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Tém tit:

Thing giang mat d9 di¢n tir hién dién khip noi trong dir liéu cwong d9 tan xa tia X géc nho (SAXS) nhung dnh hwéng
rit 16n va nghiém trong doi véi cac cAu tric dwoc ghi nhin & viing vector tian xa géc 16m, béi vi dong gop ciia thing
giang mat do dién tir tai ving nay 16n hon 90% tong cwong dd tan xa. Vat liéu mang din proton poly(ethylene-co-
tetrafluoroethylene) ghép mach poly(styrene sulfonic acid) (ETFE-PEM) chira cc cAu tric vi md véi cac kich thuée
khac nhau, gdm céu tric lamellar, ciu tric ving chuyén tiép pha va ciu tric viing din proton. Cac ciu triic nay cé
moi quan h¢ chit ché véi cac tinh chit cia mang nhw tinh din proton, tinh hip thu nwéc, d9 bén co 1y, dd bén hoa
hoc, dd bén nhiét va cac tinh chit khac nén c6 lién hé véi hiéu qua hoat ddng va hiéu suit ciia pin nhién li¢u. Trong
nghién ciru nay, cac tac gia sir dung mé hinh Vonk béc 6 (Vonk 6) dé danh gi thing giang mat d dién tir anh hwéng
dén cac cAu tric vira néu bing phwong phap SAXS. Két qua nghién ctru cho thiy, thing giang mat do di¢n tir znh
hwéng manh dén bé day vung chuyén tiép va cAu tric ving din ion nhung khong dang ké ddi véi cAu tric lamellar.

Tir khéa: ETFE-PEM, pin nhién li¢u, tan xa tia X goc nho (SAXS), thiang giang mat do dién tir.

Chi sé phin logi: 2.5
Md dau

Pin nhién liéu mang dan proton (PEMFC) Ia thiét bi san xuat dién
ning tryc tiép tir nhién lidu hydro thong qua cac phan ing dién hoa.
Ciu tao va nguyén ly hoat dong cua PEMFC duoc md ti & hinh 1,
trong d6 nhién liéu hydro di vao anode dugc xuc tac va tach thanh cac
proton va electron [1]. Cac proton sau d6 di qua mang din proton (hay
mang di¢n cuc polymer - PEM) sang cathode, trong khi céc electron
di ra mach ngoai thanh dong di¢n. Tai cathode, proton va electron
gap oxy trong khong khi tao ra phan g sinh hoi nuge va nhiét theo
cong thitc mo ta & hinh 1. Pin nhién liéu dang 1a chu dé nghién ctru
duoc quan tim dic biét, vi né gitip giam sy phu thudc vao ngudn ning
lugng hoa thach va giam 6 nhiém khong khi do khi hoat dong PEMFC
chi thai hoi nudc va nhiét ra moi truong. PEMFC c6 thé tmg dung vao
rat nhiéu Iinh vuc trong doi song voi hidu sudt chuyén doi nang luong
cao (40-60%) nhu c4c nha may phét dién 16n, c4c thiét bi di dong cam
tay, dac biét 1a cac phuong tién giao thong van tai nhu 6 t0, tau dién
[1]. PEM la mt trong nhitng thanh phan quan trong nhat cia PEMFC,
¢6 chire ning dan proton tir anode sang cathode va ngan sy thim thau
khi H, va O, qua mang.
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Hinh 1. Nguyén ly hoat dong ctia pin nhién liéu hydro.

Vit liéu mang dan proton hién dang dugc sir dung thuong mai 13
Nafion ctiia hang DuPont. Tuy nhién mang nay c6 mot sb khuyét diém
nhu quy trinh ché tao phtre tap, tinh dan proton giam nhanh chong khi
d6 4m (RH) thap hodc nhiét do cao va dic biét 14 gia thanh rat cao [2].
Do d6 ¢6 rat nhidu nghién ctru da duoc thuc hién dé tao mang PEM
dua trén cac vat liéu nén khac nhu chudi hydrocarbon mach théng,

o4



Application of small-angle
X-ray scattering to evaluate
the impact of electron density
fluctuation on the micro
structures of proton exchange
membrane in fuel cell

Ly Nguyen La"%3, Hoang Hao Lam?, Viet Hai Le?,
Nhat Kim Ngan Nguyen?, Tien Cuong Nguyen*, Anh Tuyen Luu',
Trong Phuc Phan!, Truc Phuong Huynh?

Quang Luan Le®, Thi Ngoc Hue Nguyen', Duy Tap Tran*
!Center for Nuclear Techniques, Vietnam Atomic Energy Institute
2University of Science, VNUHCM
3Institute for Nanotechnology (INT), VNUHCM
“University of Science, VNUHN
Biotechnology Center of Ho Chi Minh City

Received 15 July 2019; accepted 26 August 2019
Abstract:

The electron density fluctuation is present everywhere
in the small-angle X-ray scattering (SAXS) profiles, but
it affects more strongly on the structures located in the
high gq-range because of its contribution more than 90%
of total scattering intensity. Poly(styrenesulfonic acid)-
grafted poly(ethylene-co-tetrafluoroethylene) polymer
electrolyte membranes (ETFE-PEMs) have hierarchical
structures at different scale ranges, including lamellar
structure, interfacial boundary, and conducting layer.
These structures have a close relationship with the
properties that the membranes express such as proton
conductivity, water uptake, mechanical strength,
chemical strength, thermal stability and other properties
related to the efficiency and performance of the fuel cell.
In this article, we used the Vonk grade 6 model (Vonk
6) to evaluate the effect of electron density fluctuation
on the structures mentioned above. The result showed
that the electron density fluctuation strongly affected
the sizes of interfacial boundary and conducting layer
but had an insignificant effect on the lamellar structure.

Keywords: electron density fluctuation, ETFE-PEM, fuel
cell, small-angle X-ray scattering (SAXS).
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mach vong hay mach thom, loai c6 fluor hoac khong co fluor trong
phan tir dé thay thé Nafion [3-5]. Trong cac loai vét liéu méi dang
dugc nghién ctru thi poly(ethylene-co-tetrafluoroethylene) ghép mach
poly(styrene sulfonic acid) (ETFE-PEM) noi lén nhu 1a mgt ung vién
tiém nang, boi vat lidu nay c6 gla thanh canh tranh, duogc tong hop
don gian bang phuong phap chiéu xa hat nhan va 6 nhing tinh chat
phit hop dé st dung cho pin nhién liéu [6, 7]. Nhiing tinh chat cin
thiét cia mang dan proton dé pin nhién li¢u hoat dong hiéu qua va lau
dai bao gdm tinh dan proton, tinh hdp thu nudc, tinh bén co hoc, tinh
bén nhiét, bén hoa hoc, kha nang ngan thdm thiu khi, va do két tinh.
Nhitng tinh chét trén c6 lién quan mat thiét dén cdu trac cua mang
nhu cu tric rong kich thude nano hodc du6i nano, cdu tric tinh thé,
cu tric vo dinh hinh, cAu trac ving chuyén tiép, va cu triic ving dan
fon. Viéc nghién ctru moi quan hé gitta céu tric va tinh chit cia mang
dan proton 14 rat quan trong trong viéc cai thién va ning cao hiéu suat,
d6 bén va kha nang hoat dong trong nhiéu diéu kién khac nghiét khac
nhau (d6 4m thép, nhiét dg cao, hoat dong lién tyc trong thoi gian dai,
va sy anh hudng do cac nhom ty do xuat hién trong qua trinh hoat
dong) cua pin nhién ligu.

Phuong phép tan xa tia X goc nho va siéu nhd (SAXS/USAXS)
dua vao hién tuong giao thoa ctia cdc tia X sau khi tan xa trén mot cau
triuc ¢6 dinh hudng hoac tudn hoan tao nén céc dinh tan xa tuong tw
nhu phuong phap XRD nhung do ¢ gbc nhd hon (do goc tan xa dudi
5°). Phuong phap SAXS/USAXS c6 uu diém 16n nhat dé nghién cau
tric cia PEM, boi vi phuong phép nay c6 thé nghién ciru cdu tric da
pha, da kich thudc, da hinh dang, sy twong tac va chuyén a6i qua lai
gita cac pha, kich thudc, va hinh dang khac nhau dya vao cac quy
ludt Porod, quy ludt Guinier, m6 hinh Ruland, ham tuong quan mat
do dién tir, ham phan bd mét chuyén tiép, hay phan tich s6 liéu SAXS
theo cac mod hinh toan hoc khic nhau [6-10]. Cac nghién ciru gan
day st dung phuong phap SAXS/U SAXS chi ra rang, ETFE-PEM c6
cau tric lamellar (hay con goi 1a cAu tric 16p hodc khi ting) & viing
vector tan xa goc nho, cau triic bé day ving chuyén tiép pha (giira pha
tinh thé va pha vo dinh hinh) ¢ viing vector tan xa géc nho trung binh,
va céu tric ving dan proton & viing vector tan xa goc 16n [6- 9] Trong
vat li¢u polyme, cac thang gidng mat do dién tir do su chuyén dong
nhiét, do sai hong trong cau tric cua tinh thé, va do sy hinh thanh céu
tric ving dan ion (c4u tric nhém polystyrene sulfonic acid dbi voi vét
liéu ETFE-PEM) dong gop khoang hon 90% cudng d§ vung vector
tan xa goc 16n [10]. Do do viée phan tich chi tiét céc thong s6 céu tric
vura néu chi ¢6 duoc sau khi loai trir dong gop cua thiang giang mat do
dién tir. Trong nghién ctru nay, chiing t6i ap dung phuong phap Vonk
béc 6 (Vonk 6) dé tinh toan thang giang mat do dién tir va danh gia su
anh huong ciia chung ddi véi céc chu tric vira néu.

Thuc nghiém

Quy trinh tong hop mau dwge md ta ¢ hinh 2, trong do phim
ETFE duoc chibu xa bang tia gamma cia ngudn Co® véi suét
liéu 15 kGy/h trong 1 gid véi moi truong khi argon & nhiét do
phong, roi ngam trong dung dich styrene voi dung méi 1a toluene
& 60°C dé tao thanh ETFE ghép polystyrene dugc goi la ETFE
ghép mach (Grafted-ETFE). Viéc lya chon suét lidu 15 kGy/h dé
kiém soat hiéu ing ghép mach xay ra cao nhit so véi cac hiéu
tmg khéc c6 thé xay ra dong thoi nhu khau mach va cat mach.
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Sau d6 mau Grafted-ETFE dugc ngm trong axit chlorosulfonic
0,2 M v6i dung moi 1a 1,2-dicloroethane ¢ 50°C trong 6 gio, roi
rira sach bang nude tinh khiét (200 ml) ¢ 50°C trong 24 gior dé thu
dugc mang poly(styrene sulfonic acid) ghép mach ETFE (ETFE-
PEMs). Muc d§ ghép mach (GD) dugc xac dinh nhu sau:

ey =20 100 O

0

trong do W va W, lan Iuot 1a khdi lwong cua mang trudc va sau
khi trung horp ghep [6, 7]. Trong bai bdo nay, cac mau ETFE ban
dau chua chiéu xa va mang ETFE-PEM ¢6 GD khéc nhau, lan luot
1a 19, 34 va 59% dugc nghién ciru.
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Hinh 2. Quy trinh tong hgp miu ETFE-PEM bing phUdng phap
ghép mach khoi mao béi chiéu xa tia gamma tif nguon Co®.

Thyc nghiém do tan xa tia X goc nho (SAXS) duge tién hanh
tai Vién Khoa hoc Vit liéu Québc gia Nhat Ban (NIMS) trén 2 thiét
bi phat tia X l1a Rigaku NANO-Viewer su dung bia phat tia X la
Mo (A,=0,07 nm) va thiét bj Bruker NanoSTAR sir dung bia phat
tia X 1a Cr (%,=0,23 nm). Cuong d¢ tan xa ban dau duogce ghi nhén
bing detector 2D, sau do chuyen vé cuong do 1D bang phan mém
Igor Pro. Vector tan xa q tong hop tir hai thiét bi trén co dai gia tri
tr 0,1-10,5 nm! voi vector tan xa q dugc tinh theo cong thc:

_ 4rsinf 2)
A

trong d6 20 1a goc tan xa va A la budc song cua tia X t6i. Quy trinh
do mau chi tiét da dugc néu trong cac cong b trude day ciia nhom
[6, 7]. Khoang cach tuwong quan d (hay con goi la kich thudc tuwong
quan hodc Bragg-spacing) dugc tinh theo cong thurc:
i= 3)
q
Cong thirc (3) cho thy ring, v6i gia tri vector tan xa q cang 16n
thi kich thudc twong quan d twong ng cang nho va ngugc lai. Voi
dai gia tri q do duoc (0,1-10,5 nm") thi kich thudc twong quan d=0,6-
63 nm. Mo hinh do tan xa tia X goc nho dugc trinh bay ¢ hinh 3.

Tia X

Goc tan xa Detector 2D

ko
Hinh 3. M hinh thuc nghiém do SAXS.

Keét qua va thao luan

Hinh 4 trinh bay gian d0 tan xa tia X goc nho cua mang din
proton ETFE-PEM v6i GD=59%. Céc cau trac ddc trung cua
ETFE-PEM th¢ hién trong hinh bao gom cau truc lamellar (g=0,1-
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0,6 nm’' tuong tmg d=10,47-63 nm), cau tric ving chuyén tiép
(q=0,6-2,5 nm™ twong tmg d=2,51-10,47 nm) va cAu tric cua
nhom polystyrene sulfonic acid (q=2,5-6 nm™' tuwong tmg d=1,05-
2,51 nm) [6, 7]. Cuong do SAXS giam nhanh tir dinh cau triic
lamellar ty 1¢ v&i q° ngang qua cu trac ving chuyén tiép va gan
nhu khong d6i tai vi tri g=2,5 nm™'. Cudng d6 SAXS chi hoi ting
nhe tai vi tri dinh cdu triic nhom polystyrene sulfonic acid (q=4
nm) va sau do tang 1én manh trong ving q=6-10,5 nm™. Sy tang
1én cua cuwong d6 SAXS trong ving q=6-10,5 nm™ (amorphous
halo) 1a do thang giang mat do di¢n tr va cuong do pha vo dinh
hinh déc trung cta vat liu polymer [10]. Thang giang mat d¢ dién
tir hién dién khap noi trong toan bo phd SAXS nhung chi dong gop
déng ké vao cuong do SAXS tong tai ving vector tan xa goc 1om,
noi cuong do tan xa tir cac cu trac 13 nho. Theo mot s bao céo
trudc day [10] thi thang giéng mat d§ dién tu dong gop toi 90%
hodc 16n hon trong ving gi4 tri q 16n dbi véi vat liéu polymer. Do
d6 danh gid anh huong cua thang giang mat do dién tur dén cac chu
triic xudt hién trong ving q 16n va loai trir chung truée khi phan
tich phd SAXS 14 qué trinh xir 1y khong thé bo qua. Co mot sb
phuong phap dénh gia dong gop cua ving thang gidng mét do dién
tir trong cuong do SAXS tong da dugc trinh bay trong cic cong bb
cua Bonart [11], Ruland [12] va Vonk [13]. Trong khi Bonart xem
thang giang mat do dién tr va cuong do pha vo dinh hinh nay la
hing so thi Ruland va Vonk da dé xudt lan luot theo cac cong thirc
thuc nghiém (4) va (5) nhu [a ham phu thudc vao vector tan xa q:

1,,(q)=Fl.e" )
1, (q)=Fl+Bq" ®)

trong d6 Fl1a h¢ $0 thang giang mat do dién ttr, a va B la cac hé s0
lam khép, va so6 mit m dugc goi la bac cia cong thitc Vonk va nhan
gia tri 1a cac so chan (2, 4, 6, 8).

T
ETFE-PEM 59%

107 10° 10
q(nm™)

Hinh 4. Gian do tan xa tia X goc nhé cia méiu ETFE- PEM 59%
va cac cau tric dic trung bao gom cau triic lamellar, cau tric
viing chuyén tiép va cau tric nhém polystyrene sulfonic acid.

Trong khi phuong phép Bonart va Ruland lan lugt danh gid qua
cao hodc quéa thap thang gisng mat do dién tir thi trong phuong phap
Vonk c6 thé linh hoat sir dung cac bac da thirc khic nhau bing cach
thay dbi gi4 tri m (2,4, 6,8)[10]. Theo cong thte (5), ham Vonk s€
c6 dang duong thang y = Bx + Fl vdi x = g™ nén dé tinh céc tham s6
B va Fl thi phai 1am khop tuyén tinh do thi I(q) theo ™. Hinh 5 trinh
bay chi tiét do thi I(q) theo q™ vdi m = 4, 6, 8 cho mau ETFE-PEM
19% va danh dau ving lam khép twong tmg cho mdi bc da thire. Gia
tri FI thu duoc tir hinh 5 d6i véi m =4, 6, 8 lan luot 1a 0,258; 0,507 va
0,681. Nhu vay viée sir dung phwong phap Vonk véi da thirc bac cang
16n thi gia tri F1 thu duge cang 16n.
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Hinh 5. D6 thj va viing lam khép béng cong thiic Vonk 4 (A), Vonk
6 (B) va Vonk 8 (C) ctia mau mang dan proton ETFE-PEM 19%.

Tiép theo, ching toi dua ra hé so dong gop H(%) duge dinh
nghia 13 ty s6 cua I.(q) chia cho cuong do tan xa tong I(q) nhu
trinh bay trong cong thire (6):

H(%) = ( )x100<y (6)

Dua véo céc két qua lam khép ¢ hinh 5, cac gia tri H(%) cua
ETFE-PEM 19% dugc tinh toan va trinh bay ¢ hinh 6 trong toan
dai gia tri vector tan xa q. Két qua hinh 6 cho thiy ring, cong thirc
Vonk v6i m=4 (Vonk 4) hoac 8 (Vonk 8) danh gia H(%) qua thap
(50-80%) hodc qua cao (100-130%), trong khi cong thirc Vonk véi
m=6 (Vonk 6) cho H(%)=80-100% trong vung gia tri vector goc
1ém (g=2-7 nm'"). Hay n6i céch khac, Vonk 6 cho két qua hop 1y
vé su dong gop thang giang mat do dién tur trong vat liéu polymer
[10]. Két qua tinh toan tuong tu ciing thu dugc d6i voi cac mau
con lai. Do d6 trong cac phan tiép theo ciia bai bao, ching toi s&
str dung cong thire Vonk 6 dé tinh toan va danh gia anh huong cua
thing giang mat do dién tir dén céc chu trac vi md ciia ETFE-PEM.

140"
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4+ Vonk 8
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Hinh 6. Sy déng gop cta thang giang mat do dién t& tren cuong
do tan xa téng (H) ctia toan b dai vector tan xa clia mau ETFE-
PEM 19% dugc tinh bang ham Vonk bac 4, 6 va 8.

Két qua tinh toan gia trj H dwa vao cong thirc Vonk 6 doi véi céc
méau ETFE-PEM ¢6 GD = 0, 19, 34 va 59% dugc trinh bay ¢ hinh
7. Hinh 7 cho thay gia trj H<2% trong ving q=0,1-0,6 nm"', sau d6
téng nhanh chéng tir 2% dén khoang 60-95% trong ving ¢=0,6-2,5
nm’ va dat gia tri 6n dinh ~100% trong ving q=2,5-10,5 nm', Két
qua trén cho thay rang, dong gop cua thang gian mat do dién tir la
khong déng ké, ¢6 thé bo qua trong ving gia tri vector tan xa goc
nho (q<0,6 nm™') nhung tr¢ nén rit quan trong trong ving gia tri
vector tan xa goc 16n (q¢>2 nm''). Ngoai ra, két qua lam khép trinh
bay trong bang 1 cho thdy rang, gia tri FI (0,507; 0,519; 0,436) cia
ETFE-PEM v6i GD = 19, 34, va 59% lan lugt 16n hon khoang 65,
69 va 42% so v6i mau ETFE ban dau (0,307). Gié tri F1 ciia ETFE-
PEM v6i GD = 19, 34, va 59% cao hon mau ban dau co thé giai
thich do sy tang Ién cia khdi luong vét liéu polystyrene sulfonic
acid ghép mach. Chu ¥ ring, vat liéu ghép mach dua vio phim ban
dAu hoan toan ton tai & dang vo dinh hinh.
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Hinh 7. D6 thj vé sy déng gop clia thang glang mat do dién ta
dén cuong do tan xa tong (H) ctia caic mau ETFE-PEM c6 GD
khac nhau khi dugc tinh biang ham Vonk 6 trén toan dai vector
tan xa (A) trong khoang q=0,1-2,5 nm" (B) va ¢>2,5 nm*' (C).

Bang 1. Cac két qua lam khép cia ham Vonk 6 cho cac miu
ETFE-PEM c6 GD = 19%, 34% va 59%.

MAu B Fl

ETFE ban diu (5.2640,12)x107 0,307+0,007
ETFE-PEM 19% (8,6240,08)x107 0,507+0,007
ETFE-PEM 34% (9,9040,48)x107 0,519+0,026
ETFE-PEM 59% (9,8340,05)x107 0,4360,004

Hinh 8 trinh bay cuong do SAXS trude (I(q)) va sau khi trur
thdng giang mat do dién tr (I(q) - I, (q)) cua mau ETFE-PEM 59%
trong vung q=0,1-2,5 nm™'. Nhu da trinh bay ¢ hinh 4, ving gia tri
q nay chtra cdu trac lamellar Vé. cdu trac ving chuyén tiép. Nhu
mong doi, vi tri (¢=0,234 nm'! tuong ung d=26,89 nm) va hinh
dang dinh lamellar khong thay doi sau khi trir I (q), boi vi dong
gop cua I,(q) trong ving gi tri q nay la rat nho (H<2%, xem hinh
7). Tuy nhién, trong vung hién dién cdu tric chuyén tiép (4=0,6-
2,5nm), gla tri va do ddc cuia I(q) thay doi mot cach dang kévard
rang. Cu thé 1a I(q) thay doi tir ty 18 vi > sang 2 trude va sau
khi trir [ (q). Su thay d6i manh mé cta I(q) sau khi trir I (q) trong
ving q=0,6-2,5 nm! ciing thu duoc ddi véi cac mau con lai. Theo
quy luat Porod thi I(q) trong khu vyc nay cho vat li¢u 2 pha hoan
hao sé ty 1€ vdi q* [14, 15]. Tuy nhién, trong vét liéu ETFE-PEM
¢ chu triic da pha nay c6 sy hién dién cua ving chuyén tiép ciia 2
pha tinh thé va v6 dinh hinh, va sy thing giang cua mat do dién ti,
do d6 1(q) khong thé ty 18 véi q*. Loal bo thang giang mat do dién
tir 1am cho I(q) ty 1€ voi q" ma n tién gan dén -4 (bang 2) gitip cho
viée x4c dinh céc cAu triic khac duge dé dang hon. Hay néi cach
khac, viéc xac dinh bé day ving chuyén tiép trong ving q=0,6-2,5
nm'’ chi ¢6 thé thuc hién sau khi loai bo dong gop ciia I (q).
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Hinh 8. Cerng do SAXS trudc (I(q)) va sau khi trir thang giang
mat do dién ta (I(q) - 1,(g)) clia miu ETFE ban dau (A), ETFE-
PEM 19% (B), ETFE-PEM 34% (C) va ETFE-PEM 59% (D)
trong vung q=0,1-2,5 nm-.
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Bang 2. Hé s6 géc ciia dudng Porod khi tinh bang ham log(q) va
log(lq) cho cac mau ETFE-PEM c6 GD = 19%, 34% va 59%
trudc va sau khi trir anh hudng ctia Vonk bac 6.

Méiu Trwéce khi trir Vonk 6~ Sau khi trir Vonk 6
ETFE ban dau -2,5940,04 -3,3240,03
ETFE-PEM 19% -3,85+0,04 -4,04+0,03
ETFE-PEM 34% -3,5240,03 -3,81140,02
ETFE-PEM 59% -3,5140,04 -3,9240,02

Hinh 9 trinh bay cuong d SAXS trude (9A1, 9B1, 9C1, 9D1)
va sau khi trir [ (q) (9A2, 9B2, 9C2, 9D2) cuia cac mau trong ving
q=2,5-10,5 nm1 Truge khi trir I, (q), cuong do 1(q) cua mau ban
dau ETFE va ETFE- PEM 19% khong ¢ bat ky dinh tan xa cuc
dai ndo, trong khi cic mau ETFE-PEM 34 va 59% xuat hién dinh
cuc dai tai =4 nm! twong (ng vai kich thude twong quan d=1,57
nm. Pinh cyc dai nay dugc quy cho cdu tric cia nhém polystyrene
sulfonic acid [6, 7]. Hinh dang cac dinh SAXS cuc dai tai q~4
nm' (hinh 9C1, 9D1) phan b rdng cho thay cac nhém polystyrene
sulfonic acid c0 trdt tw va twong quan yéu. Ngoai ra, dinh cuc dai
SAXS c6 hinh dang khong ddi xtmg, tirc 1a chan bén tréi thap hon
trong khi chan bén phai ciia dinh cao hon do ndm trén nén cua
cuong do tan xa 16n do thang giang mat do dién tir va pha vo dinh
hinh. Sy phan bé bi bién dang nay khién cho viéc phan tich va xtr
ly dinh (nhu 1am khop hinh dang dinh, tinh dién tich dinh va gia
tri bé rong tai mot nura chiéu cao cuc dai) tré nén kho khan va kém
chinh xac. Sau khi loai trir dong gop cta cuong do thang giang,
hinh dang dinh d tr nén can bang va nhon hon (hinh 9C2, 9D2)
nhung vi tri dinh ph6 khong thay doi. Ngoai ra, cuong do cia dinh
cuc dai giam di rat nhleu (khodng 95%) so v6i trude khi trir I (q).
Két qua trén cho thay ring, I +(q) anh hudng déng ké dén cuong do
tan xa tong, hinh dang va phan b6 dinh cuc dai cua I(q) tai ving
gia tri vector tan xa goc 16n (g>2,5 cm™).
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Hinh 9. Ph§ thuc nghiém SAXS ban dau (I(q)) va sau khi trir thang
giang tinh theo Vonk 6 (I(qg) - 1,(q)) cta cac mau: ETFE ban diu
(A), ETFE-PEM 19% (B), ETFE PEM 34% (C) va ETFE-PEM
59% (D).

Viée khdo sat cac ham Vonk c6 bac khac nhau dya trén thong s0
H (su dong gop cua thang gidng mat do dién tir dén cuong do tan xa
tong) cho thay, ham Vonk bac 6 1a pht hop nhat dé tinh toan va danh
gia thing giang mat d dién tir cho cic mAu mang dan proton ETFE-
PEM. Két qua cho thdy rang, thing giang mat d dién tr anh huong
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manh mé& dén cdu tric bé day ving chuyén tiép va cu tric ving dan
ion nhung khong dang ké déi véi ciu tric lamellar. Ngoai ra, viéc tinh
toan cAu tric ving chuyén tiép chi co thé thuc hién sau khi trir thing
ging dién tir. Cac gia tri thing giang mat do dién tir Fl thay d6i theo
mtc do ghép mach birc xa va theo quy trinh téng hop mau. Viéc loai
bo thang giang mat do dién tir da 1am 16 cac dinh cdu tric trong khu
vuc vector tan xa goc 16n, giup phan tich cac dinh cu truc tai vung
nay dugc chinh xac hon. Cac nghién ctru tiép theo dé tinh toan dinh
luong gi4 tri bé day ving chuyén tiép va méi lién hé ciia chung v6i do
bén co 1y va mirc do phan tach pha s& duoc thyc hién.
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