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COPBLIMOHHOE U3BJEYEHHME Cu?*, Co*, Ni** U Pb** U3 BOAHbIX PACTBOPOB
TETPA3OJICOAEP KALIUMU INIOJTUMEPAMHU HA OCHOBE ITPOMBIINJIEHHO
BBIITYCKAEMOI'O COIIOJINMMEPA AKPUJIOHUTPUJIA

B jaHHOM COOOIIICHNH NPEICTABICHBI PE3YJIBTATHI HCCIICA0BAHHS COPOLIMOHHON aKTUBHOCTH TETPA30JICOSPIKAIHMX MO~
MEPOB, l'lOJ'ly‘-leHHbIX Ha OCHOBE IIPOMBIIIJIEHHO BbIITYCKa€MOI'0 COIOJIMMEPA aKPpUJIOHUTpPUIIa, METUJIaKpHiIaTa 1 2—aKpI/IHaMI/I)10—
2-MEeTHIIIPONAHCYIb(POKUCIOTH, B oTHOLICHHH noHOB Cu?*, Co?, Ni?* u Pb?* u3 ux pa30aBlIcHHBIX BOAHBIX PaCTBOPOB. YCTa-
HOBJICHO, YTO C IOBBILICHUEM CTCIICHU TETPA3OJIMPOBAHUSA, 4 TAKKE y):le.]'leOﬁ INOBEPXHOCTH, COp6L[I/IOHHa$[ €MKOCTbhb I/I3y'~leHHbIX
MOJIMMEPOB yBeInuMBacTcs. [lokasaHa BO3MOXXHOCTh CENEKTHBHON copOunu HOHOB Cu?* U3 pacTBOPOB, COACPKAIIMX OJHO-
Bpemenro Cu?* u Co*. Perenepaiiysi copOeHTa 110 OKOHYAHHH MOHOOOMEHHOM COPOLMH JOCTHUraeTCs MyTeM ero oopaboTKu
pas3basienHbiME pactBopamu HCI.

Kniouesvie crosa.: NOIMBUHUITETPA30JI, COMOIMMEPHI, COPOLIMOHHAs akTUBHOCTB, Cu?*, Co?, Ni?*, Pb?.
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SORPTION EXTRACTION OF Cu*, Co*, Ni** AND Pb** FROM AQUEOUS SOLUTIONS BY TETRAZOLE
POLYMERS BASED ON COMMERCIAL ACRYLONITRILE COPOLYMER

The sorption activity of tetrazole-based polymers prepared from commercial copolymer of acrylonitrile, methyl acrylate
and 2-acrylamido-2-methylpropanesulfonic acid was studied in relation to Cu?*, Co?*, Ni** and Pb?* in diluted aqueous solutions.
It was found that the sorption capacity grew with increasing the tetrazolation ratio and the specific surface area of polymer.
The possibility of selective sorption of Cu?* in the presence of Co?* was shown. The recovery of the sorbent after ion exchange
sorption was achieved by treating with dilute hydrochloric acid.

Keywords: polyvinyltetrazole, copolymers, sorption activity, Cu?*, Co?*, Ni?*, Pb?*.

Beenenue. B nociennue necarunetus oTMedaeTcs MOBBIIIEHHOE BHUMAHKUE K BOIPOCAM JKOJIOTMH
U, B YaCTHOCTH, K MPOLIECCAM M TEXHOJIOTHSM OYMCTKH BOJBI, TOCKOJIBKY 3arpsi3HEHHE BOIBI — OJIHA U3
IJIaBHBIX SKOJIOTHYECKHUX MPOOIIeM coBpeMeHHOro obuiecTBa. CTEneHb ONacHOCTH CTOUYHBIX BOJ 3aBUCUT
OT TOKCHUYHOCTH 3arpsi3HsAomuXx ee BemecTs [1; 2]. Takue mpuMecH, Kak COIM TSKENBIX M IEPEXoi-
HBIX METaJUIOB OOYCIIOBIMBAIOT, B YaCTHOCTH, BBICOKYIO TOKCHYHOCTh CTOUHBIX Box [3; 4]. Hanpumep,
KOHLICHTPALMsI MEIU B CTOUHBIX BOAAX CBBIIE 1,9 MI/1 TOPMO3UT COpakMBaHHUE OCAJKOB HA OYMCTHBIX
coopyxeHusix, 1,0 mr/n camxaer 3¢pPeKTHBHOCT OUUCTKH HA 5 %, a 75 MI/1 ABJsIeTCS 3aJII0OBBIM BbI-
Opocom MeTaia U PEACTaBIISET ONMACHOCTH AJIsl 000PYI0BaHMsI OUUCTHBIX coopyskeHui [ 1]. st ouncr-
KW CTOYHBIX BOJ, COIEPKAIIUX TSKEIbIC U NEePEXOIHbIE METAIIbl, OCHOBHBIMHU (DPU3MKO-XUMHUECKUMH
METOJaMH CUUTAIOTCSI pearcHTHbIC, MEMOpaHHbIC, JIEKTPOXUMHUYECCKHE, OMOXHUMUYECKUE U COPOLIOH-
Hble [1], cpean KOTOPBIX COPOLMOHHOE U3BJICUECHUE METAIUIOB U3 BOAHBIX PACTBOPOB OTJIMYACTCS BHICO-
Ko 3(p(pEeKTUBHOCTBIO, OTCYTCTBUEM BTOPUYHBIX 3arPsI3HEHUH M BO3MOKHOCTBIO W3BJICUCHUS METAJJIOB
MPAKTHYECKH JIO JIFOOBIX OCTATOUHBIX KOHIICHTpaIwii [1].

B cBsi3u ¢ 3THM BecbMa aKkTyaJbHOM 3agadeil SBISETCS PACIIMPEHUE aCCOPTUMEHTA COPOLIMOHHBIX
MaTepHalioB, IPUTOAHBIX I U3BIEUEHHSI IEPEXOIHBIX U TAKEJIBIX METAJUIOB U3 BOAHBIX PACTBOPOB.

IlockonbKy Ha HEMHOTOYMCIIEHHBIX MPUMEpPAX H3BECTHO [5—8], 4TO MOJIMMEpHI, B COCTAaB KOTO-
pbix BxonaT NH-HezaMeneHHble TeTpa3oibHble TPYNIUPOBKH, IPOSBISIOT COPOLIMOHHYIO aKTHBHOCTD
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B OTHOIIICHUH MOHOB HEKOTOPBIX METAJIIOB, B PAMKAaX HACTOSIIEH paObOThI M3y4YeHa BO3MOXKHOCTh UC-
0JIb30BaHMs conoauMepoB S-puHmITeTpazoina (CI1BT), momydeHHBIX MyTeM TeTpa30IupOBaHUS MIPO-
MBIIIJICHHO BBIITYCKAEMOT0O COMOJUMEpa aKPHJIOHUTPUIIA, METHJIAKpuiaTa U 2-aKpuiIaMHA0-2-
METHITIPONIAHCYITb(MOKUCIOTHI (93 : 6 : 1 Moi. %) [9], HcIoNb3yOIIErocs It TPOU3BOICTBA MOJTUAKPH-
JIOHUTPUIIBHOTO BOJIOKHA « HUTpOHY, 1utst u3BieueHus noHoB Cu?', Co*, Ni?* u Pb?* u3 ux paz0aBiaeHHBIX
BOJHBIX PACTBOPOB.

OcHoBHast yacTh. Vccnenosanue npoueccos copoimu karrono Cu?*, Ni%*, Co?" u Pb?* npoBoauiu
IyTeM MOMEIEHUs] TOYHON HAaBECKH TETPa30JICOAEPKAIIEro MoNUMepa B BUJIE IJIEHKH U3BECTHOM T1IO-
maau ¥ TonmuHb! (25-60 MxMm), nomy4yaemoid u3 pactBopos CIIBT paznuyHoil KOHIEHTpaUy B AUME-
THIA(QOpMaMuIe, TN MEJIKOAUCTIEPCHOTO Mopomka (xucnepcHocts 40—-60 MxkM) B pasbasiennslii (~0,005 M)
pPacTBOp HUTpaTa MeTallila U3BECTHOM KOHIIEHTparuu. CopOIHst MPOBOUIACH TIPYU KOMHATHOM TeMIIepa-
Type C HEpUOANYECKUM OTOOPOM MPOO pacTBOpa U X KOINMYECTBEHHBIM aHAJIM30M Ha COACPIKaHHUE KaTH-
OHa MeTaJu1a. J{7st moATBep: K /IeHUs JOCTOBEPHOCTH MOITY4YaeMbIX pPe3yabTaTOB 10 OKOHYaHHUHU MPOLIECCOB
copOyK aHaIM3y Ha COAEpKaHWe MeTaula MoABepraics Takke copOeHt. [loaydyeHHble aHaTUTHYECKHE
JTaHHBIE UMEIOT XOPOIIYIO CXOJIMMOCTb, YTO MOJATBEPKAAET UX KOPPEKTHOCTD.

Haubonee moapoOHO mporiecchl HOHOOOMEHHOM COPOLMH KaTHOHOB METAJJIOB CHHTE3UPOBAHHBIMH
CIIBT B 3aBUCMMOCTH OT Pa3NU4HbIX (hakTopoB u3ydeHsl Ha mpumepe Cu(NO,),.

B pesynbrare ycraHOBJIEHO, uTO copbrmontas eMkocts CIIBT B otHomeHHH Katrona Cu®* yBeaudu-
BaeTcs C MOBBILIICHUEM cTeneHn Terpazonuposanus (CT) ucnonb3yemoro nonumepa (puc. 1), 4To cBU-
JETENbCTBYET 00 y4aCTHH B MOHOOOMEHHOM COPOLIMHM UMEHHO TETPa30JIMIBHBIX (YParMEeHTOB, BXOJSIINX
B coctas CIIBT.

CyuiecTBeHHast 3aBUCUMOCTh COPOLIMOHHON eM-
koctn CIIBT or miomaan MoBEpXHOCTH HCIONb-
3yeMoro oopasma (puc. 2) CBHIETEILCTBYET O TOM,
yto ;s CIIBT HabnromaeTcs nmpenMyIieCTBEHHO
MOBEPXHOCTHAs, a HE 0ObeMHas MOHOOOMEHHas
copb6uust Cu?*. Tak, mopomok CIIBT, a Taxxke crie-
[MAJIBHO TIOJTYYCHHBIC U3 pa30aBICHHBIX PACTBOPOB
o6pasiel wieHok CIIBT ¢ BhICOKO# yaenbHOU IMO-
BEPXHOCTBHIO B OJAMHAKOBBIX YCIIOBHUSIX COPOUPYIOT
B HECKOJbKO pa3 Gombmie Cu®, uem CIIBT B Bume
TUICHKH, TIOTy4YEeHHOH M3 ero 0osee KOHLEHTPHPO-
BaHHBIX pacTBOpoB. B cpeanem 1 cm? mienku CIIBT
copbupyer 3a 24 1 okoso 8 -+ 10° r Cu?". B 1o xe
BpeMs TOT (PaKT, YTO JJIsl MOJTHOTO HACHIIICHHUS COP-

Puc. 1. 3aBucumocth copbironHoit emkoctu CIIBT mo ot-  QenTa Tpe6ye”[c;[ JIOCTATOYHO JIJIUTEILHOE BpeMs,

HOLLEHHUIO K Cuv2+ OT CTENEHU TeTPa30JUupOBaHus (IIJICHKA cocrapsioniee okoso 10 CyTOK, CBHIETEIbCTBYET
TOMNHAOR 55 10 7 Micwt; Bpens copOuii 3 1) 0 MPOTEKaHWU B HEOOJBIIOW CTETICHU U MPOLECCOB

Fig. 1. The dependence of the sorption capacity of copo- .

lymer 5-vinyltetrazole in relation to Cu® on the tetrazo- obbeMHOH copouyH.

lation (the film thickness is 55 £ 10 % pm, the sorption time B pamkax HacTosiel paboThl HAMH TaKKe H3-

is 3 hours) ydeHa COpOIMOHHAsi aKTUBHOCTh B OTHOLICHWUH
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Cu? xumMuueckd MOAU(DUIIHPOBAHHBIX 00PA3IIOB
CIIBT, nony4eHHBIX MO pa3padOTaHHBIM paHee
MeTOoAMKaM [9] myTeM ero mpem-0y TUINPOBAHHS
Y JKWIMPOBaHUS OM(QYHKINOHATBHBIMH aJIKUIIH-
PYIOIIMMHU areHTaMu: JUHOAMETaHOM U 2,5-auMe-
Tuirekcanauosnom. [Ipeanonaranock, 4To BBEAEHHE
B cTpyKTypy CIIBT 00beMHOl QyHKIMOHATBEHOR
TPYNIBI UM €ro CHIMBKAa OM(YHKIMOHATBHBIMU
peareHTamMH, IpUBOAAIIAS K 00pa3oBaHHUIO CET-
YaThIX CTPYKTYpP, MO3BOJIUT MOIXYYUTH Ooisee
«TIOPHUCTBIE» MOTUMEPHI, IJIsI KOTOPBIX MOTJTIU OBl
peaan30BBIBATBCA MPOLECCH KaK IOBEPXHOCT-
HOH, Tak 1 00beMHOM copOumu. OnHako ucciaeno-
BaHUE COPOLIMOHHONH aKTHBHOCTH KaK 4aCTUYHO
mpem-0ytunuposannoro CIIBT (crenens mpem-
Oytunuposanus 10 %), Tak ¥ IPOAYKTOB €ro B3a-
MMOJIEMCTBUS C BBIIIEHA3BAHHBIMU CIIMBAIOIIH-
MH areHTaMu, B OTHomieHnHu noHoB Cu?* mokasa-
710, YTO POBEACHHAS XUMHUECKash MOIUPUKALUS
HE TOJBKO HE MPHUBOAUT K YBEIMUCHHUIO COPOIIH-
OHHOM E€MKOCTH TOJy4YaeMbIX IOJIMMEpPOB IO
cpaBHeHMto ¢ ucxogHelM CIIBT, a Heckombko

Puc. 2. 3aBucumocts copbunonnoit emxoctu CIIBT B oTHO-

mennn Cu?* ot BpemeHu: / — IIIEHKa TOMIIMHON 55 & 10 % MKM,

2 — mopomok guctnepcHocThio 40—60 MM, 3 — TUIEHKA TOJ-
muHoi 25 + 10 % mxMm (CT = 86 %)

Fig. 2. The time dependence of the sorption capacity of

copolymer 5-vinyltetrazole in relation to Cu?": / — the film of

a thickness of 55 £ 10 % pum; 2 — the powder with dispersion

of 40—60 pm; 3 — the film of a thickness of 25 + 10 % pum
(the tetrazolation degree is 86 %)

YMEHBIIAET €€, YTO CBSI3aHO, MO-BUAMMOMY, KaK C OTCYTCTBHEM «pa3phIxXistonieroy» 3¢dexra BBeaeH-
HBIX (YHKIIMOHAJIBHBIX IPYNIUPOBOK, TAK U C yMEHBIICHUEM KOJTMYECTBA COPOIIMOHHO aKTUBHBIX NH-
HE3aMEIICHHBIX TeTPa30IMIbHBIX ()PAarMEHTOB B TIOIYUYCHHBIX OIUMEPAX.

Xapakrep noHOOOMeHHOM copOiu noHoB Co®*, Ni** u Pb®* u3 pa3baBieHHBIX PaCTBOPOB HX HU-
TPATOB U3YyYEHHBIM TETPA30JICOACPKALINM MTOJTMMEPOM Maj0 OTIMYAETCS OT COPOLMOHHON aKTUBHOCTH

B oTHOIIeHUH HOHOB Cu?* (pHuc. 3).

[Mpu u3ydeHunn copmectHoit copouuu Cu?* u Co®*

n3 pa36aBJ'ICHHOFO pacTBOpa HUTPATOB 3TUX METAJI-

70B (puc. 4) HEOKUAAHHO OOHAPYKEHO, YTO B Havase npouecca CIIBT ogHoBpeMeHHO COPOUPYET HOHBI
Cu?* u Co*, ogHako co BpeMeHeM HOHbI Cu?* IPaKTHYECKH MONHOCTBIO BBITECHSIOT HOHBI Co?*, 4TO 110-

Puc. 3. 3aBucumocts copbuonnoii emxoctu CIIBT ot Bpe-
Menn B otHomrennn Co?* (1), Ni** (2) u Pb?* (3) (menka Ton-
mHoit 55 + 10 % mxwm, CT = 86 %)

Fig. 3. The time dependence of the sorption capacity of

copolymer 5-vinyltetrazole in relation to Co?* (7), Ni?* (2) and

Pb? (3) (the film thickness is 55 + 10 % pm, the tetrazolation
degree is 86 %)
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Puc. 4. 3aBucumocts copbrmonHoit emxoctu CIIBT ot Bpe-
MeHH Ipu coBMecTHON copbuun Co? (1) u Cu? (2) (rienka
tomuuHo# 55 £ 10 % mxm, CT = 86 %)

Fig. 4. The time dependence of the sorption capacity of
copolymer 5-vinyltetrazole at simultaneous sorption of Co?*
(1) and Cu? (2) (the film thickness is 55 = 10 % pm, the
tetrazolation degree is 86 %)
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3BOJISICT TOBOPHTH O CENICKTUBHOMN copOiin noHOB Cu?* M3 pacTBOPOB, OHOBPEMEHHO cozepikamux Cu?t
n Co”.

I[Tpu u3yueHun BO3MOXKHOCTEH necopbimu copoupoBannsix Ha CIIBT nonos Cu?, Co?, Ni** u Pb*
YCTaHOBJICHO, YTO B BOJIE MPOLECC AecOopOLH He MpoucxonuT. Perenepanus copdeHTa MoXeT ObITh J0-
CTUTHYTa ITyTeM ero oopabotku pacrsopamu HCL

3akiIiouenne. YCTaHOBJICHO, YTO COPOLMOHHAS EMKOCTbh TETPa30JICOACPKAIIMX MOJMMEPOB, IO-
JYYCHHBIX Ha OCHOBE NPOMBILIUICHHO BBITYCKAEMOIO COIOJIMMEpa aKpWJIOHWTPHIIA, METHIIaKpHiara
U 2-aKpUIaMu10-2-METHIPONAaHCYab()OKUCIOTHI, B oTHOMIeHHH HOoHOB Cu®*, Co®*, Ni*" u Pb®* u3 ux
pa30aBIEHHBIX BOAHBIX PACTBOPOB YBEINYHMBACTCS C MOBBIIICHUEM CTETICHHU TETPA30IMPOBAHMS, a TAKKE
yIeIbHON TOBEPXHOCTH copOeHTa. [Toka3zana BO3MOXXHOCTh CENEKTHBHOM copOuuu noHoB Cu®* u3 pac-
TBOPOB, cofepxkaiux oanoBpemeHHo Cu?* u Co?". Perenepaius copOeHTa M0 OKOHYAHHH HOHOOOMEH-
HOW COpOLIMH AOCTHTAeTCs MyTeM ero o0padboTku pazbasneHHbIMU pacTBopamu HCL
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