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BJIIDIHI1E IIPO)l,OJIJKI1TEJIhHOCTI1
 
npOIJ.ECCA KI1CJIOTHOM OEPAEOTKI1 WEBECI1Hhl
 

HA CBOMCTBA nOJIY1-lAEMblX ]{ATl10Hl1TOB
 

Enoasre On HJlKH, cepaaa KHCJlOTa, KaTHOHHTbl, 06MeUHall eMKOCTh, Ka1lMHli, CBHHell. 
Spruce saw dust, sulfuric acid, cation exchangers, exchange capacity, cadmium, lead. 

BBM,eIlHe. Ilpa 06pa60TKc npesecasrx onanox BOllHblMIi paCTBOpaMI1 cepnoti 

xacnor u C OTrOHKOH B xone npouecca aonsr n0JIY'laJOTCll KaTl10H006MCHHbIe 

COp6CHTbl (KaTHOHHTbI) C 1l0CTaTO'-lHO BhlCO KOH 06 MeHHOH eMKOCThIO [l ]. Ilony-raeasre 
TaKHM 06 p830 M KaTl10HHTbl conepxar Cl1nhHOKHcnOTHble Ii cna60KHcnOTHhIC 

110HOreHHbie ue irrpsr, xcnrr-recrso KOTOpbIX 3aBliCl1T KaK OT KOHUCHTpaUl11i xacnoruoro 

pearerrra [2 ], TaK I1 OT r ev nepary pu npouecca [1] . Iloc xonsxy npn nOBhlweHHOH 
r ev neparyp e np OIiCXOllHT He r onsxo 06p830saHI1C, HO Ii I1Cye3HOBCHlie HCKOTOpblX 

. na6linhHbiX tPYHKUl10HaTJhHbIX rpynn onpeaenenaoe SnWrHI1C na co.nepacaaae 
KlicnOTHblX UCHTpOB MO)f(eT OK83hIBaTb npononxwrem.aocn, np ouecca nparoroaneaaa 

copfi eara. B llaHHol1 pati cr e npencrasneau peay nsraru I1ccnellOBaHI111 Bnl111HIDI 

npOllOn)f(I1TCnbHOCTIi npouecca nOJIY'lCHIDI KaTIiOHI1Ta aa ero COp6Ul10HHhiC CBol1cTBa. 

MeTOllHKa 3KCnep11MeHTa . B xaxecrae acxonaoro MaTepliaIIa, ncrron saosana 
eno aue Onl1nKI1, conepxauiae 1,3% 3KCTpaKTI1BHbIX aeuiecrn (:)KCTpar eHT ­

3TOKCI13TaH) I1 28 ,2% narmma. Ilposenerrae orrsrros no npl1rOTOBnCHI1IO COp6CHTOB 

asmonaana B COOTBeTCTBli1i C pa nee paapaooraauott MeTOll liKOH [2] C TeM OTnl1'-1l1eM, 

YTO nocne np orurrxa On l1nOK 30 %-HOH CCpHOH KI1CnoTol1 1136bITOK pacrsopa OTllCnJInl1 

na BaKyyM-tPl1nbTpC . OCTaTOYHyro 11 peaxuaoaayro BOllY ynansna 113 PCaKUl10HHOH 

CMCCI1 83eOTponHOH OTrOHKOH , acnonssya B xasecr ae aarpenepa HOHaH. 3a 

MaKCIiM aTJbHyro revneparypy 06pa60TKii npl1HIiM aIIl1 TeMncpaTy py Kl1nCHI111 
0

pacrsoparena (T,"" = l Sl C) . EhIDO n OJIY'leHO Tpl1 06p83Ua KaTI10HHTa, OTn li '-laIOWI1XCll 
no npononsorrem.aocr» 06pa60TKI1 onanox : 3 Y (06p83eu EK-l) , 4 Y (0 6p 83eU EK-2) 11 
5 '-1 (06 p83eu E K -3) . 

B nonyseaasrx copoesrrax orrpenensna coziepxauae Cl1nhHOKI1CnOTHhlX Ii 

Cna60 KI1CnOTHbIX rpynrr 11I1HaMI1'-1CCKI1M MeTOllOM. AnJI or oro s aefionsuiyro
3 

n ernrrem. ayro BOpOHKy nOMCw aTJl1 ox ono 1 r KaTl10HI1Ta, 3aTJliSaTJIi 30 CM 11I1CTlinJIIi­
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onnoro saca). Ilpn :n OM nocne nporrycic
3 nposn.re ana 50 CM , a n ocne npony. 

zmcncinaposaauon sonu. c0611paJ! smoaru 
lllicTlinnlipoBaHHoH BOllbI llllil OTMblBKH 0­

aasrepas 06'beM KaJK1l0rO cyMMapHoro pa 

cnatioxncno-msrx rpynn ocvui ecr ansnn cnen 

CUJlbHOKUCJlOmHble epynnu . B amn 
nporryc xanaa '-ICpe3 KaTHOHIiT pacrsopa NaC 

xacnorst r arpoaax aea 0 ,1 H N aOH B npnc 

peaynsr arau BblYHClliIn li conepxaxue canu 
no tPopMync: 

E = VC 
SA I 

rne Vo - 06W.I1H 06beM 31l10aTa, CM]; Vr - , 
amfKllOTHOH 'laCTI1 amcara , CM] ; 0,I - xo: 
Bblp8)l(eHHOrO B CM ] B MMOJlb; VA- 06'LeM n rrpyc: 
HaBCCKI1 KaTl10HI1Ta, r. 

Kap6 0KCUJlbHbi e epynnu . B aJlHKB( 

n porry c xanns YepC3 KaTl10HHT pacrsopa 

Bbll\cnHBWCHCJl yKCyCHOH KIiCnOThI rurp 

tPCHontPTaIICI1Ha. Conepscanae -COOH rp yr 

no tPopMyne, Ii cnOnb3YCMOH Jlllil pacsera con 

Euoneue:« zpynnu, B aJlliKBOTHOH l.Ja 

'-IepC3 KaTIi OHIiT pacr so pa N aOH onpene. 

n posons THTpOBaHHC O,lH H Cl B npHCyTCTBH 

COllCp)f(aHI1C -OH r py rm B KaTIiOHIiTe (MMom 

(100­

rne 100 - o61,eM 0,1H NaOH, nporrycxaeaoro sep 
3CM ; Vr - OObeM TliTpaHTa, nouienuma aa r nrpc 

aJlHKllOTH8Jl xacr s amc ara, CM3; 0,1 - K 0 3 IjJljJm.(He H ~ 
B Mn B MMOJlb; m - Macca HaBeCKlIl<aTHOHifTa, r. 
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pOBaHHOH sons: 11 OCTaBJUlnl1 KaTl1 011l1T Ha6yxaTb B re-reaae CyrOK. 'Iepea Ha6yxwl111 
KaTl10HIIT nporrycxann nocnenonar ensno no 100 CM3 a,s H NaCl , a,s H CH 3COONa 11 

3/M0,1 H NaOH co CKOpOCTblO npl16nH3IITenbHO 1,6 CM I1H (r.e, B r esenae npnwepuo 
onnoro xaca). TIpl1 )T OM no cne rrporrycxanas nepasrx zrayx paCTBopOB KaTl10Hl1T 

3, 3nponsraana 50 CM a nocne nponycxanns pacrsopa NaOH - 200 CM 
n HcTHnnHpoBaHHoH aozru , cofiapaa amoarsi nocne nponycxaaas Ka)l(nOr O pacr sopa H 
zmcrannapoaaanon BOJlbI n JUI OTMbIBKH OT Hero KaTHOHHTa B crzren snsre xorifis: H 

3CL\1epll ll 06'beM xaxcnor o C)'MMapHOr o paCTBopa . PaC4eT conepscanaa CHnbHO- H 
cna60KHcnOTHblX rpynn ocyutecr snana cn enY10WHM 06paJOM. 

3)
CUJlbHO/(UCJlOmHble epynnu , B anHKBOTHOH 4aCTH smo ar a (25 CM nocne 

nporrycxauaa 'lepe3 KaTHOHIIT pacraopa N aCl onpenensn u KonH4eCTBO asrnenaauieacn 
KHCITOTbl THTpoBaHHeM 0,1 H NaOH B npacyrcraa a MeTl1nOpaH)I(a H no nOITY'!eHllbIM 
pesynerar aa Bbl4l1CJUlnl1 conepsc aaa e Cl1nbHOKI1CnOTl-lblX rpynn KaTl10Hl1Ta (MMonblr) 

no ¢opMyne: 

rne Va - 06UlHH 0 6"btM amoar a, CM
3
; Vr - 06"beM THTpaHTa, nourenuma aa THTpOBaHHe 

aJlHKBOTHOH x acra omoara, CM
3
; 0,1 - KO)<jJ<jJHllHeHT n epecxera KOnH4eCTBa uienouu 

3 3
Bbl proK eHHoro B CM B MMonb; VA - 0 6"btM THTpyeMOH aJlHKBOTHOH sacru amoara, CM ; m - Macca 

HaBeCKII KaTHOHHTa , r . 

Kap60KCUJlbHbie zpynn u . B anl1KBOTHOH 4aCTH arnoara (10 CM3) nocne 
nporry cxaaaa 4epe3 KaTHOHHT pacrsopa CH 3COONa oripezrensna KOnH4eCTBO 
aunena surencs y KCyCHOH KHcnOTbI THTpoBaHHeM 0,11-1 NaOH B npacyrcruna 
<peHon<pTaneHHa. Conepacana e -COOH rp yrm B KaTHOHHTe (IvIMOJlb/r) pacc-nrn.rsann 
no $oPMYne, ucnonsa yeaon nJUI pacsera conepxaaaa CHJlbHOKHCnOTHblX rpyn n. 

3)Enoneuue zpy nnei. B anHKBOTHOH 4aCTI1 arnoara (lO CM rrocne nponycxaaaa 
-iepea KaTI10HIIT pacrsopa N aOH onpenenamr OCTaT04Hoe KonH4eCTBO wen04 11, 
rrposona THTpOBaHHe 0,IH H Cl B npl1cyTcTBI1 H rpexorn pr aneaaa, H 3aTelvl paCC411TblBaJll1 
conepxcaaae - OH r py nn B KaTI10HI1Te (MMon blr) no diop vyne: 

(100- VOVT)O,l 
VA E = - - --"---- -

Ofl 
m 

rne 100 - 0 6"beM O, IH N aO H , npo rry cxaeuorc xe pes KamOHHT. Mn; Vo - 06WHH 06"btM amoara, 
3 3

CM ; VT - 06"btM THTpafrra, n o uieznn a n a a THTp o BaHHe aJlHKBOTHOI1 4aCTH ) J]IQaTa, CM ; VA ­
aJlHKBOTHalI 4a CTb ) J]IQaTa , CM

3
; 0,1 - KO)<jJ<jJHllHeHT nepec-iera KOJlH4eCTBa weJl0 4 H Bbl p roKt HHOro 

B MJI B MMOJlb; m - Macca HaBeCKH KaTHOIlHTa, r. 
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Onpeoeneuue COp6lJUOHHbiX C60ucm 6 KamUOHum06 no Kam UOHaM Pb' '''' U cr:. 

Ilna H3Y'1eHlliI COp6UHOHHbiX CBOHCT B HCnOllb30BaIIH nponasou.re npertaparst HHTpaT a 

CBWHua H auerara KallMllii KBaIIHl l lH Ka UHH « xna»: o npenenen ue KOHu eHTpaUHH 

KaT HOHOB ocymeCT BJUlII H, fieps aa OCHOBy craanaprnsie M eTOllHKH (3, 4]. 3 

B xonfiy noxeutan» 0,4-0,5 r KaTH OHHTa H rtpornrrsraana ofipaseu 5 CM llHCTHII ­

II HpoBaHHoH BOllbI B r exena e nayx 'la COB. 

Ilocne Ha6yxaHlliI B xontiy 1l06aBJUlIIH no 50 CM
3 0 ,1 M p aCTBOp OB Pb (N0 3lz HIIH 

C d (CH 3C O O lz H OCTaB lIlI lIH 0 6 p aJUbI B pacraop ax cone a aa CyrKH , ne pacnaxecx u 
nepexseura saa . 3 aT eM pacrsop OTlleJUlIIH OT KaT HOHHTa c no uoun.ro nopacroro CTeK ­

naaaoro epHllbTpa. B HCXOllHblX pacrsopax H B nonyx en a ux epHll bTp aTax H3MepSI IIH pH 

C nosr oun.ro HOHOMepa H-120.1. KOIIH'leCTBO COp 6H p oB aHHblX KaTHOHHTOM HOHOB 

MeTalllIOB HaXOllHIIH n o p aJ HOCTH Me lKllY KOHueHTpaUHe H HOHOB B Ha'lallbHOM 

pacrsope H B epHllbTpaTe. nOJl)"leHIlOM no cne B3aWMOlleHCTBlliI C KaTHOHHTOM . 

Onpenenea ae KOHueHTpaUHlt npOBOllHIIH THTpHMerpH'leCKHM MeTOllOM. 

I1pH THTpOBaHHH ncxonaoro pacrsopa K He My 1l06aBJUl IIH BOllY C raKHM 

pac-rerou . -rrofisr cofimozranocs COOTHoweHHe . KaK H rrpn aHaIIH3e 06paJ UOB - 10:1. 
Onpeoeneuue KOHlJ eHmpalJUU UOH 0 6 CdZ

'" U PbZ
'" U pacsem 06M e HHOU esoc o c m u . 

3
a) llllSI onpeneneiras KOHueHTpaUHH HOHOB CdZ

'" K aIIH KBOTIIOH 'laCTH (3 CM ) 

auanm a pyev oro pacrsopa npH6aBJUlIIH 5 CM
3 

aUeTaTHOrO 6 y epe p Horo pacr so pa, 10CM
3 

C zH sO H. 1 CM
3 

HHllHKaTopa llHT H30 Ha. pacrsop eauoro B a UeTO He (25 M rllOO CM
3
), H 

T HTPOBaIIH 0.05M pacraoposr 3.llTA 110 nepexona oxpacxa HHllHKaTopa H3 opanaceson 
B cepyio. 

YCTaHo BlleHHe THTpa pacraopa 3 .llTA ocymecransna n o craxna pr uony O,1H 

pacrsopy K Mn04. 

Hcxon» H3 MOlleKyJUlpHoH MaCCbl KallMlliI, p aCC'l HT bI BaIIH ero KOII H'leCTBO (X. 
Mr / cM 

3
) , CBSI3bIBael>IO e 1 CM

3 pacrsop a szrrA: 

X = u , · M Cd ' 

rae MT - MOJ\JlPI-IM KOI-IUel-lTpauHlI pacrsopa 3,1lTA, MOll b/CM' ; MCd - MOll eKYlI lI p l-IM Macca Cd, 
Mr h lOllb. 

3aTeM Bbl'lHClIlI IIH 06MeHHylO eM KOCTb KaTHOH HTa n o Cd (Y. Mr/r) n o epopMylle : 

(V0 - V ·4)VoX 
E =----~-

Cd 
V Ain 

rne fIl - 06b eM 3ATA (CM3
) , nouienunrn na 'nrrpoaanue anaxaoru ca 'laCTII ucxonxoro pacrsopa 

auerara KanMl1lI; V'4 - 06beM 3 ,QTA (CM3) , noinenmat; I-Ia THrpoBal-lne anuxaoruoa '1aC~H 
ljJl1J1 brpara, norry-reauoro nocne B3al1MOneAc TBIUI C KaTllO I-IHTOM; Vo - cYMMap HbIA 06b eM (CM) 

pacra opa COIIII 11 llI1CTI1J1l1l1pOBal-ll-loil BOiU>I , nCnOnL 30BaHl-loil }])UI l-Ia6yxaHI11I KaTllOHHTa; VA 
06be M aJlllKB OTHOH '1aCTI1 auarunnp yexroro pacraopa (CM3) : m - Macca l-IaBCCKII KaTIIOIll1Ta (r) . 

6) onpeneneaae KOHueHTpaUHH HOHOB Pb z+ B pacr aopax npOBOllHIIH cne­
llYlOmHM 06paJOM: aIIHKBOTHYIO 'laCTb (4,7 CM

3
) auan aa a pye uo ro pacraopa p aJ6aBJUlIIH 

25 CM
3

llHCTHlIlIHp o BaHH o H son sr, 1l0 6 aBJUlIIH 3 CM
3 

aUeTaTH OrO 6yepep lloro pacrsopa, 
1 CM

3 
HHllH KaTopa KCHlleHOIlOBo ro opaaxceso ro (0,1% - HbIH cnafio uierrc-nron BOllHblH 

pacrsop) H THTP OBaII H 0,05 M p a CTBOpOM 3 .llTA 110 n e p ex c n a MaIIHHOBOH OKp aCKH 
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HHllHKaTop a B II HMo HHo-lKeIlTYIO. Pacse 
acrronsaosaaaua llJUl pacs era COp 6 UHOHI 

06cYJKlleHHe pe3YJlbT3TOB. Sa 

o nbITOB OT npenunyunrx 3KCnep l1MeHTOI 

pacr sc poa cepaon KHCIIOTbI OCHOBHM 'la 

C HcnOllb30B aHHeM saxyyv a. )TO I 

KHCII OTH oro peareirra, KOTOpbIll B 3TOH ( 

60llee 'leM B T pH paaa OKa3a110Cb Hi 

BbIDOIIHeH HbIX C HcnOllb30 BaHHeM KIl C 

CTOp OHb l, npn HcnOllb30B aHHH ororo no 
acex oopaauax OIllIllOK OIlHHaKOBoro KOII 

B pacoaarpusaeasrx onsrrax HeCKOllbKC 

aurepneprauaa nO lI)"leHHbIX peaynsraro 
B ra611. 1 npuseneau llaHHble. n 

npouecca ua CBOHCTBa nonyueausrx cop6 

3aBIlCHT OT nrnrrensuocra 0 6 p a6 0TKI1, 
I 

uexoropoe BIIlliIHHe H pasnasae B pacxon 
Conepacanae KHCIIOT HblX UeHTP( 

3a BHCHT OT npOllOlI lK HTellbHOCTH KHCIIOT 

reaneparype. Maccos aa nons CHllbHOKf 

HOCTH npouecc a y Me HbWaeTCSI , 'lTO YKa3L 

rpynn. Ilocne IUl TH 'laCOBOH 0 6 pa60TKIl 

06paJUOM, n OlI)"leH HblM Tp ex ' raCOBOH of 
40 %. Kapooxcam.a u e 11 euonsaue rH 

YCII OBlliIX axcnepaaeara H , KaK cnenyer 
xone xer u pexvacoeoro npouecca soapac 
MaCCOBalI llOJUI HaJ BaHHblX rpynn HeMHor 

RrJlIlI HII C '!P0llOJljKIITCllhHOCll 

I1 apaMCTpbI 

I1pon OJDKl1TCllbHOCTb. '1 

Pacxon HzSO., % 

BbJXOn copceara, % 

C l1J1bHOKIICIIOTHbIC rpynnsr , MMOllb lr 

Kap6oKCI1J1bHble rpynnn, MMOllb/r 

Eaonsaue r ll,[lpOKCl1J1bHble rpynnu, MMOllb/r I 

C yMMa KIICIIOTHbIX rpynn , MMOllb/r I 
*8 cxotixax npnaenea u llaH Hble. noJTY' 

q npn lO SoC sa BOJnyxC, I 



HlUlHKaTopa B JlllMOHHo-lKenTylO. PaC4eT nposonanca no q>OpMynaM. amlJIOrWiHLIM 
HCrrOnL30BaHHLIM nJJll pacsera COp6UHOHHOH aKTHBHOCTH no HOHaM Cd2+. 

06Cy)KACHHC PC3YJlhTaToB. BalKHLIM OTnH'IHeM pacca arpnsaeaux 3neCL 

OrrLITOB OT npenunyuurx JKCrrepHMeHToB nsn anocs TO. 'ITO nocne npomrrx» OrrHnOK 
paCTBOpOM CepHOH KHCnOTLI OCHOBHalI '1aCTL )KHnKOH q>aJLI ynansnacs q>HnLTpOBaHHeM 
C HCrrOnL30BaHHeM saxyyaa, 3TO rr03BOnHnO CYll\eCTBeHHO CHH3HTL pacxon 
KHCnOTHOrO peareara, KOTOpLIH B JTOH CepHH OnLITOB 6Lln B HHTepBane 40-46%. 'ITO 

60nee '1eM B TpH pasa OKaJanOCL HHlKe. '1eM B npensuiyuurx JKCnepHMeHTax , 
BLIf10nHeHHLlX C HcrronL30BaHHeM KHcnOTLI TaKOH lKe KOHlleHTpaUHH. C npyroa 

CTOpOHLl. npa HcnonL30BaHHH aroro nozrxona He yzianocs 06eCrre'lHTL ynaneaae BO 
scex ofipaauax omrnox ozmxaxoaoru KOnH'IeCTBa pacraopa. DOJTOMy pac xozi peareara 

B paccwarpaaaesu,rx onsrrax HeCKonLKO parnuxaerca. 'ITO cnenyer Y'lHTLIBaTL npa 
mrrepnepranaa no nyseaaux pe3ynLTaTOB. 

B rafin. 1 npnaeneas: naauue, noxaasraaiomae BnHllHHe npononaorrensaocrn 

npouecca aa CBOHCTBa nonyseausrx copriearos. BHnHO. 'ITO BLlXOn nponyxra no-rm He 
3aBHCHT OT nmrrenLHOCTH 06pa60TKH . XOTlI ua TaKoH peaynsrar Morno OKaJaTL 
aekcropoe BnHllHHe H pasna-nre B pacxone KHCnOTLI. 

Conepxcaaae KHcnOTHLlX ueHTpOB B copfieirrax B onoeneneaaoa creneua 
3aBHCHT OT rrpononaorrensaocm KHcnoTHOH o6pa60TKH npoziyxra npH rrOBLlllieHIIOH 
reaneperype. MaCCOBalI nOJJll CHIlLHOKHcnOTHhlX UeHTpOB C YBenH'IeIlHeM zimrrens­
HOCTH npouecca yMeHLlliaeTClI , 'ITO YKaJLIBaeT aa HecTa6HnLHOCTL cynsdionoeoxacnux 
rpynn. DOCIle !UlTH'4aCOBOH o6pa60TKH ax KOnH'IeCTBO B copoeare rto cpaaneruno C 
06PaJI\OM. rrOJIY'!eHHLIM TpeX'IaCOBOH o6pa60TKoH onanox, CHH)](aeTClI Gonee '1eM aa 

40%. Kap60KcHnLHLle H eHOIlLHLle rHnpOKCHnLHLle rpynnu 60nee YCTOH'IHBLI B 
ycnosasx JKCnepHMeHTa H, KaK cnea yer H3 norryxeaasrx nannsrx, HX conepxcanae B 
xone -rert.rpexuacoaoro npouecca B03paCTaeT Ii nann, no cne nllTH'IaCOBOH 06pa60TKH 
MaCCOBalI n OJ\JI HaJBaHHLlX rpynn HeMlloro CHHlKaeTClI. 

Tafin a u a 1 
Brma uae npOLlOJllKllTeJJbHOCTII npouecca na CBOHCTBa COPI6eHTOB 

Ilapaaerpsl EK-l' EK-2 EK-3 

n p0JJ,OJJ)l(lITeJlbHOCTb. 4 3 4 5 

Pacxcn H2S04. % 45.7 42,5 40,2 

BbIXOJJ, copoeara. % 58.5 58,S 59,1 

Cl1JIbHOKHCnoTHble rpynnu, MMOJlblr 0,62 (0.83) 0.44 0,36 

Kap60KCHJlbHbie rpyrmu , MMonblr 1,48 (1.08) 1.63 1.58 

Eaonsasre mJJ,poKCHJlbHble rpynnsi. MMOJlb/r 2.14 (0.70) 2.77 2.59 

CyMMa KHCJlOTHblX rpyrm, MMOJlb/r 4.24 (2.61) 4.83 4.53 

*B cxotixax rrpaseaeasi JJ,aHHble. norryueaaue nocne BblJleplKHBalUUl ofipasua Brev euae 7 
'-I npn 105°C ua B03JJYXe. 
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HUI-

IIJlH 

eCKH 

rre«­
fl pH 
OHOB 

; HOM 

ITOM. 

aKIIM 

I:1. 
:mu. 

3)
CM

3DCM 
3)

'1 , Ii 

KeeOH 

D,IH 

10 (X,. 

:ca Cd, 

<IYJle: 

craopa 
~aC1l1 

4 (cM1 
I; VA ­

rl · 

HH,Ul1KaTOpa B JlHMOHHO-)I(eJlTYIO. PaC4eT nposonanca no cPopMyJlaM, aHaJJOrH4HblM 

HCnOJlb30BaHHblM .!IJUI pac-rera COp6UHOHHOH aKTl1BHOCTH no HOHaM Cd2 
+ . 

06cyIKLleHHe pe3YJlbT3TOB. Ba)KHbIM OTJlWmeM paccaarpaaaesu,rx 3.!1eCb 

OnblTOB OT npen sinyumx JKCnepHMeHTOB llBJUIJlOCb TO, 4TO nocne npODlUKH OnHJlOK 

paCTBopOM cepaon KHCJlOTbI OCHOBHall 4aCTb )l(H.l\KOH cPa3b1 ynansnacs cPHJlbTpOBaHHeM 

C HCnOJlb30BaHHeM saxyyaa. 3 TO n03BOJlHJlO cyweCTBeHHO CHH3HTb pacxon 
KHCJlOTHOrO peareirra, KOTOpbJH B JTOH cepaa onbITOB 6bIJl B HHTepBaJle 40-46%, 4TO 

fionee 4eM B TpH pasa OKa3aJJOCb HH)I(e, 4eM B npeziunyuurx J KCn e p HM eHT aX, 

BbIDOJlHeHHbIX C HCnOJlb30BaHHeM KHCJlOTbl TaKOH xce KOHueHTpaUHH. C .!IpyroH 

CTOpOHbl, npH HCnOJlh30BaHHH sroro nozrxona He ynanocs ooe cne-nrn, ynaneane BO 

ncex ofipasuax OnHJlOK O.!lHHaKOBoro KOJlH4eCTBa pacrscpa. TIOJTOMy pacxon peareirra 
B paCCMaTpHBaeMbIX onsrrax HeCKOJlbKO paanaxaercs . 4TO cneayer ysarsisars npa 
HHT epnepTaUHH nOJlY4eHHblX pe3YJlbTaTOB. 

B Ta6Jl . 1 npuseneasi nanaue, nOKa3 hIBaIOWHe BJlHllHHe npO.!lomKHTeJlbHOCTH 

npouecca aa CBOHCTBa nOJlY4eHHbIX copoearoa BH.l\HO , 4TO BbIXO,ll, nponyxra n04TH He 

3aBHCHT OT .!IJlHTeJlbHOCTH 06pa60TKH, XOTll aa TaKOH peaynsrat Momo OKa3aTb 

aexoropoe BJlHllHHe H pa3JlH4He B pacxone KHCJlOTbI. 

Coziepscaaae KHCJlOTHbIX UeHTpOB B coptieurax B onpeneneaaca CTeneHH 

3aBHCHT OT np0.!lOJl)l(IITeJlbHOCTH KHCJlOTHOH 06pa60TKH npO.!lyKTa npH nOBblweHHOH 

renneparype. MaCCOBall .!IOJlJI CHJlbHOKHCJlOTHblX UeHTpOB C YBeJlHqeHHeM .!IJlHTeJlb­

HOCTH npouecca yMeHbWaeTCll, 'iTO yxaasmaer aa HeCTa6HJlbHOCTb CyJlbepOHOBOKHCJlblX 

rpynn. Ilocae DJITH'iaCOBOH 06pa6oTKH HX KOJlH'ieCTBO B copfietrre no cpaBHeHHIO C 

06pa3uOM , nOJlyqeHHblM rpexxacoson ofipafiorxoit OnHJlOK, c1iH)I(aeTCJl 6 0 Jlee 'leM Ha 

40%. Kap60KCHJlbHbie H enonsuue raapoxcansnsre rpynnsi 60Jlee YCTOH4HBbI B 

YCJlOBHllX J KCn e p HM eHTa H , KaK cnenyer H3 nonyxeaustx .!IaHHbIX, HX coaepxcauae B 

xone xersipexuacoaoro npouecca B0 3paCTaeT H JlHWb nocne DJlTH'iaCOBOH. 06pa60TKH 

MaCCOBaJI .!IOJlJl Ha3BaHHblX rpynn HeMHoro CHH)I(aeTCll . 

T'afin a ua 1 

Ilapauerpu EK-l EK-2 EK-3 

Ilpononaorrensaocrs. 4 3 4 5 

Pacxon H2S04, % 45,7 42,5 40,2 

Bsixon copfieirra, % 58,S 58,S 59,1 

Cnnsuoxncnoruue rpynnu, MMom/r 0,62 (0,83) 0,44 0,36

Kap60KCHJlbHbie rpynnsi , MMOJlblr 1,48 (1,08) 1,63 1,58 

Eaonsasie runpoxcarn.aue rpynnsi , MMollb/r 2,14 (0,70) 2,77 2,59

CyMMa KHCJlOTHblX rpynn, MMOJlb lr 4,24 (2,61) 4,83 4,53

BJlHRHHe IIDOD.OJl)KHT eJI b HOCl'Il nnouecca H3 cso II.crsa COlli6enros 

*B ckofixaxnpaseneas: ,naHHble, norryseaxue 1l0CJle BbUJ,ep)KHBaHWl otipasua BTe~eHHe 7 
4 npn lOSoC na B03J1.YXe. 
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B u eJIOM JKe CJIel\YeT OTMeTI1Tb, 'IT O npOl\OJIJKl1TeJIbHOCTb KI1CJIOTHOH 06pa60TIGl 

npn revneparype OKOJIO 150°C OKa3bIBaeT He oxem, cymecr aea aoe BJIilllHHe aa 

06M eHH)'lO eMKOCTb nOJI)"IaeMblX KaTI10 HI1TOB. DO CKOJIbKY OCHOBHaSi l\OJISI aonsr 
Yl\aJISIJIaCb H3 CHCTeMbI B n epBbI H 'lac Kl1nSIqeHilll p eaKUl10HH OH CMeCI1, n ansueriuras 

06p a60TKa o fiparua ocyweCTBJISIJIaCb B 6e 3BOl\HOH cpene 11 n p aKTHq eCKI1 B OTCYTCTBHe 

KI1CJIO pOl\ a B pacrsope . D03TOM)' nonysea asre naaxsie, CBHl\eTeJIbCTB)'lOWl1e 0 

l\OCTaTOqHO BbICOKOH YCTOHql1BOCTH cop fi errra , x apaxr ep aa yror ero ca o n crsa rtpa 

nosu urexno a r esmeparype B 6 e3BOl\ HOH c pene B orcyrcrsae OKI1CJII1Teilll . B B03l\YW ­

HOH arv ocrpep e, r .e. B npHcyTcTBI1H KI1CJIopOl\a, B cop fienr e YJKe npn 105°c 
npOI1CXOl\I1T cyurecraeanoe 113MeHeHI1e ero ¢ YHKUI1OHaJIbHOrO COCTaBa, XOTSI n oreps 

MaCCbI otipaaua BO Bpe MSI BblUep JKKI1 npn 3TOH TeMn ep aType aecsaa He3Haql1TeJIbHa 11 

He npeauuraer 0 ,4%. KaK ,BI1l\HO 113 npaaenenaux B Ta6JI . 1 l\aHHbIX , n OCJIe aunepsor­

BaHI1SI ofipaa u a npa 105°C B HeM npOHCXOl\11T n oauuieaae COl\ep JKaHl1l1 CHJIbHOKHC­

JIOTHblX 11 CHHJKeHl1e conepacaaaa CJIa60KI1CJIOTHbIX rpynn. Taxne I13MeHeHHlI ¢ y HK­

Ul10HaJIbHoro COCTaBa MOJKHO 06b llCHI1Tb OKI1CJIeHl1eM JII16 0 nl1pO KaTeXI1HOBbIX, JII160 

r l1l\p OXI1HOHHblX ¢ parMeHTOB KI1CJIOPOl\ OM B03l\YX a, COnpOBOJK.mUOlueeClI nOllB JIeHl1eM 

XI1HOHHblX rpynnnpo aox, xoropue. npoaanan an eicrpon o ax ue rrro p n u e CBOHCTBa, 

YCI1JII1BalOT KI1CJIOTHOCTb Kap60KCHJIbHblX rpynn , 11 OHI1 nepex cztar B paapaa 
CI1JIbHOKI1CJIOTHblX UeHTpOB. 

Il pn 06pa60TKe OrrHJIOK cepuoli KHCJIOTOH KOMrrOHeHTbI npesecaau nperep ­

neB aJOT KaK peaKUl111 l\eCTpYKUI1I1 , TaK H peaxumr KOHl\eHCaUI1I1. B pe3YJIbTaT e nporee­

KaHl1l1 peaKUHH lleCTp YKUI1H 4aCTb BbICOKOMOJIeKYilll pHblX KOMrrOHeHTOB, npespautascs 

B HI13KOMOJIeKYilllpH ble rtponyxrst , paCTBOpll eTCSI npn 06pa60TKe Hep aCTBOpl1MOr O B 

peaKllHOHHOH CMeCI1 OCTaTKa BOl\OH 11 weJIOqH.blM paCTBOpOM. Ynanenne 3Haq l1TeJIbHOH 

qaCTI1 npeaecmmoro aeuiecrsa orpascaerca aa rpaHYJIOMeTpl1qeCKOM COCTaBe nOJIy ­

4aeMoro u enesoro npO!1YKTa. H 3 npasen ennux B Ta6JI . 2 nan aux BHl\H O, 'lT0 n o cpa n­

HeHl110 C I1CXOl\HbIMI1 onl1 JIKaMl1 p aaa ep qaCTI1U copfieirr a YMeHbWaeTClI . Ilpn OTHOCH­

TeJIbHO He60JIbWOH npOl\OJIJKI1TeJIbHOCTI1 npouecca (oripase u EK-l) B rrp 0!1YKTe n poac­

XOl\11T CHI1JKeHl1e OTHOCHTeJIbHOrO cozrepscaaas ¢paKUI1H 0,5-1 ,0 "'1M 11 0,25-0 ,50 "'1M 

COn pOBO)f(JlaJOw eeClI HaKOnJIeHJ.feM ¢paKUI1I1 0,05-0 ,25 MM. Ilp» 60JIee l\JI I1TeJIbHOH 

06pa60TKe n pOI1CXOl\ 11T noauur ea a e cozrepx aaas MeJIKOH ¢paKUI1I1 (MeHee 0,05 MM) , 

'ITO lIBJIll eTCSI HeJKeJIaTeJIbHblM l\JI lI MHorl1X HanpaBJIeHI1H I1CrrOJIb30BaHilll KaTI10Hl1Ta. 

Ta on u ua 2 
6 0;'0r, naHVJlOMeTDH'lCCKIIH COCTaB OOn33IJ.OB 

<1>p aKWlI1 , MM Enoasre onanxn EK-I EK-3 

0-0 ,05 0,1 0,3 14,3 

0,05-0,25 9,1 46,1 18,1 

0,25-0,50 80,2 50,1 63,S 

0,50-1 ,0 10,5 3,9 4,1 

Ornensxsre ¢ p aKUI1H copfi eirranpo: 
H 3 nannsrx, npaseneum.rx B raon. 3, B l1Jl ~ 

60JIee x pyn ao n ¢paKUI1I1 MeHbwe , 4eM B c: 

¢paKUI1I1 o fi p asua, I1MelOweH xactuus; Me! 

¢ paKU1111 60nee MeJIKl1X 4aCTI1U COl\eplK: 

co zrepacaaae B cYMMapHoM ocpasue. MeHb i 

x pyn a oti ¢paKUI1I1 MOJKHO 06bllCHI1Tb B' 
I 

KOTOpb IX He npOI1CXOl\I1T nOJIHOrO npOHHKI 

qaCTI1U 38 Orp aHI14eHHbIH npovexyrox I 
3aHI1JKeHHble l\aHHbIe no KonH4eCTBY KJ 

06beKTI1BHbIX CBel\eHI1H no COp6UHOHHbIJ 

nposenenae IGlHeTl1qeCKHX I1CCnel\OBaHHI1. 

06MCHH3H CMKOCTb OTr. 

I 
I 
I 

I 

Ilapaaerpu 

Can sxoxacnorn ue rpyrmu , MMollb/r 

Kap6oKCI1JIbH bIe rpynnsi, MMoll b/r 

Ea om.a u e rHLlPOKCl1JIbHbIe rpynnu, MM O.q ~ 

CyMMa KIlCllOTHblX rpynn, MMoll b/r 

Con61I lf OHHblCcBoilCTB3 

Xapaxrepucr uxa 

Cop6 

pH 4!1111 brp ara I 

COp6WlO HHaJI eMKO CTb, Mr/r MMO llblr 

Opl1pOCT MaCCbl, u rlr 

Cop6W 

pH 4!I1Jlbrpara 2 

COp6WlOHHaJI eMKOCTh, Mr/r 
MMOll b/r 

Opl1pOCT MaCCbl, Mr/r 

pH ucxozmoro pacr sopa Cd(CH3CC 

2 pH acxona oro pacr sopa Pb(N03lz 
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Ornern.aste tPpaKlll111 COp6eHTa npOJlBJ15lJOT pa3nl1'1Hble COp611110HHbIeCBOHCTBa. 

"Yb nanasrx, npaseneaasrx B rafin . 3, Bl1JUlO, 'ITO conepxaaae 110HOreHHblX ueHTpOB B 

60nee xpynnoa tPpaKlll111 MeHbWe, 'leM B cyMMapHoM 06pa311e EK-l (CM . rafin, 1) 11 BO 

tPpaKlll111 06pa311a, I1MeJOweH 'laCTI111bl MeHbWerO paauepa. B TO lKe CaMOe BpeMJI BO 

tPpaKlll111 60Jlee MenKl1X 'laCTI111 conepscanae I1HOreHHbIX nearpos npessnnaer I1X 

conepxcaaae B CYMMapHOM 06pa311e. Meusuree conepxcaane KI1CnOTHblX rpynrr B 60nee 

xpynuoti tPpaKlll111 MOlKHO 06bJlCHl1Tb BJlI1J1Hl1eM nUtPtPY3110HHblX tPaKTOpOB, 113-3a 

KOTOP b~ He npOHCXOnl1T nonaoro npOHI1KHOBeHI1J1 pearexros BO BHyTpeHHl1e 06naCTl1 

'laCTI111 sa OrpaHI1'1eHJ-lbIH npOMe>KyTOK BpeMeHI1, scnencraae xero non)"-laJOTCJI 

3aHl1lKeHHbie aaanue no KOnl1'leCTBY KI1CnOTHblX rpynn. !J:nJl nony-reaas 60nee 

06beKTl1BHbiX CBe,neHI1H no COp611110HHbIM CBOHCTBaM 3Tl1X KaTl10Hl1TOB He06xonl1MO 

nposeneaae KI1HeTI1'leCKI1X Hccne,nOBaHI1H. 

06MCHHall CMKOCTb OT/lCJlbHblX dmaKUH" KE-l 

Ilapauerp bI <t>PaKUllil 0,05-0.25 <PpaKl.ll1Jl 0,25-0,50 

CI1JlbHOKHCnOTIlbIe rpynnsr , MMOJlb/r 0,71 0,48 

Kap60KCI1JlbHbie rpynnsr, MMOJlb/r 1,49 1,36 

Eaonsaae rlUlPOKCHJlbHble rpynnu, MMOJlb/r 2,51 1,81 

CyMMa KHCJlOTHblX rpynn, MMOJlb/r 4,71 3,65 

I B 

,all 
T'afin uua 4ny­

COp6UHOHHblC caoacraa ornensusrx <!JpaKuHH KE-l as­
CH­

I1C­

MM 

-lOll 

1M) , 

l. 

.a 2 

XapaKTCpHCTlIKa <t>paKUllil 0,05-D,25 <t>PaKUllil 0,25-0,50 

Copfiuxs Cd2 
+ 

pH cP l1JlbTpaTa I 5,27 5,14 

COp6l.ll10HH3Jl eMKOCTb, Mrlr MMOJlblr 146 144 

1,3 1,3 

DpUpOCT MaCCbl, ur): 192 188 

Copfiuaa Pb2 
+ 

pH cPHJlbTpaTa 2 2,17 2,14 

COp61.l110HH3JleMKOCTh, Mr/r 147 138 
MMOJlb/r 

0,71 0,67 

DpHPOCT MaCCbl, Mr/r 154 155 

pH HCXOJlHOIU pacraopa Cd(CH3C O O lz 7,17 
2 pH UCXOJ\Horo pacraopa Pb(N03lz 4,77 
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TIpHCyT cTBHe sna-nrren suoro KOilH'-IeCTBa cila60KHCilOTHblX rpyrrrr, orinaaato ­

lL\HX KOMrrileKC006pmYlOlL\HMH CBOHCTBaMH, y xaasmaer na B0 3MO)/(HOCTb rrpHM eH eHWI 

KaTHOHHTOB KaK COp6eHTOB ,llJUl yzt an eu na 113 p acTBOpOB 110HO B TlDK eilblX MeTaililOB. 

TI 0 3TOMy' 6 blila H3}"'leHa co pfiuaa rrOJJY'!eH HblM I1 KaTI10HI1TaMI1 TaKHX TOKCH'-IHblX 

110H OB MeTaililO B KaK KaT I10 Hbi CBI1Hu a 11 KCUlMI111 . 

Peaynr.r aru rro co p6u I111 HmBaHHblX 11 0HO B npaseneau B rafin . 4. TIo JJY'!eHH bl e 

axcnepaae trtansm.re nanasi e CBH,lleTeilbcTBYIOT 0 pasaon CTerr eHI1 cponcrna ljJp aKUI1H 

copfieirra K 3THM KaTHOHaM. Cyuiecr sennoe CHH)/(e HHe pH B p a crs opax conen n o cne 

06pa60TKI1 HX cop o en r aa n caan er em.crsyer 0 TOM , '-ITO KaTI10 Hbl B3aHM 0,11eHCTBYIOT C 

Cl1ilbHOKI1CilOTHbIMI1 rpy rmasra . 

O,11HaKO, y '-lHTbl Ball , '-ITO 3KBI1BaneHTb i KCUlMI111 11 CBHHua B n na pasa MeH bIlle ax 

MOileKy MpHo H MaCCbl , cpasaea ae namn.rx rro CO,11epJKaHI1IO KHCilOTHblX rpynn (CM. 

rafin. 3) 11 eMKOCTH copoear oa rr o 110HaM 3THX MeTaililOB CBH,lleT eilbCTBYeT 06 }"'lacTI1H 

B copfiuaa 11 cila6 0 KI1CilOTHblX u enrpos, crroco fia srx oopasossraars KOOp,11I1HaWIOH Hble 

CB1l3H. 

Peaynsraru a x cnepaaeirron CBH,lleTe ilbcT BYIOT 0 TOM, '-ITO copouas KaTI10 HOB 

CBI1Hu a rrp OI1CXO,11HT B 3aMeTHO MeHbweH cren e a 11 , '-IeM COp 6 UI111 110HOB KCUlM I111 , T.e . 

a afi monaerc a o n p enenen aaa CeileKTI1BHOCTb co pfieirra K KaTI10HaM KCUlMWI. )TO 

CB1l3aH O C TeM, '-ITO npn 06pmOBaHHH KOOp,11 I1HaUI10 HHOH CB1l311 BaJKHOe aaax eane 

I1MeeT paCCTOll'HHe MeJK,lly ljJYHKUHOHailbHblMI1 r p y n n avu JlI1 raH,llOB. TIOCKOilbKY 110H 

KCUlMHll' HMeeT MeHbIllI1H paaayc (0 ,095 HM), '-IeM 110H CBHHua (0, 119 HM) [5], He ace 

ljJYHK UHOHailbHbl e rpynnsr p ac n o nararorcs a a OffiHM ailbHOM ,llJUl 06pm OBaHWI 

xoxmnexca C KaTI10HOM CBI1Hua paCCTOll'HI1I1. 

TI OCKOilbKY npa 06pmOBaHHI1 KOMrrileKCO B C 110HaMH MeTaililOB camuaaercs 

oonsnree. '-IeM He06x 0,11I1M O ,llJUl HeHT pailm aWII1 aap ana 11 0H OB '-II1C1I0 il l1raH,110B , 

cnenana no nsrrxa o npeztemrrs , }"'laCTByIOT ill1 B KOMrr1leKC0 06pmOBaHI111 HI13KOMO­

nexynnpasre COe,11I1HeHWI (11 0H bI) , T.e. oripasoasraaercs ill1 aa yrpex nas crpepa KOMrr­

ileKCOB TOilbKO aa C'-IeT ljJYHKUHOHailbHblX r pynn copfieirra 1111H B P01l H nnraano a 

aucrynaior 11 '-IaCTHUb l , n pacyrcrayiouiae B p acrnope. ,l],illl ar o r o ofipasusr, nocne 

Bbl,llep JKI1BaHWI B p acrnope con a H OT,11eileH I1.ll ljJl1ilbTpaTa, r uiarensuo OTMb lB ailHCb 

B0,110H OT Cil e,110B Hecop611pOBaHHOH COilH 11 n ocn e BblCYWI1BaHHll (l03±20C) B H~lX 
onpenensnc a n pnp o cr MaCCbl, 0 6 YCilOBileHHblH c o p fi u a ea KaTI10H a, 

,l],aHH bl e , npaae-nenasre B Ta611. 4 He zraior snonne 0,11H0 3H a'-IH Or O OTBeTa a a 

3TOT aonpoc. TIPI1POCT MaCCbl c o p 6 em a n ocne Bbl,ll ep)/( I1BaHI1.ll B pacrsope HHTpaTa 

CBHHua il l1Wb He MHoro np easruraer aHailHTI1'-1eCKH o n p enen eanoe ana-re a a e eM KOCTI1 rro 

3TOMy KaTH oH y . B crrys ae )/(e COp6UHH KaT I10 HOB Kan.M WI npnpo cr MacCbl 3aM eTHO 

ssnue KOJlI11.JeCTBa COp611p OBaH Horo KaTHOHa 11 , ec na rr pHH lITb , '-ITO B xas ec rse 

mrraaaon rrpl1HHMalOT yxacr ne MOileKYil bl BO,11bl , TO Ha O,11HH MOilb KaTI10H a 

npHXO,11HTCll npuvepuo ,L(Ba MOJUl BO,L(bI. 

B cn yxae COp6UHI1 KaTHOHOB CBHHua noxa npeaoieapeveax o n en ar s BblB O,11 06 

OTCyTCTBl111 KOOplJ,HHaUl111 HmBaHHblX KaT I10H OB C HH 3Ko MoileKY1l11pHbIMH 

COeIJ,HHeH HJlMI1. 

H eB b[COKl1e 3Ha'-leHWI npapocra MaCCbl MOJKHO 0 6bllCHI1Tb HeycToJ:11.JI1 BOCTb lO 

copfieirr a B npacyr cr nan KaTHOHa CBHHua npn nosuurea aoa restrteparype. 

HcrrOilb30BaHHOH ,llM n u cy ur a aaa as 

H3}"'l eHHe sro r o sonpoca. 

BblBOAbl. TI PI1 rrOIl)"-IeHHH xa: 

KHCilOTOH rrp 0,110 ilJKHTeilbHOCTb npoq 

BblX O,11 11 06MeHHylO eMKOCTb copoeard
O,11HaKO c YBeml4eHHeM ,llJlH] 

yveasureaae paavepon '-IaCTHU cop6 ~ 

(tionee 4 MIcnatioxacnorasrx rpy nn 
CBoHCTBa. 

J.)H6J1HOrl 

1.,aellHeKO 11.n. Ilonysenue K aTH ~ 

cepuoa KHCJlOTOH [T eKcT] / n.n.):lenHeKo, I 
cupsa . - N2 4. - Eapaayn: Arrrf'Y, 2011. - ~ 

2. ,aellHeKo 11. n. BnHllHHe KOHUd 

nOJlY1.JeHHJ,IX H3 noeaeca au [T eKcT] / I 
Ilere pfiyprcxon JleCOTeXHH'IeCKO n aKaAeM ~ 

3. Lllapno r Meronu aHanHTH'IeCJ 
cOe!l.HHeHHn. -lacrs 2 [TeKcT] / f. Illapno. 

4. EOpucm, I1.M. CeneKH IBHoe K 

IOpHcT, M.M. Tanuyn. - M.: Hayxa, 1993·1 
5. Tpemsnxoe EO.,a. Heopramerec 

Tpersaxoa , 11.11. Mapruaeuxo , A.H. 
«Axanea xanra», 2007. - 670 c. 

Ka THOHlfTbl , norrys eaa u e 06pa60 

CllflbHOKHCJlOTHble H CJla60KHCnOTHbie IT 
MMom /r. H 3Y'!e Ha COp6UHll' KaTIlOHOB Kj 
BblCOK)'IO CeJleKTHBHOCTb no OTHOlIleHi 

KaTHOHHTOB (lSOOC) B HHepTHO n arvocoe 
H3MeHeHHIO I1X cjJyHKUHoHanbHor o COCTaBa 

10 5°C n pOHCXOil.HT CHHJKeHlle COil.ePlKaHHlI 

Calion exchangers, obtained by tn 
strong- and weakly acid groups, the totalca 
of cadmium and lead cations. Sorbents shr 
cations . Thermal treatment of cationexcha 
significantly change their functional compo 
105°C there is reduction of weakly acidgro. 



i ato­
Hcnonb30BaHHOH ,l\JU1 Bf,ICYWHBaHillI 0 6Pa3UOB . Heo fixozneao fionee 06CTOJlTenbHOe 

eHflJI my'leHHe ar o ro sonpo ca. 
1II0B. Bsreonsr, TIPH nonyxenan KaTHOHHTOB o6pa6oTKOH enoasrx onunox cepnoa 
IHblX 

KH cnOTOH npononaorrensaocn, npoue cca oxan.maer aeaaa-nrrem.aoe BnilllHHe aa 
ssrxon H 06MeHHY10 eMKOCTb c o p 6 eHT OB. 

m f,le 
O,l\HaKO C y Bem r'l e HHeM ,l\nHTen bHOCTH KHCJIOT HOH o 5 p a6 oT KH npOHCXO,l\HT 

KUHn YMeHf,WeHHe pasvepon qaCTHU copfiear a, KaTHOHHTf,( HMelOT Bf,ICOKOe conepxaaae 
oene 

cna60KHCnOTH f,lX rp ynn (6oJIee 4 MM OJ1f,/r) H npoasnaicr xoxmnexcoofipaayrounre 
TOT e 

CBoHCTBa. 

re I1X 
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anoa, 
tOMO­

rov n­
IHllOB 

KaTHOHHTbl , nonys euaue 06pa60TKoil CJlOBblX onHJlOK cepaon KHCJlOToll, conepxar
tocne CHJl bHOKlfCJlOTHble II CJla60KHCJlOTHble rpynnu, cyMMapHall eMKOCTb KOTOPblX npeauuraer 4 
lJIHCf, MMOJlb/r. I13yqcHa copoua» KaTHOHOB Ka.uMlfJI H CBHHua; COp6CHTbi npOllBJlJIIOT .uOCTaT0'lHO 
1 HI1X BblCOKYJO CeJleKTI1BHOCTb no OTHOLDeHI11O K KaTI10HaM KaAMllJI. Tepaaxecxaa 06pa60TKa 

KaTHOHHTOB (lSO°C) B aueprnoa araocdiepe B Te'lCHI1C S 'laCOB He 0PI1BO.lll1T K CYLUCCTBeHIIOMY 

ra ua H3MCHCIII11O HX cjJYH KllHOHaJ1.bHOrO COCTaBa. OllHaKO B npa cyrcraaa B03AYxa B COp6CHTe yace npa 
lOSoC nponcxomrr CIIIDKeHI1C conepacanua CJla60KlfCJlOTHbiX rpynn . rpara 

fl1 no 
* * * 

leTHO 

~ CTBe Catio n exchangers, obtained by treatment of spruce sawdust wit h sulfuric acid . contain 
· IOHa strong- and weakly acid group s, the total capaci ty which exceeds 4 mmol I g. It is studied sorption 

of cadmium and lead cations. Sorbents show relatively high selectivity wi th respect to cadmium 
III 06 cations. Thermal treatment of cation exchangers (l SO°C) in inert atmosphere for S hours does not 
1f,(}'lH signi fic antly change their functional composition. However, in the presence of air in the sorbent at 

lOSoC there is reducti on of weakly acid groups. 

CTbIO 

Type, 
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