Ul1HKa. ,[(aHHbIH ¢aKT MOlKHO 06bllCHl1Tb TeM, 'ITO YQaCTBYIOl.l.I,l1e B 

KOMnJleKC006pa30BaHl1l1 rpynnapoaxn COp6eHTIl HaxO,QlITC>J B 6Jlarorrpl1l1THOM ,QJlll B3al1Mo,QeHCTBl1>J C ,QOCTaT01.J

HO xpynasrv ,QBYX3apll,QHbIM KaTl10HOM CBl1Hua (0,119 HM) [10] nOJlOlKeHl1l1. 

Tafinnua 5. Cop6ul111 KaTl10Hl1TaMI1 l10HOB CBHHua 

Ilapaverpu KO CK2 XK TCK <!>K* XYK 

Mr/r 24,2 242 218 121 242 (314) 72,5 

MMOJlb/r 0,12 1,2 1 0,58 1,2(1,5) 0,35 

pH <jJl1JlbTpaTa* 5,9 5,3 5,3 5,6 5,2 (5,2) 5,8 

npnpocr MaCCbI, Mr/r 47,5 353 195 158 217 (248) 68,7 

TIpl1Me'laHI1Jl: *pH l1CXO,lJ.HOrO pacrsopa auerara CBHHua - 6,3; **B cK06Kax npanenensr namn.re, nonysexaue npn naoyxaun» 

oripaana B BO,lJ.HO-Cnl1pTOBOM pacrnope. 

Bueoou 

1. TIPl1 06pa60TKe npesecasrx Onl1JlOK 0,1 M BO,QHbIMl1 paCTBOpaMl1 KI1CJlOT C OTroHKOH B xone npouecca 

BO,QbI nOJlY1.JaIOTClI KaTl10HI1TbI, BbIXO,Q KOTOpbIX B 3aBl1Cl1MOCTl1 OT npnponsi KHCJlOTHOrO KaTaJIl13aTOpa B03paCTa

er B pll,Qy (%): H 2S04 (59,5), HCI04 (64,6), 4-CH3C6H4S03H (75,1), ClCH2COOH (82,1), H 3P04 (82,6). 

2. KaTl10Hl1TbI cozrepacar Cl1JlbHOKl1CJlOTHbIe l1 cJla60Kl1CJlOTHbIe 110HOreHHbIe rpyrmsr. Hauoorn.uryro cYM

MapH)'IQ eMKOCTb (nopsnxa 2 MMOJlb/r) I1MelOT KaTI10HI1TbI, rrOJlY'IeHHbIe rrpn I1CrrOJlb30BaHl1l1 cepaoa, XJlOpHOH 

l1 ¢OC¢OPHOH KHCJlOT. 

3. KaTl10Hl1TbI, nOJlY1.JeHHbIe C I1CnOJlb30BaHl1eM cepuoii, XJlOpHOH l1 ¢OC¢OPHOH KI1CJlOT, I1MelOT ,QOCTa

T01.JHO BbICOKYIO eMKOCTb rrpn copfiunn ,QByxBaJIeHTHbIx KaTl10HOB Ka,QMl1l1 l1 CBI1Hua (1,0-1,5 MMOJlb/r) 11 MeHb

w)'IQ eMKOCTb rrpl1 cop6Ul111 KaTl10HOB UI1HKa (0,7-0,8 MMOJlb/r). 

4. KaTl10Hl1TbI, rrOJlY1.JeHHbIe 06pa60TKoH Orrl1JlOK MI1HepaJlbHbIMI1 Kl1CJlOTIlMI1, MmKHO l1CnOJlb30BaTb B tea

1.JeCTBe copoearos WIll y,QaJIeHl1l1 l13 pacrsopoa KaTl10HOB TlIlKeJlbIX MeTaJIJlOB. 
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Deineko [ P., Krug lova t.s, Deineko 1.V. INFLUENCE OF THE NATURE OF ACID REAGENTS TO YIELD AND 
PROPERTIES OF THE CAT ION EXTENDERS DERIVED FROM SAWDUST 

SI. Pete rsb urg State Fores try University, Ins titutskii per. 5, SI. Petersburg , 194021 (Russia), e-ma il: ipdeineko@mai/.rll 

Influence of the nature of acid reagents (H2S04, HCI0 4, 4-C H3C6H4S03H, CICH2COOH, H3P0 4) on yie ld and sorption 
propert ies of cation exchangers derived from pine sawdust has been studied. The highest yield cation exc hanger is observed 
when using phosphoric acid. Cation exchangers contain strong and weak ly acid functional groups, the total capacity on the 
cation Na+ of individual samples up to 2 mmol /g. Sorbents obtained by using sulfuric, perchloric and phosphoric acids have a 
high affinity for cations Cd2+ and Pb2+; capacity for these cations varies in tbe range of 1,0--1 ,5 mmol/g. 

Keywo rds: Sawdust, acids, cation exchangers, yield, strong acid groups, weakly acid groups, sorption, cadmium, zinc, lead. 
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