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Tom tit:

Acid poly(styrene sulfonic) ghép mach poly(ethylene-co-tetrafluoroethylene) (ETFE-PEM) dugc tong hop bing phuwong
phép ghép mach khoi mao béi chiéu xa gamma, trong d6 phim ban dAu original-ETFE dwgc chiéu xa va ghép mach béi
monomer styrene (Grafted-ETFE), sau d6 sulfo ho4 dé tao thanh mang din proton. Cu tric lamellar ciia ETFE-PEMs
dugc nghién ciru nhur 12 ham ciia mirc 49 ghép mach (GD) béi phwong phap tin xa tia X géc nhé va siéu nhd. Két qua
cho thdy, vit ligu styrene chit yéu di vao pha vé dinh hinh ciia ciu tric lamellar vA 1am cho bé day viing nay ting, kéo
theo chu ky lamellar ting khi GD = 0-34%. Bé day lamellar tinh thé, cu tric c6 lién quan dén @9 bén co Iy ciia mang,
chi gidm nhe khi GD > 34%. Ngoai ra khi GD > 34%, c4c styrene khéng di vao ciu tric lamellar nira, ma chii yéu di vao
khéi cdu triic lamellar (tdp hep cac ciu tric lamellar). Qué trinh nay din dén chu ky lamellar khéng ting thém nira,
trong khi d6 cAu triic khéi lamellar c6 si phat trién manh mé khi GD > 34%.

Tir khéa: chiéu xa, lamellar, pin nhién ligu, tin xa tia X géc nhé.

Chi s6 phén loai: 1.4

Gidi thiéu tric lamellar, tirc la 9éu tric dang khoi tang trong dé cac pha tinh
the va vd dinh hinh sip xép c6 tinh tuin hoan, luin phién va cé dinh
hudng trong khong gian [3-5]. Chu ky lamellar (L) dugc xéc dinh la
qua céc phan (mg hoa hoc [1]. Thiét bj nay dang thu hit sr quan :;nﬁ }(]:}lahbida)ll]!amellar t.lPh th? (.LC) cong vGi be day lamellar v6
tdm nghién ciru manh mé nh¢ vao hiéu suét sinh ndng lugng cao inh hinh (L,) thong qua bieu thirc:
(40-60%), than thién v6i moi truong va hoat dong & khoang nhiét L=L +L 1))
d6 thap (~ 80-100°C) nén réat phi hgp trong sir dung cho céc thiét bj S S i "
di dong, cam tay va cac phuong tién vén tai [2]. B phén quan trong c(ru(igﬁ th;?gbgz cauhtr(liﬁ ]anll]elllatr,cua W‘:.t ]I;?(U po ly n;t?r dSuqc"n ghlein
nhét cua pin nhién liéu la mang dién cyc polymer (PEM) hay mang eray o cga ori gsp/\;‘(s ghp_ a/p [an xa }:? UFOC n °"( m‘} ;“g €
trao doi proton c¢6 chirc nang chinh 14 din proton (H") tir anode sang “y . erlljsg /;XS 6) ?;f. va sieu n [9.( Izt'}aFEmaE ang'e “ray
cathode va ngn cin khi H, i anode va O, tir cathode Khuéch tin 521" g Al é)c [thlo ng o :fltm;?:aa chan-g (‘LVLL%‘: ;’Z'g
va . : h : » b Ly
° maAng N o o ) , surthay doi theo quy trinh tdng hop mau ciing nhu theo mirc d¢ ghép
) Vit liéu thuong mai hién nay ding lam PEM la nafion ¢  mach (grafting degree - GD) [3-5]. Su thay ddi nay lam thay ddi cac
nhitng han ché o hiru nhu gia thanh cao, quy trinh ché tao phirc tap i cht phu vio chu tric lamellar nhu tinh dan proton, tinh hip thy
va tinh dan proton giém xuong nhanh chong khi o &m (RH) trong g dg bén co hoe, 46 bén héa hoc va d§ bén nhidt [1-3]. Méi lién
pin thap hoac nhiét 4o trong pin trg nén cao hon [2]. Tinh trang vira hé gitra cAu tric lamellar véi céc tinh chét cua mang I3 mgt thong tin
neu lam xuat h'?" mot "h‘,‘ cau cap bac:h, lé can nghién ciru nhfrr}g rét quan trong dé 6 dinh huéng kiém soat hodc ti wru hoa céu tric
v l'.'f-’“ moi d“hac “‘;f%‘,’ °°,‘hehFhayl the vat liéu nafion. Trong cA¢ 3 cho pin nhign liéu hoat dong én dinh, hidu qua va lau dai. Tuy
ve 1¢uhmm ang nghicn ctru thi poly(styrene sulfonlg.agld)-graﬂeAd nhién sy hinh thanh va phat trién cia cAu tric lamellar cling nhu cac
{,’; ly(:,ité 3’ l;ge-gg—tet;gﬁuo:;)ﬁth)f]exl‘:)lQE TFE'PFfM?,"O' ]eh" nhu mQ,t thong s cdu tric déc trung cua vat liéu ETFE-PEM theo mirc do
thégténg hqpybén;nphur:ﬁ;g glllé‘;)l (;,;n gl?;n ?zzig]} xg;abgf:n bg:'::;’ hca(; ghép mach van chua dugc giai thich mt cach day du, 0 rang va toan
: 4 bang " .. dién, boi vi cac xur Iy s0 liéu SAXS chi thuc hién trirc tiép ma khéng

nhan) va s& hitu nhitng tinh chat phi i la pin nhié - s i
lidu [)3 4] g tinh chat phu hop cho g dung ciia pin nhién thong qua viéc ap dung cac mé hinh toan hoc. Do dé, trong cong trinh

N ’ _ hghién ciu ndy, ching t6i s& phan tich chi tiét cic thong sb céu triic
MOt s6 nghién ciru true ddy cho thiy, ETFE-PEM c6 chiracdu  lamellar thay doi theo GD béng cac phuong phap xir ly phd SAXS

Pin nhién ligu mang dén proton la thiét bi dién hoé trong d6
nhién ligu hydro dwgc chuyén tryc tiép thanh nang lugng dién thong
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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-
PEMSs 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 = 34%.

Keywords: fuel cell, irradiation, lamellar, small angle
X-ray scattering.

Classification number: 1.4

va USAXS dé hiéu rd va toan dién hon vé cdu tric cua vt li¢u ghép
mach bure xa diing lam mang dan proton st dung trong pin nhién licu.

Thue nghiém

Vit liéu poly(ethylene-co-tetrafluorocthylene) (ETFE) ghep
mach acid polystyrene sulfonic (ETFE-PEM) dugce tong hop bing
phuong phip ghép mach khoi mao bing chiéu xa tia gamma. Phim
ban dau ETFE duge chiéu xa bing tia gamma tir nguon dong vi
phong xa Co" trong diéu kién co khi argon véi licu hap thy la 15
kGy. Sau khi chiéu xa, miu khao sit duge ngdm vao dung dich
styrene (trong dung méi toluene) vai cac nong do khac nhau o
nhiét do 60°C dé cho phan (mg ghép mach va tao thinh phim ghép
mach birc xa (Grafted-ETFE) xay ra. Mic do ghép mach (GD) cua
Grafted-ETFE duoc xdc dinh dua trén biéu thie [3, 4]

TAP CHI

HOA HOC ||,
NG NGHEVIQI Napy s0(@ 62018

Khoa hoc Ty nhién

Wo=-W,
“wo 2)
trong do W la khéi lugng ban diu cua mau, W la khoi lrong mau
sau khi ﬂhep mach. Mau Grafted- ETFE sau do nep tuc duoc ngam
trong dung dich acid chlorosulfonic nong dé 0,2M trong dung moi
1.2 dicloroethane & nhiét d6 50°C trong khoang 6 gio dé phan (mg
sulfo hoa xay ra. San pham sau cung thu duge 14 mang dan proton
ETFE-PEM (hay mang di¢n cuc polymer). Cac bude tong hop mang
dan proton ETFE- PEM bang phuong phap ghép mach khoi mao bai
birc xa gamma tir nguén Co® duoc trinh bay ¢ hinh 1.

GD (%) =

ETFE Gig ty do Grafted-ETFE ETFE-PEM

¢ - p— |y
22" [Tl = [ BT 28
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Chidu vp —— = | Ghiép mecn ‘S‘Y“'J’ Luu buiah hia ‘G‘_E','“-’-;..

Hinh 1. Hinh minh hoa cic budc tong hgp mang dan proton ETFE-PEM
bang phuong phap ghép mach khoi mao bai biic xa gamma tif nguon Co*.

Thue nghiém do tdn xa tia X goc nho (SAXS) va siéu nho
(USAXS) duoc lan lwot tién hanh tai Vién Khoa hoc Vat liéu Quoc
gia Nhit Ban (NIMS) va tai Super Photon ring-8 GeV (SPring-8),
Osaka, Nhit Ban. Tai NIMS, hai thiét bj phat tia X duoc st dung:
thiét bi Rigaku NANO-Viewer, Tokyo, Nhit Ban phat tia X dic
trung K cua Mo (&, = 0,07 nm) va thiét bi Bruker NanoSTAR, Dirc
phat tia X dac tumtT K, cua Cr (A = 0.23 nm). Bire xa déc trung K|
thu dugc sau do dlroc tanq cmmrr bing cdch str dung guong Gbel
cho nouon Cr va guong hai chiéu cho nﬂuon Mo. Cuodng do tan xa
2D ban dau dugc ghi nhin bfmn detector 2D (Bruker, HiStar, Dire),

sau do chuyén vé cuong dé 1D bang phan mém Igor Pro. Trong
thue nghi¢m ghi nhin cudng do tan xa, khoang cach gilra mau va
detector la 35 ¢m (dm voi nouon Mo) va 105.6 cm (dm Vol nouon
Cr). Do do, cudng dd tan xa duge ghi nhin twong (mg tai NIMS nam
trong dai gia tri ¢ = 0,1-10,49 nm™' (q la do lon vector tdn xa, duoc
tinh b%ng 4nsin®/h, voi 20 1a goc tan xa va A 1a budce song cua tia X
161). Tai SPring-8, thuc nghiém do USAXS st dung tia X lién tuc
co nang luong 18 keV plm ra do chuyén déng theo quy dao cong
chim tia electron. Twong ty nhu & NIMS, cuong do tan xa ban dau
thu duge tir detector 2D (PLATUS-2M) dugc chuyén sang cuong do
| D bing phan mém Igor Pro. Khoang céch gitta mau va detector la
42 m va cuong do tan xa duge ghi nhan trong dai gia tri vector tan
xa q = 0,0047-0,242 nm". Dir li¢u cuong do tan xa duoc két hop tir
két qua do ving tan xa goc nho hon o SPring-§ va ving dit li¢u tan
xa goc 16n hon tai NIMS thanh mot cwong do tan xa hoan chinh voi
dai gia tri q = 0,0047-10,49 nm".

Két qua va thao luan

Hinh 2 trinh bay s liéu SAXS/USAXS cua cdc mang dan proton
ETFE-PEM véi GD = 0-117%. Dya vio céc dic diém thay doi vé do
dée, dang dinh tan xa va cuong dé tan xa 1(q), SAXS/USAXS dugc
chia thanh hai viing, trong do viing [ vai I(q) co ql =0,15-15 nm"'

viving 1T vt I(g) 6 g, = 0,0036- O 15 nm''. Di vai ving 1, cuong
do tan xa 1(q) ting khi GD tang tir 4.2 dén 34% va ¢d xu hudng
khong thay d6i hodc thdm chi giam khi GD ¢6 gia tri lon hon 34%.
Phim ban dau original-ETFE ¢6 xuat hién dinh tin xa tai vi tri q,=
0,285 nm', twong (g véi do dai trong quan d, = 22,0 nm tinh thm
dinh lut Bragg d, = 2n/q,. Dinh tan xa tai vi tu q, = 0.285 nm™ ¢6
nounn gdc tir cdu 11 lic hmc.llm nhu da bao cao trong mot 50 nghién
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ctru trude day [3-5]. Vi tri dinh tén xa q, ctia phim ban déu original
ETFE bi dich chuyén vé phia c6 gi4 tri q, nho hon lan lugt cho céc
mau ETFE-PEM c6 GD = 4,2-39, 0% Cu thé I q, = =0,269; 0,258;
0,249; 0,244; 0,241 va 0,240 nm", twong (mg véi d, = 23,4; 24 4;
25,2; 25.8: 26,1 va 26,2 nm ddi véi ETFE-PEM co GD 4.2: 6.6;
8.8; 10,2; 19 va 34%. Két qua trén cho thay rang, cac polystyrene da
di vao céu trac lamellar va lam cho chu ky lamellar ting theo GD.
Khi GD > 34% dinh tan xa q, khong thay ddi vi tr, chimg to ring
polystyrene khong con di vao cau tric lamellar nia. Theo sur tang
dan gia tri cua GD, dinh tan xa tai vi tri q, c6 xu hudng thoai dén
va rong ra cho thay trat tr dinh huong ciia cac cdu tric lamellar cia
ETFE-PEM sau khi ting GD da giam di so véi phim ETFE ban dau.

Nhur vdy, s6 liéu SAXS/USAXS vung I cho théng tin chit yéu vé
céu triic lamellar. Khi GD tang, chu ky lamellar cung tang 1én do s
mo rong kich thwdc lamellar bai sy hién dién cia céc polystyrene.
Theo cac ket qua nghién ciru trude day [3-5], sy ting chu ky lamellar
(L) chu yeu la do sy ting kich thuéc lamellar v6 dinh hinh (L)
do cdc polystyrene di vao phim ETFE chu yéu dinh xir trong pha
vo dinh hinh cua céu tric lamellar. Tuy nhién céc nghién ciru nay

[3 -5]) van chua tinh chi tiét gia tri L, va L. Trat ty dinh hudng
cau trac lamellar cung chiu anh hucma bai su‘ mo rong kich thude
ctia pha lamellar vé dinh hinh. Céu triic lamellar dinh huéng ngau
nhién hon nhung khéng bi pha hiy hoan toan khi GD ting cao (GD
> 34%). Tuy nhién, nhimg thay doi vé céu tric lamellar do sur thém
vao polystyrene chi gi¢i han tai GD = 34% boi vi L khong ting khi
GD > 34%. Két qua trén din dén gia thuyet ring, khi GD > 34% hau
hét cac polystyrene da di vao ving cau tric khac bén ngodi cac cau
tric lamellar (nhur s& dénh gia 56 liéu SAXS/USAXS trong viing IT).

Hinh 2. 56 liéu SAXS/USAXS cila mang dén proton ETFE-PEM vdi GD =
0-117%.

Doi véi cuong do tan xa l(q) viing 1, sur thay d6i SAXS/USAXS
theo GD ¢6 thé chia thanh hai giai doan. Giai doan thir nhét c6 GD =
0-10% va giai doan thir hai c6 GD = 19-117%. Cac mau ETFE-PEM
o giai doan thir nhat c6 cuong do tan xa [(q) triing nhau tai q < 0,018
nm’!, tirc 14 céu tric cua vung co kich thude d > 349 nm khéng chiu
anh htr(mq bcn qua trinh ghép mach khi GD < 10%. Tuy nhién véi q
= 0,018 nm' (tirc ]a d <349 nm), CLrUng do tan xa I(q) co sur tdng lén
rd rét theo GD. Két qua trén ching t6 ring ¢ giai doan dau cua qua
trinh ghép mach (GD < 109 o), cac polystyrene khdng chi di vio pha
lamellar v dinh hinh cua cau tric lamellar nhu da thao luan o vang
I'ma con di vao céc ving khac (viing I1) ¢6 kich thuée 16n hon ciu
tric lamellar. Khoi lwgng polystyrene di vao cdc ving ny ting lén
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theo GD. Khi GD = 10,2% khoi lrgng polystyrene di vao viing I,
lam xuét hién mét dinh tan xa ¢6 nguon goc tir cau tric khoi lamellar
tai g, = 0,043 nm’' (tuong ting d, = 146 nm) [4].

Péi voi giai doan thir hai, I(q) tang manh trén toin vung, Il va
kém theo sur xudt hién hai dinh tin xa dang bo vai. Vi tri va su dich
chuyén cua dinh tin xa trong vung q > 0,018 nm" duogc quan sat
r6 hon so véi dinh tin xa trong ving q < 0,018 nm' . Cac dinh tan
xa ndy co su dich c]myen vé phla q nho hon ¢ cac miu ¢6 GD =
19-59%, sau d¢ dich chuyen vé phia q lon hon tai GD = 81% va lai
dich chuyén vé phia q thap déi voi cac mau ¢6 GD > 81%. Gid tri
dinh q, thay déi tir 0,024-0,033 nmr ' (tirc 1a d, thay doi tir 190-262
nm) khi GD = 19-59%. Tai gid tri GD = 81% vj tri dinh c6 gid tri a,
= 0,031 nm" (tire la d, = 202 nm). Cudi cung mau ETFE- PEM cod
GD = 117% c06 dinh 1an xa xuat hién tai gid tri q, = 0,029 nm™ (tirc
la d, =217 nm). Céc két qua trén cho thay rang, polystyrene c6 xu
hr.rUng di vao pha lamellar vd dinh hinh cta cau tric khdi lamellar
cang nhiéu khi GD tang dan dén chu kyd, cung tdng theo. Tuy nhién
gia tri d, chi ting cho tdi mau ETFE-PEM c6 GD =59%, sau do dot
nhién gJam tai cac méu ¢d GD = 59-81%. Dleu nay ¢6 thé dan dén
gia thuyét rang, da ¢6 su chuyen d6i pha cau tric xay ra khi lugng
polystyrene di vao mang dan proton ETFE-PEM dat mét gia tri du
lon. Khi gid tri GD > 59%, cac polystyrene da di vao lamellar vo
dinh hinh ciia cdu tric khoi lamellar bit dau khuéch tan ra ngoai, d'm
dén sur giam gié tri d, [4]. Nhu véy, SAXS/USAXS viing Il cung cap
thdng tin cau tric ¢6 kich thude 1én hon cau triic lamellar. Sy xudt
hién cua cac polystyrene ¢ cic ving c6 cau tric 16n hon nay (cdu
triic khéi lamellar) lim thay d6i manh mé cau tric lamellar cia phim
ban dau original-ETFE.

Tom lai, qua trinh ghép mach véi GD = 0-117% da lam cho
ciu tric lamellar cua phim ban dau original-ETFE c6 sur bién doi
phirc tap Céu tric lamellar c6 sumo rong kich thude do polystyrene
dinh xr & pha lamellar v6 dinh hinh cua cdu tric lamellar. Trat tur
va dinh huéng cia cac cdu tric lamellar tro nén yéu hon khi ting
GD. Tai céc viing ¢6 kich thude 16n hon cdu tric lamellar (tlc la
cdu tric khi lamellar), su c6 mat cua polystyrene lam cho céu tric
khoi lamellar bién déi manh. Céu tric nay dugc hinh thanh khi GD
> 10%. Ngoai ra, mot su chuyen doi pha cdu tric xay ra khi GD >

59% va tao thanh pha mai gom tap hop cac khdi lamellar véi kich
thude nho hon khoi cau tric lamellar ban dau xen k& vung vo dinh
hinh m&i chira chu yeu vat liéu ghép mach polystyrene. Mic du ¢6
nhiéu bién doi trong cdc cau tric khi GD tang, nhung cac tinh thé
lamellar khong bi phé hiy trén toan bo pham vi ghép mach. Do do,
cdc mau ETFE-PEM vdi cic gia tri GD cao (GD > 59%) van duy tri
duge do bén co hoc cua phlm ban dau original-ETFE mic du pha vo
dinh hinh c6 sy phat trién dang ké. Su ton tai cic pha vo dinh hinh
chira polystyrene trong cau tric lamellar, dic biét 1a cdu tric khéi
lamellar, khién cho nhiing viing nay co kha ning hap thy nude va
tao ra cac kénh dén proton. Hay néi cach khéc, su hinh thanh va phat
trién céc cau tric lamellar, khoi lamellar, c6 lién quan tryc tiép dén

d6 bén co ly, kha ning h'lp thu nude va tinh din proton cua mang
ETFE-PEM.

Mic dit mot s6 thong tin vé céu tric lamellar c6 thé thy duge khi
xét dén vitri dinh tan xa va ding diéu cua cmmg dd tan xa l(q), cac
thong s6 cAu tric khac nhur bé day lamellar vo dinh hinh (L B bé day
lamellar tinh thé (L ) hofic d6 két tinh cuc bo W, = L/L khong thé
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tinh duoc truce tiép tir I(q). Tuy nhién cac thong s6 cdu tric néu trén
¢6 thé tinh duoc tir ham gamma 1D theo biéu thirc [6]:
157 a*1(q) cos(qx)dq

w= Iy qa%1(q)dq 3)

Trong biéu thire (3), I(q) va q duge ldy tir s6 lidu thue nghiém
trinh bay trong hinh 2. D6 thi him gamma 1D ciia miu ban déu
original-ETFE dugc cho boi hinh 3. TLI hinh 3, chiing ta d& dang xdc
dinh duoc chu ky lamellar (L) tir vi trf cuc dai dau tién. Puong tuyén
tinh véi do thi ham gamma 1D kéo dai sé giao v&i dudng co so tai
vi tri duge xdc dinh [a L. Tir d6 ta xdc dinh duge L =L - L. Po
thi ham gamma 1D ciing nhu céc thong s6 ciu tric lamellar ciia céc
mau ETFE-PEM c6 GD =4,2-117% ciing dugc xdc dinh twong ty.

duding cd sd
05 1 1 L. 1

(] 10 20 30 a0 50 50
r(nm)

Hinh 3. Dd thi ham gamma 1D va céch xic dinh cic thang sd ciu tric
lamellar cdia phim ban dau original-ETFE.

Hinh 4 trinh bay dir lidu cic théng sb cdu triic lamellar L, L,

L., W_tinh dugc tir him gamma 1D cua cic mau ETFE-PEM voi
GD 0-117%. Két qua cho thay tang, chu ky lamellar (L) va bé day
lamellar v dinh hinh (L ) c6 thay d6i twong tu theo GD. Cu thé la L
va L_tang manh khi GD = 0-34%, sau d6 ching chi thay d6i nho khi
GD > 34%. Trong khi d6 bé day lamellar tinh thé (L)) chi ting nhe
khi GD = 0-34%, sau d6 L_ giam nhe khi GD = 34%, Sll’ thay doi cua
L,L,L, theo GD dan t6i két ludn ring, sur thay déi cua L chi yéu
do su thay doi cia L , gy nén. Hay noi cach khac, cac polystyrene
khi di vao phim ban dau original-ETFE chu yéu dinh xir trong pha
v6 dinh hinh cua cdu tric lamellar. Két qua ctia qua trinh nay I lam
cho bé day lamellar vo dinh hmh tang khi GD ting, tirc 1 cling lam
cho L ting theo. Tuy nhién can lru y rang khi GD > 34%, L, tang
nhe, L_giam nhe, trong khi do L hiu nhur khéng thay doi. NQO(“ a,
nhu da phan tich két qua tir hinh 2, cic polystyrene khong di vao ciu
tric lamellar nira khi GD 2 34%. Cac két qua trén dan dén két ludn
rang, chi co mot ly do duy nhat dan den L, ting khi GD > 34% d¢ la
do L_giam va phan giam dicua L, bién thanh pha v0 dinh hinh cua
chu tric lamellar, din dén L ,lang, Nhur vily, s0 véi cic cong bo trude
day [3-5], nho vao vige su dunL ham tuong quan gamma 1D, nouou
goc va sur ly giai vé sur hinh thanh va phat trién cta cac thong so ciu
triic lamellar duge sang to va diy du hon.

Nhu trinh bay trong hinh 4, gia tri do két tinh cuc bo (d6 két tinh
cua caulmclamellar)w L/L giam lién tuc khi GD = 0-117%. Tuy
nhién tr cac két qua phan tich  trén, chun5 ta ¢ thé truy nguyén
nguon ghe clia sy giam gid tri W_lam hai giai doan. Giai doan thir
nhat véi GD = 0-34%. Trong giai doan nay, gid trj W_giam la do gla
tri L tang manh hon so véi L . Giai doan thir 2 xay ra v6i GD > 34%
Sw giam cua W_trong giai doan ndy chi yéu do sy suy giam cua L
nhu trinh bay trong hinh 4.
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Hinh 4. Cac thong sé cu triic lamellar L, L, L_va W, clia cac mau mang
dan proton ETFE-PEM véi GD = 0-117%.
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Viéc sir dung cdu trac cia ETFE-PEM vé6i GD = 0-117% lam
mang dan proton cho pin nhién liéu da duoc nghién ctru va phén tich
chi tiét bang phuong phép tan xa tia X goc nho va siéu nho. Két qua
cho thiy ETFE-PEM chura cdu tric lamellar véi kich thude c& vai
chuc nm va ciu tric khoi lamellar véi kich thude ¢ vai tram nm. Sy
thay dbi ctia chu ky lamellar theo GD chu yéu do su thay doi cua bé
day lamellar v6 dinh hinh gdy ra. Hay noi cach khac, cac polystyrene
da di vo cau tric lamellar va chi yéu dinh x\ trong lamellar vo
dinh hinh khi GD = 0-34%. Khi GD 2 34%, cic polystyrene khong
di vao céu tric lamellar nira ma di vao cau tric khoi lamellar. Khi
GD > 59%, sw chuyén pha cdu tric tir khdi lamellar sang tap hop
khdi lamellar da xay ra va hinh thanh pha vo 0 dinh hinh mai chi chira
polystyrene. Ving pha mgi nay co kha ning hap thy nude cao va
hinh thanh cac kénh dan proton. Piéu dang luu y 1a bé day lamellar
tinh thé cua cdu tric lamelalr chi giam nhe khi GD > 34% va céu triic
nay c6 quan hé voi tinh chit co ly clia mang.

LG1 CAM ON

Téc gia chan thanh cam on su ho tro tai chinh tir Dai hoc Québc
gia TP H Chi Minh thong qua dé tai “Mang dién cuc polymer sir
dung cho pin nhién li¢u”, mi s6 C2017-18-19.
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