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TOM TAT

Thite nghiém tién hanh ché tao va dang gia cc dic tinh ctia mang trao ddi ion dia trén co s mang Nafion
(mang ghép). Céc dic trung tinh chit clia mang ghép da dwoc khao sat nhu: phd FT-IR, phd NMR, Phén tich
nhiét trong luong (TG-DTG), hién vi dién ti¥ quét (SEM), kha ning trao déi ion (IEC), tinh hip thu nuéc
(WU) va d6 din dién ion (o). Két qua khao sét xac nhin dugc viéc ghép thanh cong NaSS va METAC vao céc

phén ti Nafion. Sy thay déi hinh thai b& mit clia mang Nafion ghép so sanh v&i bé mit rit nhin clia mang
Nafion thuong mai d6i chitng (N212). Céc dac tinh héa ly nhu kha néng trao dbi ion (IEC), do hép thu nuéc
(WU) cho thiy 13 dwgc giam khi lgng NaPSS giam trong mang ghép. D6 dan dién ion (o) cho kha ning van

chuyén ion ctia mang sé dugc thay dbi khi didu chinh ham litgng monome trong mang.

ABSTRACT

This experiment has fabricated and evaluated the properties of ion exchange membranes based on Nafion

membranes (hybrid membranes). The characteristic properties of the hybrid membrane were investigated
such as: FT-IR spectroscopy, NMR spectroscopy, Thermogravimetric analysis (TG-DTG), scanning electron
microscopy (SEM), ion exchange capacity (IEC), water absorption (WU) and ionic conductivity (o). The
survey results confirm the successful hybridization of NaSS and METAC into Nafion molecules. Changes in
surface morphology of the hybrid Nafion membrane compared with the very smooth surface of the original
commercial Nafion membrane (N212). Physicochemical properties such as ion exchange capacity (IEC),
water absorption (WU) were shown to be reduced when the amount of NaPSS in the hybrid membrane was
reduced. Ionic conductivity (o) gives the ion transport capacity of the membrane will be changed when

adjusting the monomer content in these membrane.

1. Giéi thiéu

trao dbi ion lwdng tinh. N6i chung, mang trao ddi cation (CEM) c6 d6

dén proton cao, nhuing chting bi thAm vanadium cao khi duge st dung

Hién nay, 4c quy dong chay oxi héa khit (RFB) di dugc cong
nhén 13 mét trong nhitng hé théng phit hop nhit ¢ dap tGng yéu ciu
lvu trit ning lgng 1wéi dién & quy mo 16n. Trong sb tit ca cic RFB, fc
quy dong chay oxi héa khit toan vanadium (VRB), dugc phat minh béi
M. Skyllas-Kazacos et al. [1], hién da thu hit d4ng ké nghién cttu do
thiét ké linh hoat, vong doi dai, it phat thai ctia cac chit giy 6 nhiém,
mét d6 ning lgng va coéng sudt tach roi, thoi gian dap Gng nhanh va
chi phi thap [2,3]. LA mdt ngin chinh trong VRB, mang khong chi tich
catholyte khoi anolyte ma con cho phép céc ion din dién (hdu hét 1a
proton) chuyén tit bén nay sang bén kia trong qua trinh nap dién va
phéng dién. Do dung dich VO,* ¢6 thé oxi-khit duong cao va chét
dién phan hd trg H,SO, ¢ tinh axit manh dugc st dung trong VRB,
mang ngin 1y twéng nén c6 tinh dn dinh héa hoc cao, 6 din proton
16m, tinh thAm vanadium thép, chi phi thip [4]. Cho dén nay, trao dbi
ion va mang x8p 13 hai mang chinh dwoc sit dung trong VRB. Ming

trao d6i ion (IEM) c6 thé dugc phan loai thanh cation, anion, va mang
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trong VRB. Mit khac, mang trao dbi anion (AEM) thudng cho thiy
tinh thAm vanadium va d6 din ion thip hon nhiéu so véi mang CEM
do hiéu tng loai trit Donnan. Két qua 13, cdc VRB v&i CEM thé hién
hiéu suit coulomb thép va kha ning phéng sac kém, trong khi VRB
v6i AEM thuwdng cé hiéu sudt dién ap thip va kha ning phéng sac &
tbc d6 cao kém. Mang trao déi ion lwdng tinh (AIEM) chita ca nhém
cation va anion trong mét cAu tric dai phan t& duy nhét, va ching 1a
hién 12 mang ngin rit hita hen & VRB dat duge ca dé din proton cao
va tinh thAm vanadium thép [5]. Gan déy, nho su nd luc ctia cac nha
nghién cttu, mét s6 mang hiéu suit cao véi dic biét kién tric hodc ciu
triic phan t& cho VRB d duge phat trién bao gdm ca mang x6p va
mang trao dbi ion. Vi du, Ye va dbng sy [6] di chudn bi mét
Nafion/mang composite lignin bing phwong phép diic tit dung dich dé&
dang, va mang d4 cho thiy kha ning duy tri chi ~52,8 % sau 1000
chu ky méc du CE (hiéu sudt coulomb) ctia té bao cao ~97,4 %. Lu va

ddng nghiép [7] da chuin bi mét mang polyvinyl clorua clo héa
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(CPVC) méi vGi dién trd dién tich thép va hiéu suét phéng sac tuyét
voi bing cach st dung PVC véi mite thdp chi phi, tinh én dinh héa
hoc va tinh chit co hoc cao. Zhou va cong su [8] da chuén bi mot
SPES (poly(ether sulfone)) x6p bat dbi xitng m&i mang cho VRB véi do
chon lgc ion cao thong qua qué trinh tich pha do ion-léng cam ting.
CE va EE ctia té bao duge trang bi mang xp SPES (IL-30) c6 thé dat
téi 98,75% va 84,13% tuong ting & 100 mA cm ™2 Céc loai mang nay
@4 thé hién tinh chon loc ion tuyét voi va hiéu sudt VRB tbt, va chiing
sé 14 nhitng tng ctt vién ddy trién vong cho viéc tich VFB. Nhung cho
dén nay, mang trao ddi ion perfluorosulfonated ching han nhv Nafion
vén 12 lya chon tét nhét cho tng dung VRB do sy én dinh héa hoc va
co hoc cuc ky tuyét voi clia né nhu ciing nhv ¢6 dan proton cao [9].
Tuy nhién, Nafion 14 ciing dugc biét 1a c6 tinh thAm vanadium cao do
st xuét hién ctia cdc cum ion 1am cho né ¢ hiéu suét coulomb twong
dbi thip va téc d6 tw phéng dién cao. Hon nita, gid cao cta Nafion
1am cho né thiéu kha ning canh tranh so v&i cdc mang hydrocacbon
khéc. Trong nghién ciu nay, ching t6i da da chon hai loai monome,
titc 12 monome cation [2-(methacryloyloxy)etyl] trimetylamoni clorua
(METAC) va monome anion natri 4-styrenesulfonat (NaSS) dé didu ché
14n luot Nafion-g-PMETAC va Nafion-g-NaPSS. Sau d6, nhwa Nafion
ghép duoc sit dung dé chudn bi mot mang Nafion 1uéng tinh m&i bing
cach pha tron Nafion thuin véi Nafion-g-PMETAC va Nafion-gNaPSS,
theo sau d6 1a phuong phap dtc dung dich. Muc dich ctia cong viéc
ndy 1a 1am giam tinh thdm vanadium ctia Nafion trong khi van gii
duoc d6 én dinh cao ciing nhu duy tri d6 din ion cao bf“mg céch didu
chinh ty 1& cia METAC va NaSS trong mang. Hon nita, bing cich st
dung giai phap phuong phap dic, d6 day ctia IEM ludng tinh Nafion
@ chuén bi c6 thé duge kiém soat & miic méng 50 um, c6 thé giam

d4ng ké mtc tiéu thu cta Nafion va giam chi phi mang.

2. Thuc nghiém va cac phuong phap nghién ciu
2.1. Thuc nghiém ché tao mang trao dbi ion trén co s& Nafion

Dung dich Nafion 5 wt% dugc ty pha bing cich hoa tan mang
Nafion 117 thuong mai (DuPont) trong ndi hip polytetrafluoroethylene
(PTFE) c6 16p 16t va phuiong phép chi tiét c6 thé tim thiy trong tai liéu
[10]. Mang Nafion 117 dAu tién dugc 1am sach trong 3% H,0,, sau d6
ngam trong dung dich 1 mol.L~! H,SO, v trang bing nudc cit truede khi
hoa tan trong autoclave [11]. Dimethyl sulfoxide (DMSO), 2,2’-dipyridyl
(Bpy), CuBr, NaSS va METAC dugc mua tit Aladdin Co., Ltd (Thuong
Hai, Trung Qubc).

Tién chét luong tinh Nafion dugc diéu ché thong qua phuwong
phap ATRP [12-14]. Ngén gon nhu sau, dung dich 5% khdi luong
Nafion dwoc 1am bay hoi & 60 °C trong mot thdi gian nhét dinh dé thu
dugc nhya Nafion kho. Sau d6, nhya Nafion, NaSS, Bpy va CuBr da
dugc thém vao trong DMSO theo ty 1& mole 20:100:1:1 dé tao thanh
dung dich hén hgp trong binh ba cd. Binh sau d6 duge thdi Ar, sau d6
14 hit chan khéng it nhit ba 1an dé 1am cho hé théng chia ddy Ar tinh
khiét. Phan ting dugc giit & 50 °C trong 24 gid’ va san phim dugc két
tha trong lwgng du nude khit ion dudi khudy téc dd cao. Cubi ciing

chét két tua duoc thu thip va sdy kho trong chan khéng & 80 °C dé
thu dugc nhya Nafion-g-NaPSS. Ty 1é ghép cua NaPSS la 10,3 % theo
khéi lwong tinh theo chénh léch trong lwong trude va sau phan tng
ATRP. Nafion-g-PMETAC dutge chudn bi theo quy trinh twong ty nhw
Nafion-g-NaPSS ngoai trit viéc NaSS dugc thay thé bing METAC. Ty 1é
ghép ctia PMETAC 1a 15,5 % theo khéi lugng, trong d6 duge do bang
phuong phép tuong ty nhu NaPSS.

IEM luéng tinh Nafion dugc diéu ché bang phwong phap dic
dung dich. Piu tién, Nafion-g-NaPSS, Nafion-g-PMETAC va nhua
Nafion nguyén chit dugc hoa tan trong DMSO va dugc khudy lién tuc
dé thu duge dung dich polymer ddng nhit. Cac dung dich hdn hop sau
d6 duoe @b trén mot tAm kinh sach va dit trén thiét bi bay hoi ¢ 90 °C
trong khoang 3 gid. Sau phin 16n dung méi ¢4 bay hoi, tdm kinh duoc
dua vao 16 chan khong dé loai bé bot khi nhé tiép theo 12 ¢ & 140 °C
trong 3 gid. Cudi ciing, mang duoc béc ra va xit Iy trong 3 wt% H,0,,
sau d6 12 1 mol.L~! H,SO, & 80 °C trong 1 gi® [11]. Thanh phin ctia
Nafion-g-NaPSS va Nafion-g-PMETAC d6i v6i toan bd mang 1a 10%
trong lwong va ty 1€ mol cua Nafion-g-NaPSS so v&i Nafion-g-PMETAC
duwge kidm soat 1a 1:0, 3:1, 1:1, 1:3, va 0:1 trong mang ghép tuong
tng. Theo d6, cic mang da chudn bi duvge dit tén 1a M-1:0, M-3:1, M-
1:1, M-1:3 va M-0:1 twong tng. D6 day clia tit ca cac vat dic mang
duge kim soat 13 khoang 50 pm. Pé so sanh, mang Nafion 212
thiong mai c6 tinh ning tuong ty d6 diy ctia mang miu da chudn bi
duoc chon 13 miu dbi ching va ky hiéu 1a N212.

2.2. Cdc phuong phdp nghién ciiu

Phé FT-IR clia cic mAu dutge ghi trén may TENSOR II M4y quang
phé (Bruker Optics, Ditc) duge trang bi phu kién bach kim ATR (téng
phan xa suy giam). Cac phép do dugc tién hinh trong dai tAn cta 4000-
400 cm™' v6i d6 phan giai duoc dit 14 4 cm~. Phd 1H NMR (cong
huéng tit hat nhan) duoc chup trén may Bruker (Biic) Thiét bj 400 MHz
v6i DMSO lam dung moi. Phan tich nhiét trong lwgng (TGA) cua Nafion
tinh khiét va nhita Nafion ghép duogc tién hanh v&i NETZSCH Dung cu
STA 449F5 (Ptic). C4c miu dugc dua vao mot chao Al,O, va duge nung
néng véi tbe d6 10 K min~! it phong nhiét d6 dén 800 °C duéi sy bao
vé N,. Hinh thai b& mit duoc nghién ctu bing kinh hién vi dién tt quét
phat xa truong Zeiss (FE-SEM, Ptic). Va cic mAu di pht vang truée khi
phén tich SEM. Kha ning trao @bi ion (IEC) ctia cic mAu duoce xac dinh
bing phitong phap chudn d6 truyén théng. MAu khé véi ¢b dinh trong
lugng 14n diu tién duge ngam trong dung dich 1 mol.L~! NaCl cho 24 h
dé loc hét H* tw do trwéc khi xét nghiém. Sau d6, H* dugc chuin do
bing dung dich NaOH chuén véi chét chi thi 1a phenolphtalein. IEC
dugc tinh todn nhu sau phuong trinh:

_ Vuaon % Cnaon
- )

Trong d6 my,, 1a khéi lugng miu khd; Vy,on Craon 12 thé tich va

ndng d6 NaOH tiéu thu twong tng.

IEC

D6 hiit nwée (WU) ctia cic miu duge x4c dinh bing ngdm mang
kho trong nudc khit ion trong 24 h. Ty 1é hit nudc va triong né duoc
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tinh bing phuong trinh sau:

_ Myyer—M

WU = & 100%

Mdn, (2)
Trong d6 m,,, va my, 1an luot 14 khéi Iugng cia mang kho va uét.
D6 dan ion ctia cidc miu duoc do bing cich st dung Phuong
phép quang phd tré khang dién héa (EIS) sit dung mét tram dién héa
CHI660e (Shanghai Chenhua, Trung Quéc). Cac miu duge dit trén hai
manh 14 Pt duge két ndi véi CHI660e va toan bo té bao dugc kep bing
hai miéng tAm acrylic. P6 dan ion dugc tinh theo phwong trinh sau:
L
RxS

o=

3)

Trong d6 o, L, R va S ¢ nghia 14 d6 din ion, khodng cach giita

hai dién cyc Pt, dién tré mang va dién tich mit cit ngang ctia cic mau
tuong @ng.

3. Két qua thuc nghiém

Phd FT-IR cua Nafion, Nafion-g-NaPSS (M-1:0) va Nafion-g-
PMETAGC (M-0:1) di duoc tién hanh va trinh bay trong Hinh 1. Theo
nhv Banh va cong sy [14] ching minh ring sy thay ddi lién két C-F
thanh lién két C-Br clia Nafion trong diéu kién ATRP 1a khé khin va
céc vi tri hoat déng cho cac phan @ng ATRP cua Nafion 1a cic nhém
C—F bac ba cua ca hai phan doan chinh va phu cling véi - Cac nhém
CF,~ gﬁn céc lién két C-F béc ba ctia chubi chinh Nafion [14]. Phong
va cong sy. [13] tiép tuc phat hién ra ring cic nhém CF khac trong
chudi bén Nafion ciing hoat dong cho phan ting ATRP va mot s nhém
CF bén 14 céc vi trf ghép khé chiém uu thé. Nh& céc vi tri phan tng
hiéu qua d6 cta Nafion, do d6 c¢6 thé két hop NaSS hosic METAC véi
chudi Nafion. Theo d6, dé xét xem NaSS va METAC c6 dugc ghép vio
Nafion hay khéng thi s& dua trén két qua phd FT-IR di dua ra & Hinh
1. Trém hinh phd c6 thé thiy, Nafion c6 cic dai dic trung dién hinh
ctia CF, kéo dai khong dbi xiing & ~1200 cm ™, CF, kéo dai dbi xting
& ~1100 cm™!, kéo dai dbi xiing S-O & ~1060 cm™!, C-F kéo dai &
~980 cm ™! va C- kéo dai dbi xting O-C tai ~960 cm™! [15,16]. So véi
Nafion, Nafion-g-PMETAC di cho thiy hai dai dic trung méi & 1722
cm~!va 1477 ecm™}, duge gén cho cdc nhém este C=0 kéo dai va kéo
dai C-N cua cac nhém amide trong PMETAC [17,18]. Nhitng két qua
ndy xac nhin ring METAC di duogc ghép thanh cong vao Nafion. Hai

dai dic trung méi & 1604 cm™! va 844 cm™! ciing c6 thé dugce quan
st thiy trong phd ctia Nafion-g-NaPSS trong Hinh 1, digc gan cho sy
hip thu ctia cic vong thom [12] va dao dong bién dang ctia C-H lién
két trong vong benzen [19], tuong tng. Két qua chitng minh ring
NaSS ciing da dugc ghép thanh cong vao cac phan tit Nafion.

Nafion-g-PMETAC

799 o
1722 em

[Nafion-g-NaPSS

Nafion

Tranismittance (%)

1 L 1 1 1 1
2000 1800 1600 1400 1200 1000 L]

Wavenumbers (cln")

Hinh 1. Phé FT-IR ctia Nafion, Nafion-g-PMETAC va Nafion-gNaPSS.

Phd NMR ctia Nafion-g-NaPSS va Nafion-g-PEMTAC lan luot duge
do va so sanh v6i NaSS va METAC thudn tdy. Céc pic & khoang 3,3 ppm
va 2,5 ppm lan Iugt thude v& H,0 va dung méi DMSO. C6 béo céo ring
NaPSS hiit 4m va khé loai trit H,O khoi miu; do d6 ludn c6 thé quan sat
thdy mot dinh I16n va nhon. Hon nita, tit ca cdc thanh phin héa hoc
dién hinh cta NaSS hosic METAC tinh khiét déu c6 thé duoc tim thiy
trong quang phéd ciia Nafion-g-NaPSS va Nafion-g-PMETAC dugc ghép
twong ting. Trong Hinh 2(a), cic dinh tit 1 dén 2 ppm (a,b) 14 c4c proton
béo trong khung cta NagS. Cac dinh & khoang 7,5 ppm (d) la tin hiéu
ctia c4c proton thom lién k& v&i cc cacbon thom lién két véi cac nhém -
SO;~ ctia vong benzen. Pinh & khoang 6,7 ppm (c) la cong hudng cta
céc proton thom bén canh chudi chinh ctia NaS. Trong Hinh 2(b), dinh &
khoang 3,3 ppm (e) thudc v& cac nhém -CH, lién két v6i nguyén tit nito
tich dién duong trong cic phan doan amoni béc bén. Pinh ¢ va d 1a
methylene trong chudi bén ctia METAC, trong khi cic dinh ctia a va b
duge gan cho cic nhém methyl va methylene trong xuong sdng ctia
PMETAC. Két qua chitng minh thém ring NaSS vi METAC di dugc ghép

thanh cong vao cac phén tit Nafion.

DMSO (a)

—fcony +—

| 4 Y \ ‘ METAC

(b)

on,

| "o E

7‘ O-CHyCHN=—CHye |

b Wy 1
PMETAC  ©

e DMSO

b )

d a

‘ Nafion-g-PMETAC |

' ' 1 1 1

ppm

s 4 3 2 1 0

ppm

Hinh 2. Phd NMR ctia mAu (a) Nafion-g-NaPSS va NaSS; (b) Nafion-g-PMETAC va METAC.
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Phan tich TG (do nhiét luong) di kem véi ky thuat DTG (do nhiét
Iwong dan xuét) thudng duge st dung dé xac dinh su khac biét vé thanh
phin va d6 6n dinh nhiét cta vat liéu. Hai hodic ba qua trinh phan huy
cho Nafion thitong mai. Hinh 3(a) cho thy ring ba qua trinh phan huy
riéng biét da duoc quan sat d6i véi mang N212. Sy mit mét khéi luong
& khoang 200 °C ¢6 thé duige quy cho chit yéu 1a do sy mét mét ciia cac
phan tf nuéc cta cic mAu. Giai doan phan hity khoang 300-400 °C nén
duogc quy cho qué trinh khit Ivu huynh. Giai doan khoang 400-580 °C
c6 thé 14 do sy xubng cip két hop ctia chudi bén va chudi chinh cta
Nafion do dinh DTG ctia sy xuéng cip cta chudi bén thudng rit nho.
Hinh 3(b) cho thiy Nafion-g-NaPSS ciing thé hién hai qua trinh giam
trong lwgng, nhung nhiét d6 phan hiy diu tién ctia né cao hon nhiéu so
v6i N212. Ly do 1a do sy tuwong tac gia tdng gitta cac nhém axit sulfonic
ctia Nafion va cic nhém sulfonate ctia chubi NaPSS [12]. Tuy nhién, a6i
v6i Nafion-g-PMETAC (Hinh 3(c)), c6 thé quan st dugc it nhat 5 giai
doan phan htly. Khéc véi Nafion-g-NaPSS, giai doan phan hiy dau tién
ctia Nafion da thay d6i mot chiit va qué trinh giam trong Iwgng chinh
dién ra & nhiét d thip hon nhiéu so véi Nafion va Nafion-g-NaPSS. Ly
do c6 thé 12 METAC 12 mot loai monome 16n hon va phife tap hon nhidu
so v&i NaSS, va thiéu sy twong téc gitta cic nhém axit sulfonic ctia nhém
Nafion va -NR**.

oB3888

Weight pereent (%)

L L ! L : 12
0 100 200 300 400 500 600 700 300
Temperature (°C)

Derivative Weight (%"C}

Nafion-g-NaPSs Jas
L L | L L L | 20
100 200 300 400 500 600 700 800

Derivative Weight (%/°C)

Temperature (°C)

Nafion-g-PMETAC
1 1 L L 1 1 1
100 200 300 400 500 600 700 800

L
E
Derivative Weight (%°C)

Temperature (°C)
Hinh 3. (a)- Puong cong TG va DTG cta N 212; (b)- Nafion-g-
NaPSS va (c)- Nafion-g-PMETAC.

Hinh thai b2 mit ctia N212 va mang Nafion ghép dugc hién thi
trong Hinh 4. Nhu c6 thé thdy, b& mit ctia N212 rt nhn, trong khi
bé miit clia tit ca cic mang khac tho rap va hoi khac véi ty 16 NaPSS
va PMETAC d3 thay ddi. Két qua nay chting minh thém riing ca NaPSS
va PMETAC da dugc ghép thanh cong vao Nafion va hinh théi ctia né
da bi thay d6i.

Céc dic tinh héa 1y bao gbm IEC (kha ning trao ddi ion), WU
(hép thu nuéc) va do dan ion (o) cta tAt ca cac mang dugc tém tht
trong Bang 1. Pugc biét, IEC va WU phu thudc nhiéu vao ham lugng
céc nhém SO,H trong mang. C6 thé thiy, ca IEC vA WU déu giam khi
NaPSS giam, d6 la do su giam nhém -SO;H va tang nhém -NH,* trong

mang ghép. Trong khi d6, dd din ion ctia mang ghép giam khi ting

PMETAC. Két qua chi ra ring d6 din proton ctia cic mang ghép cé thé
duwge didu chinh bing cich thay d6i ham lwong monome va do d6 c6

thé thu duge cic mang c6 kha ning van chuyén ion khéac nhau.

= e

Hinh 4. Hinh SEM ctia mang (a)- N212; (b)- M-1:0; (c)- M-3:1;
(d)- M-1:1; (e)- M-1:3 va (f)- M-0:1.

Bang 1. Tinh chét héa 1y ctia N212 va cic miu mang khac nhau.

Membranes IEC (mmol g™) WU (%) o (mS cm™)
N 212 0.729 26.97 48.44
M-1:0 1.042 25.89 59.71
M-3:1 0.846 22,39 4297
M-1:1 0.823 22,87 3946
M-1:3 0.863 2341 34.86
M-0:1 0810 21.03 20.18

4. Két luan

Thuc nghiém di thic hién thanh c6ng ché tao va danh gia cac
dic tinh clia mang trao d6i ion dia trén co s¢ mang Nafion. Phé FT-IR
d4 dugc khao sat cho thiy hai dai déc trung méi & 1722 cm ™' va 1477
cm™! duge quan sét trong phd Nafion-g-PMETAC, va hai dai dic trung
méi & 1604 cm™! va 844 cm™! dwgc quan sat trong phd ciia Nafion-g-
NaPSS chitng minh METAC, NaSS da dugc ghép thanh coéng vao cac
phén ti Nafion. Phd NMR ciing dutge khao st va cho x4c nhén thém
v6i phd FT-IR v& viéc ghép thanh cong NaSS va METAC vio céc phin
tit Nafion. Phan tich TG, DTG cho thay khao sat 5 giai doan phan hiy
Nafion-g-PMETAC véi giai doan phan hiiy dAu tién ctia Nafion 13 qua
trinh giam trong luwgng dién ra & nhiét d6 thap hon nhiéu so véi
Nafion va Nafion-g-NaPSS, do METAC la mot loai monome 1én hon va
phitc tap hon nhiéu so véi NaSS. Hinh SEM cho quan sit dwgc hinh
thai b& mat thay d6i clia mang Nafion ghép so sanh v&i bd mit rat
nhdn ctia mang N212. Cic dic tinh héa 1y IEC, WU xac nhén 13 giam
khi Ivgng NaPSS giam trong mang ghép. Khao sat d6 dan dién ion o
cho thdy kha ning van chuyén ion clia mang sé& thay ddi khi diéu

chinh ham lvgng monome trong mang.
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