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Tom tat: Thing giang mat d6 dién tir hién dién khip noi trong dit liéu cuong do tan xa tia X
g6c nhd (SAXS) nhung anh huong rat Ion va nghiém trong déi véi cac cau trac duoc ghi
nhan ¢ vung vector tan xa goc 16n bai vi dong gop cua théng giang mat d¢ dién tu tai vung
nay lén hon 90% trong téng cuong do tan xa. Vat liéu mang din proton poly(ethylene-co-
tetrafluoroethylene) ghép mach poly(styrene sulfonic acid) (ETFE-PEM) chira cac cau trac vi
mO Véi cac kich thudc khac nhau gom cau trac lamellar, cau tric ving chuyén tiép pha va
ciu trdc ving dan proton. Céc cau tric ndy c6 méi quan hé chit ché vai cac tinh chat cua
mang nhu tinh dan proton, tinh hap thu nudc, do bén co 1y, d6 bén héa hoc, do bén nhiét va
cac tinh chat khac nén cd lién hé vai hiéu qua hoat dong va hiéu suat cuaa pin nhién liéu.
Trong nghién cau nay, chung toi sa dung md hinh Vonk béc 6 (Vonk 6) dé danh gia thang
gidng mat do dién tir anh huong 18n cac cAu tric vira néu bang phuong phédp SAXS. Két qud
nghién ctu cho thiy thing giang mat do dién tir anh huong manh mé 1én bé day ving chuyén
tiép va cau tric ving dan ion nhung khong dang ké 1én cau tric lamellar.

Tw khéa: ETFE-PEM, Tan xa tia X géc nho (SAXS), thang giang mdt d¢ dién tw, pin nhién
ligu.

1. MO DAU

Pin nhién liéu mang dan proton (PEMFC) la thiét bi san xuit dién nang truc tiép tir nhién
liéu hydro théng qua cac phan tng dién héa. Cau tao va nguyén Iy hoat dong cia PEMFC duoc
mo ta trong Hinh 1, trong d6 nhién liéu hydro di vao anode dugc xuc tac va tach thanh céac proton
va electron [1]. Cac proton sau d6 di qua mang dan proton (hay mang dién cuc polymer — PEM)
sang cathode trong khi cac electron di ra mach ngoai thanh dong dién. Tai cathode, proton va
electron gap oxy trong khéng khi tao ra phan ung sinh hoi nudc va nhiét theo cong thirc mo ta
trong Hinh 1. Pin nhién liéu dang 1a chu d& nghién ciru duoc quan tam dic biét vi nd gitp giam
su phu thudc vao ngudn ning luong héa thach va giam su 6 nhiém khang khi do khi hoat dong
PEMFC chi thai hoi nuéc va nhiét ra méi truong. PEMFC ¢6 thé eng dung vao rat nhiéu linh virc
trong doi sdng vai hiéu suit chuyén d6i ning luong cao (40-60%) nhu cac nha may phat dién 16n,
cac thiét bi di dong cam tay, dac biét 1a cac phuong tién giao théng van tai nhu 6 t6, tau dién [1].
PEM la mot trong nhiing thanh phan quan trong nhit cia PEMFC, ¢6 chirc nang dan proton tir
anode sang cathode va ngin sy tham thau khi Hz, O2 qua mang.
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Hinh 1: Nguyén ly hoat dong cua pin nhién li¢u hydro.

Vit liéu mang dan proton hién dang duoc st dung thuong mai la Nafion cia hdng DuPont.
Tuy nhién mang nay c6 mot sé khuyét diém nhu quy trinh ché tao phuc tap, tinh dan proton giam
nhanh chéng khi d6 4am (RH) thip hozc nhiét d6 cao va dic biét Ia gia thanh rat cao [2]. Do d6 c6
rat nhiéu nghién ctru da dugc thuc hién dé tao mang PEM dua trén céc vat liéu nén khac nhu
chudi hydrocarbon mach thang, mach vong hay mach thom, loai ¢ fluor hodc khdng c6 flour
trong phan tir dé thay thé Nafion [3-5]. Trong cac loai vat liéu moi dang duoc nghién ciu thi
poly(ethylene-co-tetrafluoroethylene) ghép mach poly(styrene-sulfonic acid) (ETFE-PEM) noi
1én nhu 1a mot ang vién tiém ning bai vi vat liéu nay cd gia thanh canh tranh, dwoc tong hop don
gian bang phuong phap chiéu xa hat nhan va cé nhiing tinh chat phi hop dé s dung cho pin
nhién liéu [6,7]. Nhitng tinh chat can thiét caa mang dan proton dé pin nhién liéu hoat dong hiéu
qua va lau dai bao gom tinh dan proton, tinh hap thy nudc, tinh bén co hoc, tinh bén nhiét, bén
hoa hoc, kha nang ngan tham thau khi, va do két tinh. Nhiing tinh chat trén c6 lién quan mat thiét
dén cau tric cia mang nhu cau tric rong kich thudc nano hoic dudi nano, cau tric tinh thé, cau
trac vo dinh hinh, cAu tric viing chuyén tiép, va cau tric ving dan ion. Viéc nghién ciru mdi quan
hé giira cau trdc va tinh chat caa mang dan proton Ia rat quan trong trong viéc cai thién va nang
cao hiéu suit, d6 bén va kha niang hoat dong trong nhiéu diéu kién khac nghiét khac nhau (6 am
thap, nhiét do cao, hoat dong lién tuc trong thoi gian dai, va sy anh huéng do cac nhom tu do
Xuat hién trong qua trinh hoat dong) cua pin nhién liéu.

Phuong phap tan xa tia X goéc nho va siéu nho (SAXS/UASXS) dua vao hién tugng giao
thoa cua cac tia X tan xa trén mot cau trac c6 dinh hudng hozc tuan hoan tao nén cac dinh tan xa
tuong ty nhu phuong phap XRD nhung do ¢ goc nho hon (do goc tan xa dudi 5°). Phuong phap
SAXS/USAXS ¢6 uu diém 16n nhat dé nghién cau tric caa PEM boi vi phuong phap nay c6 thé
nghién ctu ciu trac da pha, da kich thudc, da hinh dang, su tuong tac va chuyén doi qua lai giira
cac pha, kich thudc, va hinh dang khac nhau dua vao cac quy luat Porod, quy luat Guinier, mé
hinh Ruland, ham twong quan mat do dién tt, ham phan b6 mat chuyén tié’p, hay phan tich 56 liéu
SAXS theo cac md hinh toan hoc khac nhau v.v.... [6]. C4c nghién ctiu gan day sir dung phwong
phap SAXS/USAXS chi ra ring ETFE-PEM c6 cau tric lamellar (hay con goi Ia cau tric 16p
hodc khéi tang) & viing vector tan xa goc nho, ciu trdc bé day ving chuyén tlep pha (gitra pha
tinh thé va pha vo dinh hinh) ¢ viing vector tan xa goc nho trung binh, va cau tric ving dan
proton ¢ vung vector tan xa goc 16n [7-10]. Trong vat liéu polyme cac thang giang mat do dién tir
do su chuyén dong nhiét, do sai hong trong cau tric cua tinh thé, va do sy hinh thanh ciu tric
viing dan ion (cau trdc nhém polystyrene sulfonic acid dbi voi vat lieu ETFE-PEM) dong gop
khoang hon 90% cudng do viing vector tan xa goc 1on [6]. Do d6 viéc phan tich chi tiét cac thong
sd Cau trac vira néu chi c6 duoc sau khi loai trir dong gop cua thing gidng mat do dién tir nay.
Trong nghién ctu nay ching tdi 4p dung phuong phap Vonk bac 6 (Vonk 6) dé tinh toan thing
giang mat do dién tir va danh gia sy anh huong cua ching lén cac ciu trdc vira néu.



2. THU'C NGHIEM

2.1. Tong hop miu

Quy trinh tong hop mau duoc mo ta trong Hinh 2 trong d6 phim ETFE duoc chiéu xa bang
tia gamma ciia nguon Co® véi suét liu 15 kGy/h (tong licu la 15 kGy) trong moi truong khi
argon & nhiét do phong roi ngdm trong dung dich styrene trong toluene ¢ 60°C dé tao thanh
ETFE ghép polystyrene dugc goi la ETFE ghép mach (Qrafted-ETFE). Viéc lua chon suat lieu 15
kGy/h dé kiem soat hi¢u tng gheép mach xady ra cao nhat so véi cac hiéu ung khac co the xay ra
dong thoi nhu khau mach va cat mach. Sau d6 mau Grafted-ETFE dwuoc ngam trong axit
chlorosulfonic 0,2 M trong 1,2-dicloroethane ¢ 50°C trong 6 gio roi rua sach bang nuac tinh
khiét (200 ml) & 50°C trong 24 gio @€ thu dugc mang poly(styrene sulfonic acid) ghép mach
ETFE (ETFE-PEMS). Muc d6 ghép mach (GD) duoc xac dinh nhu sau:

GD (%) = 100*(Wg — Wo)/Wo (1)
trong d6 Wo va Wy lan luot 1a khi lugng clia mang trudc va sau khi tring hop ghép [6,7]. Trong
bai b&o nay, cac mau ETFE ban dau chua chiéu xa va mang ETFE-PEM c6 GD khéc nhau lan
luot 1a 19%, 34% va 59% dugc nghién ciu.
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Hinh 2: Quy trinh téng hop mau ETFE-PEM bang phuong phap ghép mach khoi mao boi chiéu xa tia
gamma tir nguon Co®°.
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2.2. Thuc nghiém tan xa tia X goéc nhé
Thuc nghiém do SAXS duoc tién hanh tai Vién Khoa hoc Vat liéu Qubc gia Nhat Ban
(NIMS) trén 2 thiét bi phat tia X 1a Rigaku NANO-Viewer sir dung bia phat tia X 1a Mo (Ay =
0,07 nm) va thiét bj Bruker NanoSTAR st dung bia phat tia X 1a Cr (A« = 0,23 nm). Cuong d6
tan xa ban dau dugc ghi nhan bang detector 2D, sau d6 chuyen vé cudng do 1D bang phan mém
Igor Pro. Vector tan xa q tong hop tir hai thiét bi trén c6 dai gié tri tir 0,1 — 10,5 nm™, véi vector
tan xa q duoc tinh bang cong thuc:

4sin @
= 2
: @

trong d6 20 13 goc tan xa va A 1a budc song cua tia X téi. Quy trinh do mau chi tiét da duoc néu
trong cac céng bo trude day cua nhom [6,7]. Khoang cach twong quan d (hay con goi la kich
thudc twong quan hoac Bragg-spacing) dugc tinh theo cong thic:

d==" 3)

q
Cong thic (3) cho thay rang véi gia tri vector tdn xa g cang 16n thi kich thudc twong quan d
twong tng cang nho va nguoc lai. Véi dai gia tri q do duoc (0,1 — 10,5 nm™) thi kich thudc twong
quan d = 0,6 — 63 nm. M6 hinh do tan xa tia X goc nho duoc trinh bay trong Hinh 3.
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Hinh 3. M6 hinh thyc nghiém do SAXS.



3. KET QUA VA THAO LUAN

Hinh 4 trinh bay gian do tan xa tia X géc nho cia mang dan proton ETFE-PEM véi GD =
59%. Cac ciu trac dic trung cia ETFE-PEM thé hién trong hinh bao gdm céu tric lamellar (q =
0,1-0,6 nm™* twong wng d = 10,47 — 63 nm), cau tric ving chuyén tiép (q = 0,6 — 2,5 nm'1 tuong
tng d = 2,51 — 10,47 nm) va cAu tric cia nhém polystyrene sulfonic acid (=2,5-6nm’ ! trong
tng d = 1,05 - 2,51 nm) [6,7]. Cuong do SAXS gidgm nhanh tir dinh ciu truc lamellar theo q3°
ngang qua cau trdc ving chuyén tlep va tré nén khong doi tai vi tri g = 2,5 nm™%. Cuong d6 SAXS
chi hoi ting nhe tai vi tri dinh cau tric nhdm polystyrene sulfonic acid (q = 4 nm™) va sau d6
ting lén manh m& trong viing g = 6 — 10,5 nm™L. Sy ting 1én cia cuong d6 SAXS trong ving q =
6 — 10,5 nm™ (amorphous halo) 1a do thiang giang mat do dién tir va cudng dod pha vo dinh hinh
dac trung cua vt liéu polymer [6]. Thang giang mat d¢ dién tu hién dién khép noi trong toan b
phd SAXS nhung chi dong gop dang ké vao cuong do SAXS téng tai ving vector tan xa goc 16n,
noi cudng do tan xa tir cac cau tric 1a nho. Theo mot s6 bao cao trude day [6] thi thing giang mat
do dién tor dong gop toi 90% hodc 16n hon trong vung gid tri g lon dbi vai vat lieu polymer. Do
d6 danh gia anh huong cua thing giang mat do dién tir 18n cac cau tric xuat hién trong ving q lon
va loai trir chiing trugc khi phan tich phd SAXS 1a qua trinh xir Iy khong thé bo qua. C6 mot sb
phuong phép danh gia dong gop ving thing giang mat do dién tir trong cuong d6 SAXS tong da
duoc trinh bay trong cac cong bd cua Bonart [11], Ruland [12] va Vonk [13]. Trong khi Bonart
xem thang giang mat do dién tir va cudng do pha vo dinh hinh nay Ia hang sé thi Ruland va Vonk
da dé xuit lan luot theo cac cong thire (4) va (5) nhu 13 ham phu thudc vao vector tan xa q:

I, (a) = FI xe™ (4)
Iy (a) = F1+Bq" (5)

Trong cong thuc (4) va (5), Fl 1ah¢ s6 thing glang mat do di¢n tu; a va B la cac h¢ s6 1am khap;
va s6 mii m duogc goi 1a bac caa cong thire Vonk va nhan gia trj 1a cac sb chan (2, 4, 6, 8).
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Hinh 4: Gian d6 tan xa tia X goc nho cia mau ETFE-PEM 59% va céc Chu trac ddc trung bao gom cu
trdc lamellar, cau tric vung chuyén tiép va cau trdc nhom polystyrene sulfonic acid.

Trong khi phuong phép Bonart va Ruland 1an lugt dédnh gia qué cao hoic qua thap thing
giang mat do dién tur thi trong phuong phap Vonk c6 thé linh hoat sir dung céc bac da thic khéac
nhau bang cach thay doi gia tri m (2, 4, 6, 8) [10]. Theo cdng thuc (5), ham Vonk s& ¢ dang
duong thang y = Bx + Fl véi x = g™ nén dé tinh cac tham sé B va FI thi phai 1am khop tuyén tinh
db thi 1(q) theo g™. Hinh 5 trinh bay chi tiét do thi I1(q) theo g™ véi m = 4, 6, 8 cho mau ETFE-
PEM 19% va danh dau ving 1am khép tuong tng cho mdi bac da thuc. Gid tri Fl thu duoc tir
Hinh 5 d6i véi m = 4, 6, 8 lan luot 14 0,258; 0,507; va 0,681. Nhu vay viéc sir dung phuong phap
Vonk véi da thic bac cang lon thi gid tri F1 thu duoc cang 1on.



ETFE-PEM 19% ETFE-PEM 19% ETFE-PEM 19%
2.0F 1 20} 1 20

Ving lam khép (Vonk 4) Viung lam khép (Vonk 6) Vung lam khép (Vonk 8) -’

15}

I(g) (cm™)

I(q) = 8,62x107¢° + 0,507 ] I(q) = 6,85x10°g° + 0,681

I(q) = 1,11x10%q* + 0,258

05 by { 05 0

0.0 5.0x10° L0x10" 0.0 5.0x10° L0x10° 0.0 50x10  LOXIO®  L5q0’
q* (hm") q° (nm”) q° (nm’®)
Hinh 5: D6 thi va vaing 1am khép bang cong thirc Vonk 4 (a), Vonk 6 (b) va Vonk 8 (c) cia mau mang
dan proton ETFE-PEM 19%.
Tiép theo ching t0i dwa ra h¢ s6 dong gop H(%) dugc dinh nghia 1a ty s6 cua Ir(q) chia
cho cuong do tan xa tong I(q) nhu trinh bay trong cong thirc (6):

H (%) = IF'—(q) x100% . (6)
1(a)

Dya vao cac két qua lam khop trong Hinh 5, cac gié tri H(%) cua ETFE-PEM 19% duoc
tinh toan va trinh bay trong Hinh 6 trong toan dai gia tri vector tan xa g. Két qua Hinh 6 cho thiy
rang cong thizc Vonk véi m = 4 (Vonk 4) hoic 8 (Vonk 8) danh gia H(%) qua thap (50 — 80%)
hoac qua cao (100 — 130%) trong khi céng thac Vonk véi m = 6 (Vonk 6) cho H(%) =80 —
100% trong vlng gia tri vector goc 16n (q = 2 — 7 nm™). Hay ndi cach khac Vonk 6 cho két qua
hop Iy cho su dong gop thang giang mat do dién tu trong vat liu polymer [10]. Két qua tinh toan
tuong ty ciing thu dugc cho cac mau con lai. Do do trong cac phan tiép theo cua bai béo, ching
t6i s& sir dung cong thirc Vonk 6 dé tinh toan va danh gia anh huong cia thang giang mat do dién
tir 18n cac cau trac vi mo ciia ETFE-PEM.
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Hinh 6: Su dong gop cua thang giang mat d dién tu trén cuong d6 tan xa tong (H) cua toan bo dai vector
tan xa cia mau ETFE-PEM 19% duoc tinh bang ham Vonk bac 4, 6 va 8.

Két qua tinh toan gia tri H dua vao cong thac Vonk 6 ddi véi cac mau ETFE-PEM c6 GD
=0, 19, 34 va 59% duoc trinh bay trong Hinh 7. Hinh 7 cho thay gia tri H < 2% trong viing ¢ =
0,1 — 0,6 nm™, sau d6 ting nhanh chong tir 2 dén khoang 60 — 95% trong ving q = 0,6 — 2,5 nm™*
va dat gia tri 6n dinh ~ 100% trong viing g = 2,5 — 10,5 nm™. Két qua trén cho thiy ring dong
gop cua thang gian mat do dién tir 1 khong dang ké, c6 thé bo qua trong ving gia tri vector tan
xa goc nho (q < 0,6 nm™) nhung tré nén rat quan trong trong viing gié tri vector tan xa géc 16n (q
> 2 nm™). Ngoai ra két qua lam khop trinh bay trong Bang 1 cho thay rang gia tri FI (0,507;
0,519; 0,436) cua ETFE-PEM véi GD = 19, 34 va 59% lan luot 16n hon khoang 65, 69 va 42%
so v6i mau ETFE ban dau (0,307). Giéa tri Fl cha ETFE-PEM vé6i GD = 19, 34, va 59% cao hon
mau ban dau c6 thé giai thich do su ting 1én khdi lwong vat liéu polystyrene sulfonic acid ghép



mach. Cha y rang vt liéu ghép mach dua vao phim ban dau hoan toan ton tai 1a dang v dinh

hinh.
100} 10000 yonke 110} <)
= QOriginal ETFE
] 80F .« ETFE-PEM19% 100 2
s ETFE-PEM 34% ] X
L ~ 60} ETFE-PEM 59% L1 BN g
S 60 Vonk 6 IS e IS % :
< »  Original ETFE = 0l = ' . Or
z 40 . ETFE-PEM 19% T 40 S T . S?EES‘E"EE&E%%
+ ETFE-PEM 34% - R :
20 + ETFE-PEM 59% 20t 70 piw't . EEEEEM 233:
o = — 0 — o
0123456 78 910 03 06 09 1.2 15 18 21 24 3 4 5 6 7 8 9 10

g (nm*)

g (nm*)

g (nm*)

Hinh 7: D4 thi vé sy dong gop cua thing gidng mat do dién tir 1én cuong do tan xa tong (H) ctia cac mau
ETFE-PEM c6 GD khac nhau khi dugc tinh bang ham Vonk 6 trén toan dai vector tdn xa (a); trong
khoang q=0,1-2,5 nm (b); va véi g > 2,5 nm? (c).

Bang 1: Cac két qua lam khép ciia ham Vonk 6 cho cac mau ETFE-PEM ¢6 GD khéc nhau.

Mau B FI
ETFE ban dau (5,26 £ 0,12) x 107 0,307 + 0,007
ETFE-PEM 19% (8,62 +0,08) x 10 0,507 + 0,007
ETFE-PEM 34% (9,90 + 0,48) x 107 0,519 + 0,026
ETFE-PEM 59% (9,83 +£0,05) x 107 0,436 + 0,004

Hinh 8 trinh bay cuong d6 SAXS trudc (1(q)) va sau khi trir thang giang mat do dién tu
(1(q) — 1r(q)) ctia mau ETFE-PEM 59% trong ving q = 0,1 — 2,5 nm™®. Nhu di trinh bay trong
Hinh 3, viing gia tri q nay chtra cau trdc lamellar va ciu triic ving chuyén tiép. Nhu mong doi, vi
tri (q = 0,272 nm™ tuong wng d = 23,1 nm) va hinh dang dinh lamellar khong thay doi sau khi trir
Ir(Q) boi vi dong gop cua lr(q) trong vung gia tri g nay la rat nho (H < 2%, xem Hinh 7). Tuy
nhién, trong ving hi¢n di¢n cau trdc chuyen tiép (9 = 0,6 — 2,5 nm™), gia tri va d6 dbc cua 1(q)
thay d6i mot cach déng ké va r6 rang. Cu thé 12 1(q) thay doi theo q3° sang ¢ trudc va sau khi
trir Im(q). Két qua nay pho hop rat tot voi dong gop cua Ir(q) nhu trinh bay trong Hinh 7. Hay noi
cach khac viéc xac dinh bé day vung chuyén tiép trong vung q = 0,6 — 2,5 nm’ ! chi ¢6 thé thuc
hién sau khi loai bo déng gop cua Ir(q). Su thay doi manh mé cuaa 1(q) sau khi trir Ir(q) trong
viing g = 0,6 — 2,5 nm! ciing thu dugc cho cac mau con lai.
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Hinh 8: Cuong d6 SAXS trude (1(q)) va sau khi trir thang giang mat do dién ta (1(q) —
mau ETFE-PEM 59% trong viing g = 0,1 — 2,5 nm™,

IFi(q)) cua



Hinh 9 trinh bay cuong do0 SAXS trudc (9al, 9bl, 9cl, 9d1) va sau khi trir Ir(q) (9a2,
9b2, 9¢2, 9d2) cua cac mau trong ving q = 2,5 — 10,5 nm™*. Trudc khi trir 1r(q), cuong do 1(q)
ciia mau ban dau ETFE va ETFE-PEM 19% khéng c6 bat ky dinh tan xa cuc dai nao trong khi
cac mau ETFE-PEM 34 va 59% xuat hién dinh cuc dai tai q ~ 4 nm™ twong ¢ng véi kich thuéc
tuong quan d ~ 1,57 nm. Binh cuc dai nay dugc quy cho cau tric caa nhém polystyrene sulfonic
acid [7,8]. Hinh dang céc dinh SAXS cuc dai tai @ = 4 nm™ (Hinh 9c1, 9d1) phan b rong cho
thiy cac nhom polystyrene sulfonic acid cd trat tu va twong quan yéu. Ngoai ra, dinh cuc dai
SAXS c6 hinh dang khong d6i xung, tic 1 chan bén trai thap hon trong khi chan bén phai cua
dinh cao hon do nam trén nén cua cuong do tan xa Ién do thang giang mat do dién tir va pha vo
dinh hinh. Sy phan b bi bién dang nay khién cho viéc phan tich va xir 1y dinh (nhu lam khop
hinh dang dinh, tinh dién tich dinh va gi4 tri bé rong tai mot nira chiéu cao cuc dai) tré nén kho
khan va kém chinh xac. Sau khi loai trir déng gop ctuia cuong do thang giang, hinh dang dinh da
tré nén can bang va nhon hon (Hinh 9¢2, 9d2) nhung vi tri dinh phd khong thay doi. Ngoai ra,
cuong do cua dinh cuc dai giam di rat nhiéu (khoang 95%) so vai truée khi trir Ir(q). Két qua
trén cho thay rang Ir(q) anh huong dang ké 1én cuong do tan xa tong, hinh dang va phan bé dinh
cuc dai cua 1(g) tai vung gid tri vector tan xa goc I6n (g > 2,5 cm™)
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Hinh 9: Phé thuc nghiém SAXS ban dau (1()) va sau khi trir thang giang tinh theo Vonk 6 (1(q)—Ir(q))
cua cac mau ETFE ban dau (a), ETFE-PEM 19% (b), ETFE-PEM 34% (c) va ETFE-PEM 59% (d).

4. KET LUAN

Thing giang mat do dién tir hién dién khap noi trong dir liéu tan xa tia X géc nho nhung
anh huaong rat 1on ddi véi cac cu tric nano xuat hién & viing vector tan xa goc 16n. Viéc khao sat
cac ham Vonk cé bac khac nhau dua trén théng sé H (sy dong gop cua thing giang mat do dién
tir 1én cuong do tan xa tong) cho thiy ham Vonk bac 6 1a phd hop nhat dé tinh toan va danh gia
thang gidng mat do dién tir cho cac mau mang dan proton ETFE-PEM. Két qua cho thay rang
thdng giang mat do dién tr anh hudng manh me [én cau tric bé day ving chuyén tlep va cau trac
viing dan ion nhung khong dang ké I&n ciu truc lamellar. Ngoai ra, viéc tinh toan cau tric ving
chuyén tiép chi ¢ thé thuc hién sau khi trir thing giang dién tir. CAc gia tri thing giang mat do
dién tur FI thay doi theo mirc do ghép mach btic xa va theo quy trinh tong hop mau. Viéc loai bo
thang gidng mat do dién tr cd thé 1am rd cac dinh ciu trac trong khu vuc vector tan xa goc 16n
gilp phan tich cac dinh ciu tric tai ving nay duoc chinh xac hon. Céac nghién cau tiép theo dé
tinh toan dinh luong gia tri bé day ving chuyén tiép va méi lién hé caa ching véi do bén co 1y va
muc d6 phan tach pha s€ duoc thuc hién.

10.0

L&i caAm on

Téc gia chan thanh cam on su hd tro tai chinh tir Vién Ning lwong Nguyén tir Viét Nam
thong qua dé tai co s6 ma s6 CS/19/02-01.
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Abstract: The electron density fluctuation is present at everywhere in the small-angle X-ray
scattering (SAXS) profiles but affect more strongly on the structures located in the high g-
range because of its contribution more than 90% of total scattering intensity.
Poly(styrenesulfonic acid)-grafted poly(ethylene-co-tetrafluoroethylene) polymer electrolyte
membranes (ETFE-PEMSs) with hierarchical structures at different scale ranges including
lamellar structure, the interfacial boundary,and conducting layer. These structures have a
close relationship with the properties that membranes express such as proton conductivity,
water uptake, mechanical strength, chemical strength, thermal stability and other properties
that related to the efficiency and performance of the fuel cell. In this article, we used the
Vonk grade 6 model (Vonk 6) to estimate the effection of electron density fluctuation on the
structures that mentioned above. The result of the electron density fluctuation show that it
affects strongly on the sizes of interfacial thickness and the conducting layer but not
significantly on the lamellar structure and not effect on the size value of the conducting layer.

Keywords: ETFE-PEM, Small-angle X-ray scattering (SAXS), electron density fluctuation,
fuel cell.
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