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Tém tat: Mang din proton poly(ethylene-co-tetrafluoroethylene) (ETFE) ghép mach
poly(styrene sulfonic acid) (ETFE-PEM) sir dung cho pin nhién liéu dwoc tong hop bang
phuong phap ghép mach birc xa gamma tir nguon Co-60 théng qua 3 budc (i) chiéu xa,
(ii) ghép mach (PS-g-ETFE), va (iii) sunfo héa (ETFE-PEM). Co ché ghép mach va sulfo
hoa cua vat liéu nay s& duoc 1am rd tir phd cong hudng tir hat nhan **C rén (solid *C
NMR). Cac két qua cho thdy rang cac phan tng ghép mach xay ra trén ca vi tri C-H va C-
F trén mach polymer ETFE nén trong khi phan tmg sulfo hoa dé tao mang dan proton chi
xay ra trén vi tri para cia vong thom cua polystyrene.

Tir khéa: Pin nhién liéu, mang dan proton, ghép mach birc xa.

1. MO PAU

Pin nhién liéu hydro 14 thiét bi dién hoa chuyén ning lwong hoa hoc cua nhién liéu
hydro tir phdn ung tai cac di¢n cuc thanh nang luong dién. Trong cac thiét bi dién hoa nhu
siéu tu di¢n, pin mat troi, pin sac, v.v... thi pin nhién li¢u cho hi¢u suit cao nhat (40 — 70%)
[1]. Pin nhién liéu hydro hoat dong tir nhiét do phong hodc cao hon tdi khoang 80 °C do d6 rat
phtt hop cho cac tmg dung trong céac thiét bi di dong, thiét bi cAm tay, 1am ngudn dién cung
cap trong hd gia dinh hodc cac toa nha va 13 ngudn cung cdp dién cho cic phuong tién giao
thong van tai, dic biét 1a xe 6 t6 [2]. Mot cong b trén tap chi qudc té vé ning luong hydro du
doan rang dén nam 2035, xe 6 to chay bang pin nhién liéu hydro chiém khoang 20% va ting
1én dén 60% vao nam 2045 [3].

Théach thic 16n nhat hién nay dé tmg dung rong rii pin nhién liéu hydro nhu 1a mot
ngudn nang luong mai vao doi sdng 14 thiét bi ndy phai co gia thanh canh tranh cing véi
nhitng tinh chat ctia mang dan proton (hay mang dién cuc polymer — PEM) dé pin nhién liéu
hoat dong mdt cach 6n dinh, lau dai va hiéu qua. Vat liéu thuong mai mang dan proton Nafion
dang duogc sir dung phod bién nhit cho pin nhién liéu xe hoi [4]. Tuy nhién, Nafion dang gip
phai mot s6 han ché d6 1a tinh thim thdu khi qua mang cao, chi hoat dong trong khoang nhiét
do tuong dbi thép (< 80°C) va c6 giad thanh cao. Hon nira, tai diéu kién hoat dong khat khe
hon (> 80°C, d6 am (RH) < 50%), tinh dan proton ctia Nafion giam xudng, din dén lam giam
hiéu qua hoat dong cua pin [4]. D6 14 1y do cho thyc té 1a co rat nhidu nghién ctru dang trién
khai dé tim vat liéu moi thay thé Nafion. Mic du cac vat liéu méi co gia thanh canh tranh
nhung do bén, do on dinh va hiéu sut st dung cho pin nhién li¢u hydro van chua thé so sanh
v6i Nafion [5,6]. Mot thach thirc khac ddi voi cac vat liéu mdi nay 13 1am sao c6 thé san xuit
voi quy md 16n trong thoi gian hop 1y dé thuong mai hoa. Vat liéu mang din proton
poly(ethylene-co-tetrafluoroethylene) ghép mach poly(styrene sulfonic acid) (ETFE-PEM)
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téng hop bang phuong phap ghép mach polymer khoi mao bang burc xa hat nhan 13 mét trong
nhitng (mg vién tiém ning nhat trong cac vat liéu mang din proton méi dang nghién ciru dé
canh tranh vdi Nafion [7-10].

Phuong phap tong hop chiéu xa ghép mach khoi mao cac phan Gmg ghép mach bang
cach chiéu xa vat liéu boi birc xa hat nhan nén khong can thém bét ky hoa chat nao va co thé
tong hgp miu véi quy md 16n trong thoi gian ngan ma cac phuong phap tong hop khic khong
thé so sanh [7-10]. Trong cac nghién ctru trude day, co ché ghép mach boi monomer styrene
vao polymer nén ETFE va sau d6 1a phan Gng sulfo trén phim da ghép mach dé tao thanh
méang dan proton van chua dugc lam r& hoan toan bdi cac phuwong phap quang phd FT-IR
hodc Raman [9,11,12]. Ly do chu yéu cta ton tai néu trén 1a phd FT-IR cho qué nhiéu dinh
chdng chap 1én nhau trong khi phd Raman cho nén phong huynh quang rat 16n khién cho céc
dinh dic trung cia mau bi chim sau trong nén phong nay gay kho khin trong phan tich pho va
dinh danh cac lién két. Bé vuot qua nhitng thach thirc néu trén, trong nghién ciru nay, chiing
t61 s& st dung phd *C NMR rin dé nghién ctru cic co ché ghép mach khoi mao boi birc xa
hat nhan va sau d6 1a phan mg sulfo héa ctia mang dan proton ETFE-PEM st dung cho pin
nhién li¢u hydro.

2. THU'C NGHIEM
2.1. Tong hop miu

Phim ETFE véi bé day 50 um duoc mua tir cong ty Asahi Glass, Nhat Ban dugc chiéu
xa bang tia gamma ctia nguén Co-60 voi suat liéu 15 kGy/h trong mdi trudng khi argon &
nhiét d6 phong rdi ngdm trong dung dich styrene trong toluene & 60 °C dé tao thanh phim
ETFE ghép polystyrene (PS-g-ETFE). Sau d6 mau PS-g-ETFE duoc ngidm trong axit
chlorosulfonic 0,2 M trong 1,2-dicloroethane & 50 °C trong 6 gid rdi rira sach bang nudc tinh
khiét & 50 °C trong 24 gio dé thu duoc mang dan proton poly(styrene sulfonic acid) ghép
mach ETFE (ETFE-PEMS). Quy trinh tong hop mau duoc minh hoa trong Hinh 1. Muc do
ghép mach (GD) duoc xac dinh nhu sau:

GD (%) = 100(Wy-Wo)/Wo (1)

trong d6 Wo va Wy 1an luot 13 khdi lwong ciia mang trude va sau khi tring hop ghép. Trong
bai bao nay, ciac miu mang ETFE ban dau chua chiéu xa, mang PS-g-ETFE va ETFE-PEM c6
GD = 37,7% dugc nghién ctru.
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Hinh 1. Quy trinh téng hop phim ghép mach PS-g-ETFE va mang din proton ETFE-PEM
bang chiéu xa gamma tir nguon Co-60.



2.2. Thue nghiém do phd *C NMR rin

M3au polymer dang rin ETFE dwogc cit nho ra va cho vao ngin chira hinh tru rdng
bang thép khong gi cua thiét bi nghién mau. Phia trén miu dit mot qua ciu thép, mau va qua
cau thép nim trong ngin chira bang thép khong gi duge gin vao mot thanh nghién. Cho thanh
nghién vao nito 1ong (77 K) dé dong bing miu. Budc tiép theo gin thanh nghién vao may
nghién miu JEC. Sau d6 thanh nghién chuyén dong 16n va xubng va lam cho qua cau thép bén
trong nghién miu thanh bot min (Hinh 2). Sau d6, phd *C NMR cia cic mau duoc do bing
h¢ do BRUKER Avance III 400 MHz tai vién nang lugng nguyén tir Nhat Ban, chi nhanh
Takasaki, voi tan sb hoat dong 75,5 MHz va 300,1 MHz twong tng cho *°C va *H. Mau khi
do duoc dit trong rotor ZrO, ¢6 dudng kinh 4 mm. Tan sb MAS duogc dat 10 kHz va nhiét do
ctia mau 1a 298 K. Tong s6 1an quét 600 - 2500 dugc thu nhan trén mot pho rong 23 kHz vai
do tré lap lai 5s dé co du thong ke.
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Hinh 2. (a) M6 hinh thiét bj nghién mau, (b) M4y JEC va mau sau khi nghién.
3. KET QUA VA THAO LUAN

Hinh 3 trinh bay phé NMR khir ghép *H CP/MAS *3C ctia cac mau ETFE ban dau,
PS-g-ETFE (GD = 37,7%) va ETFE-PEM (GD = 37,7%). Cau tao phan tir ctia ETFE-PEM
duoc minh hga & goc trén bén phai ciia Hinh 3 trong d6 cic nguyén tir carbon trén cac nhdém
chirc duoc gan s6 thir tu tir 1-8 twong tmg véi carbon thudc nhém CHz (1), CF2 (2) trén mach
ETFE chinh va cac carbon thudc nhom chire styrene (3-8). Phd **C NMR ciia mau ETFE ban
dau thé hién hai dinh cong huong dic trung & khoang 23 ppm dbi vé6i carbon gan véi hydro
CH> va ¢ khoang 120 ppm ddi véi carbon gan véi flo CF2. Céc dinh nay 1an lugc duoc ki hidu
14 C1 va C2 trén pho. Day la cic dinh cong huéng dic trung cho cac nhom chirc cua
polyethylene-tetrafluoroethylene [13,14]. Phép gan dinh cong huéng cho cic carbon cé thé
dwa vao su che chan cua chiung. Vi F 1a nguyén tir c6 do 4m dién cao (y = 3,98) nén khi lién
két v6i C s& riat doi dién tir hoa tri vé phia nd, lam giam su che chin tir truong ngoai nén C
lién két F cong huong tai ving truong thap (downfield) va c6 do dich chuyén hoa hoc 16n.
Céc nguyén tir C lién két v6i H bi che chin nhiéu hon (vi H ¢6 d6 am dién thip (y = 2,2)) nén
cong huong tai ving trudng cao (upfield) va ¢6 do dich chuyén héa hoc nho. Vi thé nén ta gan
dinh cong huong C1 va C2 lan lugt cho nhém CH, va CF, (do C1 ¢6 do dich chuyén héa hoc
thip hon C2). Phé ké **C NMR trong nghién ctru nay chi co thé thuc hién mot kénh khir ghép
'H trong khi khir ghép °F khong duoc thuc hién. Do d6 dinh cong hudng ctia carbon CH; ¢6
cuong do 16n vi dugc khir ghép tbt voi *H trong khi ¢ dinh cong hudng cua carbon CF2
tuong ddi rong va co cuong do thap [15].
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Hinh 3. Phd *C NMR trang thai rin cta cdc mau ETFE ban dau, PS-g-ETFE (GD = 37,7%)
va ETFE-PEM (GD = 37,7%).

Véi mau PS-g-ETFE, ngoai hai dinh C1 va C2 ctia ETFE ban dau c6 su xuat hién cua
cac dinh mai va dugc gan cho cac carbon thugc nhom chire styrene dugc ghép mach. Bén trai
dinh C1 xuit hién hai dinh méi ¢ vi tri khoang 47 ppm va 42 ppm, chung lan luot duoc gan
cho céc carbon CH va CH2 trén polystyrene va duoc dat tén 1a C3 va C4. Dua vao ciu trlic
hoa hoc trén Hinh 3, ca hai dinh C3 va C4 déu ndm gan nhom rat dién tir CF va vong benzene
nén khi sau khi ghép mach, dinh C3 va C4 cong huong ¢ ving truong thip hon C1 va ¢ do
dich chuyén héa hoc cao hon C1 (8C3-4 = 43 ppm so v&i 8C1 = 23 ppm). Ngoai ra, dinh C4
cong hudng & ving truong cao hon dinh C3 do C3 nim gan nhém CF nén bj rt dién tir manh
hon C4 nim canh vong benzene. Cac dinh cong huong xuét hién bén trai dinh C2 thudc vé
cac carbon cua vong benzene. Vi tri khoang 129 ppm va 147 ppm tuong ung voi cac carbon
duoc ki hiéu C6-7-8 cua vong thom va C5 cho carbon khong gin hydro. Viéc gan dinh nhu
vy dua trén nghién ctru trude d6 vé phd 13C NMR caa PS (poly styrene) [16]. Sau ghép
mach céc dinh C1 va C2 khong c6 su thay ddi nhiéu vé do dich chuyén héa hoc so vdi mau
ETFE ban dau, ching t6 qua trinh ghép mach khong lam thay d6i nhiéu vé lién két hoa hoc,
c4u tric ctia mach polymer nén.

Déi véi pho *C NMR ciia mau ETFE-PEM, céc dinh cong huong ciia C1 va C2 khong
c6 sy thay doi 16n vé vi tri do dich chuyén hoa hoc. Tuy nhién, c6 thé quan sat thiy sau qua
trinh sulfo hoa, cudong d ciia dinh C2 suy giam 16n va gan nhu chim vao dinh C6-7-8 bén
canh trong khi dinh C1 tuy cudong dd c6 suy gidm nhung van giit nguyén hinh dang dinh.
Ngoai ra, ¢6 mot dinh méi xuat hién tai viing cong hudng clia cic carbon vong benzene. Dinh
niy & vi tri khoang 141 ppm va dugc gan cho carbon vong thom gan véi nhom chirc ~SO3H
va duoc dat tén la C8. Vi duoc lién két v6i nhém —SOsH c¢d dd 4m dién cao nén dinh cong
huong C8 bi tach ra khdi nhom dinh ctia vong benzene va dich vé phia d6 dich chuyén hoa
hoc cao dé hinh thanh mot dinh riéng biét. LUc ndy dinh cdng hudng cia cac carbon thude
vong thom ¢ vi tri khoang 128 ppm dugc gan cho cac carbon C6-7. Pinh cong huong C5 cod
su dich chuyén nho vé viing trudng thap khoang 151 ppm so véi mau ghép mach va 1a dinh c6

4



d6 dich chuyén hoa hoc 16n nhét trong cac dinh cta vong benzene. Viéc gan cac dinh cong
huong dugc ching toi tham chiéu bang twong quan do dich chuyén hoa hoc NMR chung va
theo cAc tai liéu phd NMR trang thai rin *C cta polystyrene [17,18] va duoc x4c nhan lai
bang cach so sanh véi phd 2*C NMR long béo céo trong tai liéu cho styrene/MAA copolymer
[19].

Ttr viée so sanh cac phd **C NMR ciia miu ETFE ban dau, PS-g-ETFE va ETFE-PEM,
chung ta thiy rang qué trinh ghép mach va sulfo hoa da duoc thyc hién thanh cong. Qu4 trinh
ghép mach da dwa chudi styrene vao trong mau va dugc gan vao vi tri C-H va C-F nhung chu
yéu 1én carbon ctiia CF2. Qua trinh sulfo hda da gin cac géc —SO3H vao vi tri carbon para trén
vong benzene. O day ching t6i khong so sanh vé cuong do cac dinh cong hudng vi chiung cd
su thay d6i 10n theo cac tham sb thuc nghiém, dic biét 1a phu thudc vao sb lan quét. Ching ta
c6 thé thay trén phd c6 mot dinh nho xuat hién tai vi tri dich chuyén hoa hoc khoang -2 ppm.
Pay duoc xem la dinh nhiéu (spinning sideband) do su quay mau trong qua trinh thuc
nghiém.

4. KET LUAN

Mang ETFE-PEM duoc tong hop bang phuong phap ghép mach birc xa gamma tir
ngudn Co-60 thdng qua 3 budc (i) chiéu xa, (ii) ghép mach (PS-g-ETFE), va (iii) sunfo hda
(ETFE-PEM). Pho NMR ctia miu ETFE ban dau xuat hién hai dinh C1 trong khoang 22 ppm
va C2 trong khoang 122 ppm dugc gan lan lugt cho nhém CH2 va CF2. Phdé NMR cua vat
liéu ghép mach PS-g-ETFE xuét hién thém 3 dinh C3-4, C5 va C6-7-8 so véi mau ETFE ban
dau duoc gan cho cac carbon thudc nhom chire styrene duge ghép mach. Phd NMR cua phim
ghép mach sau khi sunful hoa ETFE-PEM Xuat hién thém 4 dinh C3-4, C5, C6-7 va C8 so voi
ETFE ban dau. Cac styrene duoc gan 1én phim ETFE & cac carbon ctia ca hai nhom chirc CF,
va CHaz, nhung chi yén 1a & nhom chic CF2. Nhom chire sulfo hoa ~SO3H duoc gin 1én
carbon C8 cua vong thom benzene. Phd cong hudng tir hat nhan rian *C NMR khtr ghép H
cua vat lieu ETFE ban dau, sau khi ghép mach va sulfo hoa da chung minh dugc qua trinh
ghép mach va sulfo hdéa thanh cong.

Loi cam on: Nghién ciru ndy duoc tai trg boi Quy Phat trién khoa hoc va cong nghé Quéc gia
(NAFOSTED) trong dé tai mé sé 103.04-2015.61
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Abstract:  Poly(styrenesulfonic  acid)-grafted poly(ethylene-co-tetrafluoroethylene)
polymer electrolyte membrane (ETFE-PEM) using for fuel cell was prepared by radiation
induced-grafting using gamma ray from Co-60 source including three steps (i) irradiation,
(ii) grafting (Grafted-ETFE), and (iii) sulfonation (ETFE-PEM). Mechanism of grafting
and sulfonation are revealed by solid C13 nuclear magnetic resonance (NMR). The
obtained results indicate that the grafting reactions occured at sites of C-H and C-F in the
ETFE backbone while the sulfonation took place at para position of polystyrene.

Keywords: Fuel cell, proton exchange membrane, radiation induced-grafting.
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