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TOM TAT

Muc tiéu nghién cuu cua dé tai nham khao sdt vai tro cia nhiét do trong qua trinh ché
tao mang phii xiic tac (CCM) bang phwrong phdp decal va tong hop xiic tdc hat nano tai
cathode va anode la Pt/C, PtRu/C. Tir két qua FESEM cho thdy su phdn bé hat trén bé
mat [6p xiic tdc tai cdc nhi¢t do 175 °C, 185 °C, 195 °C va tinh dwong kinh trung binh do
xop. Qua do, khi o nhi¢t do 185 °C sy phdn bé dong déu nhdt va dwong kinh trung binh
do xop la 0,85um . Mang CCM tai nhiét dg 185 °C cdi thién dwoc sw tiép XUc gitta I6p
X(c tAC VA mang, hiéu sudt dau ra ciia pin la cao nhdt thong qua dwong ddc trung IV Va
xdc dinh méi quan hé I-P, dat gia tri dién thé, mdt dé dong dién va mdt dé cong sudt lom
nhat la 0,625V, 162 mA.cm?, 22,4 mW.co™. Khi nhiét d6 tang dén 195 °C dién thé, mdt
dé dong dién va mdt dé cong sudt giam dang ké la 0,58 V, 122 mA.cm™, 15,2 mW.cm™.

Tir khod: Methanol tryc tiép (DMFC), mang phii xiic tdc (CCM), phirong phép decal, ép
nhiét

Trich dan: Nguyén Lé Hoai Phuong va Nguyén Manh Tuén, 2017. Ché tao hat Nano
Pt/C, Pt-Ru/C va anh huéng caa qua trinh ép nhiét trén hiéu suat caa pin nhién
licu dung methanol truc tiép. Tap chi Nghién cttu khoa hoc va Phét trién kinh
té Truong Pai hoc Tay Po. 01: 122-131.
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1. GIOI THIEU

Hién nay, vin dé 6 nhiém moi
truong va sy can kiét ngudn ning
luong 13 mot trong nhitng van dé
dugc quan tAim hang dau cua thé giéi.
Viéc nghién ciru tim ra cic ngudn
nang luong méi thay thé, bo sung cho
cac ngudn ning luong cd dién dang
st dung duoc cac nha khoa hoc trén
toan ciu rat quan tim nham tim ra
cac ngudn nang luong moi tai sinh,
nang lugng sach, than thién voi moi
truong.

Pin nhién liéu (Fuel cell — FC) la
thiét bi bién d6i tryc tiép hoa ning
thanh dién nang thong qua cac phan
ung dién hoa.

Khac voi nhiéu loai ngudén ning
luong co dlen pin nhién li¢u str dung
tryc tiép ngudn nhién lidu cung cip
tor ngoai vao ma khong thong qua qua
trinh d6t chay nhién liéu. Chinh vi
diéu nay, pin nhién liéu duoc coi 1a
ngudn ning lugng xanh, sach va than
thién v&1 moi truong. Cong nghé pin
nhién liéu dugc Ung dung rdng rai
trong nhiéu linh vuc: sinh hoat gia
dinh, trong cong nghi¢p, giao thong
van tai, thiét bi dién tir va di dong
(Flipsen and Coremans, 2005).

Trong nhiéu loai pin nhién liéu
khidc nhau, pin nhién li¢u dung
methanol tryc tiép (Direct methanol
fuel cells — DMFC) ¢6 nhiéu uu diém
hon so véi cac loai pin nhién li¢u
khac nhu 1a nhiét do lam viéc thap,
than thién véi moi truong, hidu suat
chuyén hoa cao. Mat khac, methanol
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12 nhién liéu dé san Xudt, ré tién, d&
tén trit va van chuyén dén noi tiéu
thy, mat do nang luong methanol cao
hon so v&1 hydro va cac nhién li¢u
khac, pin DMFC c6 cdu tao don
gian,...Chinh nhiing vu diém ciia pin
DMFC nén trong tuong lai pin
DMFC c6 thé dugc ung dung rong
rdi nhiéu linh vue, ddc biét la dugc
dung trong thiét bj dién cong sut vira
va nhoé nhu dién thoai di ddng,
laptop,...Tuy nhién, hiéu suat ctia pin
nhién li¢u DMFC con bi anh huong
nhiéu yéu t6 nhu sy tham nhién liéu
methanol qua mang, nhiét d va ap
suit trong qua trinh ép nhiét ché tao
mang, dung dich Nafion.

Trong cac thanh phan ciu tao pin
nhién liéu DMFC, mang dién cuc
MEA dong vai tro quan trong dén
hiéu suét pin. Thong thuong mang
MEA dugc ché tao bang phuong
phép ép nhiét gita mang dién phan
va méi trudng khuéch tan xuc tic
dién cuc (catalyzed diffusion medium
— CDM). Tuy nhién, hiéu qua MEA
con thap. Gan day, nhiéu ngh1en clru
dé cai thién hiéu qua mang. Mang
phu xuc tac CCM véi ung dung x1ic
tac dién cuc dén bé mit mang dién
phan tryc tiép 1am ting hiéu qua viéc
st dung xuc tac. So voi CDM, CCM
c6 dién tich bé mat dién cuc cao hon
va dién trd chat dién phan dién cuc
thip hon cho su oxy héa methanol
(Peng Liu et al., 2010).

Phuong phap decal la phuong
phap pho bién ché tao mang CCM
bang cach quét xuc tac Ién tam
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Teflon tao l6p xuc tadc trén mang
Nafion 117 bang cach ép nhiét
(Wilson and Gottesfeld, 1992). Trong
phuong phap nay c6 nhiéu yéu té anh
huong nhiéu dén hiéu suit pin. Mot
trong nhan t6 d6 nhiét d6 qué trinh é ep
tao mang CCM 1a kha quan trong. O
day, nghién ctru anh hudng cac nhiét
do khac nhau trong qué trinh ép noéng
175 °C, 185 °C, 195 °C. Tu do, so
sanh duoc hiéu suit cua pin véi ting
nhiét d0 thong qua viéc chup anh
FESEM, XRD, dic tuyén I-V, I-P.

2. PHUONG PHAP NGHIEN
cUU

2.1. Tong hop xtc tic 40wt% Pt/C,
30wt% PtRu/C

Tong hop 40wt% Pt/C, 30wt%
PtRU/C (1:1) hoéa chéat sit dung la
H2PtCls.6H20 (Merck), RuClz.xH20
(Merck), Vulcan XC-72 carbon den
(E-TEK Co), NaBHs (Sodium
Borohydride) va nudc cit bang
phuong phap thaim — khir [E.V.
Spinacé, L. A. Indelicato do Vale, A.
Oliveira Neto and M. Linardi, 2007].
Tron H2PtCle.6H20, Vulcan XC-72
carbon den va tdc nhan NaBH4 rung
siéu am 2h, khuay tr 12h, quay ly
tam loc rira. Cudi cung, sdy kho trong
[0 chan khong 80 °C, 12h thu dugc
40wt%Pt/C. 30wt%PtRu/C tuong tu
ché tao Pt/C ¢6 thém RuClz.xH20.

2.2. Ché tao mang CCM

Trude khi st dung mang Nafion
117 duoc lam sach bﬁng cach: cho
mang Nafion vao nuéc cat, dun &
80 °C, 1h. Tiép theo, cho vao dung
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dich H,O2 3% va vao dung dich
NaOH 0.5M, dun & 80 °C, 1h. Cuéi
cung, cho vao nudc cit va dun 80 °C,
30 phat. Thu dugc mang Nafion sach.

L6ép khuéch tan khi & anode va
cathode duoc chuin bi nhu sau: Giéy
carbon Toray (TGP-H-030, 2x2 cm?)
dugc lam sach trong nudc ct
(anode). O cathode dwoc ngdm vao
dung dich PTFE 20wt% nham ting
tinh ky nudc va do xdp cho mang,
nung & 60 °C trong 10 phut, sau d6
nung 150 °C, 240 °C, 340 °C trong
1h. Tiép theo, tao xuc tac ¢ anode va
cathode: Tron carbon den (anode:
95%, cathode: 75%), dung dich
Nafion 5wt% (anode), dung dich
PTFE 20wt% (cathode) va rugu
isopropyl, rung siéu am 20 phut Quét
xuc tac 1én bé mat carbon, sdy kho
trong chan khoéng. O anode siy
80°C, 1h va nung 340°C, 30 phat. O
cathode nung ¢ 80 °C, 280 °C,
350 °C, 30 phdt.

Chuan bi muc xuc tac dién cuc
bao gdm xuc tac Pt/C (2mg.cm?
cathode), PtRu/C (3mg.cm? anode),
dung dich Nafion 5wt%, dung dich
NaOH 0.5M ti 1€ 3:1:1 va ruou
isopropyl. Hon hop rung siéu &m 30
phlt. Myc xtc tic di tong hop quét
déu lén gidy Teflon (3x3cm?). Sy
kho trong 16 chan khong & 80 °C, 1h.
Cac CCM duoc ché tao bang cach
kep mang Nafion 117 gitra hai Teflon
phu 16p xuc tac, ép nong ¢ 175 °C,
185 °C, 195 °C, ap lyc 15 Mpa thoi
gian 8ph. Tiép theo, cho CCM vao
dung dich H2SO4 0.5M, dun ¢ 80 °C,
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1h va dun trong nuéc cat loai acid.
Cudi cing, mang MEA hinh thanh
bang cach kep CCM giita cac 10p
khuéch tan khi, dugc ¢p nhiét ¢ nhiét
do 140 °C voi ap luc 8MPa trong 8
phut.

Do XRD cua Pt/C va PtRu/C, hinh
anh bé mit cuia mang CCM bang
phuong phap FESEM, duong dac

Lin (Cps)

tuyén [-V va xac dinh mdi lién hé
I-P.

3. KET QUA VA THAO LUAN
3.1. Phan tich phé nhifu xa ciia
miu Pt/C va PtRu/C

Két qua do pho nhiéu xa tia X cia
dién cuc Pt/C (Hinh 1).
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Hinh 1. Phé nhiéu xa tia X cia Pt/C

- Ray ctia mau Pt/C cho ta thiy su
hién dién cua Pt ¢6 cau trac fee. Véi
dinh nhiéu xa tai goc 25° 1a do nhiéu
xa tr mdat mang (002) cua carbon
ting cudng. Nhitng dinh vach nhiéu
xa manh tai cac goc thda diéu kién
Vulff-Bragg la 39,82°; 46,3° 67,6°
thi tuong Gng véi cac mat mang
(110), (200), (220). Theo phuong
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trinh Scherrer ta tinh duoc kich thudc
hat.
092
B,,C0s0, .,

O day, kich thudc trung binh cua
hat duogc tinh tai goc 67,6° vi tai dinh
(220) nay hoan toan tach bi¢t voi
dinh nhiéu xa ctia carbon ting cudng,
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khi d6 kich thudc ha,t Pt tinh dqu
khoang 4 - 7nm. Két qua do phd

=221

Lin (Cps)

d=15754

nhiéu xa tia X dién cuc Pt-Ru/C duoc
trinh bay ¢ Hinh 2.

@ - Flainum

Qua phd nhiéu xa ctia mau PtRu/C
cho thiy cac dinh vach nhiéu xa chi
dac trung cho Pt ma khong c6 dinh
nao dac trung cho Ru, day 1a do co su
hinh thanh dung dich rin cua Ru
trong Pt nén khong co6 su tach pha,
din dén khong c6 xudt hién dinh
vach nhiéu xa cho Ru. Céac dinh vach
nhiéu xa cua Pt trong mau PtRu/C bi

o E
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Hinh 2. Anh nhiéu xa tia X cia mau PtRu/C

léch so véi Pt/C, cu thé tai cac dinh
vach nhidu xa thda min diéu kién
Vulff-Bragg la 39,9° 46,2° 67.8°.
DP6i voi miu PtRu/C khi ta thém
lugng Ru vao Pt, qua hinh anh nhiéu
xa ta thdy cac dinh vach nhiéu tai cac
gbéc 1on hon so vo1 Pt/C do su tao
thanh hop kim Pt va Ru.

Béang 1. Khoang cach gifra cic mdt mang cua Pt/C va PtRu/C

Khoang cach giira cac mit mang (nm)
Miu
(110) (200) (220)
Pt/C 2.26434 1.95934 1.38307
PtRu/C 2.26114 1.95754 1.37982
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Bang 2. Kich thudc ciia mau Pt/C va PtRu/C

x Vitrigoc | Kich thwéc hat | D phan Kho.l Almmg Di¢n ttch be
Mau (d9) (nm) tan rieng mat
i (g.cm?) (gl.m%)
Pt/C 67.6° 6.14 1.45 15.82 2396.31
PtRu/C 39.9° 4.24 1.83 15.81 1912.54

Qua bang 1, 2, thdy rang khoéang
cach gitra cdc mat mang la khac
nhau, kich thudc hat giam dan khi co
thém thanh phan Ru, cu thé véi Pt/C
la 6,14nm, PtRu/C la 4,24nm, diéu
nay la do su tuong tac gitta Pt va Ru
lam kich thudc hat giam, ting hi¢u
ung nano.

3.2. Anh FESEM bé mit ciia cac
miu CCM & nhiét d6 175 °C,
185 °C, 195 °C

Tir cac hinh anh FESEM cho thay
su anh huong cua nhié€t do qua trinh
ép nhiét cua 16p xuc tac 1én bé mit
mang. O nhiét d6 175 °C su két hop

giita cac thanh phan xuc tac yéu, su
phan bd va d6 xdp cac hat thap,
duong kinh trung binh d6 xp bé mat
mang 1a 0,712um. Nhiét do ting dén
185 °C sy phan bd 16p xtc tac dong
nhit, tao nén bé mit nhiing 16 x6p
min, dudng kinh trung binh d6 xbp
cao nhat 0,85um . Tuy nhién, nhiét do
tang dén 195 °C 1dp xuc tac trd nén
day dic, do xbp giira cac hat kém hon
so voi 175 °C, 185 °C duong kinh
trung binh d6 xdp 0,686xm anh
hudng sy trao ddi chat cua mang,
giam hiéu suat pin dang ke.

Hinh 3.3. Anh FESEM bé mit sy phan b6 cia CCM 175 °C, 185 °C, 195 °C
(46 phong dai X5.000, X25.000)
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3.3. Do dac trung I-V

Hiéu suit pin DMFC xac dinh
thdng qua hoat dong cua mang MEA
thuc hién bang cach: Lap rap hé pin
DMEFC khong c6 thiét bj diéu chinh
tdc do, su dung, cung cép dung dich
methanol 2M vao anode va oxy tu
khong khi vao cathode, voi nhiét do
phong thoi gian khoang 2h dé
methanol thAm qua mang. Tién hanh
do dic trung I-V va xac dinh méi lién
hé I-P, két qua duoc trinh bay dudi
day.

3.3.1. M6i quan hé giira mat do
dong dién — dién thé

Ttr hinh 3 cho thay I~V, khi nhiét
do tang mat d§ dong dién tang vi tde
dd oxy hoa methanol ting va dong
hoc ¢ cathode tang. O nhiét do
185 °C 16p xuc tac dugc truyén qua

0.7 ——1——1——

mang va phan b kha ddng déu, giira
cac hat c6 do Xép tdt, mat do dong va
dién thé dat cao nhit 162mA,
0,625V. Khi nhiét do ting dén 195 °C
luong xuc tac qua mang day dac, anh
huong dén su trao doi ion H* va sy
thaim methanol qua mang din dén
mat d6 dong va dién thé giam dang
ké 0,58V, 122mA.cm?, anh huéng
hiéu qua cua pin. Ngoai ra, ¢ nhiét do
qua cao dién thé va mat do dong thap
hon so véi khi ¢ nhiét do 175 °C, sy
phan bd xuc tac trén CCM day, do
x6p kém hon so véi 175 °C. Vi vay,
nhiét do cuia qua trinh ép nhiét co6 vai
trd quan trong dén hiéu suét cia pin.
Qua két qua do dac cho thiy véi
nhiét do cua qua trinh ép 185 °C cho
ta dién thé va dong dién la cao nhét,
hiéu suat t6t nhat (Hinh 4).
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Hinh 4. Mdi quan hé giita mat d¢ dong dién — dién thé
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3.3.2. Mbi quan hé giita mat d¢
dong dién— mat do cong suit

Qua Hinh 5 thé hién mdi lién hé
gitta mat do dong dién va mat do
cong suét cho thiy CCM duoc tao ra
0 nhiét d6 185 °C cho hi€u qua cao
nhét, dat duoc mét do cong suét 1on
nhat 22.4mW. Cm . V&1 nhiét do nay
cho thiy su tlep xuc gitra 16p xtc tac
va mang 1 tot nhat. Tuy nhién, khi
nhiét d6 ting dén 195 °C thi mat do

cong sudt thap hon so v6i nhiét do
175 °C, 185 °C khoang 15,2mW.cm
vi khi nhiét d§ cang cao 16p xtlc tac
qua cang day, qua trinh trao ddi chét
qua mang bi anh hudng nén hi¢u qua
hoat dong cua pin thap. Hon nita, khi
nhié¢t do qua cao 195 °C, mat do cong
sudt giam di rt nhiéu so véi cac
nhiét d6 thap hon, cu thé giam tur
15,2mW.cm2 xudng con
12,2mW.cm’

30 T T T
—a— CCM 175°C
—e— CCM 185°C
—a— CCM 195°C

25

N
(=]
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Hinh 5. Méi lién hé gitta mat do dong dién — mat do cong suat

4. KET LUAN

Két qua tong hop duoc hai xuc tac
tai dién cuc Pt/C va PtRu/C, tinh
dugc kich thudc hat (Pt: 6,14nm,
PtRu : 4,24nm) va duong kinh trung
binh d6 xdp trén bé mit CCM dya
vao phép do XRD, FESEM. Dya vao
phép do bé mit vat Iy va dién héa
nghién ctu dugc sy anh huong nhiét
d6 dén hiéu suét cia viéc ché tao
CCM bang phuong phap decal. Nhiét
dd ctua qué trinh ép nhiét cang cao
duoc xem 1a nhén t6 tich cuc dé lam
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gidm bt dién tré mat phan céach
mang va 16p xuc tac. Pong thoi, mat
do 16p xuc tac tai nhiét d§ cao dong
vai tro trong viéc giéi han su thim
methanol qua mang. Tuy nhién, véi
viéc tang nhi¢t do cua qua trinh ép
nhi¢t Ién cang cao, sy tang kich thudc
cua hat Pt va sy gidm do Xép thi lam
bat loi cho hoat dong chét xc tac tai
dién cuc va su trao ddi chat. Véi pin
don 1¢ DMFC duogc tao ra tir mang
CCM & nhiét do 185 °C cho dién thé,
mat do dong dién va mat d§ cong
suat 1a cao nhat 0,625V, 162mA.cm?,
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22,4mW.cm?, tir két qua do dudng
dac trung I-V, I-P ¢ ba nhiét d§ khac
nhau, thi & nhiét 3o 185 °C cho hiéu
suat dau ra 1a kha tét so véi 175 °C,
195 °C va do xbp 1a tbt nhat véi
duong kinh trung binh d6 xbp 1a
0,85.m .
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SYNTHESIZING NANO-PARTICLES PT/C, PT-RU/C AND EFFECT OF HOT-
PRESSING ON BATTERY PERFORMANCE USING DMFC
Nguyen Le Hoai Phuong® and Nguyen Manh Tuan?
'Faculty of Basic Sciences, Tay Do University
(Email: nlhphuong@tdu.edu.vn)
2HCMC Academy of Science and Applied Materials

ABSTRACT

The objective of this study was to evaluate the effect of temperature pressing for CCM
catalyst coated membrane fabrication process with decal transfer method by synthesized
catalyst nano-particles in cathode and anode Pt/C, PtRu/C. By FESEM images, we
observed the distribution of particles on the surface of catalyst layer in the temperature
175 °C, 185 °C and 195 °C respectively, and average porosity diameter. At temperature
of 185 °C, we found the most uniform distribution and average diameter porosity at
0,85 um. CCM membranes at 185 °C critically improved contact between the catalyst
layer and membrane. This showed the output of the highest battery performance through
the 1-V characteristics and determining the I-P relationship, with voltage, current density
and maximum power density at 0,625 V, 162 mA.cm?, 22,4 mW.cm respectively. At high
temperature of 195 °C, current density and power density were reduced 0,58 V, 122
mA.cm, 15,2 mW.cm™ respectively.

Keywords: Direct methanol fuel cells (DMFC), catalyst coated membrane (CCM) , decal
transfer method, hot-pressing
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