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ABSTRACT

In this study, ternary platinum-ruthenium-cobalt (PtRuCo) alloy
nanoparticles decorated on carbon Vulcan XC-72 and multi-walled
carbon nanotubes (C-MWCNTSs) composite supports were synthesized by
a co-reduction method. The precursors H;PtCls, RuCls, CoCl; and an
efficient reduction of NaBH,4 agent in ethylene glycol (EG) were used to
synthesize the PtRuCo nanoparticles. The catalyst samples were
characterized by energy dispersive X-ray spectroscopy (EDX), X-ray
diffraction (XRD), transmission electron microscopy (TEM), and cyclic
voltammetry (CV). The results confirms that ternary PtRuCo catalyst
provides a methanol oxidation ability 10% higher than binary PtRu
catalyst and the resistance to CO poisoning of PtRuCo is twice compared
with PtRu. In addition, the methanol oxidation activity and the resistance
to CO poisoning of the C-MWCNTs composite support showed 5% and
83% higher than that of the carbon support, respectively.

TOM TAT

Trong nghién ciru nay, hat xiic tic nano hop kim platinum-ruthenium-
cobalt (PtRuCo) trén chdt nén hon hop carbon Vulcan XC-72 voi ong
nano carbon da thanh (C-MWCNTs) duoc tong hop bang phuong phap
dong khir. Hat nano PtRuCo duwoc tong hop tir cdc tién chat HoPtCle,
RUCls, CoCly, va chdt khir la NaBHj két hop ethylene glycol (EG). Céc
mau xiic tac sau khi ché tao dwoc danh gia béi cac phiong phdp do phé
tan xa nang lwong tia X (EDX), nhiéu xa tia X (XRD), kinh hién vi dién tiv
truyén qua (TEM), va quét thé vong tuan hoan (CV). Céc két qua do dac
va phan tich cho thdy, chdt xiic tac hop kim ba thanh phdn PtRuCo cho
kha nang oxy héa methanol cao hon 10% va kha nang chong ngo doc CO
gdp doi so véi hai thanh phan PtRu. Hon nita, chdt nén hon hop C-
MWCNTs cho hoat tinh oxy héa methanol cao hon 5% va kha nang khang
ngo doc CO cao hon 83% so voi nén carbon.
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1. GIOI THIEU

Hién nay, viéc nghién ctru va phat trién cac
ngudn ning lwong méi nham thay thé dan ning
luong hoa thach dugc nhiéu nha khoa hoc quan tim.
Trong s6 cac ngudn nang lwong méi, pin nhién liéu
methanol (direct methanol fuel cell - DMFC) la loai
¢6 nhiéu wu diém noi bat nhu: mat do nang luong
cao, nhién liéu methanol gia thanh thap, dé san xuat,
van chuyén ciing nhu luu trir va xir 1y (Arico et al.,
2001). Bén canh d6, DMFC hoat dong ¢ nhiét do
thip nén dé dang tng dung trong cac thiét bj di dong
hodc cam tay (Zhang et al., 2017). Tuy nhién, do
dién cyc pin DMFC str dung chat xuc tac platinum
(Pt) nén c6 gia thanh cao. Bong thoi, kim loai Pt gay
rangd doc CO dan téi hiéu suat caa pin bi suy giam
(Suh et al., 2005).

Dé giai quyét cac van dé trén, nhiéu nghién ctu
da duogc thyuc hién. Két qua cho thay, chat xuc tac
hgp kim platinum-ruthenium (PtRu) c6 tac dung lam
giam dang ké ngo doc CO trén bé mat dién cuc
(Chen et al., 2012). Pé lam giam gia thanh san
pham, hop kim cua Pt duoc sir dung véi nhitng kim
loai ré tién hon. Mot loat chat xic tac ludng kim nhw
PtFe, PtMn, PtCu, PtNi, PtCo, PtPd, PtCr da duoc
nghién ctru dé thay thé chét xuc tac Pt don (Jang et
al., 2013; Jin et al., 2017; Lu et al., 2017; Kaewsai
& Hunsom, 2018). Trong s do, xtic tac PtCo 1a mot
trong nhiing ludng kim c6 gia thanh thap, higu suat
cao va hoat tinh xtc tac vuot troi (Ren et al., 2020).

Mt khac, chat nén ciing dong mot vai trd vo
cling quan trong trong vat liéu xuc tac dién cuc. Néu
khéng c6 chat nén, su két dam ciia cac hat nano Pt
s& dan dén lam giam dién tich bé mat, tr d6 anh
huéng dén hiéu sudt xuc tac (Jung et al., 2014). Ké
tr nam 1990, vét liéu carbon den (CB) da duoc s
dung rong ri lam nén xuc tac trong DMFC béi dién
tich bé mat 16n, d6 dan dién tdt, cau triic x5p va chi
phi thip. Bén canh d6, vat liéu 6ng nano carbon
(CNTs) c6 tit ca nhirng wu diém cua CB nhung n6
lai c6 kha nang giam thiéu su két tu cua cac hat nano
Pt (Luo & Alonso-Vante, 2015). Hon nita, CNTs 1a
mot vat liéu nén tt cho pin nhién liéu do do dan
dién, do tinh khiét va do bén cao hon so véi cac vat
liéu nén thong thuong (Li et al., 2003; Tian et al.,
2006; Li & Xing, 2008). Tuy nhién, chit nén CNTs
lai c6 mot nhuoc diém 1a kha nang van chuyén dién
tir tai céc diém giao nhau giira céc soi CNTS bj han
che.

Tir cac phan tich trén, nham muc dich phdi hop
ru thé cua cac dang hop kim ciing nhu céac loai vat
liéu nén, trong nghién ctru nay, vat liéu xuc tac hop
kim ba thanh phan platinum-ruthenium-cobalt
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(PtRuCo) trén chat nén hon hop carbon Vulcan XC-
72 v6i Ong nano carbon da thanh (C-MWCNTSs)
duoc tién hanh ché tao.

2. PHUONG PHAP NGHIEN CUU
2.1. Héa chit va vat liéu

Céc hoa chat sir dung trong nghién ctru nay duoc
san xuit bai hang Merck (Duc). Cu thé, cac tien chat
ctia Pt, Ru, va Co lan lugt 1a hexachloroplatinic (IV)
acid hexahydrate (H.PtCls.6H20), ruthenium (l11)
chloride hydrate (RuCls.xH20), va cobalt(Il)
chloride hexahydrate (CoCl,.6H,0). Chat khir duoc
su dung la sodium borohydride (NaBH.), gia tri pH
cia dung dich dwoc diéu chinh bai sodium
hydroxide (NaOH). Vat liéu lam chét nén 1a carbon
Vulcan XC-72 va éng nano carbon da thanh dwoc
mua tir hang Fuel Cell (USA).

2.2. Hoat héa bé mit MWCNTs

O trang thai binh thuong, dng nano carbon da
thanh twong dbi tro vé mat hoa hoc do céc lién két
bén giira cac nguyén tir carbon. Vi vay, dé tao ra cac
nhom chirc phan cuc trén bé mat MWCNTs nhu
carboxyl (-COOH), hydroxyl (-OH) hay carbonyl
(>C=0) gitip phan tan cac hat nano kim loai, viéc
hoat héa MWCNTs duoc thyc hién. Cu thé, 300 mg
MWCNTs dugc cho vao binh cau cung véi hdn hop
60 mL H,S04 98% va 60 mL HNOjz 65% (ty 1é thé
tich 1:1). Trudc tién, hon hop duge rung siéu am 15
phiit, sau d6 khudy hoan lwu trong 5 gid ¢ nhiét do
50°C. Két thuc qua trinh khudy hoan luu, hdn hop
dugc loc rira bang cach quay ly tam trong nuéc khir
ion (DI) dén khi trung tinh (pH = 7). Cudi ciing, hdn
hop dugc say khé & 70°C, qua dém, ta s& thu dugc
MWCNTSs di hoat hoa bé mit.

2.3. Ché tao chit xic tac

Ba hé vat liéu dugc ché tao thanh cong bao gom
PtRU/C-MWCNTs (mau khong chira nguyén to
cobalt, ty I¢ nguyén tir Pt:Ru = 1:1), PtRuCo/C (mau
chira nguyén t6 cobalt nhung chit nén khong sir
dung 6ng nano carbon, ty 1é nguyén tir Pt:Ru:Co =
1:1:1), va PtRuCo/C-MWCNTSs (mau chira nguyén
t6 cobalt ddng thoi sir dung chat nén hdn hop, ty 1&
nguyén tir Pt:Ru:Co = 1:1:1). Thanh phan hop kim
PtRuCo chiém 20 wt.% khéi lwong (chat nén chiém
80 Wt.%). T4t ca cac mau duoc ché tao véi ciing mot
quy trinh déng khir, cu thé:

Bueéc 1: Chudn bj hn hop chdt nén C-MWCNTSs

HGon hop dugc can theo ty I 70 wt.% carbon
Vylcan XC-72 va 30 wt.% MWCNTS (da hoat hoa
bé mat) duoc cho vao binh cau, thém vao binh 50
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mL ethylene glycol (EG). Hon hop duoc rung siéu
am 15 phut, sau d6 khuay tu ¢ nhiét do 80°C.

Buréc 2: Chudn bi tién chat Pt, Ru, va Co

Céac tién chit HuPtCle.6H,0, RuCls.xH,0, va
CoCl,.6H,0 duoc can theo ty 1& thich hop rdi hoa
v6i nuoc khir ion (DI) dé tao thanh cac dung dich
tién chat c6 ndng do 0,05 M. Cac dung dich nay
duoc rung siéu am 15 phut. Sau do, dung dich duoc
hoa 1an véi nhau rdi tiép tuc rung siéu am trong 15
phut.

Budc 3: Léng dong cdc hat nano hop kim trén
chat nén

Dung dich tién chat PtRu hodc PtRuCo sau khi
rung siéu am s& duoc nho ting giot vao hon hop C-
MWCNTSs da diéu ché & Bude 1. Sau d6, chat khir
NaBH, 0,5 M dugc thém ting giot vao hdn hop.
Dung dich NaOH 5 M duoc sir dung dé diéu chinh
pH dén gia tri 12. HANn hop dugc khudy tir & 80°C
trong 3 gio. Két thiic qua trinh khudy tir, hdn hop
duoc loc rira bang cach quay ly tim trong nudc khi
ion dén khi trung tinh (pH = 7) va sdy khé & 70°C
qua dém. Cubi cung, ta thu dugc cac mau vat liéu
xuc tac  PtRu/C-MWCNTs, PtRuCo/C, va
PtRuCo/C-MWCNTSs.

2.4. Cac phuwong phap nghién ciru cic tinh

chit dic trung caa vt ligu

Thanh phan nguyén tir ciia cac mau xuc tac duoc
xéc dinh thong qua phan tich phd tan xa ning lwong
tia X (energy dispersive X-ray spectroscopy — EDX,
JEOL 6490 JED 2300). C4u truc tinh thé cia cac hat
nano trong mau dugc xac dinh bang phé nhiéu xa tia
X (X-ray diffraction — XRD, Bruker D8-Advance),
phép do dugc thyc hién véi goc do trong khoang 20°

a) PtRU/C-MWCNTs
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—90°, budc do 0,05°, birc xa st dung 1a Cu Ka véi
bude song 1,5418 A. Kich thude va su phan bd hat
nano trén chat nén dugc khao sat bang kinh hién vi
dién tir truyén qua (transmission electron
microscopy — TEM, JEOL JEM 1010). Kich thuéc
trung binh cta cac hat nano dugc xac dinh tr anh
TEM thong qua st dung phan mém ImageJ. Kha
ning xic tac oxy hoéa methanol duoc do bang
phuong phap quét thé vong tuan hoan (cyclic
voltammetry — CV, Autolab, phin mém Nova
2.1.4). Bién cuc so sanh dugc sir dung trong hé do
dién hoa 1a Ag/AgCl. Pién cyc lam viéc dugc ché
tao bang cach quét 1én 1,0 cm? gidy carbon Toray 2
mg muec xuc tac. Cac dién cuc dugc dat trong dung
dich 0,5 M H,SO4 va 1,0 M CH30H. Khoang quét
thé tir- 0,2 V dén 1,2 V vai tée d6 quét 50 mV/s.

3. KET QUA VA THAO LUAN
3.1. Thanh phan ciu tao cia cic miu xiic tic

Thanh phan ciu tao cua cac mau xuc tic dwoc
xac dinh thong qua phan tich phé EDX. Anh SEM
va phé EDX cua PtRu/C-MWCNTs, PtRuCo/C, va
PtRUCO/C-MWCNTS dugc thé hién ¢ Hinh 1. Két
qua cho thay, thanh phan nguyén t6 c6 mit trong cac
mau xc tac dung v6i muyc dich ché tao. Cu thé, cac
nguyén t6 carbon, Pt, va ruthenium c6 mit trong
mau PtRu/C-MWCNTSs. Tuong tu, trong hai mau
PtRuCo/C va PtRuCo/C-MWCNTs, bdn nguyén tb
carbon, Pt, ruthenium, va cobalt xuét hién. Ngoai ra,
mau xtc tac khéng cb mit nguyén t nao khac chimg
t6 mau khong bi 14n tap chat. Nhu vay, két qua phd
EDX cho théy, vat liéu xtc tac nano hgp kim ba
thanh phf?ln PtRuCo d3 duoc ché tao thanh cong trén
chat nén hén hop carbon Vulcan - ng nano carbon
da thanh cho dién cuc DMFC.

¢) PtRuCo/C-MWCNTs

Hinh 1. Ph6 EDX ciia PtRu/C-MWCNTS, PtRuCo/C, va PtRuCo/C-MWCNTS
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Hinh 2. Phé XRD cia PtRu/C-MWCNTs, PtRuCo/C, va PtRuCo/C-MWCNTSs

3.2. Céu tric tinh thé ciia cac hat nano

Pho XRD ciia PtRU/C-MWCNTs, PtRuCo/C va
PtRuCo/C-MWCNTSs duoc thé hién ¢ Hinh 2. Dang
phé XRD cua ca ba hé xuc tac twong tu nhau véi
nam dinh nhidu xa xuét hién trong mdi phd. Trong
do6, dinh thir nhit & goc 20 khoang 26° twong tmg
v6i médt mang (002) trong cu trac luc phuong cua
tinh thé graphite (Kamali et al., 2011). Bén dinh tiép
theo & cac goc 26 1an lugt c6 gia tri 39,8°; 46,4°;
67,9° va 81,6° tuong Gng vdi cac mat mang (111),
(200), (220), va (311) cua céu trac 1ap phuong tim
mit (face-centered cubic — fcc) & tinh thé Pt (JCPDS
Card No. 04-0802) (Shah, 2012). Véi hgp kim
PtRuCo, cac nguyén tir Co s& thay thé cac nguyén tir
Pt trong tinh thé Pt. Do d6, cau tric cac hat nano hgp
kim van 1a cau trac fec cia tinh thé Pt. Tuy nhién,
cac dinh nhidu xa s& bi dich chuyén sang cac goc 20

a) PtRu/C-MWCNTs

b) PtRuCo/C

16n hon mét chat (Li et al., 2020). Tuy nhién, ¢ day
lai khong thy xuat hién céc dinh nhiéu xa ctia cau
trac luc giac xép chat (hexagonal close-packed —
hep) & tinh thé ruthenium, cu thé 1a Ru(100) & 38,4°,
Ru(002) ¢ 42,2°, Ru(101) ¢ 44,1°, Ru(110) ¢ 69,5°,
Ru(103) ¢ 78,4° va Ru(112) ¢ 84,8° (JCPDS Card
No. 06-0663) (Kumar et al., 2014). Diéu nay co thé
duogc giai thich 1a do trong céac tinh thé hop kim
PtRu, cic nguyén tir Ru di thay thé cac nguyén tir
Pt tai cac nut mang cua cAu trtic fee (Antolini, 2003).
Hién twong twong tu ciing xay ra ddi voi nguyén tir
Co. Theo céac nghién ciru da cong bd, khi hinh thanh
cac hat nano hop kim PtRuCo, cac nguyén tir Co s&
thay thé cac nguyén tir Pt trong tinh the Pt. Do do,
cu tric cac hat nano hop kim van 14 céu tric fec cua
tinh thé Pt. Tuy nhién, cac dinh nhiéu xa s& bi dich
chuyén sang cac goc 260 16n hon mot chut (Li et al.,
2020).

¢) PtRuCo/C-MWCNTs
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Hinh 3. Anh TEM va sy phén bd kich thwéc hat cia PtRu/C-MWCNTSs, PtRuCo/C, va PtRuCo/C-
MWCNTs
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3.3. Kich thwéc va sy phan bd hat

Anh hién vi dién tir truyén qua (TEM) dugc sir
dung dé nghién ctru sy phan bd va kich thude cac
hat nano PtRu va PtRuCo trén nén C va nén C-
MWCNTs. Théng ké kich thudc cac hat nano 3,0
nm (Takasu et al., 2001). Nhu vay, két qua kich
thudc hat trong nghlen ctru nay la gan véi kich thudce
hat t6i wru da dugc cong bd.

3.4. Kha nang oxy héa methanol ciia cac
Miu xic tac

Kha nang xuc tac oxy héa methanol cling nhu
khang ngo doc CO cua PtRu/C-MWCNTS,
PtRuCo/C, va PtRuCo/C-MWCNTSs dugc xac dinh
thong qua khao sat pho dién hoa CV, két qua duoc
trinh bay ¢ Hinh 4 va Bang 1. Trong nghién ctru nay,
phép do dién héa cac mau xiic tic dugc thuc hién
trong dung dich CH30H 1,0 M + H,SO4 0,5 M voi
khoang quét thé tir -0,2 V dén 1,2 V, téc d6 quét la
50 mV.st. C6 thé thay rd, trén mdi dudng cong quét
thé s& c6 hai dinh oxy hoa, mot dinh xudt hién trong

a) PtRu/C-MWCNTs

12 12

b) PtRuCo/C
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qua trinh quét thé t6i va mot dinh xuét hién trong
qua trinh quét thé vé. Pinh thir nhét thé hién kha
ning oxy héa methanol ctia mau xtc tac. Gia tri mat
d6 dong tai dinh nay (ky hiéu la Jr) cang cao thi kha
nang oxy va sy phan bd cla chung trén chit nén
duoc thé hién & Hinh 3. Co thé thay r0, cac hat nano
hop kim PtRu va PtRuCo phan b tuong ddi dong
déu trén chéat nén (C va C-MWCNTSs). Piéu nay
chung t6, qua trinh tong hop cac hé vat liéu xuc tac
cling nhu qua trinh hoat hoa vat liéu MWCNTs da
thuc hién thanh cong. Kich thudc hat trung binh &
cic mau xuc tic khong chénh léch nhau nhiéu, déu
nam trong khoang 2,4 — 3,2 nm. Trong dién cuc
DMFC, kich thu6c hat anh huéng 16n dén kha ning
xuc tac, do chung anh huéng dén dién tich bé mat
xuc tac cling nhu c¢6 kha nang tao nén cac hi¢u ung
lugng tir & cac hat nano hop kim. Kich thudce hat tdt
nhét cho xtic tic trong pin DMFC dugc x4c dinh vao
khoang 3,0 nm (Takasu et al., 2001). Nhu vy, két
qua kich thudc hat trong nghlen clru nay la gan véi
kich thudc hat t6i uu da dwoc cong bé.

c) PtRuCo/C-MWCNTs
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Hinh 4. Phé CV ciia cac miu xic tac

6] day, gia tri cuong d6 dong cuc dai Js lan luot
1a 8.4, 8,8 va 9,2 mA.cm2 ddi véi cac miu xuc tac
PtRU/C-MWCNTs, PtRuCo/C, va PtRuCo/C-
MWCNTSs. Két qua trén cho thay, kha ning oxy hoa
methanol ctia chat xtic tac dugc cai thién khi ¢6 thém
kim loai Co (ting gan 10%). Dong thoi, dbi véi hai
mau c6 cung dang hop kim PtRuCo, mau sir dung
chat nén hn hop C-MWCNTs cho kha ning xtc tac
oxy hoa t6t hon nén chi sir dung carbon (cao hon
5%). Hon nita, thong qua gia tri ti s J¢/J; co thé thay
18, mau xuc tac ¢6 thém thanh phan Co cho kha ning
khang ngd doc CO cao hon gap d6i mau khong co
Co (11,5 so véi 5,3) va mau st dung nén C-
MWCNTs cho kha nang khang ngd doc CO tang
83% so voi nén C (11,5 so véi 6,3). Nhu vay, mau
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xtc tac PtRUCo/C-MWCNTSs vuot troi hon hai mau
con lai vé ca kha nang oxy hoa methanol 1an khang
ngd doc CO.

Bang 1. Gia tri Jr, Jr, va ti s6 Ji/ Jr clia cac miu

xuc tac
MAu xic tac N I Jil Jr
PtRu/C-MWCNTSs 8,4 1,6 53
PtRuCo/C 8,8 14 6,3
PtRuCo/C-MWCNTSs 9,2 0,8 115
4. KET LUAN

Trong nghién ctru nay, cac hat nano hop kim
PtRu va PtRuCo da dugc tong hop thanh cong bang
phuong phap dong khir trén chat nén don chat C va
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chat nén hdn hop C-MWCNTSs (70:30 wt.%). Két
qua phan tich XRD va anh TEM cho thdy, c4c hat
nano hop kim duoc tao thanh c6 ciu trac 1ap phuong
tam mat (fcc) cua tinh thé Pt, kich thudc hat trung
binh trong khoang tir 2,4 dén 3,2 nm. Kich thudc
nay duoc xac dinh 1 phu hop tt cho tng dung lam
chat xtc tac trong dién cuc ciia pin DMFC. Két qua
khao sat dién hoa CV ciing cho thiy, viéc bo sung
thém kim loai Co vao hop kim PtRu da lam tang kha
nang xuc tac oxy héa methanol cling nhu khang ngd
doc CO, nho d6 co thé cho phép nang cao hiéu suat
cia pin DMFC. Trong d6, mau xuc tac PtRuCo/C-
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