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TOM TAT

Trong nghién ciru ndy, s hdp phu ciia carbon monoxide (CO) lén
bé mat hat nano platinum (Pt) va hat nano hop kim platinum-
ruthenium (PtRu) dwoc khdo sat bang mé phong sir dung Iy thuyét
phiém ham mat do (DFT) va thuc nghiém do thé vong tuan hoan
). Két qua mé ) phong cho thdy nang hwong hap phu cia CO trén
bé mdt Pt va PtRu lan luwot la -2,03 va -1,86 eV. Piéu nay chimg to
phan tir CO hap phu trén bé mat Pt manh hon trén bé mat PtRu.
Két qua do CV ciia hai logi xuc tdc trong dung dich methanol-
sulfurtc acid ciing cho thdy ty sé ]//]r cua PtRu (7,2) cao hon 2,9
lan so véi Pt (2,5). Piéu ndy mét lan nita khng dinh, khi thém kim
logi ruthenium vao platinum sé giup tang kha nang khang ngo doc
CO cua chdt xic tic. Pong thoi, két qua thue nghiém ciing hodn
toan phit hop véi két qua mé phong.

Tir khod: Carbon monoxide, hat nano PtRu, mé phong, quét thé vong
tuan hoan

ABSTRACT

In this study, the adsorption of carbon monoxide (CO) on the
surface of platinum (Pt) and platinum-ruthenium alloy (PtRu)
nanoparticles was investigated by simulation using density
functional theory (DFT) and cyclic voltammetry (CV)
measurement. The simulation results show that the adsorption
energies of CO on Pt and PtRu surfaces are -2.03 and -1.86 eV,
respectively. This proves that the CO molecule adsorbed on the Pt
surface more strongly than on the PtRu surface. The results of CV
measurement also show that the j7j, ratio of PtRu (7.2) is 2.9 times
higher than that of Pt (2.5). This once again confirms that adding
ruthenium to platinum will help increase the resistance to CO
tolerance. Furthermore, the experimental results are also
completely consistent with the simulation results.

Keywords: Carbon monoxide, PtRu nanoparticles, simulation, cyclic
voltammetry
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1. GIOI THIEU

Hién nay, pin nhién li€u str dung methanol truc
tiép (DMFC) dugc xem 1a mot trong nhiing lya chon
hira hen nhét dé giai quyét khung hoang ning luong
trong twong lai nho hiéu suét chuyén dbi nang luong
cao, it gy phat thai 6 nhidm, nhiét 6 van hanh thap,
don gian va an toan trong luu trit va van chuyén
(Hsieh et al., 2009). Tuy nhién, pin DMFC c6 hai
nhuoc diém chinh 1a sir dung chét xuc tac platinum
nén c6 gia thanh cao va su ngd doc carbon monoxide
& dién cuc dan téi hiéu suat cia pin bi suy giam (Suh
et al., 2005). B¢ han ché cac nhuge diém nay, nhiéu
bién phap da dugc thuc hién nhu ché tao cac hat xuc
tac & kich thudc nano, st dung céc chit nén c6 kha
nang phan tan tt cac hat nano va dic biét la ché tao
cac hat nano hop kim cua Pt véi nhiing kim loai ré
tién hon (Quan & Le, 2021).

Pi c6 nhiéu cong trinh thyc nghiém ché tao cac
chat xtic tac ludng kim nhu PtFe, PtMn, PtCu, PtNi,
PtCo, PtPd, PtCr dé thay thé xuc tac Pt don (Jang et
al., 2013; Jin et al., 2017; Lu et al., 2017; Kaewsai
& Hunsom, 2018). Trong do, mot nghién ctru da
cong bd cho thay xuc tac nano platinum-ruthenium
céu triic 16i-vo (Ru@Pt) 6 tac dung lam giam dang
ké ngd doc CO trén bé mit dién cuc (Chen et al.,
2012). Tuy nhién, phan nghién ctru ly thuyét vé lmh
vue ndy hién nay con rat han ché. Cac nghién ciru
chu yéu tap trung khao sat con duodng phan huy
methanol trén bé mit cic chét xuc tac nhu Pt(111),
Pd(111), Ni(111),... (Greeley & Mavrikakis, 2002;
Kramer et al., 2014; Ou, 2018). Pic biét, chua thiy
¢6 cong bd nao thuc hién dong thoi moé phong két
hop véi thuc nghiém.

Tir céc phan tich trén, nham muc dich gop phan
khao sat mot cach k¥ ludng cac dang xuc tac co thé
str dung cho dién cuc pin nhién liéu DMFC, trong
nghién clru nay, hai loai vat liéu xuc tac 1a don kim
loai Pt va hop kim PtRu duoc thuc hién ché tao va
do phé CV, dong thoi dugc thiét ké va tinh toan ning
lwong hip phu ctia CO 1én hai bé mat Pt va PtRu.

2. PHUONG PHAP NGHIEN CcUU

2.1. Vit li¢u, héa chit va phin mém mé

phong

Vit liéu dugc s dung lam chét nén cho ca hai
loai xuc tac Pt/C va PtRu/C 1a carbon Vulcan XC-
72 duge mua tir hing Fuel Cell (USA). Cac hoa chét
sir dung trong nghién ctru ndy déu dugc san xuit boi
hang Merck (Ptic). Cu thé, cac tién chét cua Pt va
Ru lan luwot 1a hexachloroplatinic (IV) acid
hexahydrate (H,PtCls.6H,O) va ruthenium (III)
chloride hydrate (RuCl;.xH>0). Chét khtr duge st
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dung la sodium borohydride (NaBH.), gia tri pH cua
dung dich dugc diéu chinh boi sodium hydroxide
(NaOH).

Phin mém VESTA dugc s dung dé }hiét Kké céc
hé m6 phdng sy hap phu cia CO 1én bé mat Pt va
PtRu. Nang lugng cua cac h¢ dugc chay tinh toan
boi gbi phan mém VASP.

2.2. Phén thyc nghiém

C6 hai mau xuc tac duge ché tao bao gém: Pt/C
va PtRu/C (ty 1& nguyén tir Pt:Ru = 1:1). O ca hai
mAu, thanh phan kim loai Pt chiém 20 wt.% khbi
lwong (chét nén carbon chiém 80 wt.%). Cac mau
duoc ché tao véi cung mot quy trinh déng khtr, cu
thé: 80 wt.% carbon Vulcan XC-72 duoc can va cho
vao binh ciu, 50 mL ethylene glycol (EG) dugc
thém vao binh. Hon hop dugc rung siéu am 15 phit,
sau d6 dugc khudy tir & nhiét do phong. Cac tién chat
H,PtCls.6H>O va RuCl;.xH>O dugc cén theo ty 1¢
thich hop rdi hoa voi nude DI dé tao thanh cac dung
dich tién chit c6 ndng d6 0,05 M. Cac dung dich nay
durgc rung siéu am 15 phat. Sau dé, dugc hoa 1an véi
nhau rdi tiép tuc rung siéu 4m trong 15 phut. Dung
dich tién chat Pt hodc PtRu sau khi rung siéu 4m s&
dugc nho tig giot vao hdn hop dang khudy tir. Sau
d6, chat khir NaBH, 0,5 M dugc thém timg giot vao
hén hop. Dung dich NaOH 5 M dugc sir dung dé
diéu chinh pH dén gia tri 12. Hon hop dugc tiép tuc
khudy tir & nhiét do phong trong 5 gio. Két thiic quéa
trinh khudy tir, hdn hop dwoc loc rira bing cach quay
ly tim trong nudc khir ion dén khi trung tinh (pH ~
7) va siy kho & 70°C, cudi cung thu duoc cac miu
vat liéu x1uc tac Pt/C va PtRu/C.

Céu triic tinh thé ciia céc hat nano trong cac mau
xéc tic duge xac dinh thong qua phan tich nhiéu xa
tia X (Bruker D8-Advance). Kich thudc va sy phan
bd hat nano trén chit nén dwgce khao sat béng st
dung kinh hién vi dién tir truyén qua (Jeol JEM
1010). Kha nang xtc tac oxy hoa methanol va khang
ngd doc CO dugc do bang phuong phép quét thé
vong tuan hoan (hé méay Autolab, sir dung phan
mém Nova 2.1.4). Pién cuc so sanh duogc sir dung
trong hé do dién hoa 1a Ag/AgCl. Pién cuc lam viéc
duoc ché tao bang cach quét 1én 1,0 cm? gidy carbon
Toray 2 mg muc xuc tac. Cac dién cuc dugc dat
trong dung dich 0,5 M H,SO4 va 1,0 M CH3;0H.
Khoang quét thé tir- 0,2 V dén 1,4 V véi toe do quét
50 mV/s.

2.3. Phin mé phéng

Trong nghién ciru nay, goi phan mém mo phong
VASP duogc su dung dé to6i uu hod cac cau truc va
tinh toan nang lugong cia cac hé. Tinh toan dugc
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thuc hién véi cac dé co cau trac fec gdm 3 16p Pt
hoac PtRu (ty 1€ nguyén tir Pt:Ru = 1:1, tuong tu vdi
cac mau thyc nghiém, Hinh 1). Mdi unit cell c6 kich
thude 10,4 A x 10,4 A x 23,4 A, tudn hoan theo hai
chidu x va y, khoang chan khong theo truc z dugc
thiét ké xap xi 15 A, mo6 phong mot phan bé mat cac
hat nano Pt hodc PtRu. B co so séng phing dugc
sir dung v6i nang lugng cit 13 400 eV, phép tinh xap
xi Perdew-Burke-Ernzerhof dugc st dung cho nang
luong twong quan trao d6i. Mau ludi diémk =5x 5
x 1 voi k§ thuat le‘iy mau diém dic biét cua
Monkhorst va Pack da dugc st dung. Toc do hoi tu
clia cac phép tinh dwoc hd trg bang phuong phap
Methfessel-Paxton bac nhit v6i gia tri sigma 13 0,2
eV.

Pé khao sat kha nang khang ngd doc CO, mot
phan tir CO dugc cho hip phy 1én dé & cac vi tri kha
di, cu thé 1a trén: top Pt, top Ru, bridge Pt-Pt, bridge
Pt-Ru, bridge Ru-Ru, hollow Pt-Pt-Pt, hollow Pt-Pt-
Ru, hollow Pt-Ru-Ru va hollow Ru-Ru-Ru. Sau d6,
ning lugng hap phu cia CO 1én cac vi tri ndy s&
duoc tinh toan theo cong thuc:

—Eco (1

V6i Eqass Esys, Esup va Eco lan luot 1 niang
luong hép phu, nang lugng cua hé CO-dé, nang
luong cua de, va nang lugng cua phén tir CO.

Eqqs = Esys — Esup

AL LLE [ Aw)
CLERAE D

Hinh 1. Hai dé Pt (phia trén) va PtRu (phia
duéi) duwge thiét ké boi phan mém VESTA (bén
trai la mat nhin tir trén xudng, bén phai la mat

nhin ngang)

Nang luong thap nhat trong cac gia tri Eggs cua
mdi loai dé s& twong mg véi ning luong hap phu
ctia CO 1én dé do. Gia tri nang luong hap phu cang
am ching t6 kha nang khang ng6 doc CO cang kém
va nguoc lai (Yamagishi et al., 2005; Figueiredo et
al., 2014).

Tép 60, S6 chuyén de:
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Hinh 2. Phé XRD ciia hai miu xtc tic

3. KET QUA VA THAO LUAN
3.1. Phin thyc nghiém

80

CAu trac tinh thé cta hai mau vat liéu xuc tac
duoc xac dinh thong qua phép do phd XRD (gbc do
trong khoang 20° — 90°, budc do 0,05°, birc xa st
dung 12 Cu Ko véi bude song xap xi 1,54 A). Két
qua dugc thé hién ¢ Hinh 2. Co thé thdy 13, dang
phd XRD cua ca hai mau xuc tac 1a tvong ty nhau
v6i nam dinh nhidu xa xudt hién trong mdi pho.
Trong d6, dinh thir nhét twong tmg véi mit mang
(002) trong ciu tric luc phwong ciia tinh thé graphite
(Kamali et al., 2011). Bén dinh tiép theo lan luot
twong tng véi cac mat mang (111), (200), (220), va
(311) cua cau tric lap phuong tim mit (face-
centered cubic — fcc) ¢ tinh thé platinum (Shah,
2012). 0 day, takhong thay xuét hién céc dinh nhiéu
xa cua cau tric lyc giac xép chat (hexagonal close-
packed — hep) & tinh thé ruthenium. Didu ndy co thé
duogc giai thich 1a do trong céac tinh thé hop kim
PtRu, cic nguyén tir Ru da thay thé cac nguyén tir
Pt tai cac niit mang ctia cdu trac fee (Antolini, 2003).

Kich thudc cta cac hat nano ciing nhu sy phan
bd cua ching trén nén carbon dwoc thé hién thong
qua anh hién vi dién tir truyén qua (TEM, Hinh 3).
C6 thé thay 13, cac hat nano Pt va PtRu phan bd dong
déu trén chat nén. Diéu nay chimg t6, qué trinh tong
hop cac mau xuc tac di duge thyc hién thanh cong.
Kich thudc hat trung binh cta hai mau xuc tac lan
luot 14 4,3 va 4,4 nm. Trong dién cuc pin nhién li¢u
methanol, kich thudc hat anh hudéng 16n dén kha
ning xuc tac, do chung anh huéng dén dién tich bé
mat tiép xuc. Kich thude hat tot nhat cho xuc tac
trong pin DMFC la vao khoang 3,0 nm (Takasu et
al., 2001). Nhu vay, gia tri kich thudc hat trung binh
trong hai mau nghién ctru nay la gan voi gia tri kich
thudc hat t6i wu di duoc cong bd.
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Pt/C

Hinh 3. Anh TEM(’)'_tf;;mg do 20 nm va sy phan
b6 kich thuéc hat ciia hai miu xic tac

Kha ning khang ngd doc CO cua hai mau xtic
tac duoc xac dinh thong qua khao sat phd dién hoa
CV (Hinh 4). Trong nghién ctru nay, phép do dién
hoéa duoc thuc hién trong dung dich CH;0H 1,0 M
+ HS04 0,5 M v6i khoang quét thé w-02V dén
1,4 V, toc do quét 50 mV.s” -1 Trén mdi dudng cong
dién hoa s& xuat hién hai dinh oxy hoa, dinh oxy hoa
methanol xuét hién trong qua trinh quét thé t6i (jr)
va mot dinh thdp hon xudt hién trong qua trinh quét
thé vé (j,) 1a dinh oxy héa CO.

0.08

——PtC
0084  ——PpRuC
e 004
S
<
z 0.02
w
s
2 000
=
=
§ -0.02
Q
0.04
-0.08 — T
-04 02 00 02 04 06 08 10 12 14 186

Potential (V vs. Ag/AgCl)

Hinh 4. Phé CV ciia hai miu xic tic

Nguyén nhéan xut hién dinh oxy héa trong qua
trinh quét thé vé 1a do trong qua trinh quét thé téi
cac phan tir methanol bi oxy hoa chua hoan toan,
mot sé dang trung gian ctia carbon (ma chu yéu 1a
CO) van con hap phu trén bé mat chét xuc tac. Do
do, gia tri mat ¢ dong tai dinh nay déac trung cho
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qua trinh loai bd cac dang trung gian cua carbon
hinh thanh trong qué trinh quét thé téi. No6i cach
khac, gia tri j cang 16n chung t0 lugng carbon trung
gian (chu yéu la CO) hap phu trén bé mat chét xuc
tac cang nhidu. Ty s Ji/jr duge str dung dé mo ta kha
nang chiu dung cta chét xuc tac d6i véi ngo doc CO.
Ty s6 ji/j: cang 16n thi kha nang khang ngd doc CO
clia mau xtic tic cang cao va ngugc lai (Liu & Hong,
2007). O day, gia tri j¢/j ctia hai chat xuc tac Pt/C va
PtRu/C xéc dinh tir phd CV ¢ Hinh 4 lan luot 13 2,5
va 7,2. Két qua nay cho thiy, kha ning khang ngd
doc CO ciia mau xuc tac PtRu/C 1a vuot trdi so véi
mau Pt/C.

3.2. Phin mé phéng

Vi tri hép phu ciia phan tir CO trén bé mit hai dé
Pt va PtRu duoc thé hién & Hinh 5. Dic diém chung
1a ca hai bé mat nay déu twong tic véi nguyén tir
carbon (mau den) va day nguyén tir oxy (mau do)
huéng 1én trén gan nhu thing dung. Pbi v6i bé mat
Pt, vi tri hip phu 1a hollow giira ba nguyén tir
platinum (mau vang). Vi tri hip phu déi v6i bé mat
PtRu 1a trén top cua nguyén tir ruthenium (mau nau).

Hinh 5. Vi tri hip phu ciia phén tir CO 1én hai
dé Pt (phia trén) va PtRu (phia dwdi) véi bén
trai 13 mt nhin tir trén xudng con bén phai la
mat nhin ngang
Bang 1. Niing lwong ciia dé, ciia phén tir CO, ciia
hé CO-dé va niing luwgng hip phu ciia hai
hé xtc tac Pt va PtRu

Hé xuc Esub ECO Esys Eads

tac (eV) (eV) (eV) (eV)
Pt 27481 -14,78 291,62  -2,03
PtRu 34323 -14,78 359,87  -1,86

Bang 1 cung cap thong tin chi tiét vé nang luong
hap phu (E4) ctia phan tir CO trén hai bé mat Pt va
PtRu duoc tinh toan theo cong thirc (1). Két qua cho
thdy, phan tir CO hap phu trén bé mit platinum
manh hon so v6i trén bé mit platinum-ruthenium,
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v6i nang luong hip phuy lan luot 1a -2,03 va -1,86
eV. Noi cach khac, xtic tac hgp kim PtRu cung cp
kha ning khang ngd doc CO tét hon so véi kim loai
Pt don chit. Két qua nay ciing hoan toan phu hop
v6i két qua thue nghiém da thyc hién & trén.

4. KET LUAN

Trong nghién ctru nay, cac hat nano don kim loai
platinum va hgp kim platinum-ruthenium da dugc
tong hop thanh cong bang phuong phap dong khir
trén chat nén carbon Vulcan XC-72. Déng thoi, su
hap phu ciia phan tir CO 1én hai bé mat Pt va PtRu
cling dugc chay tinh toan mé phong thong qua goi
phin mém VASP. Két qua phan tich XRD va anh
TEM cho théy, cac hat nano dugce tao thanh c6 cu
trac lap phuong tim mdt (fcc) cua tinh thé platinum,
kich thudc hat trung binh lan luot 12 4,3 va 4,4 nm.
Kich thudc nay 1 gan véi gid tri toi vu dé sir dung
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