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Po3pobiieno MeToauky ofep:kaHHsI KOMNO3ZUIIHHUX MOJiMepHMX MeMOpaH Moaupiky-
BAHHSIM TOBepxHi rigporeqiB ToHkUM mmapoM mnoJaimepy. IliniOpani ckaagm i cuHTe30BaHI
YJIbTPaTOHKI MIiBKoBi mMemOpanu 3 cymimeii ITA-G/TIBII meromom “cyxoro ¢opmyBanus” 3
po3uuHy. Opep:xaHo KoMNo3uuiiHi mogiMepHi MeMOpaHM Ha OCHOBi PIIKOCTYKTYpOBaHMX
xonoaivepis TEMA/TIBII, siki 3minneni nanomapom ITA-6/TIBIT i nociimkeni ix ekcniyarauiiini
XapakTepucTHKH. BeTaHoBieHO, 110 BapilOBaHHS CKJIaAaMH TigporesieBoro i Moau@ikyBajibHOro
mapiB i pexxumMamMu (opMyBaHHSI KOMIO3ULIHHMX MeMOpaH MOKHA HANPAaBJIEHO PeryJjioBaTH
iXHIO MIlTHICTD i MPOHUKHICTD.

KarouoBi cjoBa: kommno3uuiiiHi MeMOpaHu, riaporeib, 2-TiIpokcieTHJIMeTaKpuJjar,
noJjiBiniimiposinon, moxiamin-6.

Yu. Ya. Melnyk, N. M. Baran, H. V. Yaculchak, M. H. Komyshna

FORMATION AND PROPERTIESOF COMPOSITE
POLYAMIDE-HYDROGEL MEMBRANES

© Melnyk Yu. Ya., Baran N. M., Yaculchak H. V., Komyshna M. H., 2017

A method for obtaining of composite polymer membranes by surface hydr ogels modification
with thin layer of polymer was developed. The compositions were selected and ultra-thin film
membr anes from PA-6/PVP blends via “dry forming” from solution were synthesized. Compasite
polymer membranes based on rarely structured HEM A/PV P copolymer swhich wer e strengthened
with PA-6/PVP nano-layer were obtained and their operational features were researched. It was
found that composition variation by hydrogel and maodification layers and also modes of for ming
can bedirected adjust its strength and per meability.

Key words: composite membranes, hydrogel, 2-hydroxyethylmethacrylate, polyvinyl-
pyrrolidone, polyamide-6.

IMocTtanoBka mpodiemMu Ta aHai3 ocTaHix aociaimkeHb. OJHUM 3 MPIOPUTETHUX HANPSMKIB
MeMOpaHOIOril € pPO3BHTOK 1 BIOCKOHAIEHHS MPUHIWIY AaCHMETPUYHOCTI IOPHCTOI CTPYKTYpH i
(dopMyBaHHs TIOTIMEPHUX KOMITO3UI[IHHUX MeMOpaH. HaykoBuil i mpakTHUHHN 1HTEpeC 0 CHHTCTHYHHX,
nepenyciM nomMepHux, MeMOpaH CTaB MBHJIKO 3pocTaty 3 noyatky 1960-x pokis, komm Jloeb 1 Cypipamkan
ofiepyKay 1 TOCIIIAIM TIepIli aCHMETPHYHI MeMOpaHH 3 aleraty neimtono3u [1]. 3aBasku acHMeTpudHii
CTPYKTYpi 3a0e3Ieuy€eThCsl IOETHAHHS JIBOX MPOTHUIICKHUX BUMOT JI0 MEMOpaH: BUCOKA MPOJYKTHBHICTH i
MaKCHMallbHa 3aTPUMYBAJIbHA 3JJATHICTb.

[onimMepHi Tigporeni € riApo(UIBHUMU 3HMIMTAMH MaKpPOMOJICKYJISIpHUMUA CHCTEMaMHM, sIKi 3JaTHi
YTPUMYBAaTH 3Ha4HI KUTBKOCTI BOAW. [IpH 11bOMYy BOHH 30€piraroTh BIACTHBOCTI, SIKi MPUTAMAaHHI TBEPAUM
timam (meBHa (opMa, MeXaHiYHI MOMYJI, IO XapaKTepU3yIOTh BJIACTHBOCTI Marepiamny 3a nedopmartiit
po3TATYBaHHS i 3¢yBY). Take IMOe€IHAHHS BIACTUBOCTEH TiApOTreTiB 3yMOBIIIOE IMHPOKUH Jiama3oH iXHBOTO
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3aCTOCYBaHHS — BiJ TeXHIYHUX cep (CopOeHTH, ra30po3AilTIoBaIBHI 1 HOHOOOMIHHI MEMOpPaHH) 10 XapuoBOl
MPOMHCIIOBOCTI 1 MeIUIMHU (CTPYKTYpOYTBOPIOBAYi Xap4oBUX IMPOAYKTIB, HOCIi JIKAPCHKHX 3ac00iB,
3aMiHHUKU OIOJIOTIYHMX TKaHWH, MaTepiaii Uil M’ SKUX KOHTAKTHHUX JiH3 Toio) [2]. TlosiBa HOBUX cdhep
3aCTOCYBaHHS IOMIMEPHUX TiIPOreNiB BUCYBa€ HOBI BUMOTM 10 iX BiacTHBOCTEeH. OCTaHHIM 4acoM 3pic
iHTEpec JI0 MOJIIMEPHUX TipOreJIeBUX MaTepialliB, sSIKi TIOPsA 3 TiapodinbHIMH 1 qudy3iHHO-TPaHCIIOPTHUMH
BIIACTHBOCTSIMA MAarOTh BHCOKY MEXaHi4Hy MIIHICTh Yy TipaToBaHoMy cTaHi. [loeHaHHS B OJHOMY
Marepiaii IMX BJIACTUBOCTEH Ja€ 3MOTY CTBOPIOBATH YHIKaJbHI IMOJIMEpHI BHPOOHW, HANpHKIAN, M sKi
KOHTaKTHI JIIH3W 3 BUCOKOIO KHCHETPOHHUKHICTIO, HOCIT HEPO3UMHHMX Y BOJI JIIKapChKHUX 3ac00iB, COPOEHTH,
3[IaTHI TIOMIMHATH SIK TiApodUIBHI, TaK 1 riipodoOHI peHoBHHH, HOBI MeMOpaHHi Marepianu Tomo. Lle Moxe
OyTH OCATHYTO 3a JIOTIOMOI'OI0 OTPUMAaHHS IPUHIMIIOBO HOBHX MaTepiayliB — KOMITIO3UIIHUX TiAPOTeIiB,
110 MICTATh MPHHAKMHI IBa KOMIIOHEHTH, KOKEH 13 IKUX BUKOHYE MeBHi QyHKIil [3].

AHaJi3 ocTaHHiX AocaimKenb i myoaikaniii. @opMyBaHHS KOMITO3UIIIHHUX TTONIMEPHIX MeMOpaH
MOB’ Si3aHE 3 IBOMA TEXHOJIOTTYHUMH MPOIIECAMHU: BUTOTOBJICHHSIM TTOPHUCTOI MIIKIAIKH Ta HAHECEHHSIM Ha
Hel TOHKOro JpiOHomopucToro cenektuBHoro mapy [1, 4]. 3a ocraHHI AeCATHIITTS OyB CTBOpCHHIA
IIUPOKHI aCOPTUMEHT KOMITO3UI[IHHUX MOTIMEPHUX MeMOpaH, MPUAATHUX JIJIS OUMIICHHS Ta ONPICHEHHS
MPHUPOAHUX 1 CTIYHUX TPOMHUCIIOBHX BOJI, 4 TAaKOX PI3HOMAaHITHUX TEXHOJOTIYHHX PO34MHIB. Mikpo- Ta
ynpTpadIbTpaliiiHi MeMOpaHH 3 acHMETPUYHOIO0 MOPHCTOI0 CTPYKTYPOIO BHKOPHCTOBYIOTHCS JUIS
OYMINICHHS BOJM BiI KOJIOINiB, PO3YMHEHUX OPraHIYHUX PEYOBHMH 13 JOBOJI BEJIHMKOI MOJICKYJISPHOIO
MAacol0, CHHTETHYHUX Ta MPUPOJHUX TOTIMEPIB TOIIO.

[Ipore TpamuiiiiHi iHBepciiiHO-KoATryIsNiiiHI MeToan (opMyBaHHS KOMIO3WINIHHX MeMOpaH i3
KOHIICHTPOBAaHMX MOMIMEPHUX PO3YMHIB MatOTh 0arato iCTOTHUX HEIOMIKIB, 1[0 CTOCYIOThCS SK TEXHOJIOT 1T
BUTOTOBJICHHSI MEMOpaH, TaK 1 iX CTPYKTYpH Ta BIACTUBOCTEW 37aTHOCTI. [l0 TaKMX HEJONIKIB HaJIeXKaTh
HE YiTKO BUpPAKEHa ACHMETPUYHICTh TMOPHCTOI CTPYKTYpH (IO 3HAYHO 3HIDKYE iX pPO3ALTIOBAIbHY
3[IaTHICTh) Ta HU3bKI (Di3UKO-MEXaHIYHI BIaCTHBOCTI MEeMOpaH.

BkazaHi HemONIKM MEHIIOI MipOI0 MPOSBISITUMYTh cebe MiJ] 4Yac OJep>KaHHS KOMIIO3HIIHHHX
MeMOpaH 3 aCHMETPHYHOIO CTPYKTYPOIO, V SIKUX IIUTBHUHA TOBEPXHEBHH IIap HAHECEHWH Ha TOPHCTY
MeMOpaHy-miakIaaky. L{i 1Ba mapu BHTOTOBISIIOTH 3 PI3HUX IOJNIMEPHUX MaTepiamiB. JloCSTHEHHSIM Yy
TEXHOJIOTIT KOMIIO3MIIIHHMX MeMOpaH € Te, 10 KOXKeH TaKui Inap MOKe OyTH OINTHMI30BaHMU ISt
OTpUMaHHS HEOOXITHHUX eKCILTyaTallifHiX BiIacTHBOCTe MeMOpanu. [loBepXHEeBUi map y KOMITO3HUIIHHIX
MeMOpaHax MO)ke OyTH BUTOTOBJICHHH 3 MaTepiany (HalmpuKiaji, enacTtoMepy), 3 SKHM BaKKO MaHIIyJTFOBATH
y MeXax MeTofy iHBepcii (a3, HanpuKiIa I, Ipyu 0CaPKEHHI 3a JIOTIOMOI0l0 3aHYPEHHSI.

Leit npuiioM Jae 3MOry 3acTOCOBYBATH JOBOJI NPOCTY METOAWKY, SIKa BUKOPHCTOBYETBHCS JUIS
(GopMyBaHHS KOMIO3MIIHHIX MeMOpaH 3 JysKe TOHKMM, ajle MIbHUM HOBEPXHEBUM IIapoM. li mpuHIum
Iii mokazaHWil cxemaTwyHo Ha puc. 1. Y mpoMy pasi miiiBkoBa MeMOpaHa-MiJKIaJKa 3aHypIOIOThCS Y
CHeliaJbHUI PO34YHMH, 110 MICTUTH IMOJIIMEp, ojiromep abo MoHoMmep. HaHeceHHs MOMIMEPHHUX IUTIBKOBHX
MOKPUTTIB METOJOM BHTATYBaHHS 3 po3umHy (dip-coating) — TpamumiiiHa Meroanka MoAnGIKyBaHHS
TBEp/101 MOBEPXHI YIbTPATOHKUMH MOKPUTTAMH [5, 6].

Jnst ofepikaHHs. KOMIIO3UIIHUX TONTIMEPHUX MEMOpaH BUKOPHCTOBYIOTh METO MOAN(DIKyBaHHS iX
MOBEPXHI TOHKUM IIIAPOM IHIIOrO IMoJMiMepy. MeToa moisirae y HaHECEHHI PO3YMHY IOJIMepy Ha
MOBEPXHIO HAMIBIPOHUKHOI MeMOpanu-miakinaaku [7, 8]. Buacmimok mudysii po3unHy y MOBEpXHEBHiA
map BiIOyBa€eThCs OCaPKEHHS MoiMepy MoardikaTopa pOSYMHHUKOM, SIKUM MICTUTBCS Y MAKIAIII.

m i

MniskoBa
membpaHa

BaHHa ans KomnoauyiiiHa
HaHeceHs MemBpaHa
NOKPUTTA

Puc. 1. Cxema Hanecennss moHKo20 wapy nokpumms nio uac 3anypenns [4)
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[epcnektrBHUM 111 MOIMQIKYBaHHS TOMIMEPHUX TiAPOreNliB € PO3YMHM Ha OCHOBI allipaTHYHHX
nomiamimiB. [hniBky, copmoBaHi 3 HUX, XapaKTePU3YIOThCS TiIPO(UTLHIME BIACTUBOCTSIMHU Ta TTBHIIICHUMH
MmitHicHUME Xapakteprctukamu. Y [9, 10] BcranoBieHo 100py cymicHicTh momiaminy-6 (ITA-6) 3 TIBIIL.

Meta po6oTH — ofepKaTH KOMITO3MIIIHHI TiporeieBi MeMOpaHH Ha OCHOBI PiIKOCTYKTYPOBaHHX
komomimepis TTEMA/IIBII, ski 3MiriHeHi HaHOmapoM 3 moniMepHux cymimei TTA-6/TIBIT ta mocmiguTu
ixHi (hizuKo-MexaHiuHi Ta qUQy3iiiHi BIACTUBOCTI.

Buknan ocHoBHOro marepiajgy 3 00roBOpeHHSIM pe3yJbTaTiB Jgociimkens. s nociimkeHb
BukopucroByBami IEMA Toprosoi mapku BisomerO (CIIIA), ouuuieHHMii NMEperoHKOK y BaKyyMi
(zamumkoBuit Tiek 130 H/M?, Ton=351 K); TIBII i3 monexymsproo macoro 12X10° (TY 64-9-03-86) i
36020° K90 AppliChem GmbH (Himewunna); kamito nepcynsdar (IICK) xpamidikarii “u.1.a.” 3rigHo 3
I'OCT 4146, ouunieHuii ABOPAa30BOI0 MEPEKPUCTANIIZAIIEI0 3 BOAHOIO PO3YMHY; TIIIEPUH KBamiikaiii
“q.m.a.” srigno 3 TOCT 6259; mopmiaming ITA-6 Toprosoi mapku Tarnamid-27 (ITosbina), MypammHy
kucinory 90 % kBamidikanii “u.” srigno 3 TOCT 5848.

3 MeTOI OJiepiKaHHS TiAPOTreleBHX IUTIBKOBHX MEMOpaH pO3YHHSIM MOHOMEp-TIONIMEpHi
KOMITO3UIIil y BOJHOMY a00 BOAHO-TIIIIEPUHOBOMY cepenosuii. [lomiMepusamnito 3aidCHIOBAIN 3a
iHINiIOBaHHS MepCyabPaToOM Kajilo y ClelialbHO BUTOTOBIIEHHX (popMmax i3 cuimikaTtHOro ckia. OTpuMaHi
riiporefieBi IUIIBKM TPOMHBAIA Y IUCTHIILOBAHMK BOJI MPOTAroM 24 rom Juisi MOBHOI'O BHJIAJCHHS
HEMpopearoBaHOro MOHOMepa 1 30epiraiu y riipaToBaHOMY CTaHi.

Jnst popMyBaHHSI YIBTPATOHKUX IMOJIaMiJHUX MEMOpaH BHKOPHCTOBYBAM PO3UYMHH MOTIMEPHUX
cyminreit momiaminy 6 (ITA-6) ta IIBIT y cyminn mypammnoi kuciotd (HCOOH) ta Boau. OqHOCTOpOHHE
HAHECEHHs TOHKOTO IMOJiaMiJHOro MOJIIMEPHOTO MIapy Ha MOBEPXHIO TiPOreNieBUX IUTBOK 3A1HCHIOBAIH
METOJIOM iX BHUTATYBaHHS 3 MoaudikoBaHoro posunny (dip-coating) i3 moJanabliMM BHIAPOBYBAHHSIM
posunHHKKa 3a Temmeparypu 75...80 °C. Lleli Merox 0ocoOIMBO MPHAATHHN Ul HAHECEHHS TOHKHX
MOJTIMEPHUX IITIBOK 3 OJJHOUYACHHM OC/KEHHSIM Y IOE€THAHHI 3 BUTSATYBaHHSM i3 PO3UHHY.

ToBHIMHY CHHTE30BaHMX IUIIBKOBHX MEMOpaH BHUMIPIOBAIM 32 JOMOMOIOK I1HIUKATOPHOTO
toBmpHOMIpa TP 10-60 i3 TounicTio +0,01 MM. Di3uKo-MeXaHIYHI BIACTUBOCTI y TiAPATOBAaHOMY CTaHi
BU3HAYAIM METOJOM MPOPHBY IUTIBKM IITHPEBUM IHACHTOPOM 3 BHUKOPHCTAHHSM PO3PUBHOI MAIUHH
“Kimura’ 050/RT-6010; mBuaxicts gedhopMyBaHHs 3pa3ka — 25 MM/XB, METOIMKA JIOCITIIKEHb OIMCaHa B
[11]. TpoHuKHICTh cHHTE30BaHMX MeMOpaH Ha ocHoBi cymimei I[TA-6/TIBII mis coseit y quHAMIYHOMY
peXUMI Tialti3y HOCHiDKYBaIK 3a METOMKOI0, OMUcaHom y [12].

PesynbraTn pociaigxkeHnb Ta ix 00roBopeHHs. J[oCaiPKEHHSIMH BCTAaHOBJICHO B3a€EMO3B 130K MIXK
KOMIIO3MIIIHHUM CKJIAJIOM, MPHPOIOI0 PO3YMHHHMKA 1 BJIACTHBOCTSIMH TiIPOreIcBUX MEMOpaH-TIAKIIAI0K,
NpU3HAYCHUX /T POPMYBaHHS KOMITO3ULIHUX MeMOpaH (tabi. 1).

Onepxani pe3ysibTaTH 3aCBIAYMIIN YiTKY 3aKOHOMIPHICTB: 3a 3MeHIIeHHs Kinbkocti [1BII y ckmani
riziporeyneBoi MeMOpaHU MIIHICTH 1i 3pocTa€; J0IaBaHHs TJIIIEPUHY TUIBKH ITOCHITIOE 1IeH e(eKT.

Tabauys 1
3ajieskHicTh MIIHOCTI | MPOHMKHOCTI riAporesieBoi MeMOpaHU-MIAKJIAIKA
Bi/l CKJIaay riApore/i0 Ta NpUpPoId PO3UYMHHHKA
No Cxaj rigporeno, % mac. MinHicTh i yac Koedirient OCMOTI/Il.IHO'I.
ol TEMA - 0o . IIPOPUBY, COJIEIIPOHUKHOCTI,
2 TIIICPUH Sy, MIla ANad, MO/ (M>101)
1 42 18 40 - 0,64 5,28
2 48 12 40 - 0,68 3,40
3 48 12 33 7 0,92 4,89
4 54 6 40 - 1,02 3,85
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Po3pobnennst ocHOB TexHONOTii (opMyBaHHS TOHKMX IUTIBOK MEMOpAaHHOrO THITy Ha OCHOBI
CyMillled HOBOT'O CKJIaay — MoiiaMiny sK mojiMepy 3 BHCOKOro MirHicTio i [1BII Bu3Hauae HaykoBHid Ta
MPaKTUYHUI 1HTEpec AOCHipKeHb. s mpuroryBaHHs (OPMYBallbHHX PO3YMHIB BHKOPHCTOBYBAIH
KOHIICHTPOBaHI BOJHI PO3YMHU MypaminHoi KucioTH. OCOOMUBICTIO MOMIaMIiIiB € Te, II0 3 iX PO3YMHIB
MO)KHA OTpUMATH TUTiBKH [1].

3 ofepkaHuX pe3yabTaTiB 0aunMo, 1o 13 30uIbIIeHHsM BMicTy [1BI1 y moniMepHiii cyMilni 3HUKYEThCS
edextuBHicTS (f) 1 3poctae cryminb (P) ¢disnunoro 38’ si3yBanns [1BI1 y duykryartiiiniit citii (tabi. 2).

Tabauys 2
BnunB ckiaxy nosiivepHoi cymimi Ha ocHoBi [TA-6/TIBII na edpextusHicts (f) Ta wacrky (P)
¢pizuynoro 38’ szyBanns IIBII (ITA-6/TIBII: HCOOH: H,0 = 7,2:78:14,8 % mac., Cacoon = 84 % mac.)

Ne Cxuaz nonimepHoi cyminri, % mac. £ % P. %
3/m T1A-6 TIBIT
1 99 1 98,1/99 0,99/0,99
2 98 2 92,7195 1,86/1,9
3 95 5 79,2194 4,0/4,7
4 90 10 54,3/87,5 6,0/ 8,86

* V snamennuxy — Mg = 360-10°.

TIBIT i3 monekymspHoo Macoro 360-10% 3akoHOMIPHO BHMMBAETHCS MEHIIE BHACITIZOK OLIBIION
KUTBKOCT1 (pi3MYHUX BY3JIIB, SIKi YTBOPIOIOTH (PIyKTyalliiHy NONTIMEPHY CITKY.

JocaimkeHo BIUTMB yMOB (opMyBanHs, KinbkocTi [1BI1, koHIeHTpallii MypaIimHoi KUCIOTH Ha (Pi3uKo-
MEXaHIuHI XapaKTEepHCTUKH IUTBOK Ha OCHOBI cymirreii ITA/TIBII. BcraHoBieHO, 110 MIIHICTh 1 BiIHOCHE
BHUJIOBXKEHHS 32 PO3PUBY 3pocTae 3i 30inbieHHsM KinbkocTi [1BIT y po3unni 10 2 % mac. (puc. 3).

24 ¢ 424
21} - 122
Puc. 3. 3anexcuicmo pytinienozo nanpyoicenns R 5 i 20
(0,, MIIa) i sionocnoeo sudoscenns (&,, %) 18r . ]
3a po3puUBy NIIGOK =gy 18 %
Ha ocrosi cymiweti I1A-6/TIBIT E.C_ {16 &*
6i0 emicmy IIBIT. @ 121 14
Chcoon =84 Yomac.; T,,.=80°C; ol ]
Myp=12-10% I1A-6/TIBIT: HCOOH: H,0O= 1%
=7,2:78:14,8 Ymac. N P
0 2 4 6 8 10

Bwicr IIBII1, % Mmac.

KoHIeHTpaltis moiimMepHoi CyMmiliri TakoK BIUTMBA€E Ha MII[HICTb 1 1edopmalitito mwiiBok (puc. 4).

I3 30inbIICHHAM KOHIEHTpAIii MOJXIMEPHOI CyMilli MIIHICTh TUTIBOK 3pocTae, a jaedopMaTHBHA
3MATHICTh 3MEHIIYETHCS. Jl0 TOTO K HE3aJleKHO BiJl yMOB (OpMYBaHHS OJlepKaHi MoiiaMiHi MeMOpaHu
MAaroTh 3HAYHO BUIILY Mil[HICTh MOPIBHAHHO 3 rimporenesumu [10].

JlocimipKyBaiu MPOHUKHICTE MeMOpanu Ha ocHoBi ITA/IIBII y mporieci fiaiizy BOIHHX PO3YHMHIB
CoJIel PI3HMX JIY)KHUX METaJliB — XJIOPU/IM JITiI0, HATPito 1 Kamito [12]. BeTaHoBieHO, 1110 31 30UTbIICHHIM
PO3MIpy KaTiOHY Ta 31 3pOCTaHHSAM HOTo CONbBATAliHOI 3AaTHOCTI Aiaji3Ha MPOHUKHICTh 3aKOHOMIPHO
3MeHInyetbest (puc. 5). Ile cBiguuTh Mpo MDKMOJCKYISAPHY AUQY3il0 €IeKTPOIiTy B 00 €Mi MeMOpaHH
[10]. OnHouacHo miATBEpIKEHA MOKIHBICTS BHKOPUCTAHHS TAKMX MEMOpaH IS iali3HHX MPOIECIB.
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40 25

= S
E_ 1 &
2 301 5 20
3
20 4 15 S
1
10 10 - 2
3
0 : - -
4 6 8 10 > ' ' I
4 6 8 10
C 1a-6.1180, Y0 Mac.
T1A-6-11BI1 Cna-s/msi, Yo Mmac.
a 6

Puc. 4. 3anesxicnicmo pyitnienozo nanpyscenns (a) ma 6i0H0CH020 6udosicenns (0) 3a po3pusy nii6oK Ha OCHOGL
I14-6/11BI1 6i0 konyenmpayii (Cria-einpn). 11A-6:1IBI1=98:2 % mac.; Cycoon=84%mac.; T,,=80°C.
Iniexu: 1 —ne obpobaeni; 2 —ziopomepmoobpobaeni (95 °C); 3 — mepmoobpobdaeni (120 °C) na nosimpi

Puc. 5. 3aneaxcnicmo koeiyicnma oianiznor
conenponuxrocmi (Kisv%naci)) MeMOpan na ocrosi
ITA-6IIIBII 6i0 npupoou enexmponimy:.
ITA-6/TIBIT.HCOOH: H,0=17,2:78:14,8 % mac.;
Kd NaCl LicCl

IN
1

K -10°, mous/(vP-c)
e

24
14 ITA-6:TIBI1=98:2 % mac.; Cycoon=84% mac.;
0 0=20 mxm; T,,=80°C

3nificHeH1 JMOCTIPKEHHS CEIEKTUBHO-TPAHCIIOPTHUX XapPaKTEPHCTHK OJIEPKaHUX MeMOpaH IIoj0
coseil BaKKUX MeTaiiB pizHoi mpupomu, 3okpema CUuCl, i PD(NOs), [12]. Beranoineno, mo MeMOpaHH
XapaKTepH3YIOThCSI BUCOKOIO 3aTPHUMYBAJIbHOIO 3aTHICTIO MO BiHOIICHHIO 10 TaKuX coneil. (puc. 6).

X
~ 100+

o

98 Puc. 6. 3anescnicmo xoeghiyicuma sampumxu (R, %)
tionie easickux memanis (CU?*, Pb*) membpanamu
96 Ha ocnosi cymiweti I1A-6/T1BIT.
94 I1A4-6/1IBIT.HCOOH: H,0=7,2:78:14,8 % mac.;
T14-6.1IBI1=98.2 Y% mac.; Cycoon=84 Yomac.,

92+ d=20 mxm; T, = 80°C
90

cw PP+

3a ONHMCAaHOK METOJHMKOI OJIEPKYBalll ACHMETPHYHI, KOMIIO3WIIHHI MeMOpaHU Ha OCHOBI
rigporeieBux IUIBOK 1 MomudikoBanoro mapy Ha ocHoBi [TA-6/TIBII. J{ocmimkeHo 3anexHicTh (i3uko-
MeXaHIYHUX BJIACTHBOCTEH CHHTE30BaHWX KOMITO3HIIHHMX MeMOpaH BiJ CKIajay TigporelneBoi MeMOpaHu-
minknaaky i kouuentpanii cymimni [TA-6/TIBIT y monudikaniiinomy po3uunHi (puc. 7). BeranoBneHo, 1110
MIIHICTh KOMITO3MIIIMHUX TiIPOTeNeBUX MeMOpaH 3pocTae 31 30UTbIIEHHSM KOHIEHTpaIii CcyMimm
ITA-6/TIBIT y moaudikoBaHOMY pO3UMHI Ta 4Yacy BHUTPUMKH Trigporemto y Hbomy (puc. 7, a). 3i
30UTBIIEHHSM KOHIIEHTPAIii MOIU(pIKOBAHOTO PO3UMHY MIIHICTh 3pOcTac 13 30UTbIICHHIM KOHIIEHTpPAIIii
I[TA-6 y po3umni o 7 % wmac. 3a 30utbineHHs n0 10 % Mac. MIlTHICTh Ha PO3PUB 3HHIKYETHCS, IO
3YMOBIIIOE TPaHUYHY PO3YMHHICTH [TA-6 1 mepexin oro y HEpO3UYMHHUM CTaH.
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OntumaneHOlO KoHIeHTpalieto [1A-6 y momudikoBanHomy po3umHi € 7 % Mmac., a TpUBAJiCTh
BUTPUMKH HE MOBUHHA nepeBuiyBatu 10 xB, mis mniBku Ha ocHOBi kommo3uilii TEMA:TIBII = 4:1 mac. 4.

(puc. 7, 6).
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Puc. 7. 3anexcnicmo miynocmi KOMROZUYIIHUX MEMOPAH 810 YACY KOHMAKMY 2i0poceio
3 MOOUGIKOBAHUM POZUUHOM A TI020 KOHYEHMPAYIEIO.
Cxnao ziopoeemo. I'EMA:IIBIT.H,O, Y mac.: a) 42:18:40, 6) 48:12:40;
ITA-6.11BI1 = = 95:5 Y% mac.; Crsimsm, Yomac.: 1x 3;2x 5, 3x 7; 4 x 10

31 30UIbIIEHHSAM KOHIIEHTpaIlil MOoJIMepHOI cyMiln y MoOAu(iKOBAHOMY PpO3YWHI 3MEHIIYETHCS
NPOHUKHICTh KoMmo3uIliHux Mmemopan st NaCl (puc. 8).
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Puc. 8. Kinemuuni 3anes1cHocmi 0cCMOMuyHoI CONenpoHUKHOCMI Komnosuyiiinux 2iopozenesux memopan (GIS)
onz NaCl 6i0 konyenmpayii mooughixosanozo pozuuny. Cxaao 2iopocemo:. I'EMA:IIBIT. HO, Y% mac..
a—48:12:40, 6 —42:18:40; [14-6.1IBI1=95.5 Y mac.;, Cry-emsm Yomac.: 1x 0; 2x 3; 3x 5, 4x 7

Y pa3i moaudikaiii rigporeieBUX MeMOpaH, y SIKHX CKJIaJ TMOTIMEPHOI MAaTpHIll CTAaHOBHTH
IF'EMA:IIBII=4:1 mac. 4., MaKCUMaJbHOI) OCMOTHYHOIO IPOHHMKHICTIO BiJ3HAYAETHCS KOMITO3HIliiTHA
MeMOpaHa, sika MoaudikoBaHa cyminmro [TA-6/TIBII i3 koHueHTpalieto 7 % mac. y po34uHi MypalmHOi
kucnot. A 3a Bmicty 3 % wmac. cymimni [TA-6/TIBIT y MomudikoBaHOMY PO34MHI CIIOCTEPIraeThCsl BHIIA
OCMOTHYHA TPOHUKHICTH KOMIIO3UIITHIX MEMOpaH Ha MOYaTKOBUX CTaJlisIX.

BucnoBku. OpnepxaHi KOMITO3WIIHHI TiAporeneBi MeMOpaHHM Ha OCHOBI PiIKOCTPYKTYpOBaHHX
KOIOJIIMEPiB 2-T1IpOKCHETUIIMETAKPUIIATY Ta TOMIBIHUIIIPOMIIOHY, SKi 3MIil[HEHI TOHKHMH IIapaMd Ha
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ocHoBi momiMepHux cymimreii [TA-6/TIBII. dociimkeHo ¢izuko-mexaHiuHi Ta audy3iliHi BIaCTHBOCTI
Taknx MeMmOpaH. OnpainboBaHO METOAMKY 1 OJlepKaHO TiAporenesBi IUIBKA Uil (HOpMyBaHHS
KOMITO3UIIHHUX MeMOpaH. 3a JIOMOMOTOI METOAY BEPTHKAIBHOrO 3aHYPEHHS HAHECEHO TOHKI IapH
cymimeit ITA-6/TIBIT Ha rigporeneBi MiAKIAAKK 1 OIepKaHO KOMITO3HITINHI MeMOpanu. BceTaHoBimeHwmit
eekT 3MIIHeHHs TiIpOreNeBUX IUTIBOK MOBEpXHEBOW Momudikarieto cymimamu [TA-6/TIBII. Buspneni
HaNPSMKH HAMPABJICHOTO PETyIIOBaHHS MPOHUKHOCTI CHHTE30BAHUX KOMIO3UIIHIX MeMOpaH mindoopoM
CKJIaJly TiIporeneBoi MeMOpaHM-TIAKIAIKH, CKIaay MOAU(IKOBAHOIO PO3YMHY, a TAaKOK TEXHOJOTTYHHX
napamMerpiB MOTU(iKyBaHHS.
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