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Nghién citu cdu tric clia mang di¢n cyre
polymer sir dung cho pin nhién heu
bang phwong phap tin xa tia X géc nhé va siéu nhé
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Tom tit:

Acid poly(styrene sulfonic) ghép mach poly(ethylene-co-tetraﬂuoroethylene) (ETFE-PEM) duge tong hop hang phwong
phap ghép mach khoi mao béi chiéu xa gamma, trong d6 phim ban déu orlgmal -ETFE duwgc chiéu xa va ghép mach béi
monomer styrene (Grafted-ETFE), sau do sulfo hoa dé tao thinh mang din proton. CAu tric lamellar cia ETFE- ?EMs
dwoc nghuen ctru nhir 1 ham cua mirc d§ ghép mach (GD) béi phmmg phap tan xa tia X goe nho va sidu nhé. Két qua
cho théy, vit ligu styrene chii yéu di vio pha vé dinh hinh ciia cAu truc lamellar vi lam cho bé day viing nay ting, kéo
theo chu ky lamellar tang khi GD = 0-34%. B¢ diy lamellar tinh thé, ciu tric co lién quan dén dd bén co Iy cua mang,
chi glam nhe khi GD > 34%. Ngoaira kh| GD > 34%, cic styrene khdng di vio chu tric lamellar nira, ma chi yéu di vio
khdi chu tric lameliar (tap hop cac clu tric lamellar). Qua trinh nay dén dén chu ky lamellar khéng ting thém nira,

trong khi d6 cu tric khdi lamellar ¢6 sy phit trién manh mé khi GD > 34%.

Tir khéa: chiéu x3, lamellar, pin nhién li¢u, tin xa tia X géc nho.

Chi 56 phiin logiz 1.4

Gidi thieu

Pin nhién liéu mang din proton 1& thiét by dién hoé trong do
nhién ligu hydro duge chuyén tryc tiép thanh nang lwgng dién thong
qua cdc phan img hoa hoc [1]. Thiét bj ndy dang thu kit sw quan
tim nghién clru manh m& nh& véo hiéu suat sinh nang lugng cao
(40-60%), than thién véi méi truomg va hoat déng & khoang nhiét
do thip (~80-100°C) nén rt phi hop trong sir dung cho cac thit by
di dong, cam tay va cic phuong tién vén tai [2]. BY phén quan trong
nhét cia pm ahién ligu 12 mang dién cyc polymer (PEM) hay mang
trao dé1 proton c6 chirc niing chinh [ ddn proton (H") tit anode sang
cathode va ngan can khi H, tir anode vi O, tir cathode khuéch tan
vao mang.

Vit liéu thl.ro-ng mai hién nay ding l3m PEM l4 nafion c6
nhimg han ché ¢4 hiru nhir gid thanh cao, quy trinh che tao phire tap
va tinh din proton giam xuong nhanh chéng khi d¢ 4m (RH) trong
pu thép hofc nhiét ¢ trong pin trd nén cao hon [2]. Tinh trang vira
néu [am xuat hién mét nhu ciu clp bach, 13 cin nghién ciru nhung
vit liéu méi khéc nhau c6 thé thay thé vat Lidu nafion. Trong céc
vat lifu mén dang nghién ciru thi poly(styrene sulfenic acid)-grafted
poly(e(hylene -co-tetrafluoroethylene) (ETFE-PEM) né1 lén nhy mot
ing vién dy tiém nang, boi vi vat liéu nay c6 gid canh tranh, ¢6
thé tong hop bing phurong phdp don gian (chiéu xa bing bitc xa hat
nhan) va & hifu nhing tinh chét phu hop cho {ng dung cia pi nhién
Liéu [3,4].

Mét s6 nghién ctru tnede ddy cho thy, ETFE-PEM c6 chira cdu

“Emal 1diap@hemus ed v

KHOAHOC |/,
NG Nens\/let Nay co0 82018

triic Jamellar, tirc la cau tric dang kh01 thng trong d6 cac pha unh
thé va vo dinh hinh sép xép 6 tinh tudn hoan, luan phién va c6 dinh
huéng trong khong gran [3-5) Chu ky lamellar (L) duoc xdc dinh 1
tong clia bé day lamellar tinh thé (L,) cong voi bé day lamellar vo
dinh hinh (L ) théng qua bidu thirc.

L=L +L, 1

Cic théng sb cdu tric lamellar cua vat iéu polymer duoc nghién
ciru rbng réi bing phirong phép tan xa tia X géc nhd (Small angle
X-ray scattering - SAXS) hodic/va siéu nho (Ultra small angle X-ray
scattering - USAXS) [6]. Dm voi vat iéu ETFE-PEM, cau tric
lamellar cing nhu céc théng 58 dic trung cta ching (L, L, L} ¢
su thay dd1 theo quy trinh t6ng hop mau cling nhu theo mirc do ghep
mach (grafting degree - GD) [3-5) Su thay 461 nay lam thay d6i cac
tinh chit phy véo céu tric lamellar nhy tinh din proton, tinh hap thy
nwde, 4o ben co hoc, 49 bén héa hoc va do bén nhigt {1-3). Mén lien
he giita cu tric lameliar vé: céc tinh chit ciia mang 12 mdt thong tin
rht quan trong dé c6 dmh huémg klem sodt hojc t1 wu héa cdu trie
1am cho pin nhién hiéu hoat dong & én dynh, iéu qua va 1au dai. Tuy
nhién sy hinh thanh va phit trién caa céu triic lamellar ciing nhy cac
thong s6 cau tric dac tnmg cia vat ligu ETFE-PEM theo mirc d¢
ghép mach viin chira duge giai thich mdt cach déy di, 15 rang vé toan
dién, bdi vi cac xir Iy s6 ligu SAXS chi thuc hién true tiép ma khéng
thong qua viée dp dung cée md hinh todn hoc. Do d6, trong cdng trinh
nghién ciu nay, chiing i s& phan tich chi tiét cac théng s6 cdu trilc
lamellar thay ddi theo GD bang céc phuong phap xir Iy phé SAXS
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Abstract:

Poly(styrene sulfonic acid)-grafted poly(ethylene-co-
tetrafluoroethylene) (ETFE-PEM) was prepared using
a pre-irradiation grafting method, in which polymer
substrate (ETFE) was irradiated using gamma ray, then
immersed into a monomer styrene solution for graft
polymerization, and then we carried out the subsequent
sulfonation on the graft polymer to obtain a proton
exchange membrane. Lamellar structures of ETFE-
PEMs such as functions of grafting degree (GD) were
investigated using small and ultra-small angle X-ray
scattering. The obtained results showed that styrene
was introduced into the amorphous phase of lamellar
structures, resulting in the expansion of their thickness,
and hence causing the increase in the lamellar period with
GD = 0-34%. Crystalline lamellar thickness which relates
to the mechanical integrity of the membranes decreased
slightly when GD was > 34%. Also, when GD was > 34%,
styrene did not come into the lamellar structures, but it was
introduced into the lamellar grains. This process resulted
in no change in the lamellar period of lamellar structures,
whereas the lamellar grains developed significantly with
GD 2 34%.
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va USAXS dé du rd va toan fhén hon v& cdu tric cua vat iéu ghép
mach bitc xa dung 1am mang dan proton sir dung trong pin nhién ligu.

Thi'c nghiém

Vat ligu poly(ethylene-co-tetrafluoroethylene) (ETFE) ghép
mach acid polystyrene sulfonic (ETFE-PEM) duoc tong hop biing
phirong php ghép mach khoi maoe bing chiéu xa tia gamma, Phim
ban diu ETFE duoc chiéu xa bing tia gamma tir nguon déng vi
phong xa Co® trong diéu kién 6 khi argon véi lidu hdp thy 1a 15
kGy. Sau khi chidu xa, miu khio sit duge ngém vao dung dich
styrene (trong dung mdi toluene) vdi cdc nong d§ khéc nhau &
nhiét 46 60°C d& cho phan tmg ghép mach va tao thanh phim ghép
mach bitc xa (Grafted-ETFE) xdy ra. Mirc ¢ ghép mach (GD) cua
Grafted-ETFE duoc xéc dinh dya trén biéu thire [3.4]
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GD (%) = W—L‘”“ ()

trong d6 W, la kho: lrgng ban dhu coa mAu, W, 12 khéi lugng miu
sau kit ghep mach. Mau Grafted- ETFE sau dé tlep tuc duge ngdm
trong dung dich acid chlorosulfonic néng d 0,2M trong dung moi
1,2 dicloroethane & nhiét dd 50°C trong khodng 6 glo dé phén img
sulfo hoa xdy ra. San phéim sau ciing thu dugc 1 mang dén proton
ETFE-PEM (hay mang dién cyc polymer). Céc buéc tong hop méng
dén proton ETFE-PEM biing phuong phap ghép mach kho mao b
birc xa gamma tir ngudn Co®® duge trinh bay & hinh 1.
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Hinh 1. Hinh minh hoa cac bude (ong hgp mang dén proton ETFE-PEM
bing phuong phép ghép mach khei mao bai biic xa gamma tir ngudn Coft.

Thyc nghiém do tin xa tia X goc nhé (SAXS) va siéu nhé
(USAXS) duogc lin lwgt tén hanh tai Vién Khoa hoe Vat liéu Quéc
gia Nhét Ban (NIMS) va tai Super Photon ring-8 GeV (SPring-8),
Osaka, Nhit Ban. Tar NIMS, hai thidt br phét tia X dugc sir dung:
thiét bi Rigaku NANO-Viewer, Tokyo, Nhét Ban phat tia X dac
trng K cia Mo (&, = 0,07 nm) va thiét bi Bruker NanoSTAR, Dirc
phét tia X dac trung K ctia Cr (h, = 0,23 nm) Birc xa ddc trung K
thu duge sau dé duac tang cudng bing céch sir dung guong Gbel
cho nguon Cr va gwong hai chiu cho ngudn Mo. Cudmg d9 tan xa
2D ban dAu duoc - ght nhén bang detector 2D (Bruker, HiStar, Dirc),
sau d6 chuyén vé cuong d6 1D bing phin mém Igor Pro. Trong
thue nghiém ghi nhn cuong d6 tan xa, khodng cach gura mau va
detector 12 35 cm (d6i voi ngudn Mo) va 105,6 cm (461 v nguon
Cr). Do d4, cudmg d6 tan xa duoc ghi nhan twong tmg tai NIMS nam
trong dai gié tri 9 =0,1-10,49 nm! (q 12 4§ 16n vector tin xa, duge
tinh bang 4xsinb/A, von 26 1a géc tan xa va A 14 bude song cia tia X
td1). Ta1 SPring-8, thye nghiém do USAXS sir dung tia X li€n tuc
<6 nang luong 18 keV phét ra do chuyén ddng theo quy dao cong
chiim tia electron. Tuong ty nhw & NIMS, cudng d6 tin xa ban diu
thu duge tir detector 2D (PLATUS-2M) dugce chuyén sang cudng do
1D béng phén mém Igor Pro. Khoing cich giira mAu va detector ta
42 m va cuémg do tan xa diroc ghi nhén trong dai gid tr vector tan
xa q=0,0047-0,242 nm™" Di liéu cuéng db tan xa dugc két hop tir
ket qua do viing tan xa géc nhé hon & SPring-8 va ving dit liéu tan
xa goc 1on hon tai NIMS thanh mot cudng d6 tan xa hoan chinh voi
dai gi tri q=0,0047-10,49 nm"'.

Két qua va thao luan

Hinh 2 trinh bay s6 liéu SAXS/USAXS ciia céc mang din 1proton
ETFE-PEM v&i GD =0-117%, Dya vao cac dic diém thay dé1 v& d6
dée, dang dinh 14n xa va cirong d6 tén xa K(q), SAXS/USAXS duoc
chia thanh hai viing, trong d6 ving 1 voi I(q) 6 9= 0,15-15 nm!
va viing Il vé1 I{g) ¢6 q, = 0,0036-0,15 nm’* - Di véi ving 1, cudng
6 tan xa I(q) ting khi GD tang tir 4,2 dén 34% va cb xu hudng
khdng thay ﬂm hodc thim chi giam ki GD ¢4 gié try 1ém hon 34%.
Phim ban diu otiginal-ETFE ¢6 xudt hién dinh tan xa ta vy tri q,=
0,285 nim!, tuong (g vo1 6 dai twong quan d, = 22,0 nm tinh theo
dinh lujt Bragg d, = 2n/q,. Dinh tan xa tai vi m q, = 0,285 nm' ¢6
ngudn gbe tir cau truc lamel]ar nhu da béo cdo trong mét sb nghién
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¢l trrde day {3- 5], Vi tri dinh tén xa q cia phim ban dAu oniginal
ETFE bi dich chuyén vé phia ¢6 giA tri q, 0hé hon lén trot cho cac
miu ETFE-PEM c6 GD = 4,2-59, 0% Cu thé 13 9= 0,269; 0,258;
0,249; 0,244; 0,241 va 0,240 nm", trong (mg vén d =234,244;
252;258; 26,1 v3262nmdo| v6i ETFE-PEM c6 GD 42, 6,6;
8,8;10,2; 19 va 34%. Két qua trén cho thiy ring, cac polystyrene da
di vao céu triic lamellar va lam cho chu ky lamellar ting theo GD.
Khi GD > 34% dinh tan xa q khéng thay i vi tri, chimg to ring
polystyrene khéng con di vao cdu tric lamellar nira. Theo sy tang
dn gla tr1 ctia GD, dinh tan xa tai vj tri q, ¢4 xu hudng thoai din
va 1ong ra cho thiy trét ty dinh hudéng ciia cdc cu tric lamellar cia
ETFE-PEM sau khi ting GD di gidm di so v6i phim ETFE ban du.

Nhur vy, s6 lieu SAXS/USAXS ving | cho thong tin chi yéu vé
chu tric lamellar Khi GD téng, chu ky lamellar cling ting 1én do sy
mo rong kich thwdc lamellar boi sir hién dién cia cac polystyrene
Theo che ket qua nghién clru trrde dy [3-5], su tang chu ky lamellar
(L) chi yéu 14 do su tang kich thudc lamellar vé dinh hinh (L)
do céc polystyrene di vo phim ETFE chit yéu dinh xit trong pha
vd dinh hinh cia chu triic famellar. Tuy nhién cdc nghién céu ndy
((3-5) van chua tinh chi it gia tr) L, va L. Trit tu dinh huéng
cau tric lamellar cling chiu dnh hu(mg bot su mo rong kich thuée
ciia pha lamellar vd dinh hinh CAu tric lamellar dinh hudng ngu
nhién hon nhung khong bi pha huy hoan ton khi GD ting cao (GD
> 34%). Tuy nhién, nhimg thay d61 vé cu tric lamellar do sy thém
vao polystyrene chi gi6i han tai GD = 34% bi vi L khong tang kin
GD > 34%. Két qué trén dén dén gia thuyet ring, khi GD > 34% hau
hét cic polystyrene d i vao viing cu tric khéc bén ngodr céc cu
tric lamellar (nhw s& danh gid s6 liéu SAXS/USAXS trong viing [I).

Hinh 2. §5liéu SAXS/USAXS cila mang din proton ETFE-PEM véi GD =
0-117%.

Pbivoi cuong 46 tin xa l(q) vimg 11, sy thay dbt SAXS/USAXS
theo GD c6 thé chia thanh hai giardoan Giai doan thu nhdt c6 GD =
0-10% va giai doan thir hai ¢6 GD = 19-117%. Cac miu ETFE-PEM
& giai doan thir nhitco cudng d3 tan xa I(q) tring nhau tai < 0,018
nnr, tirc 14 céu tritc eda ving c6 kich thuse d > 349 nm khéng chiu
anh huo’ng bo1 qué trinh ghép mach khi GD < 10%. Tuy nhién vén q
> 0,018 nm' (tirc 12.d <349 nm), cuong 46 tan xa 1(q) c6 sy tang lén
15 rét theo GD, Két qua trén chig 1o ting & giai doan dhu ctia qua
trinh ghép mach (GD < 10%), c4c polystyrene khéng chi di vao pha
lamellar vd dinh hinh ciia cau triic lamellar nhu ¢4 thao lugn & ving
I ma con di vao cc ving khac (ving 1) ¢6 kich thuge 16n hon ciu
tric lamellar. Khdi lugng polystyrene di vio cic ving nay tang lén
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theo GD. Khi GD = 10,2% Kkhéi lugng poiystyrene di vao ving 11,
lam xudt hién mot dinh tin xa c6 ngudn gbe tir chu trac khéi lamellar
ta1 q, = 0,043 nm” (twong tmg d, = 146 nm) (4],

Déi vér gai doan thir hai, I{q) ting manh trén toan ving I va
kém theo sir xuat hién har dinh tan xa dang ba vai V1tri va sy dich
chuyén cia dinh tin xa trong vimg g > 0,018 nm" dugc quan sit
13 hon so véi dinh tan xa trong ving q < 0,018 nm™". Céc dinh tan
Xa nay c6 sy dich chuyen vé phla q nho hon & cac mdu c6 GD =
19-59%, sau 6 dich chuyen vé phia q 16n hon ta1 GD = 81% vi lai
dich chuyén v& phia q thip déi vér cac miu ¢6 GD > 81%. Gud tri
dinh q, thay dbi tir 0,024-0,033 ' (tirc 14 d, thay b1 tir 190-262
nm} khl GD = 19-59%. Ta1 gié trj GD ’81% vy tri dinh ¢6 gid tr g,
=0,031 om' (tire 1a d, = 202 nm). Cu cung mAu ETFE- PEM co
GD = 117% c6 dinh tdn xa xuét hién tai gid tri g, = 0,029 nm"! (tirc
1ad, = 217 nm). Céc két qua trén cho thiy ring, polystyrene ¢ xu
hlwng @1 vao pha lamellar vé dinh hinh ciia cu tric khéi lamellar
cang nhidu kiu GD ting dan dén chu ky d, ciing ting theo. Tuy nhién
glé tr) d, chi ting cho t6i méu ETFE-PEM ¢6 GD = 59%, sau ¢6 dot
nhién g1am tai cde méu ¢6 GD = 59-81%, Dleu nay c6 thé din dén
14 thuyt ring, da 6 sy chuyen abi pha cdu tric xay ra khi luong
polystyrene d1 vio mang dén proton ETFE-PEM dat mét gid tr da
16n. Khi gid tri GD > 59%, céc polystyrene da di vao lamellar vo
dinh hinh cta cu triic khéi lamellar bt du khuéch tén ra ngoai, dan
dén sy giam gid tri d, [4]. Nhu vay, SAXS/USAXS ving I cung cap
théng tin céu triic co kich thudc 1én hon cau tric lamellar. Su xudt
hién clia céc polystyrene & céc ving c6 cau tric 16m hon nay (chu
triic khé1 lamellar) lam thay 481 manh mé cAu tric lamellar ciia phim
ban diu origmal-ETFE

Tém lai, qua trinh ghép mach voi GD = 0-117% da tam cho
chu tritc lamellar cia phim ban dhu ongmal -ETFE c6 sur bién dbi
phic tap. Cu triic lameltar 6 sy mé rong kich thirée do polystyrene
dinh xir & pha lamellar v6 dinh hinh cia cAu tric lamellar. Trit o
va dinh huéng cla cac chu tric lamellar trd nén yéu hon khi tang
GD Ta céc ving ¢4 kich thude 16n hon cdu tric lamellar (tirc 12
chu triic khér lamellar), sy c6 mit clia polystyrene 1am cho cau tric
Khbi lamellar bién déi manh. Cu tric nay dugc hinh thanh ktn GD
> 10%. Ngoai ra, mdt sy chuyen abi pha ciu triic xay ra khi GD >
59% va tao thanh pha méi gdm thp hop cdc khdi lamellar véi kich
thuéc nhé hon khoi au triic famellar ban diu xen k& viing v6 dinh
hinh méi chira cha yéu vit liéu ghép mach polystyrene. Mic dit c6
nhiu bién dé1 trong cac cdu tric khi GD ting, nhung cac tinh thé
lamellar khong bj pha huy trén toan bd pham vi ghép mach. Do d6,
cac mau ETFE-PEM vd1 cac gid tri GD cao (GD > 59%) van duy tri
duoe dd bén co hoc clia phllTl ban dau original-ETFE mjc di pha v6
dinh hinh ¢ sy phat tnén 1 déng ké. Sy tn tai cac pha v dinh hinh
chira polystyrene trong céu tric lamellar, dic biét 2 cdu tric khéi
lamellar, khién cho nhimg ving nay ¢6 kha ning hip thy nudc va
tao ra céc kénh dn proton Hay néi cach khac, sy hinh thanh va phit
trién cic céu tric lamellar, khoi lamellar, c6 fién quan trre tiép dén

6 bén co ly, kha nang hdp thy nuéc va tinh din proton clia mang
ETFE-PEM.

Mic dit mét s6 thong tn vé cu triic lamellar c6 thé thu duge khi
xét dén Vi tri dinh tan xa va déng didu cia cudng d6 tan xa I(q), céc
théng s6 cAu triic khc nhu bé day lameliar v6 dinh hinh (L ), bé day
lamellar tinh thé (L) hodie 45 ket tinh cuc by W =L /L kl'long thé
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tinh duge trye tiép tir I(g) Tuy nhién cic thong 56 cu triic néu trén
¢6 thé tinh dirge tir ham gamma 1D theo biéu thirc [6):

Iy a%Ha) cos(gx)dgq
Iy a*1(q)da

Trong biéu thire (3), I(g) va q duoc Ty tir s ligu thue nghiém
trinh by trong hinh 2. D& thy him gamma 1D cia mAu ban du
origmal-ETFE duoc cho bdi hinh 3 Tirhinh 3, chiing ta dé dang xde
dimh duoc chu ky lamellar (L) tir vi tri cyc dai ddu tién. Dudng tuyén
tinh vé1 db thi ham gamma 1D kéo dai s€ giao voi duong co s tal
vi tri duge xéc dinh 1 L. Ttr d6 ta xée dinh duoe L =L- L. bé
thi ham gamma 1D ciing ‘nhr cac théng sb cdu tric lamellar cta cic
méu ETFE-PEM c6 GD =4,2-117% ciing dugc xéc dinh trong tr.

1) = 3)

Auong tuyén tinh

0 20 . 30 a0 E
r{nm)

Hinh 3. B4 thi ham gamma 1D va cich xdc dinh cac théng s& cau tric
lamellar ciia phim ban ddu original-ETFE.

Hinh 4 trinh biy dit lidu céc théng s6 clu tric lamellar L, L,

L, W_tinh duge tir him gamma 1D cla cc miu ETFE-PEM v6i
GD = 0-117%. Két qua cho thiy rang, chu ky lamellar (L) va bé day
lamellar v6 dinh hinh (L) ¢ thay 61 tuong tu theo GD. Cu thélal
va L, ting manh khi GD = 0-34%, sau 46 chiing chi thay d6i nho khi
GD > 34%. Trong khi 46 b day lamellar tinh thé (L) chi tang nhe
khi GD = 0-34%, saud6 L_giam nhe khi GD > 34%. Su thay doi cua
L,L,L, theo GD dén 161 két lugn rang, su thay d6i clia L ch yéu
do su lhay dbrcia L . g4y nén. Hay né1 céch khdc, cac polystyrene
ki di vio phim ban du original-ETFE chil yéu dinh xir trong pha
v6 dinh hinh ciia cu tric lamellar. Két qua ciia qua trinh nay I3 lam
cho bé day lamellar v5 dinh hinh léng khi GD ting, tirc 14 cling lam
cho L tng theo. Tuy nhién cAn lwu § ing khi GD > 34%, L, ting
nhe, L_giam nhe, trong kin d6 L héu nhur khéng thay dé1. Ngoal ra,
nhur d3 phin tich két qua tir hinh 2, cic polystyrene khéng d1 vio ciu
triic lamellar nita khi GD 2 34%. Céc két qua trén din dén két luan
ring, chi ¢o mot ly do duy nhét din dén L, . ting khi1 GD > 34% d6 12
do L giam va phan gidm di cla L_ bién thanh pha v dmb hinh cia
chu tric lamellar, din dén L, ting, Nhu viy, 50 véi cac cong bd trude
day [3-5), nhd vao vige sit dung ham tuong quan gamma 1D, nguon
gbe va sy 1y gidi vé sy hinh thanh va phat rién cuia cdc thong s6 cdu
tritc lameilar dugc sdng t6 v dly di hon.

Nhur trinh by trong hinh 4, gia tri ¢& Két tinh cuc bé (46 két unh
cita chu trixc lamellar) W =L /L gidm lién tuc kht GD =0-117%. Tuy
nhién tir cdc Két qua phan tich & trén, ching ta co thé truy nguyén
nguon ghe clia sy gidm gid tn W_1am hai giai doan. Giar dogn thir
uht véi GD = 0-34%. Trong giai doan ndy, gid trn W, gidm la do gid
tri L tang manh hon so v6i L. Giai doan thir 2 xay ra ¥oi GD > 34%.
Sur gidm cia W trong giai dogn ndy chu yéu do s suy giam ctia L,
nhu trinh bay trong hinh 4.
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Hinh 4. Céc thong s ciu tric lamellar L, L, L va W_ clia cic miu mang
din proton ETFE-PEM véi GD = 0-117%.

Két luan

Viée sir dung cAu tric cia ETFE-PEM véi GD = 0-117% lam
mang dén proton cho pin nhién ligu 43 duge nghlen ciru va phan tich
chi uét bang phurong phép tén xa tia X gdc nho va siéu nho. Két qua
cho thiy ETFE-PEM chita cAu tritc lamellar véi kich thude c& vai
chyc nm va chu triic kbt lamellar véi kich thude c& var tram nm. Sur
thay ddi cila chu ky lamellar theo GD chi yéu do s thay ddi ciia bé
day lamellar v6 dinh hinh géy ra. Hay né1 cich khac, cée polystyrene
@4 di vao clu tric lamellar va chii yéu dinh xir trong lamellar vé
dinh hinh khi GD = 0-34% Khi GD 2 34%, céc polystyrene khong
di vo ciu tric lamellar nira ma di véo chu triic khé1 lamellar. Khi
GD > 59%, su chuyén pha cAu triic tir khdi lamellar sang tdp hop
khdi lamellar & xy ra v& hinh thanh pha v6 dinh hinh mdi chi chira
polystyrene. Viing pha mé1 ndy ¢6 kha ning hép thy nudc cao va
hinh thinh cac kénh din proton. Didu déng luu y 1 bé day lamellar
tinh thé ciia cAu trixc lamelalr chi giam nhe khi GD > 34% va cAu tric
ndy ¢6 quan hé véi tinh chit co Iy cila mang.

101 CAM ON

Téc gid chan thanh cam on sy hd tro tai chinh tir Pai hoc Quéc
gia TP H6 Chi Minh théng qua dé tai Mang dién cire polymer sir
dung cho pm nhién ligu”, ma s6 C2017-18-]
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