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Mccne.o;OBaJIH .o;HIPcPY3HOHHYlO npoHH~aeMocTL KOMn03BIJ,HOHHLIX MaKpOnOpHCTLlx Xap60KCllJILHLlX 

MeM6paH no OTHoweHHIO K HOHaM :mey,TpOJIHTOB B npHCYTCTBHH HOHOB lKeneJa, mrraH,ZUIO CBJI38H

HLIX C COp6lU10HHLIMH ~eHTpaMH MeM6paH. AM HCCJIe,!l;OBaHHII BLI6HPaJIH HH3KHe 3Ha'feHHII pH 

(1,1-2,6), npH KOTOPLIX npaKTH'l.eClOl OTcyTCTByeT ,!l;HCCOlUlal.Ulll Kap60KCRlILHLIX fPynn MeM6pa

HLI H CBII3LIBaHHe nOJIHBaneHTHLIX HOHOB MeTaJIJlOB onpe~eJIJleTCIi TOJILKO HX xe.rraTHPYIOmHM 

,!l;eitCTBHeM. Kay. H Cne,!l;OBanO OX<H,!\aTL, Ha6nlO~anocL 3Ha'fHTeJILHOe BJIHIIHHe pa3~I pH DO o6e 

CTOPOHhI MeM6paHLI. MOPIPOnOfHIO nOBepxHocTeA MeM6paH H3Y'faJIH C DOMOIIP>1O :meKTpOHHOfO 

MHKpOCKona. 

lhBecTHo, 'ITO ICap60ICCHJIbHbIe ICaTHOHHTbI B BO.ll.OPO)J.HOH: <popMe CB1I3bIBaJOT 

nOJIHBarreHTBbIe HOBbI nepeXO.ll.HbIX MeTaJIJIOB no JIHraH.ll.HOMY MeXaHH3MY1• llPH 

H3yqCI-IHH npOHH:qaeMOCTH HOHoo6MeHHbIX MeM6paH no OTHomeHHJO IC nOJIHBarreHT

HbIM HOHaM BbICOICa~ CeJIeICTHBHOCTb CB~3bIBaHH~ 3THX HOHOB C COp6:qHOHHbIMH 

:qeHTpaMH MeM6paH npHBO.ll.HT IC HeO.ll.HOpO)J.HOMY pacnpe.ll.eJIeHHJO HOHOB no TOJI

moHe MeM6paHbI2• B CJIyqae TpeXBarreHTHoro )KeJIe3a B nopHCTOH CTpYJCType Kap-

60KCHJIhHOrO KaTHOHHTa B03MO)KHO <popMHpOBaHHe OT.ll.eJIbHOH: <pa3bI rH.ll.POOKHCH 

)KeJIe3a, 'ITO CHH)KaeT .ll.H4><pY3HOHHyro npOHH:qaeMOCTb nopHCToro ICaTHOHHTa3• 

D:eJIh pa60TbI COCTOMa B o:qeHICe .ll.H4><pY3HOHHOH npOHH:qaeMOCTH Kap6oKCHJIb

HbIX MeM6paH npH pa3JIH'IHbIX CTeneHU 3anOJIHeHWI HOHaMH )KeJIe3a. llPH 3TOM 

CneUHaJIbHO HCCJIe.ll.OBaJIH BJIWlHHe pa3HHUbI pH Ha .ll.Byx cTOPOHax MeM6paHbI Ha 

ee TpaI-ICnOpTHyro cnoC06HOCTb no OTHomeHHJO IC HOHaM )KeJIe3a. 

• Pa60Ta BbmOJIHeHa B paMKaX npllMOfO ~YCTopOHHefO COTpY~H'l.eCTBa MMX qCAH 

H MBC AH CCCP no TeMe "IToJIHMepHLIe MeM6paHLJ". 
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3090 rp}'IIIIta, TblPa'lltOBa, THII(eHlto, maTaeBa: 

3KCIlEPHMEHTAJIbHAJI 'fACTb 

MeM6paHbI nOJIY'IaJIH "MOKPbIM" CIIoco6oM, TaK KaK rrpH lTOM 06PalYIOTCR nOpHCTbIe CTpYKTYPbI 

C HaH60JIbmeit y,neJIbHol nOBepXHOCTblO, BbICOKOit I'H.APOIPHJIbHOCTblO H rrpOHHI{aeMOCTblO. 

KOMlI03H~OHHb[e HOHOo6MeHHble MeM6paHbI C Kap60KCHJIbHbIMH rpynnaMH 6bIJIH nOJIY'leHbI 

C HCIIOJIb30BalIH~M MHltPOAHCIIepcHH Kap6oKCHJIbHOrO KaTHOHHTa KMT - conoJIJ{Mepa MeTaxpH

JIOBOii: KHCJIOTbI H I,3,5-reKcaIll,lqlOTpHaKpHJIOHJITpHa3HHa 4 . 

B Ka'lecTBe CBJ13Y1Om;erO B pa60Te HCnOJIb30BaJIH BOJIOKHO HlrrpOHS rrpOH3BO}J;CTBa lDlO 

"HHTpoH", co,nep)l(am;ee 92,5% aKpHJIoHHTpHJIa, 6% MeTHJI MeTaxpHJIaTa H 1,5% 2,3-AHKap6oKCH

-I-rrporr:Ha. PacTBop CBR3YIOm;:ro nOJIY'laJIH (9% Bec.), pacTBop1Ul BOJIOKHO HHTpoH B 50% BO}J;HOM 

pacTBope pO}J;aHH}J;a HaTpU npH HarpeBe }J;O 80°C. IIepe,n pa6oToi pO}J;aHH}J; Ha TpM nepeKPHCTaJIJIH-

30BbIBaJIH H3 BO.n;b[ rrpH OXJIa)l(.ll;eHHH. CyCIIeH3HlO MHKpOAHCIIepcHH KMT (2- 6 MKM), npe.n;sapH

TeJIbHO ypaBHOBemeHHYIO C 50% BO.ll:HhIM paCTBopoM po.n;aHH}J;a HaTpU, BBOAHJIH B pacTBop 

CBIl3Y1Om;~ro, TaK 'ITO KOHe'lHall KOHl(eHTpa~Hll nOJIHaKpHJIOHHTpHJIa 6bIJIa He HH)l(e 7% Bec., 

co,nep~HHe KaTHOHHTa KMT COCTaBJIllJIO 10%, 25% H 50% OT Beca KOMn03HllHH. CMecb OTJIHBaJIH 

Ha CTeKJIllHHb[e IIO}J;JIO)l(KH Hl IPHJIbepbI C la.n;aHHolt mHpHHoit m;eJIH It nOJIY'laJIH MeM6paHy, HCIIOJIb-

3yg BO.n:y B Ka'leCTBe oca}J;HTeJllI nOJIHaKPHJIOHHTpHJIa6 . TepMOo6p:l6oTKa MeM6paH ocym;ecTBJIll

JIaCb B Bo,ne rrpH 90°C. ToJIm;ItHY MeM6paH H3MepJlJIH MHltPoMeTpOM. 

,[(ml3JIeKTpoHHol MHltPOCKOIIHIt MeM6paHbI JIHo<PHJIbHO BbICymHBaJIH, }J;eJIaJIH HlJIOM B )l(H.ll;KOM 

a30Te H nOKpbIBaJIH o6pa3~bI 30JIOTOM TOJIm;HHOI 10 HM B KaMepe baJIb3epc. MOPIPoJIofHlO no

BepxHOCTeI H H3JIOMa MeM6paH Ha6JI1O,naJIH B paCTpOBOM lJIeKTpOHHOM MHltPOCKOrre JSM-35 JEOL 

rrpH 25 kV. 
06MeHHYlO eMKOCTb MeM6paH orrpe.n;eJlllJIH nOTe~oMeTpH'leCKHM THTpOBaHHeM no CIIoco6y, 

rrpHHllTOMY Mil HOHo06MeHHbIX MaTepHaJIOB1• 

XapaKTepHCTHlta rrOJIY'IeHHbIX MeM6paH 

IIpoH~aeMoCTb MeM6paH H3yqaJIH B .n;BYU:lMepHOil; Jl'IeitKe C 06'beMoM KaMep 50 CM3, pac.n;eJIeH

HbIX MeM6p·lHoA; AHaMeTp OKOmKa 2 CM. B KaMepbI IIOMem;aJIH paCTBopbI lJIeKTpOJIHTOB H rrpH 

HenpepbIBHOM nepeMeIIIHBaHHH HlMepllJIH ICo~eHTPa~1O .ll:H<p<pYlaHTOB, nepeHOCHMblX 'Iepe3 

MeM6paHy Hl pecypcHoil; KaMepb[ B upHeMHYIO. BbrpaBHHBaHHe HOHHOil; CIIJIbI B KaMepax .n;OCTHra

JIOCb .n;o6aBJIelIHeM XJIopH.n;a HaTpHll. KOH~eHTpa~1O HOHOB Bo.n;opo.n;a (HaTpU) KOHTpOJIHPOBaJIH 

C nOMOID;b1O COOTBeTcTBYIO~X CTeKJIllHHblX lJIeKTpo,nOB Ha pH-MeTpe B pe)l(HMe Henpepb[BHOI 

3a1IHCH. KOH~eIlTpa~ HOHOB )l(eJIela onpe}J;eJIllJIH CIIeKTpOIPOTOMeTpH'leCKH npH 254 HM Ha 

CIIeKTpOIPOTOMeTpe UV-I (Pharmacia). 

B lKCIIepltMeHTax HCIIOJIb30BaJIH BO}J;OPO}J;HYIO IPOPMY MeM6paH. IIepe.n; 3KCIIepHMeHTOM MeM6pa

Hb[ rrpOMbIBaJIH OT H36bITKa paBHOBeCHoro paCTBopa 0,1 M-NaCI. MeM6paHbI B )l(eJIe3Hol IPOpMe 

IIOJIY'laJIlt, ypaBHOBemHBall H+ -IPOPMY MeM6paH C 0,033 M-FeCI3 OPH pH OT 1,1 }J;O 2,6. B lKCIIe

pHMeHTax HCIIOJIb30BaJIH rOMoreHHbIe paCTBopbI XJIOpHOrO )l(eJIe3a, .n;JIll OOJIY'leHHg lIY'KHorO 

3Ha'leHHJI pH KOTOPbIX, It BO}J;HOMY paCTBOpy 0,033 M-FeCI3 .n;o6aBJIllJIH onpe}J;eJIeHHOe ICOJlH'lecTBO 

5 M-NaOH HJIH HC!. Jib lKCIIepHMeHTaJIbHbIX }J;aHHbIX paCC'IHTbIBaJIH Y}J;eJIbHoe KOJlH'leCTBO AHIPIPY

laHTa7 , oocTymmmero B rrpHeMHYIO KaMepy, Q, B laBHCHMOCTH OT BpeMeHH, t. 

Q = Pe
D (t- ~) 

I 6D' 
(1) 

Collection Czechoslovak Chem. Commun. (Vol. 53) (1988) 



MeM6pllHbJ Ha OCHOBe nonuaxpHJIoHRTpHJIa 3091 

KllMepe (Mf'-'3KB/CM3), / TOJlJI(HHa MeM6paHbJ (CM), D 'l4ItPeKTHBru.IA KO'3I)I)HlUIeHT ,ll,HI)cpY3HH 

.ae~eCTBa (CM2/C). 

3KCUepHMeHTaJIbHbdl rpacPHIC Q(t) n03BOIDIeT Henocpe,n:CTBeHHO OQeBHTb BpeMJl3ana3.D:bIB~HHJI 

TO = P/6D, (2) 

HpaCC'IHTaTb ~KTHBru.lil Ko'l4lcPHlUIeHT ,!l,Hl)cPY3HH. YrOnb BaMOHa dQ/dtHCU0nb30BaJIB .D:IDI, 
OQeBKH KO'3cPcPHQHeHTa npOHHQaeMOCTH. 

IIocne '3KcnepHMeHTa MeM6paru.1 npOMbIBaJIB ,ll,HCTHJIJIBpOBaHHOil Bo,n:oil H DOMe~aJIB B 5 M-HCl 
.D:IDI ,n:ecop6QHH CBJl3aHHOrO lKene3a. KOJIB1leCTBO ,n:ecop6HPOBaHBOro lKene3a, (Q), y'IHTbIBaJIB 

npH paC'IeTe cpe.D:Hero nOTOKa lKene3a H3 peCYPCHOit KaMepbJ B MeM6paHy, T.e. "CToKa" ,n:Hl)cpy-

3aHTa B MeM6paHy, (P): 

(3) 

PElY JIbTATLI II OIiCYiK,lJ;EHHE 

IIonyqeHHl>Ie XOMl103KD;HOHHble MeM6paHl>I Ha OCHOBe nonuaxpunoHHTPHna co.n;ep
)KaT 3HaqHTellbHOe xonuqeCTBO BO,l1;bI B nopHCToii CTPYI<Type. IIporpeBaHHe 3THX 
MeM6paH npH TeMIIepaType TCT nonuaxpunoHHTpuna CHHMaeT H36bITOX Hanpjf)Ke
HU B CTPYXTrpe nOnHMepa, nonyqeHHoro B HepaBHoBecHLIX ycnoBIDIX, H npHBO.n;HT 
x 3HaqHTellbHOii XOHTPaKD;HH MeM6paH. 06'beMHaJI yca.n;xa MeM6paH, co.n;epX<aIn;HX 
25% H 50% KMT, COCTaBllJIeT 12% H 6%, COOTBeTCTBeHHO. IIpHc)'TcTBHe rn.n;po
<}>HllbHoro cmHToro HOHHTa )'MeHbmaeT 06'beMHbIe 3<}><}>exTbI npH TepMoo6pa6oTKe 
KOMII03HD;Hii. Ha pHC. 1 npe.n;CTaBJIeHO H3MeHeHHe y.n;ellbHoro 06'beMa MeM6paH 
npH TepMoo6pa6oTKe B 3aBHCHMOCTJ1 OT co.n;epx<:aHHJI MHKpo.n;HcnepcHH xap6oxcHnb
Horo KaTHOHHTa, a B Ta6nuD;e I HX ycpe,l1;HeHHbIe xapaxTepHcTHxH. BH,l1;HO, 'ITO 
TepMoo6paGoTKa npaKTHqeCKH He BJlHjfeT Ha y.n;ellbHbIii: 06'beM MeM6paHbI, co.n;ep)Ka
In;eii 25% H GOJIee xaTHOHHTa. Cne.n;yeT OTMeTHTb, 'ITO nopHCTOCTb nOJIyqeHHbIX 

PRc.l 

3aBHCHMocTb y,n:enbHOrO 06'beMa (V, CM3/r) 

KOMD03HlU10HHbIX Kap60KCHJIbHbiX MeM6paH 

OT co,n:eplKllHBJI ,!l,HcnepcHH KamOHHTa ,n:o 

repMo06pa60TKH (1) H nocne repMo06pa60T

KH (2) 

Collection Czechoslovak Chem. Commun. (Vol. 53) (1988) 

v 

1 

30~------~------~ 
25 %KMT 50 



3092 rpymKa, Tbrpa'IKOBa, T~eHKo, illaTacsa: 

MeM6paH nOCJIe TepMOo6pa6oTKH ,ll;OCTaTO'lHO BeJIHKa. 3JIeKTpOHHbIe MHKPO<l>OTO

rpaqlHH, npe)J,CTaBJIeHHbIe Ha pHC. 2, nOKa3bIBaIOT, 'ITO Ha )J,Byx CTopOHax MeM6paHbI 

HMelOT 60JIee llJIOTHbm CJIOH nOJIHMepa-CB$l3YlOmero, KOTOpbIii coxpaMeTC$I nOCJIe 

HX TepMoo6pa6oTKH. IIpH 3TOM )J.JI$I MeM6paH 6e3 MHKpO)J,HcnepCHH HOHHTa 

(MeM6paHbI No 1 H No 2 B Ta6JlHI1;e 1) npaKTH'IeCKH HC'Ie3aIOT MaKponopbI H me

JIeBhIe nopbI Me)K)J.y nOBepXHOCT$IMH, Mop<l>OJIOrH'IeCKaH CTpyxTypa CTaHOBHTC$I 

60JIee O)J.HOPO)J,HOH (PHC. 2a H 26). IIpH 60JIbmeM YBeJIH'IeHHH BH)J.Ha ry6'1aTaH 

CTpYKrypa co cpe)J,HHM pa3MepOM nop 100-200 HM (PHC. 28). IIpHcYTcTBHe rH)J.po

<l>HJIbHbIX 'lacTIm; Kap6oKCHJIbHOrO KaTHOHHTa B MeM6paHax cTa6HJIH3HPyeT reTepo

nopHcrylO crpyuypy nOJIHaKpHJIOHHTpHJIa H coxpaHHeT HX BbICOKYIO npoHHn;aeMOCTb 

(MeM6paHbI No 5 H No 6 B Ta6Jllm;e I H Ha pHC. 22 H2o, cooTBeTcTBeHHo). CpaBHe

HHe MHKpo<l>oTOrpa<l>HH HeHTpaJIbHbIX (PHC. 2a H 26) H KOMn03H1J;HOHHbIX (pHC. 22 
H2o) MeM6paH )J,o H nOCJIe TepMoo6pa6oTKH HJIJIIOcTpHpyeT 061>eMHbIe 3<l><l>eKThI 

TepMoo6pa6oTKH, rrpe,ll;CTaBJIeHHbIe Ha pHC. 1. 

lhY'IeHHe TpaHcnopTa HOHOB BO)J,opO)J,a H KaTHOHOB MeTaJIJIOB 6bIJIO npOBe)J,eHO 

Ha MeM6paHax B BO)J,OPO)J,HOH <l>opMe, T.e. B YCJIOBWIX JIHraH)J.HOrO CBJl3bIBaHHH 

HOHOB :aceJIe3a C Kap60KCHJIbHbIMH rpynnaMH1. He H3Y'IaJI ,ll;eTaJIbHbIX MeXaHH3MOB 

KOMllJIeKCOo6pa30BaHHH HOHOB :aceJIe3a C KaTHOHHTOM KMT, MhI H3MepHJIH paBHo

BecHbIe K03<l><l>HD;HeHTbI pacrrpe)J,eJIeHHH 3THX HOHOB)J.JI$I KOMl103H1J;HOHHbIX MeM6paH 

B KHCJIOH 06JIaCTH pH. Ha pHC. 3 npe)J,cTaBJIeHa pH-3aBHcHMocTb eMKOCTH H ce

JIeKTHBHOCTH COp6~H HOHOB :aceJle3a Ha KOMl103HD;HOHHOH MeM6paHe No 6. BH)J,HO, 

'ITO npH pH BbIme 2,15 Ha6JI1O)J,aeTcH cBepX3KBHBaJIeHTHOe CBH3bIBaHHe HOHOB 

){(eJle3a C BbICOKHM K03<l><l>U;HeHTOM pacnpe)J,eJIeHHH. He3Ha'lHTeJIbHoe CHH:lKeHHe 

Ta6n~aI 

XapaKTcpHcTHKa KOMII03~OHHbIX Kap60KCHnbHbIX MeM6paH. 0603Ha'lCHHJ(: A CO.L\eplKaHHC Ka

THOHHTa (% Bec.), I TOJIIWlHa MeM6paHbI (10- 4 CM), B 06'LeMHaH KO~eHTpaWffi COOH-rpynn 
(Mr-3KB/CM3), e rropHCTocTb (%), Vy,o;CJIbHbIlt 06bCM (CM3 fr) 

MCM6paHa No A B 8 V 

0 218 0 88 6'9 
0 195 0 78 3-8 

10 179 0'15 88 6·7 
10 189 0'21 82 4·7 
25 155 0'34 88 7'0 
25 170 0'36 88 6·7 
25 205 0'81 86 6'1 
50 170 0'80 87 6'2 

a TCpMH'leCKH o6pa6oTaHHble MeM6paHbI. 
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6 

PHc. 2 

3JIe KTpOHHaJl MI1KPOCKOJUUI HeftTpaJIbHblX (a , 
6, a) 11 KOMn03JIlUWHHblX (z, 0) MeM6paH ~o 

TepM oo6pa6oTKI1 (a, z) II nocrre TepMO

o6pa6on:11 (6, 6, el) 



3094 

m 

a 

0·0 
1-0 1·9 2'1 

pH 
2'3 

PHC. 3 

pH-3aBHcHMoCTb COp6I.\HOHHO:ll: eMXOCTII (m, 
Mr-3KB/cM3) MeM6paHhI No 6 no OTHOIlieHIDO 

K HOHaM )J(eJIe3a (1) II. Ko34>ct)lU~eHTbl pacnpe

,[IeJIeHIDI )J(eJIe3a (2). Ha'laJIbHIUl KOHQeHTpa

l(HlI pacTBopa FeCI3 : 0,1 Mr-3KBICM3 

J I 
-3 -2 -1 

logc(Fe3+) 

PHc.5 

3aBHcHMoCTb npOHHl(aeMOCTH HOHOB )J(eJIe3a 

(P, CM2/c) npH Ol\HHaKOBbIX pH (1) II. npH 

nepena,[le pH (2,3) OT Ha'laJIbHo:ll: KOHQeHTpa

I.\HH paCTBopa FeCI3 

rpynnca, TLIpa'DCOBa, T~eHKo, illaTaeBa : 

0·010 

Q 

0·005 

a 10 
min 

PRC. 4 

1-

2 

3 

" 5 
30 

-i 
I 

ITepeHoc ROHOB )J(eJIe311 (Q, Mr-3y.B/cM3) Qepe3 

MeM6paHY No 6 npH nepena,[le pH Ha rpaHH

l.\ax MeM6paHbi npH pa3JIH'lHblX HaQaJIbHblX 

KOHl.\eHTpal.\HBX FeCI3 B peCYPCHO:ll: KaMepe 

(Mr-3KB/cM3): 1 0,1, 2 0,05, 3 0,01, 4 0,005, 
5 0,002; HOHHaJi CHJla paCTBopa B ICaMepax: 

0,1 Mr-3KB/cM3 

PHc.6 

3aBHcHMoCTb np0HHl.\aeMOCTH HOHOB )J(eJle3a 

(P, CM2/c) Qepe3 MeM6paHY No 6 OT pH 

paCTBopa. Ha'laJlbHaJi KOHl.\eHTpal(HJI paCTBO

pa FeCI3: 0,1 Mr-3KB/CM3 
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pH )l.O 2,1 npHBo,mlT IC pe3ICoMY CHH)I(eHHIO CeJIeICTHBHOCTH COp6~HH. O)l.HaICO ,n:JUI 

nOJIHOH ,n:ecop6~HH HOHOB )l(eJIe3a H3 MeM6paH Tpe6yeTCg HCnOJIb30BaHHe paCTBopoB 

COAAHOH ICHCJIOTLI BblCOICOH ICOH~eHTpa~HH ( "" 5 MOJI JI-l). 

JJ;AA o~eHICH POJIH CBg3bIBaHU HOHOB )l(eJIe3a B TpaHcnopTe '1epe3 ICap60ICCHJIbHble 

MeM6paHbI MLI BapbHpOBaJIH Ha'laJIbHbIe YCJIOBH1I: ICO~eHTp~ .n:H4>4>Y3aHTa 

H OTCYTCTBHe HJIH HaJIH'lHe nepena)l.a pH Ha )l.Byx CTOPOHax MeM6paHM. 3aBHcHMoCTb 

nOTOICa HOHOB )l(eJIe3a '1epe3 MeM6paHY No 6 npH H3MeHeHHH ICOH~eHTpa~HH HCXO,n:

Horo pacTBopa FeCl3 npe,n:cTaBJIeHa Ha pHC. 4. 3Ta CepHg 3ICCnepHMeHTOB BLmOJIHg

JIaCb npH nOCT01lHHOM nepena,n:e pH, T.e. B pecypcHoH ICaMepe pH 2,55, B npHeMHoH 

ICaMepe pH 1,11. Ha pHC. 5 npe,n:cTaBJIeHO cpaBHeHHe paC'IeTHbIX 3Ha'leHHii npOHH

~aeMOCTH MeM6paHM B OTCYTCTBHH nepena,n:a pH (ICpHBM 1) H npH nepena.n;e pH 

(ICpHBag 2). BH)l.HO, 'ITO npH pa3H~e pH Ha rpaH~ax MeM6paHbI ee npoH~aeMoCTb 

,n:ruI HOHOB )l(eJIe3a HH)I(e, '1eM npH o,n:HHaICOBbIX 3Ha'leHUX pH. YMeHLmeHHe 

nOTOICa HOHOB )l(eJIe3a B YCJIOBUX HX B3aHMo,n:eHCTBH1I C MeM6paHoH o6'LgCH1IeTCg 

HCICJIIO'IeHHeM '1aCTH HOHOB )l(eJIe3a H3 nOTOICa 3a C'IeT HX JIHraH)l.HOrO CB1I3bmaHU 

C Kap60KCHJIbHMMH rpymIaMH MeM6paHbI. IIoToK HOHOB )l(eJIe3a H3 pecypcHoH 

ICaMepbI B MeM6pauy onpe,n:eAAJIH, Y'IHTLIBag ICOJIH'IeCTBO HOHOB )l(eJIe3a COp6HPO

BaHHoro MeM6paHoH B Te'leHHe 3ICCnepHMeHTa, (Q). IIpoH~aeMocTL, (P), HaH

)l.eHHax no ypaBHeHHIO (3), BbmIe, '1eM npo~aeMocTL B OTCYTCTBHH CBg3LIBaHU 

(ICpHBax 1), oco6eHHo B 06JIaCTH HH3ICHX KOH:o;eHTpa~HH ,n:H4>4>Y3aHTa. IIo-BH)l.HMOMY, 

HMeHHO )l.JIJI HH3ICHX KOH~eHTpa~HH Ha6JIIO)l.aeTCg BJIUHHe ,n:H4>4>Y3Ho4>opeTH'IeCKOrO 

MeXaHH3Ma, KOr)l.a )l.BH)I(eHHe ,n:H4>4>Y3aHTa YCKOpgeTCg 3a C'IeT pa3HH~I 3JIeKTpO

CTaTH'IeCKOrO nOTe~aJIa Ha ,n:Byx cTopoHax MeM6paHbI (B )l.aHHOH CHCTeMe 3a C'IeT 

pa3H~I pH). JJ;AA 60JIee BbICOKHX ICoH~eHTpa~ FeCl3 3TOT 34>4>eKT npOgBAAeTCg 

cJIa6ee H npoH~aeMocTb 3aBHCHT rnaBHbIM o6pa30M OT CeJIeKTHBHOCTH COp6~H. 

Ha pHC. 6 npe)l.CTaBJIeHbI K034>4>~eHTLI npoH~aeMoCTH HOHOB )l(eJIe3a npH pa3-

JIH'lHOH COp6:O;HOHHOH eMKOCTH MeM6paHbI, KOTOPyro BapLHpOBaJIH 3a C'leT nepe-

Ta6JIH~a II 

IIpoHllI\aeMOCTh MeM6paH D H P (10- 6 CM2/C), B H+ - H Fe3 + -<iJopMaX,!\JIJl pa3HhIx AH<P<PY3aHTOB 
C J<:o~eHTPa~eA 0,1 MNJJ<:B/CM3• XapaxTepHCTHD MeM6paH npHBe.lleHhI B Ta6JIHue I 

No2 No 6, H + -cPopMa No 6, Fe3 + -cPopMa 
,lJ;HcPcPY3aHT 

D p D P D P 

HCI 2·S 13-6 2·0 14·2 2·7 11-6 
NaCI 1·9 9·S 1-8 5-9 2·6 9·1 
FeCl3 1·7 1·0 2·0 1·6 2·3 1·2 
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MeHHoro HaqaJIbHOrO 3HaqeHWI pH B pecypcHoii KaMepe. OqeBH,ZUIO, qTO npOHH

~aeMOCTb qepe3 MeM6paHY TOPM03HTCH C YBeJIHqeHHeM CBDLIBaHWI HOHOB :lKeJle3a 

C Kap60KCHJIbHbIMH rpynnaMH. O,I:(HaKO :nOT 3cpcpeKT HHKaK He CBSl3aH co CTepHqec

KHMH nperurrcTBWlMH (c nepeKpbIBaHHeM MHKponop), C YMeHbmeHHeM CTepHqeCKOii 

npOHHD.aeMOCTH npH COp6IJ.HH :lKeJle3a Ha nOJlHMepHoi MaTpHIJ.e. XOTSI COp6IJ.HOHHU 

eMKOCTb .n;OCTHraeT 4 aTOMOB )l(eJle3a Ha O,I:(HY Kap6oKCHJlbHYlO rpynny (CM. Ta6J1H

~Y I H pHC. 3), MeM6paHa npaKTHqeCKH He MeHSleT npOHHIJ.aeMOCTH no OTHomeHHlO 

K nO)l;BH:lKHbIM KOMnOHeHTaM: HOHaM HaTpWl, Bo.n;opo.n;a H :lKeJle3a - KaK npH 

OTCYTCTBHH, TaK H npH HaJIHqHH CBSl3bIBaHWI C MeM6paHoii. B Ta6JlHIJ.e n npe.n;CTa

BJleHbI K03CPCPH~HeHTbI npOHHIJ.aeMOCTH H )l;HCPCPY3HH HeOpraHHqecKHX 3JleKTpOJlHTOB 

MeM6paHoii No 2, He co.n;ep:lKameii qaCTHIJ. KaTHOHHTa, H Kap6oKCHJlbHOi MeM6paHoii 

No 6 B BO.n;OPO.n;HOi cpopMe H B )l(eJle3HOi cpopMe. BH.nHO, qTO TpaHcnopTHbIe 

K03CPCPHD.HeHTbI PHD )l;JlSI 3THX CHCTeM OCTalOTCH npaKTH'IeCI<H HeH3MeHHbIMH. 

TaKHM 06PaJOM, npe.n;n:araeMbIii THII KOMn03HD.HOHHbIX reTepOCeTqaTbIX MeM6pau 

npH J1lO6oii CTeneHH 3anOJlHeHHSI COp6IJ.HOHHbIX n;eHTpoB HOHaMH )l(eJle3a OCTaeTCH 

npoHHn;aeMbIM MaTepHaJlOM )l;JlSI TpaHcnopTa HH3KOMOJleKYJlSIpHbIX KOMnOHeHTOB. 

MO:lKHO npe.n;nOJlaraTb qTO JlHraH,I:(HbIe cpoPMbI TaKHX MeM6paH 6Y.D:YT nOJle3HbI 

)l;JlSI Cop6n;HH H TpaHcnopTa MeTaJIJIOcpepMeHTOB H .n;pyrHX CPH3HOJlOrHQeCKH aKTHB

HbIX MaKpOMOJleKYJI no aHaJIOnlH C rpaUYJIbHbIMH cpopMaMH cop6eHTOB8• 
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