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ABSTRACT

Electrocatalyst material of direct methanol fuel cell (DMFC) with carbon
Vulcan supported ruthenium-core and platinum-shell nanoparticles
(Ru@Pt/C) was successfully synthesized by a two-step method. H,PtCls
and RuCls precursors were used with the efficient reduction of NaBH,
agent in ethylene glycol (EG). Besides, an alloy structure catalyst sample
(Pt-Ru/C) was prepared to compare with the Ru@Pt/C sample. The
electrocatalyst samples were investigated by experimental methods
including X-ray diffraction (XRD), transmission electron microscopy
(TEM), and cyclic voltammetry (CV). The results showed that the
Ru@Pt/C electrocatalyst sample was better than the Pt-Ru/C sample with
respect to methanol oxidation.

TOM TAT

Vat liéu xuc tac nano cdu tric ruthenium-16i va platinum-vo trén nén
carbon Vulcan (Ru@Pt/C) lam chdt xiic tac trong dién cuc pin nhién li¢u
dung methanol truc tlép (DMFC) dwoc ché tao bdng phuwong phap khir hai
bude. Cdc tién chat HPtCls va RuCl; da dwoc su dyng, voi dung dich
ethylene glycol (EG) két hop vdi NaBH, lam chat khit. Ngoai ra, mdu xic
tac dang hop kim Pt-Ru/C dwoc tong hop trong cing diéu kién ché tao
mau Ru@Pt/C dé so sanh. Cdc phwong phdp phan tich nhuw X-ray
diffraction (XRD), transmission electron microscopy (TEM), va do dién
héa cyclic voltammetry (CV) da dwoc sir dung dé phan tich va danh gid.
Két qua cho thdy vdt liéu xiic tdc nano cdu tric 16i-vé Ru@Pt/C da dwoc
ché tao thanh cong, cac hat nano Ru@Pt co kich thudc dong nhdt va phén
bo dong déu. Dong thoi, két qua cing cho thdy su vuot troi hodn toan ciia
mau xiic tac cdu tric 16i-v6 so véi mau hop kim vé cd hai mat: kha ning
oxy héa methanol va murc do oxy hoa hoan toan methanol.

1 GIOI THIEU

Hién nay, trén thé gidi, pin nhién liéu DMFC

trinh oxy hoa methaqol tai dién cyc pin DMFC la
platinum (Pt) (Nguyen Viét Long va ctv., 2013).

dang thu hiit manh mé sy quan tdm nghién ciru cua
nhiéu nha khoa hoc béi day 1a ngudn ning luong
sach va c6 nhiéu wu diém nhu nhé gon, khong gy
tiéng 6n va hoat dong & nhiét do thap (King, T. J.,
et al., 2006; Wenzhen, L., et al., 2002; Wenzhen,
L., et al., 2004). Vat li¢u xic tac t6t nhét cho qua
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Tuy nhién, qua trinh oxy hoa methanol tai dién cuc
pin DMFC lai san sinh ra san phdm phu carbon
monoxide (CO), cac phan to CO dugc hinh thanh
s& bam 1én bé mit Pt ngin can qué trinh oxy hoa
tiép dién dan dén lam giam hiéu suét pin. Dé loai
bd cac phan tr CO nay, nguoi ta st dung xuc tac
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ludng kim loai bao gdm ruthenium (Ru) két hop
v6i Pt. Thanh phan Ru trong chét xtc tac bén canh
viéc loai bo cac phan tir gdy hai CO, con gilp ting
cuong qua trinh oxy hdéa methanol va lam giam
kich thudc hat.

Viéc st dung xtc tac ludng kim loai Pt-Ru cho
dién cuc pin DMFC trong thoi gian dau chi dimg
lai & dang hon hop hodc hop kim. Cho dén thoi
gian gan ddy, cac nha khoa hoc bt dau chi y
nghién ctru va tong hop ching dudi dang ciu trac
16i-vé (Hsieh, Y. C., et al, 2013; Lei, Z., et al.,
2011; Selim, A., et al., 2008). Cac Kkét qua budc
dau cho thdy, xuc tac ludng kim Pt-Ru cau triic 15i-
v6 cho hiéu sudt xtc tac cao hon hin so véi khi st
dung chiing & dang hén hgp hay hop kim. Do do,
viéc tiép tuc nghién ctru dé dua ra quy trinh ché tao
t6i wru cling nhu danh gia mot cach k¥ ludng vé loai
xic tac cau tric 16i-vo nay 1a hét stc can thiét. Bai
bdo nay cuia chung t6i cung cip mot quy trinh ché
tao xtic tic ludng kim Ru 13i - Pt v trén nén
carbon Vulcan (Ru@Pt/C) va st dung phép phan
tich dién hoa CV dé khao sat kha ning oxy hoa
methanol cua vat liéu xuc tac thu duoc.

2 THUC NGHIEM
2.1 Vit liéu va hoa chét

Vit liéu dong vai tro 1am chat nén xuc tac dugc
st dung 14 loai carbon black Vulcan thuong mai,
cung cap boi hing Boulder (M¥). Céc tién chat cua
Pt va Ru lan luot 13 hexachloroplatinic (IV) acid
hexahydrate (H,PtCle.6H,O) va ruthenium (III)
chloride hydrate (RuCl;.xH,O), hdng san xut
Merck (Dirc). Cac chat khir duge sir dung trong
nghién ctu gdm cé ethylene glycol (EG) va
sodium borohydride (NaBH4). Ngoai ra, acid
sulfuric (H,SO4, 98%) duogc str dung dé ting cudng
kha nang khtr cia EG va sodium hydroxide
(NaOH) duoc st dung cho viéc diéu chinh do pH
cua dung dich. Cac hda chét trén déu duge mua tir
hang Merck.

2.2 Quy trinh ché tao

Trude tién, hdn hop gdm 56 mg carbon black
Vulcan (C) va 40 mL ethylene glycol (EG) dugc
rung siéu am 15 phat. Sau d6, dua thém vao hdn
hop 10 mL acid H,SO4 98%, khudy tir trong 30
phut ¢ 170 °C.

Sau giai doan khudy tir, didu chinh hdn hop trén
vé nhiét do phong, nho tir tir vao ching dung dich
gdm 22 mg RuCl; va 5 mL nudc cit. Tiép theo,
hoa 200 mg NaBH, véi 10 mL nude cat, nho tir tir
vao hdn hop. Thém dung dich NaOH vao dé diéu
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chinh dén khi pH = 11. Hon hop duoc tiép tuc
khuay tir trong 5 gio 6 nhiét dd phong.

Sau 5 gio, tiép tuc nho tir tir dung dich gom 42
mg HyPtCls va 5 mL nudc cit vao hdn hop trén.
Hoa 200 mg NaBH, vi 10 mL nudc ct, nho tir tir
vao hon hgp. Thém dung dich NaOH vao dé diéu
chinh dén khi pH = 11. Hdn hop duoc tiép tuc
khuay tir trong 5 gior & nhiét d6 phong.

Két thiic qua trinh khudy tir, ding nuoe cét loc
rira dua hon hop vé trung tinh (pH = 7), say kho &
110°C trong vai gio.

2.3 Phwong phap phan tich danh gia

Mau vat lieu Ru@Pt/C dugc kiém tra thanh
phin ciu tao bang phdé XRD. M4y XRD sir dung la
loai D8-ADVANCE tai Khoa Khoa hoc Ty nhién —
Trudng Dai hoc Can Tho. May sir dung dién ap gia
toc 40 kV, cuong d6 dong 10 mA, bude do 0,01°,
tbc do quét 3°20/phat. Hinh anh truc quan vé kich
thude, cAu tric 16i-vo cua cac hat nano Ru@Pt va
vi tri bam cuia chung trén nén carbon Vulcan dugc
cung cap thong qua cac anh TEM va HRTEM cua
mau vat lieu Ru@Pt/C. M4y chup anh TEM 1 loai
JEOL JEM-1400 tai Dai hoc Bach khoa TP. HCM.
Anh HRTEM dugc chup 6 Han Qubc.

Kha ning xuc tac oxy héa methanol ctia mau
dugc khao sat bang thuc hién phép do thé vong
tudn hoan (CV). Ding 5 mg vét liéu Ru@Pt/C ché
tao dugc quét 1én 1,0 cm? gidy carbon Toray va
chung dugc dat ¢ vi tri dién cuc lam viéc trong hé
do dién hoa CV. May do CV dugc sir dung trong
nghién clru nay la loai AUTOLAB, dat tai PTN
Cong nghé nano — PHQG TP. HCM.

3 KET QUA VA THAO LUAN
3.1 Két qua chup XRD

Hinh 1 cho ching ta phéd XRD cua mau
Ru@Pt/C. Trén anh phd, chung ta thiy rd co 5
peak lan luot tai cac vi tri goc 2 theta la: 25,1°,
39,7°, 46,2°, 67,4°, va 81,2°. Trong d6, peak dau
tién (vi tri 25,1°) 1a peak dac trung cia vt li€u
carbon Vulcan. Bn peak con lai dic trung cho tinh
thé Pt tuong tmg véi cic mat mang (111), (200),
(220), va (311) trong cau trac 1ap phuong tim mat
ctia Pt. O déy, ta khong thdy co sy hién dién cua
peak dic trung cho tinh thé Ru boi vi vi tri cac
peak nay nim gin vdi cac peak dic trung cua tinh
thé Pt nén ching khong xuét hién riéng 1¢ ma s&
lam cho cac peak dac trung cua tinh thé Pt bi léch
di mét chit so voi binh thuong (Selim, A., et al.,
2008; Hsieh, Y. C., et al., 2013).
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Hinh 1: Phé XRD miu Ru@Pt/C

nano Ru@Pt da dugc ché tao thanh cong.
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3.2 Két qua chup anh TEM va HRTEM

Anh TEM ciia mau carbon Vulcan nén va mau
xuc tdc Ru@Pt/C cho ching ta cai nhin tryc quan
vé céc hat nano Ru@Pt trén nén carbon Vulcan
(Hinh 2a, 2b). Tir cac anh TEM nay ching ta thay
1 cAc hat xtic tac nano c6 kich thudc dong nhat va
phan bd dong déu trén nén carbon. Kich thudc
hat tap trung trong khoang 3 — 5 nm (chiém 80%,
Hinh 2b).

Anh HRTEM (Hinh 2c¢) giup chung ta nhin 5
hon céu tric 16i-vo cua hat nano Ru@Pt vé6i thanh
phin 15i 12 Ru (phan sdm mau bén trong hat) va
phin vo 1a Pt (phin nhat hon bao bén ngoai)
(Selim, A., et al., 2008). Piéu nay chimg to hat

nén carbon Vulcan

Hinh 2: Anh TEM méu carbon Vulcan (a), miu xiic tic Ru@Pt/C (b) chup & giai do 50 nm va inh HRTEM
mau Ru@Pt/C chup & giai do 2 nm (c)

3.3 Két qua do dién hoa

Viée do dién héa mau vat liéu Ru@Pt/C duoc
thuc hién trong dung dich CH3;0H 2 M + H,SO4 1
M, quét thé tir -0,2 V dén 1,2 V. Trén dudng cong
dién hoa xuét hién hai peak oxy hoa methanol tai
hai vi tri A; va B; (Hinh 3, duong mau dd). Peak
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A, xuit hién khi quét dién thé vé phia duong (quét
toi) tai vi tri 0,9322 V voi mat d6 dong 64,48
mA/cm?. Qué trinh quét thé vé phia 4m cho peak
oxy hoa thir hai tai vi tri 0,4805 V tng v6i mat do
dong 7,257 mA/cm?. Peak oxy hoéa thit hai nay co
Vi tri thép hon so voi peak déu, su xudt hién cia nd
duoc gidi thich 1a do qua trinh oxy hoéa methanol
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theo chiéu dwong dién ra khong hoan toan, cc san
phim trung gian CO sinh ra chua kip chuyén hoa
hoan toan thanh san phdm bén 1a CO, nén khi ta
quét thé vé phia am, sy chuyén hoa cac phan tir CO
thanh CO; tao thanh mot peak tin hi¢u trén duong
cong. Nguoi ta sir dung ti 1€ cuong d6 hai peak tai
A va B (I/Ig) dé so sanh muc do oxy héa hoan
toan cta qua trinh oxy hoa methanol, néu ti 1& nay
nho ching to sy oxy hoa methanol dién ra khong
hoan toan hay c6 nhiéu san pham phu CO tich tu
trén bé mat dién cuc va ngugc lai, néu ti 18 nay
cang 16n ching to sy oxy hoéa methanol dién ra
hoan toan hon, c6 it san phém phu CO tich tu trén
bé mit hon (Liang, H. and L. Zhaolin, 2007; Qi,
N, et al., 2012).

Bén canh miu xuc tic cdu tric 13i-vo
Ru@Pt/C, ching t6i ciing ché tao miu xuc tac
dang hop kim Pt-Ru/C véi cling cac diéu kién dau
vao dé so sanh. Két qua do CV cua hai mau dugc
thé hién ¢ Hinh 3. Ta thdy duong cong dién hoa
CV ctia mau Pt-Ru hop kim (duong mau den) ciing
¢6 dang twong ty mau 15i-vé, v6i hai peak oxy héa
methanol khi quét thé theo chidu duong va chiéu
am lan luot tai cac vi tri: Ay (E = 0,7796 V, I =
24,59 mA/cm?) va B, (E = 0,4836 V, I = 6,397
mA/cm?).

Céac thong s6 dinh lwong dic trung cho kha
ning va hiéu suat oxy hoa methanol ctia hai mau
dugc liét ké trong Bang 1. Chiing ta thay rd sy vuot
troi hoan toan cua mau xdc tic cu trac 16i-vo so
v6i mau hogp kim vé ca hai mat: kha ning oxy hoa
methanol cao hon gin gép ba lan (64,48 mA/cm?
so voi 24,59 mA/cm?) va mitc d6 oxy hoéa hoan
toan methanol khi quét thé vé phia dwong ciing hon
gap doi (ti 18 1a/Tp 12 8,885 so véi 3,844).

— Pt-Ru/C
Ru@Pt/C A‘

I (Amps/cmz)

T T T T T T T T ,
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
E (Volts)

Hinh 3: So sanh dwong cong dién héa CV giira
miu Ru@Pt/C véi miu Pt-Ru/C ché tao & cung
diéu kién. Cac miu dwogc khao sat trong dung
dich CH:0H 2 M + H2S04 1 M, quét thé tir -0,2
V dén 1,2 V, tbc dd quét 50 mV/s
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Bang 1: So sanh kha néng oxy héa methanol
giita miu hgp kim va miu 16i-vé

Miu Ia (mA/cm?) Iz (mA/cm?)  I4/Ip

PLRu/C 24.59 6397 3.844

Ru@PY/C 64,48 7257 8.885
4 KET LUAN

Mau vat liéu xuc tac nano ciu trac 15i-vo
Ru@Pt/C di duoc ché tao thanh cong bang phuong
phép khtr hai budc. Cac hat nano Ru@Pt c6 kich
thude dong nhit, tap trung trong khoang 3 — 5 nm
va phan bb dong déu trén nén carbon Vulcan. Khao
sat dién hoa CV cho thay kha nang va hi¢u suét
oxy héa methanol cua mau xtc tac céu tric 16i-vo
vuot troi hoan toan so véi mau ciu tric hop kim,
v6i kha niang oxy héa cao hon gan gp ba lan va
kha ning oxy hoa hoan toan hon gap hai lan.

LOI CAM TA

Nghién ctru nay dugc hd trg kinh phi tir dé tai
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