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Ilpean ox en npouecc nOJl)"leHIDI KaTMOHMTOB M3 zipeaecaoro ChIPhJl, 3a KJIIO'HlIOUlMHCJI B repaoofipaforxe non s axyy ­

MOM llpeBeCllhlX OnMJlOK, n p enaap uren s n o nponnraanux BOllHhIM paCTBopOM c epn o a KMCJlOThI , C OllHOBpeMeHHOH OTroHKOH 

M36hITOQHOH M peaKUMOHHOH nonsr. l{CJleBOH npOJl.YKT ( BhIXOJl. - 66-68%) npCJl.CTaBJlJlCT C060H nOJlM(l» l~KUMOHaJIhHhlH x a ­

TMOHMT, COJl.eplKaUIM H CMJIhHOKMCJlOTHhle M CJla60KMCJlOTHhle rpyrmsi. Hccneaosaao BJlMJlHMe KOHueHTpaUMM cep n o ti KMCJIOThl, 

MCnOJlh30BaHHOH llJIJI npOnMTKM OnMJlOK, B llMana30He 4,4-56,0% na MOHoo6MeHHhle CBOHCTBa nonys aesssrx KaTMOHMTOB. C o­

n cp lKaHMe KMCJIOTHhIX rpynrr B KaTMOHMTC C nOBhIUleHMCM KOHueHTpauMM KMCJlOThi B03paCTaeT M IIpM soauenrpauna 56% 
n OCTMraeT 4,6 MMOJlhlr. H3yqeHa copfiun» KaTMOHMTaMM MOHOB TJllKCJlhIX MeTaJIJlOB . YCTaHOBJleHa BhICOKaJI eMKOCTh HOHH3H­

poBaHHOH tP0PMhl copfienros K Ha3B aHHhIM KaTHOHaM . MaKCHMaJIbHaJI eMKOCTh K 3JJCMCHTaM Y COp 6 CHTOB B HOHH3HpoBaHHoM 

COCTOJlHMH B0 3p aCTa eT B nOCJlenOBaTCJlhllOCTM (MMOJl IJr): Ni (1,71) > Co (1,78) > Cu (1,83) > Ph (2,16). 
Kstoueeue cnoea: enossre OllMJlKH, CepHaJI KMCJlOTa, KaTHOHHTbI, o6MeHHaJI eMKOCTh, KMCJlOTHhle rpynrna, COp6UMJI, 

CBHHCU, Ko6aJIbT, HHKCJIh, Me,nh. 

Hapacraaae 3KOnOrHlJeCKHX npofinesr, CB~l3aHHOC B 3Ha tHITeJlbHOH crenean C YCHJlIfBalOlUHMC}! sarpsane­

AHeM ranpocqiepsr , naxryer He06xOlllfMOCTb COBepllleHCTBOBaHJUI npoueccos OlJlfCTKH BOllHbIX CIfCTeM [1]. OCO­

6eHHo 60JlblllYIO onaCHOCTb anx )l(HBbIX OpraHI13MOB npeacraansior nonanaiourae 113 paamrnurx IfCTOlJHI1KOB 

B npaponnue BO.!l.OeMbI 110HhI TOKCl1lJHbIX U)I(eJlbIX MeTannOB [2]. 

OIlHIfM 113 nanfonee 3QlQleKTHBHbIX nO)lXOIlOB K OlJl1CTKe 3arpR3HeHHbIX aonnux CTOKOB }!BMeTC}! I1CnOnb­

30BaHHe COp6U110HHbIX npoueccos. Am! yzraneaas HOHOB 113 pasfiaanennux paCTBopOB nplfMeHRlOTCR CHHTeTl1lJe­

CKMe HOHoo6MeHHble CMOJIbl (110HHTbI) , COp6U1-IOHHa}! eMKOCTb KOTOpbIX no OTHOllleHHIO K TR)I(eJIbIM MeTaJIJlaM 

ne)I(HT B naanasoae 2-5 M3KB/r [3]. Onaaxo tuapoxoe pacnpocrpaaeuae HOHlfTOB cnepacaaaerca OTHOCHTenbHO 

BMCOKOH HX CTOIfMOCTblO [4]. 

TI03TOMY 60JIbillOe 3HalJeHHe IfMCIOT pa60TbI, uanpasneaaue aa COJ.n.aHHe nenoporax 3QlQlCKTHBHbIX cop­

6eHTOB. B nocnenaae roast npO»BMeTC» 60JIbillOH HHTepec K nOJIYlJeHHIO l1oHo06MeHHblx copfenros na OCHOBe 

B0306HOBJlReMOrO Jll1rHoueJIJIIOJl03HOrO CblpbR [5, 6], B lJaCTHOCTH npeaecnsrx OTXO.n.OB [5-8]. 
I1cnOJIb30BaHHe aenocpencrsenao .lIPeBecHHbI H ee KOMnOHeHTOB B KalJeCTBe HOH006MeHHI1KOB RBMeTC» 

neuenecoocpasnua BCJle.n.CTBHe HH3Koro conepscaans B CTPYKTypHbIX COCTaBJIRIOIUHX KJleTOlJHbIX CTeHOK (n OJIH­

caxapnnax 11 JIl1rHHHe) HOHoreHHbIX rpynnaposox [9]. 06MeHHaR eMKOCTb npesecasrx Onl1JlOK no KaTl10HaM M e­

rannos osem, Mana H He npessnnaer 0,1 M3KB/r [7, 11]. TI03TOMY npOBO)lRTCR I1HTeHCHBHble HCCJIe.llOBaHHR no 

TIOBbllJIeHHIO conepzcaaaa B JII1rHOueJIJllOJl03HbIX MaTepHanax aKTI1BHbIX uearpos nOCpe.llCTBOM XIfMHlJeCKOrO 

MO.llH!\>HUl1pOBaHHR CbIpb» [10, 11]. TIepCneKTI1BHbIM cnocofiosr MOJlHQlHUHpoBaHIf}! MO)l(eT 6bITh 06pa60TKa ape­

BeCHHbI KHCJIOTHbIMH pearenraan. B qaCTHOCTH , 
/I,el/HeKO J16Q// [JaeJl06U'I- npodieccop, JlOKTOP XHMHQCCK HX 

lfMelOTC}! nauaue, 'ITO .lleHCTBHeM cepaoii KHCJIOTbI 
nays, c-mail:-ipdeineko@maiLru
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npn resmeparype OKOJIO 85°C ynaercx norrysars KaTHOHHTl>I, 06MeHHaR eMKOCTh KOTOphIX aocraraer 5 M3KBlr 

[12]. Onaaxo npa HCnOJIh30BaHHH KOHl.I,eHTplipOBaHHhIX pacrsopos KMCJIOThI 3anel{CTBYeTCR 60JIhWOe KOJIH'leCT­

BO peareara (pacxon 60JIee 200% OTHOCHTeJIhHO HCXOnHoro csrpss), H 06paJyeTCM 3HallHTeJIhHOe KOJIHllecTBO 
.---.._..__ .._..... 

rpynso YTHJIH3HpyeMhIX OTXO,D.OB. Ilpa HCnOJIh30BaHHH iKe pa36aBJIeHHhIX pacrsopoa KHCJIOT, ofecnexaearomax 

MaJIhll{ pacxon pearenra, BhIXOn H 06MeHHaR eMKOCTh nonysaeaux copfienros OKa3hIBalOTCR HeBhICOKHMH (06­

MeHHaR eMKOCTh - MeHee 0,5 M3KB/r) [5-7]. 

):Vui yCTpaHeHHR OTMelleHHhIX HenOCTaTKOB HaMH paspatarsreaercs npouecc, B KOTOpOM .D.JIR norrysenas 

KaTHOHHTOB npeanaraercs 06pa60TKa cupss pa36aBJIeHHhIM pacrsopou cepnoa KMCJIOThl, KOHl.l,eHTpalJ,HR KOTO­

poa B xone npouecca nossnuaerca aa cser OTrOHKH H36l>ITOllHOl{ H peaKl.I,HOHHOl{ sonsr [13-15]. Ilpaaeaeaae 

pa36aBJIeHHhIX pacraopos n03BOMeT 3HallHTeJIhHO CHH3HTh pacxon KMCJIOTHOrO peareara. 

nOCKOJIhKY OITOHKa OCHOBHOl{ MaCChl BO,D.hI npOXOnHT aa HallaJIhHOl{ CTa,D.HH 06pa60TKH, 60JIhJllYlO llaCTh 

BpeMeHH npouecc nporexaer B 6e3BOnHOl{ cpene, r.e, B cpene KOHl.I,eHTpHpOBaHHOl{ cepaoii KMCJIOThI. Pe3YJIhTa­

TOM nora RBMeTCR cyutecrsenaoe CHIDKeHHe pOJIH peaKUHl{ neCTpYKlUfH H yCHJIeHHe sxnana peaxuaa KOlI,.D.eH­

canna, ooecneaaaaiouiax BhlCOKMl{ BhIXOn KaTHOHHTa. B xone npouecca B nponyxre npOHCXO,D.HT 06paJOBaHHe 

HOHoreHHhIX rpyrmapoaox, BKJIIOllalOWHX KaK CHJIhHOKMCJIOTHhle (CyJIh$OHOBOKMCJIhle), TaK H CJIa60KMCJIOTHhle 

(Kap60KCHJIhHl>le, enonsusre) rpynnsr [15]. Ilpa 3TOM conepxaaae HOHOreHH1>IX rpynn (3-7 M3KB/r) [13, 14 ] 

CpaBHHMO C conepzcanaea 3TUX rpynn B CHHTeTHlleCKHX KamOHHTaX. Ilpacyrcrsae B nonysaeasrx copfiearax 
3)« 

cJIa60KMCJIOTHhlX rpynn, ofinanaiourax KOMnneKc006pa3Y1OWHMH CBOl{CTBaMH, YKa3h1BaeT na B03MOiKHOCTh npa­
MeHeHHR nonysaexsrx KamOHHTOB B sasecrae 3$$eKTHBHhIX copfearos nnR ynaJIeHHR Jf3 pacrsopos HOHOB TR­

iKeJIhIX MeTannOB [16]. 

B HaCTORmel{ crarse paccaorpeasr pe3YJIhTaThI HCCJIenOBaHHR BJIHRHUR pacxona cepaoa KMcnOThI na Bhl­

xon H 06MeHHYJO eMKOCTh KaTHOHHTOB, rronyseanux KMCJIOTHO-KaTaJIHTHlleCKHM MonH$HUHPOBaHHeM eJIOBhIX 

OnHJIOK, a raioee asysesa Cop6lJ,HR 3TlfMH cOp6eHTaMH KamOHOB TRiKeJIblX MeTaJIJIOB. 

3KcnepUMeHmOJlbHtlJl uacm» onsrr 

uecca 
3KCnepHMeHThl BhlnOJIHRJIHCh B COOTBeTCTBHH C npenrroaceaaoil paaee CXeMOl{ [14, 15], npHBeneHHoH ua 

pncynxe 1. 

HCXO,D.HhlM cupsea B OnhITaX CJI)JKHJIH eJIOBhIe OnHJIKH ($paKl.I,HR 0,5-1,0 MM). B xaxecrae peaK.l.l,HOHHOH 

cpensi HCnOJI1>30BaJIH BO,D.H1>Ie pacrsopsr cepaoa KMCJIOThI pa3JIHllHOH KOHueHTpalJ,HH. 

HaBeCKY B03,D.YWHO cyxnx OnHJIOK (OKOJIO 6 r) 3aJIHBaJIH 'BO,D.H1>IM pacraopoa KHcnOThI H nocne nponarxa 

csrpsa (60 MHH) H36bITOK pacrsopa OT,D.eMJIH na BaKYYM-$WlhTpe. 3aTeM npomrraaasre KMCJIOTOH OnHJIKH nepe­

HOCHJIH B npe,D.BapHTeJIbHO B3BeweHHYJO KpyrJIO,D.OHHYJO ,D.ByropIIYJO KOJI6y (06beM - 250 CM
3
) H HaXO,D.HJIH Maccy 

npomrranasrx OnHJIOK. Ha OCHOBaHHH norryseuasrx ,D.aHHhIX paccsarusana Maccy pacrsopa, nponarsraarouiero 

OnHJIKH H, COOTBeTCTBeHHO, KOJIHlleCTBO cepaon KHCJIOThI, orneceaaoe K Macce IfCXO,D.HOrO cupsa (pacxon, G, %) 
pOKe 

no CJIe,D.YJOweH !\>opMyJIe: 
BOliC 

npoG = c(ml- mo) 
)KCmoKs ' 

rne e - KOHl.I,eHTpalJ,HR cepnoa KMCJIOThI, HCnOJIb30BaHHOH ,D.JUI npOllHTKM ofipaaua, Macc. %; m, - Macc a npon a­

TaHHhlX KMCJIOTOH OnHJIOK, r; mo - Macca B03,D.ywHO-CyxUX OnHJIOK, r; Ks - K03!\>$Hl.I,HeHT CYXOCTH B03,D.YWHO­

CyxHX OnHJIOK. 

J],aHHhIe no KOHueHTpal.l,HH cepaoa KMCJIOThl, HCnOJIb30BaHHOl{ .D.JIR nponarxn 06pa3UOB, H no paCXO,D.y 

peareara B KaiK,D.OM orrsrre npaseaeasr B Ta6mme. 

PeaKlUfOHHaR KOJI6a 6hlJIa cHa6iKeHa TepMOMeTpOM H aacanxoa C KanHlIJIlIpOM. TepMOMeTp nOMeWaJIH 

B KOJI6e TaKHM 06pa30M, llT06hl ero PTYTHbIli urapax 6hIJI nOJIHOCThIO norpyxen B csrpse, Ilpoxonsmaa sepes )KC 

KanHJIMp B03,D.YX npe,D.BapHTeJThHO npOnyCKaJICR xepea CBepHYTYJO B cnapans Tpy6KY (100 xO,2 CM), noxetnen­

HYIO B Tpy611aTYJO nesn, C resmeparypoa 350°C. 3KCnepHMeHTbI npOBOnHJIH na 06hlllHOH neperoaaoa yCTaHOB­ )J(e 
xe, nO,D.COe,D.HHeHHOl{ K BO,D.Ocrpyl{HOMY nacocy C HCnOJIl>30BaHHeM B xasecrse npHeMHHKa KaJIH6pOBaHHYIO npo­ OT 

6HpKy,D.JIR KOHTpOJIR KOJIHllecTBa OTorHaHHOH BO,D.hI. TaJI 

no 
BO 

1111 



37 COPEl\HOHHbIE CBOHCTBA KATHOHHTOB ... 

er 5 M3KBlr 

e KOJIHlleCT­

sonasecrso 
e<fHBalO1.IUlX 

:OKHMM (06­

1 nonysenas 

palUUl KOTO­

npMMeHeHMe 

tsuryto nacrs 

bi. Perynsra­
.IUlli KOH,1l,eH­

06pa30BaHHe 

50KMCnOTHbIe 

31r) [13, 14 ] 

rx eOp6eHTaX 

)lKl!OCTb npn­

lOB MOHOB TH-

OrrOHKa BOAb!, TepMoo6paooTKa 

Y;J;aneHHe HH3KOMo.rI e~"YJUlPHbIX 

coennaeaaa 

PHC. 1. 06maH cxeaa rrposenenas 

3KCnepHMeHTa 

Onpeaeneaae COp6UHOHHbLX 

CBofiCTB 

Haxansuax xoauearpauas H pacxon cepaoa KMCJlOThl 

cnorsr aa au­
HHeM enOBbIX 

H ~S04 1 2 3 4 5 6 7 
KOHueHTpaU!l.lI, % 4,4 6,7 14,3 19,0 26,5 39,1 56,0 
Pacxon, % 7,01 11,7 21,3 31,3 50,0 80,8 188 

Harpes peaKUMoHHoH CMeCH oCYllleCTBJUlJlH C nOMOIUbIO rnauepaaoaon 6aHM. Tesmeparypy 6aHH BO acex 

onsrrax nOMep)l(HBaJIH 140 DC; BbIXO.ll aa pe)l(HM COCTaBIDm 40-50 MHH npH 06meu np0.llOJl)l(HTeJlbHOCTH npo­

uecca 3 'l. B CB1I3H C HH3KHM paCXO.llOM npoxonautero sepea xarrannsp H BhlnOJlIDI10111erO pons TennOHOCHTeJlJl 

soanyxa MaKCHMaJIbHall TeMneparypa peaKUMOHHOU CMeCM B OT.lleJIbHbIX 3KcnepHMeHTaX B MeCTe ee H3MepeHHJI 

B Macce Cbipbll He 6bma O.llHHaKOBoH; npa nOBbIweHHH HatIaJIbHOH KOHueHTpaUHH cepnoti KMcnOTbI OHa yaeJIHtIH­
: peaKUliOHHOH 

BaJIaCb OT 107 DC B onsrre I no 122 DC B onsrre 7 . OCTaTO'lHOe nasneaae B CHCTeMe KOJle6aJIOCb B HHTepBaJIe 

30-50 MM PTYTHoro cronfia.
icne nponnrxa 

no aasepmeaaa npouecca peaKUMOHHYlO KOJl6y oxnaxnana, nonyqeHHhlH reMHOOKpaWeHHblU MeJIKO.llHC­
I OnMKIi nepe­

nepCHbIU MarepHaJI, COXpaIDIlO\llHH <pOpMy OnHJlOK, OTMblBaJIH OT aenpopearapoaasurea cepnon KHCJlOThl BO.llOH 
axonana Maccy 

M nocne CyuIKH B BaKYYM-3KCHKaTOpe onpenenana BbIXO.ll norrynponyxra . 
marsraaiouierc 

):Lrui norryseaas ueneaoro nponyxra (KaTHOHHTa) nonynponyxr 06pa6aTbiBaJIH 5%-HbIM paCTBopOM run­
(pacxon, G, %) 

poxcana HaTpHJI no ofecuaesaaauna npOMblBHbIX son, 3aTeM, nocne OTMhlBKH nponyxra OT H36hITKa uienosa 

BO.llOH, KarnOHHT nepesonarra B W-<POPMY, 06pa6aTbiBaH 5%-HbIM paCTBopOM COJlllHOH xncnoru H B 3aKJ1lOtIeHHe 

npOMblBaJIH BO.llOH no HeHTpaJlbHOH peaKUHH amoara. DOJlyqeHHbIH KaTHOHHT BblCYIllHBaJIH B BaKYYM­

3KCHKaTope nan rpaHyJlHpOBaHHbIM fH.llPOKCH.llOM narpaa H onpenenana BbIXO.ll. Pa3HOCTb Me)l(.lly BbIXO.llaMH no­

nynponyxra H KaTHOHHTa npencrasnana C060H KOnHtIeCTBO paCTBOpHMbIX B meJlO'lHOH cpene BemeCTB. 

- MaeCa npomt­ YCTaHOBJleHHe HOHo06MeHHOU eMKOCTH KaTHOHHTOB OCYllleCTBJUlJIH, onpenenaa B otipasuax conepxanae 
ICTIi B03D.yuIHO- CHJlbHOKHCJlOTHblX H CJla60KHCJlOTHbIX rpynn .llHHaMHtIeCKHM MeTO.llOM [15]. 

)l..ruI H3yqeHHlI COp6UHOHHbIX CBOUCTB KarnOHHTOB rOTOBHJlHCb 0, I M pacrsopsr HHTpaToB CJIe.llYlOIUHX Me­
2+, Co2, M no paeXOD.Y rannoa: Pb +, Ni2+, Cu2+, .llJllI xero HCnOJlb30BaJIHCb npenaparsr COJIeu KBaJIH<pHKaUHH «xna». Conepxanne 

KarnOHOB B pacrsopax onpenenana THTpHMeTpH<feCKHM MeTO.llOM, 6epll sa OCHOBy crannapraue MeTO.llHKH [17, 18]. 

serp noaemana B KOJl6y noveinana 0,3-0,6 r copfienra (H- HJJH Na-rpopsry), npeasaparem-ao asrcyureanoro B BaKYYM­

IXOAlllIlH" xepes excaxarope Ha.ll rpaHyJlHpOBaHHbIM ranpoxcanoa aarpas }].O nOCTOllHHOU MaCCbl, H nponHTbIBaJIH oopaseu 10 CM 

: eM), noxemea­ 3
}].HCTHJlJlHpOBaHHOH BO}].bl B reseaae 2 tI. Ilocne aafiyxaaaa B KOJl6Y.ll06aBJUuIH 50 CM 0 , I M pacrsopa COJIH TlI­

'OHHO" YCTaHOB­ )KeJloro MeTaJIJla H Bbl}].ep)KHBaJIH ofipaaeu CYTKH B pacrsope, nepuonjrtecxn nepeaeuiasaa CMeCb. 3aTeM pacrsop 

5pOBaHHYJO npo- OT}].eJlJlJIH OT KaTHOHHTa C noaouisro nopacroro CTeKJ1l1HHOrO <pHJlbTpa. KOJIHtIeCTBO copfiaposaaasrx HOHOB Me­

rannos HaXO}].HJlH no pa3HOCTH Me)K}].Y KOHUeHTpaUHeu HOHOB B HCXO.llHOM pacrsope H B pacrsope (<pHJlbTpaTe) , 

nonysenaoa nocne B3aHMO.lleUCTBHlI C cOp6eHTOM. DpH THTpoBaHHH HCXO.llHOrO pacrsopa K HeMy 1l06aBJIlIJIH 

BO.llY C TaKHM paCtIeTOM, qT06bI C06JlIO.llaJIOCb COOTHOllleHHe, KaK H npH aHaJIH3e 06pa3uOB, - 5 : I. 

3 



38 H.ll.~E~EKO,A.H.CHMOHOBA 

AHll.11113 paCTBOpOB aa KaTHOHhI Pb2
+, COH 

, Ni2
+ BhInOnmUIH C HCnOnh30BaHHeM B xauecrse THTpaHTa 

0,05 M pacrsop 3~TA: 
A) onpeneneaae xoauearpanaa HOHOB Pb2 

+ H C02 
+ B pacraopax nposonana no OJlHOH MeTOJlHKe: B amrx­

BOTH)'IO 'laCTh (5 CM3
) aaanasapyeaoro pacrsopa Jl06aBJUIJIH 5 CM3 JlHCTHnnHpOBaHHoH BO)lhI, 3 CM3 aUeTaTHOrO 

6y<pepHoro pacrsopa, 1 CM3 HH)lHKaTOpa KCHneHOnOBoro OpaH)!(eBOrO (0,1%-HhlH BOJlHhIH pacrsop) H THTpoBanH 

0,05 M pacrsopoa 3~TA JlO nepexona ManHHoBoH oxpacxu HH)lHKaTOpa BnHMOHHo-)!(MT)'lO; 

D) npa onpeneneaaa KOHQeHTpamiH HOHOB Ne+ B anHKBoTH)'IO npofiy pacrsopa npanasana 10 Mn sonst, 

5 Mn aMMOHHHHoro 6y<pepa H Jl06aBJUIJlH 5-7 Mr MYPeKCHJla pacreproro CxnOPHJlOM HaTpIDI (1 : 100); THTpoBa­

HHe 0,05 M pacrsopoa 3~TA oCyIUeCTBJUmH JlO nepexona )!(emOH oxpacxa pacrsopa B <pHOneTOB)'IO; 

B) onpenenenae KOHueHTpaUUH HOHOB Cu2 
+ B pacrsopax npOBO)lHnH cneJl)'IOIUHM 06pa30M: B anHKBOTH)'IO 

xacrs (5 CM3
) aaanasapyeaoro pacrsopa pasfiasnana 5 CM3 JlHCTHnnupoBaHHoH aoztsr, Jl06aBJUIJlH 3 CM 3 10% HO­

JlHJla KanIDI H THTpoBanH 0,05 M paCTBOpOM ruocynstpara HaTpIDI (K KOHQY THTpoBaHIDI npH6aBJUUI 1 CM30,5% 

pacrsopa xpaxaana) JlO HC'le3HOBeHIDI TeMHOH oxpacxa. 

Pacser KOHUeHTpaUUH KaTHOHOB TJI)!(enhIX MeTannOB (MMomJr) npoBOJlHnCJI no CneJl)'IOlUeH <popMyne: 

rne VO - 06'heM pacrsopa THTpaHTa (CM\ nouremuati aa THTpoBaHHe anHKBoTHOH 'laCTH HCXOJlHOro pacrsopa; 

vA - 06'heM pacrsopa THTpaHTa (CM\ nOWeJlWHH aa THTpoBaHHe anHKBOTHOH 'laCTH <pHnhTpaTa, norryxeaaoro 

rrocne B3aHMOJleHCTBIDI CKaTHOHHTOM; Vo - cYMMapHhlH 06'heM (CM3)pacrsopa cona H nHCTHnnHpOBaHHoH sonsr, 

Hcnonh30BaHHOH)lJUI Ha6yxaHIDI KaTHOHHTa; VA - 06'heM anHKBOTHOH 'laCTH aaamnapyexoro pacrsopa (CM\ 

m - MaccaHaBeCKH KaTHOHHTa (r); X - KOHUeHTpaQIDI pacrsopa THTpaHTa, MMomJcM3. 

Ilpa onpeneneaaa eMKOCTH cop6eHTOB B HaTpHeBOH <popMe KOnH'leCTBeHHhle JlaHHhle nepeourrsrsarra sa 

W-<POPMY· 

06cy:HCOeHUe pesynemamoe 

KaK oruesanocs BO BBeJleHHH, rrpeanaraexaa cnocof nonyseaas KaTHOHHTOB H3 npesecaoro cupsa ocy­

lUeCTBJUleTClI Cacnonssoaaaaea )lJUI 06pa60TKH OnHnOK BOJlHhIX paCTBopOB cepaoa KHCnOThI. llpHHlumHanhHhlM 

OTnH'lHeM OT H3BeCTHhiX cnocofioa [5-12] JlBnJleTCJI BKJlJO'leHHe B npouecc CTa)lHH OTrOHKH H36hlTO'lHOH H peaK­

UUOHHOH eonsr, KOTOpaJl BCneJlCTBHe nposeneaaa npouecca non BaKYYMoM ocymecranxerca H saaepuraercs npa 

norrsexe TeMnepaTyphI. OnHHM H3 Ba)I(HemnUX napauerpos npouecca JlBnJleTCJl KOHUeHTpaUIDI xacnorsr , HC­

nonh30BaHHOH )lJUI npornrrxa OnHnOK (naxansaas KOHUeHTpaQIDl) . OJlHaKO B CBlI3H C TeM, 'ITO OCHOBHall xacrs 

npouecca nporexaer npaKTH'l.eCKH B 6e3BOJlHOH cpene, BJlIDIHHe Ha'lanhHOH KOHUeHTpaQUH xacnorsr aa cBOHCTBa 

nponyxra lIBnJleTClI onocpenoaaaaua, TaK KaK OCHOBHhIM <paKTOpOM OKa3blBaeTClI KOnH'leCTBO xacnorsr B peax­

QUOHHOH cpene (pacxon pearenra), xoropoe H onpenenaercs KOHUeHTpaQUeH xacnoru, Hcnonh30BaHHOH )lJUI 

npornrrxn. COOTBeTCTBeHHO, pacxon pearenra B pacsere na acxonsoe csrpse B npOBeJleHHhIX onsrrax B03paCTan 

OT 7 no 188% (CM. raon.). 

Bsrfiop revneparypu npouecca (140°C) OCHOBhlBanClI na peaynsrarax npezrsmyuurx accnenosaaua, ssr­

nonaeaasrx Cucnonsaoaaaaea a3eOTpOllHOH OTrOHKH soztu, xoropsre noxasamr, 'ITO HaH60nee BhlCOKaJl 06MeH­

Hall eMKOCTh xapaxrepaa nns cop6eHTOB, nonyseansrx B aarepaane reuneparyp 125-150 °C [13]. 

Ilpencraaneaasre aa pncyaxe 2 peaynsrarsi nacroamero Hccne.uOBaHIDI nOKa3h1BaIOT, 'ITO BhIXO.u KaTHO­

HHTa npa pa3HOH KOHUeHTpaQHH H, COOTBeTCTBeHHO, pa3HOM pacxone xacnoraoro peareara H3MeIDIeTClI B cpas­

HHTenhHO Y3KHX npenenax (65,6-69,6%). 

Donee cyuiecraeaaoe BnIDIHHe KOHQeHTpaUIDI H pacxon xacnorsr OKa3blBalOT aa BbIXOJl nonynponyxra. 

Ilpa Hcnonh30BaHHH pacrsopa xacnorsr OTHOCHTenhHO He6onbUloH KOHueHTpaUUH BhIXO.u norrynponyxra BeChMa 

aaaxrrrerren (60nee 80%). Ilo Mepe nOBhlUleHIDI KOHUeHTpaUUH peareara B pacrsope BhIXO.u norrynponyxra CHH­

)!(aeTClI. Ilonynponyxr, KaK orxevanocs, B OTnH'lHe OT uenesoro nponyxra (KaTHOHHTa), COnep)!(HT pacrsopaasre 
B lUenO'IHOM pacrsope BelUeCTBa, r.e . BelUeCTBa, HMelOIUHe OTHOCHTenhHO HeBhICOK)'IO MoneKyMpH)'IO Maccy. Hx 
06pa30BaHue npOHCXOJJ.HT B pesynsrare rH)lpOnHTH'leCKOH JleCTpYKUHH nOnHMepHhIX KOMnOHeHTOB npesecaau 

(npeHMyIUeCTBeHHO nerxoruaponasyeasrx nonacaxapaaos), npOTeKalOIUHX C yqacTHeM MoneKYn aonst, Ilo­
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mtpaHTa 

:: B aJlRK­

letaTHOrO 

RtpOBamt 

Mn BOlIhI , 

;nrrposa-

RKBOTH)'lO 

13 10% HO­

l CM
3 0,5% 
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oJl)"leHHOrO 
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IUHITHaJlbHhIM 
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HTpacrsopaxue 

pHYJO Maccy. Hx 
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CKOJlbKY npn HH3KOif KOHueHTpaUHH KHCJlOThI B pacrsope .n.OJUI BO.n.b1 B peaKUHOHHOH CMeCH BeCbMa 3HaqHTenhHa 

H ee ynanenae npOHCXO.n.HT B reseaae Gonee WlHTeJIhHOrO BpeMeHH, lJeM B cnysae Hcnonh30BaHIDI paCTBopOB 

KHcnOTbI noasnneaaoa KOHueHTpaUHH, peaKUHH .n.eCTpYKUHH B npHCyTCTBHH 60nhwero KOJIHlJeCTBa BO.n.hl B CHC­

r este nonysaror .n.OCTaTOlJHO CHJIbHOe paJBHTHe. B CBH3H C TeM, 'ITO 06paJOBaHHe HH3KOMoneKYJUlpHhIX npauecea 

OTpa)J(aeTCH aa ssrxone H CBOHCTBaX ueJIeBOrO nponyxra, npasezteaaue pe3YJIhTaTbI n03BOJUIlOT cnenars ssraon, 

'ITO .llJUI nonyseaaa cop6eHTOB )J(eJIaTeJIbHO HCnOJIb30BaHHe paCTBopOB KHcnOTbI C xoanerrrpauaea He MeHee 

15%. C .n.pyroif CTOpOHbI, HaH60JIbIllHif BhIXO.n. ueJIeBOrO nponyxra Ha6JllOIJ,aeTCH npa HalJaJIhHOH KOHueHTpaUHH 

pearenr a 26 H 39%, H noarouy npioreueaae paCTBOpOB cepaoil xacnorsi C xonnenrpauaea Gonee 40% TaK)J(e 

M O)J(HO CqHTaTh neuenecootipaanux. 3.n.ecb :yMeCTHO OTMeTHTh, 'ITO peaJILHblH pacXOIJ, KHCJIOTbI aa npouecc MO­

)J(eT 6hlTb CYIlleCTBeHHO MeHhWIiM, TaK KaK 3HalJHTeJIhH:yIO lJaCTb peareara nOCJIe OTMbIBKH ueJIeBOrO npozryxra 

OT H36b1TKa KHCJIOTbl MO)J(HO HCnOJIb30BaTb )J.JUI npomrrxa CJIe.n.:yIOUleH napraa csrpsa. 

HaH60JIee Ba)J(HOH xapaKTepHCTHKOH: KaTHOH006MeHHhIX cop6eHTOB HBJUleTCH HX HOHoo6MeHHaH eMKOCTb. 

Pe3YJIbTaThI accneaoaaaus nonrsepnana nonyseaaue panee naaasie 0 TOM, 'ITO npa KHCJIOTHOH ofipafiorxe JIHr­

HOu eJUIlOJI03Hbi X MaTCpltaJIOB nOJIyqaJOTCn nOJIHipYHKUHOHaJibHbIe KaT HOHHTbl [13-15]. B COCTaB copfieuros 

BXOMT KaK CHJIbHOKHCJIOTHbIe, TaK H CJIa60KHCJIOTHble lflYHKUHoHaJIhHble rpynnsr. Ilpuseneaasie ua pacynxe 3 
pe3YJIbTaTbI HCCJIe.n.OBaHIDI nOKa3b1BalOT, 'ITO HaH60JIblIIHH moran B HOHo06MeHHble CBOHCTBa nonyreaasrx Ka­

THOHHTOB BHOCHT CJIa60KHCJlOTHble noaorenasre uearpsi , npencraaneaaue npauepao B OIJ,HHaKOBOH: CTeneHH 

KapGoKCHJIbHbIMH H eHOJIbHbIMH (B TOM xacne H lfleHonhHblMH) lflYHKUHOHaJIbHblMH rpyrmassa. 

OrHocHTeJlbHO HH3Koe conepxaaae B nonyuaensrx copfietrrax CHJIhHOKHCJIOTHhIX rpynn, npencraansio­
UUtX C060H OqeBH)J.HO cyJIhlflOHOBoKHCJIble rpynnsi, MO)J(HO ofu,HCHHTh ysacraev cnocofimax cynstpapoaareca 

peaKUHOHHbIX ueHTpOB JlHrHoyrJIeBOIJ,HOrO KOMnneKca B KOHKypeHTHhIX peaKUHHX KOH)J.eHCaUHH, BCJle.n.CTBHe 

xero BepOHTHOCTh npOTeKaHIDI peaKUHH: cyJIblflHpoBaHIDI CHll)J(aeTCH. 

CHJIbHOe BJIIDIHHe aa aaxonneane HOHoreHHhIX UeHTpOB oxaasmaer pacxon CepHO" KHCJIOThl. C nossnne­

HHeM pacxona KHCJIOTbI conepzcanae B copfiearax scex KHCJIOTHbIX rpynn cyuiecrseaao B03paCTaeT. C:yMMapHOe 

conepscanae KHCJIOTHhIX rpynn B copfieurax nossunaerca OT 2,3 MMOJIb/r B onsrre C HH3KHM pacxonov (7,0%) 

KHCJIOTHOrO peareirra zto 4,6 MMOJIh/r B omrre C BblCOKIiM pacxonox (188%) CepHOH: KHCJIOTbl. Ozmaxo HaH60JIee 

CHJIhHoe ysenaseaue KHCJIOTHhIX rpynn B coptiearax npOHCXO)J.HT npa nOBhIIlleHHH pacxoaa OT 7,0 no 81% HJIH 

yBeJIH'leHHH KOHueHTpaUHH pearetrra B pacrsope OT 4,4 no 39%. 3TO ofiocaoasraaer c.n.eJIaHHblH: ssnne BhIBO.n. 

o HeueJIeco06pa3HOCTH HCnOJIh30BaHIDI B npouecce OGPa60TKH OnHJIOK pacrsopos KHCJlOTbl GOJIee BhICOKOH KOH­

uearpauaa. 

Ilpacyrcrane B norryseaasrx copfienrax GOJIblIIOrO KOnHlJeCTBa nOJUlpHhIX KHCJIOTHhIX rpynn, npOHBJIHlO­

UUtX anexrpoaonoaopnue caoncraa, CBH)J.eTeJIbCTByeT 0 B03MO)J(HOCTH HX YlJaCTIDI B oGpa30BaHl1H xoopnaaaua­

OHHhIX CBJl3eH [16]. Il03ToMy MO)J(eT GhlTh BeChMa nepcnexraaasnr ltCnOJIh30BaHHe 3THX MaTepHaJIOB B xaxecrae 
copfieuroa .n.JU1 cOpGUHH U)J(eJIbIX MeTaJlJlOB. 
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nponyxros naxonneaae B KaTHOHHTaX KIICJIOTHhIX rpynn 
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~eHCTBlITeJ1bHO, pe3YJIbTIlTbI BblllOJIHeHHI.IX 3KCnepHMeHTOB, npe.D.CTIlBJIeHHI.Ie na pncysxe 4, nOKa3I.IBa­

lOT, 'ITO nonyxeaaue COp6eHTbI HMeIOT BbiCOKOe CpO.D.CTBO K KaTIfOHaM TlDKeJIblX MeTaJIJIOB. EMKOCTb rronysea­

HbIX COp6eHTOB K HCnbITaHHI.IM KaTIfOHaM 3Ha'IHTeJIbHO BhIWe eMKOCTIf He06pa60TaHHhlX OnIfJIOK, cop6uIDI KOTO­ B cpo 

pI.IMIf 3TliX MeTaJUIOB, KaK 6I.lJIO nOKa3aHO B CneUlfaJII.HO nposeneasstx ' 3I<Cn ep HMeHTax , He npeasnnaer posar 

0,1 MMOJIh /r. Ilpa 3TOM COp6eHTbI B HOHlf3lfpOBaHHoM COCTOHHIfH (Na-ipopxa) npOHBJlHlOT cyuiecraeaao fionee (1,83: 

BhICOKoe CpO.D.CTBO K KaTHOHaM MeTaJUJ.OB, 'IeM KarnOHHTbI B npoToHHpoBaHHOH <l>opMe . B 'IaCTHOCTH, cop6I.lID1 6eHH( 

KarnOHOB K06aJII.Ta, HIfKeJIH H Me.D.1f copfieuraau B H-<l>opMe He npessnnaer 0,5 MMO.I\b!r, 'ITO 60JIee 'IeM B 3 pasa npasr 

HH)I(e COp6UHOHHOH eMKOCTIf KaTIfOHIfTOB; HaXO.D.HWliXCH B IfOHH3HPOBaHHoH <l>opMe. 

B61601OTHOClITeJ1I.HO HeBI.ICOKoe CpO.D.CTBO COp6eHTOB B H-<l>opMe K xaraoaax UJKeJIhlX MeTaJUIOB MOJKHO 061.­

HCHHTI. TeM, 'ITO cop6I.lID1 xaruonos npOHCXO.D.HTsa cser OTmenneHIDI npOTOHOB OT KHCJIOTHblX rpynn cop6eHTOB, 

H aro npHBO.D.HT K yaeJIWleHIfIO xacnomocra paCTBopOB. B HeKOTOpI.IX 3KCnepHMeHTaX 6I.lJIa 1f3MepeHa KHCJIOT­ CJIOTbI 

HOCTI. paCTBopOB If yCTaHOBJIeHO, 'ITO pH <l>HJII.TpaTOB nocne BI.I.D.epJKHBaHIDI pacrsopoa HIfTpaToB MeTaJUIOB Kamo 

C KarnOHlITaMIf B H-<l>opMe CHlfJKaeTCH aa 2-3 e.D.HHlfllbi If npnofiperaer 3Ha'IeHIDI B naanaaoae 1,5-3,0. CHlfJKe­

HHe pH pacrsopoa npenHTCTBYeT HOHlf3aUIfIf KHCJIOTHI.IX rpynn, 'ITO 3aTpY.D.HHeT ax ysacrae B 06pa30BaHHH XH­ If JIe)f(H 

MWleCKID<: CBH3eH C KaTHOHaMIf MeTIlJIJIOB. Ilpa HCn0JIh30BaHHIf JKe KaTHOHHTOB B Na-diopae npa COp6UHH KaTIfO­ BpeMe 

HOB THJKeJIbIX MeTIlJIJIOB npOHCXO.D.lIT nepexon B paCTBOp KaTHOHOB HaTpIDI H BeJIWIHHa pH npaKTWleCKH He Me­ .lI.ynOR, 

HHeTCH, 'ITO 6JIaronpIDITCTByeT B3aHMO.D.eHCTBIfIO HOHoreHHhlX rpynn copfieura C KaTIfOHaMIf. K TOMy )l(e COp6UHH 

xaraoaoa TH)I(eJ1I.IX MeTaJUJ.OB B :nOM cnyxae npoacxomrr C yqaCTlfeM He TOJII.KO CHJlI.HOKIfCJIOTHbIX, HO If cnafio­ KlfCJIOn 

KHcnOTHbIX ueHTpOB COp6eHTOB. Hh14,6 

Bnaaaae paCXO.D.a cepaori KHCJIOTI.I, 3a.D.eHCTBOBaHHon .D.JIj{ npnrOTOBJIeHHH cop6eHTOB, aa COp6UHOHHble 

CBOHCTBa KaTHOHIfTOB BeCI.Ma 3Ha1JHTeJIhHO. O.D.HaKO B HaH60nee CHJlhHOn CTeneHH 3TO BJIHHHHe npOHBJIHeTCH YJKe creneH 

nplf BKJIIO'IeHHH B peaxuxosayio CHCTeMY aefiorrsuroro xonasecraa KHCJIOThI. B 'IaCTHOCTH, npn KOHUeHTpaUHH KOCTh K 

peareara B pacrsope, paBHon 4,4% (pacxon 7%), COp6UlfoHHaH eMKOCTh Na-<l>opMbI .D.JIj{ scex aayseausrx KaTIfO­ Ni (1,71' 
HOB YJKe .D.OCTHraeT 3Ha'IeHIDI 1,0 MMOJIhlr. Ilossnneaae pacxona peareara .D.O 50% npIfBO.D.HT K yseJIWleHIfIO 

COp6UHoHHon eMKocrn.D.JIj{ H3yqeHHI.IX KaTIfOHOB.D.O BeJIH1JIfHbI 1,3-1,6 MMOJIh/r. CnUCOK, 
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PHC. 4. BJIIDIHHe pacxona cepnoti KHCJIOTbI aa copfiumo KaTHOHOB CBHHua (A), K06aJII.Ta (B), HHKeJIH (C) 

H Me.D.H (D) 
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I­

Ilpn paccaorpeaaa 3KCnepHMeHTaJlhHhIX .uaHHhIX ofipautasor na ce611 BHHMaHHe onpenenenaue OTJIWlHlIi­

B CpO.uCTBe nOJIyLJaeMhIX COp6eHTOB K pa3JIHLJHhIM KaTHOHaM . TaK, MaKC HMaJlhHall eMKOCTh COp6eHTOB B HOHH3H­J­

pOBaHHOM COCTOllHHH K 3JIeMeHTaM B03paCTaeT B nOCJIe.uOBaTeJIhHOCTH ( MMOJIh/r ) : Ni (1,71 ) > Co (1,78) > Cuet
 

ee (1,83) > Pb (2,16). Hafimoaaerasre Pa3JIWlHlI B cponcrse K OT.ueJIhHhIM M eTaJln aM , O'leBH.uHO, 06bl1CHlIIOTClI oco­


HJI 6eHHOCTlIMH B3aHMHOrO paCnOJIOIKeHHlI KHCJIOTHhIX ueHTpOB B copoearax, xoropsre MorYT 6hITh 60JIee finaro­

l3a 
npaarau ,UJJlI B3aHMo.ueikTBHlI C HeKoTophIMH KaTHOHaMH. 

h,­

OB,	 1. MOJ:\HlpHUHpoBaHHe eJIOBhIX OnHJJOK nocpencrsoa HX o6pa6oTKH pa36aBJIeHHhIM paCTBOpOM cepaoa KH­

01­ CJIOThI C Y.1laJIeHHeM B XO.1le npouecca BO.uhI n03BOJl.lleT nOJIYLJaTh C BhICOKHM BhIXO.uOM nOJIH<pYHKUHoHaJlhHhIe 

nOB KaTIiOHHThl, conepzcaume CYJIhtP0HOBOKHCJIhIe, Kap60KCHJJhHhie H eaonsaue tPYHKUHOHaJlhHble rpynnsi. 

xe­	 2. BbIXO.u KaTHOHJfTOB B 3aBHCHMOCTH OT HaLJanbHOH KOHueHTpaUI1H KliCJIOTbI MeIDIeTClI He3Ha'lHTeJIbHO 

XR­ H neIKHT B nnanasoae 65,6-69,6%; onnaxo npn HH3KOH KOHueHTpaUHH KHCJIOTHOrO peareara (MeHee 15%) O.uHO­

rRO­ speaeuao o6pa3YeTClI 3Ha'lHTeJIhHOe KOJJWIeCTBO (fionee 10%) n060'lHbIX, paCTBOpl1MhIX B meJIOLJHOH cpene npo­
Me­ .1lYKTOB. 

iUWI	 3. Conepxaaae HOHoreHHhIX rpynn B KaTHOHHTax yaeJIWlHBaeTClI C nossuueaaea KOHueHTpaUHH cepnoii 

a60- KHCJIOTbl H npa HaLJaJlhHOH KOHUeHTpaUHH KHCJIOTHOrO pearerrra B peaKUHoHHoH CMeCH 56% .uOCTHraeT BeJIWlH­

HbI 4,6 MMOJIh/r. 

iHble	 4. nOJIYLJaeMble KaTHOHHThI HMelOT ssrcoxoe CpO.uCTBO K KaTHOHaM TlIIKeJIbIX MeTaJlJIOB, B HaH60JIbllleH 

I )'iKe CTeneHI1 rrposansrouteeca npa HCnOJIh30BaHHH copfiearoa B HOHH3HpoBaHHoM COCTOllHHH. MaKCHManbHalI eM­

alUm KOCTh K 3JIeMeHTaM Y copfierrroa B HOHl13HpOBaHHoM COCTOllHHI1 B03paCTaeT B nOCJIellOBaTeJIbHOCTH (MMOJIb/r) : 

aTKO­ Ni (1,71) > Co (1,78) > Cu (1,83) > Pb (2,16). 
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Deineko I.P.', Simonova A.N. SORPTION PROPERTIES OF CATION EXCHANGERS OBTAINED BY TREAT­
MENT OF SPRUCE SAWDUST WITH SULFURIC ACID SOLUTION 

St. Petersburg State Technological University ofPlant Polymers, Ivana Chernykh st., 4, St. Petersburg, 198095 
(Russ ia), e-mail: ipdeineko@mail.ru 

A process for producing cation exchangers from wood materials, comprising a heat treatment under vacuum sawdust 
impregnated with an aqueous solution of sulfuric acid, with simultaneous distillation of the excess and reaction water is pro­
posed. The target product (yield - 66-68%) is polyfunctional cation exchangers containing strongly and weakly acid groups. 
The influence of the concentration of sulfuric acid used for impregnation of sawdust in the range of 4,4-56,0% on ion-exchange 
properties of the resulting cation exchangers is studied. The content of acid groups in the cation exchangers with increasing 
concentration of acid increases, and at a concentration of 56% reaches value 4.6 mmollg. The sorption of cation heavy metal 
ions is studied The maximum capacity for the elements of the sorbents in ionized form increases in the sequence (mmol /g): Ni 
(1,71) > Co (1,78) > Cu (1,83) > Pb (2,16). 

Keywords: Spruce sawdust, sulfuric acid, cation exchangers, exchange capacity, acid groups, sorption, lead, cobalt , 
nickel, copper. 
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