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TOM TAT

Bach kim (Pt) 1a chat xuc tac hiéu qua nhit cho cac phan tmg dién cuc trong pin nhién liéu. Tuy
nhién, théch thirc d6i vai vat lidu xuc tac nay 1a sy khan hiém va gia thanh khé cao. D& giam chi phi va
tang cudng hoat tinh cua xdc tac, cac nghién ctru gan day tap trung vao viéc ché tao ra kich thudc vat
liéu dudi dang hat nano hoic thay thé kim loai Pt bang mot kim loai khéc ré tién hon. Trong nghién ciru
nay, ching tdi tong hop xUc tac nano PtyFey vai ti & ciia kim loai chiém 20% khéi lwong trén gia mang
la carbon Vulcan XC- 72R tac nhan khir 12 ethylen glycol (EG) véi hd trg cua séng siéu am. Hinh thai,
c4u trdc cua vat ligu tong hop PtxFe,/C duoc phan tich bang kinh hién vi dién tir truyén qua (TEM) va
nhiéu xa tia X (XRD). Hoat tinh xc tac cua vat liéu PtyFey/C va Pt/C_thuong mai (Aldrich Sigma, 10%
khéi lwong Pt/than hoat tinh) chat xiic tac cho qua trinh oxy methanol da duoc khao sat theo phuong
phap quét thé vong tuan hoan voltammetry (CV) va chronoamperometry (CA). Cac hat nano hinh cau
PtFey/C c6 kich thudc hat khéac nhau 2-8 nm dugc hinh thanh, kich thudc trung binh tap trung trong
khoang 4 nm. Ti sé cudong do .dong queét toi voi cuong do dong quét vé (ii/in) @i véi vat liéu tong hop
cho phan tng véi Methanol déu cho gi tri 16n hon 1.
Tir khéa: X(c tac nano PtyFey, Phuong phap khir ethylen glycol, Pin nhiéu liéu

CATALYTIC ACTIVITY OF PtFe/C NANOMATERIALS FOR OXIDATION
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ABSTRACT

Platinum (Pt) - catalysts have been considered the most efficient catalysts for electrode reactions
in proton-exchange membrane fuel cells (PEMFCs). However, the challenge for this catalyst material
is its scarcity and high cost. In order to reduce the cost and enhance the catalytic activity, recent studies
have focused on making the material in the form of nanoparticles or replacing the Pt metal with another
cheaper metal. The Pt-Fe bimetallic nanoparticles supported on nano carbon (PtxFe,/C) have been
synthesized by the EG reduction under ultrasonic irradiation. The morphology, crystal structure and
specific area of synthesized nanomaterials were characterized by X-Ray diffraction (XRD),
transmission electron microscopy (TEM). The electrocatalytic activity for methanol oxidation of the
synthesized PtyFe,/C materials and the commercial 10wt.% Pt loaded on activated carbon catalyst
(Aldrich Sigma, Pt/C_com) was investigated by cyclic voltammetry (CV) and chronoamperometry
(CA). The major size of synthesized metallic particles was around 4 nm. The ratio iti, of methanol
oxidation of synthetic nanomaterials is greater than 1.
Keywords: Electrode reaction, Ethylen glycol reduction, Bimetallic, Fuel cells
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1. MO PAU

Hién nay, su thiéu hut niang luong,
tinh hinh 6 nhiém moi truong ngay cang de
doa sy bén viing cua Trai Pat. Viéc tim ra
cac nguodn ning luong c6 kha ning tai tao
dé thay thé 1a van dé& hét sac cip bach.
Trong d6 ngudn ning lugng tir pin nhién
liéu, 1a thiét bi chuyén héa nang luong voi
hi¢u nang cao va than thi¢n véi moi truong,
dd va dang thu hat rat nhiéu nghién cuau.
Bach kim (Pt) la chat xdc tac pho bién nhat
cho pin nhién li¢u. Tuy nhién, thach thuc
dbi véi chat xuc tac nay 1a sy khan hiém va
chi phi cao, ciing nhu ngd doc bai cac chat
trung gian trong qué trinh oxy hoéa nhién
liéu, chang han nhu tao ra carbon monoxide
(CO) (Carrete va cs., 2001). Viéc thay thé
Pt bang mot kim loai khéc ré tién hon, duéi
dang ludng kim PtM, véi M la cac kim loai
khac Pt nhu Ni (Gumeci va cs., 2001,
Daoush va cs., 2015), Ru (Korzeniewshi va
cs., 2004), Pd (Xu va cs., 2007)...da duoc
nghién cau. Nghién cGu cua Carol
Korzeniewski va cs. (2004) trén vat liéu
nano PtRu cho kich thuéc hat trong khoang
tr 2-6 nm, c6 hoat tinh oxy héa Methanol
0,5 M trong mdi truong acid HC104 0,1 M.
Mat do phu kim loai thap nhat 1a 20 pg/cm?
Nghién ctru ctia Jue Wang va cs. (2018) trén
vat liéu PINi/CNT dbi voi phan tmg khir
oxy trong PEMFC, vat liéu tong hop c6 kich
thudc 15-20 nm, nhidu xa XRD c¢6 cac dinh
lai vi tri 42,0°, 48,7°, 71,7°, 86,4° tuong (ng
Vi cac cau triic mang (111), (200), (220) va
(311). Hoat tinh xtc tac tong hop ting gip
5,5 dén 8,5 lan so voi Pt/C thuong mai.
Nghién ctru cua Sergey va cs. (2022) trén
cac vat liéu Pt-Mo/C, Pt-Fe/C va Pt-Mo-
Sn/C trong hé acid H.SO4 0,5 M véi ba dién
cuc trén phan ung khir oxygen tai cathode
cho hoat tinh tang 1,5 - 2 14n so véi vat liéu
Pt/C thuong mai. Nhu vay, vat liéu xuc tac
PtM/C c6 hiéu suat hoat dong va su 6n dinh
cua hoat tinh xuc tac dién hoa phu hop qua
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trinh oxy héa Methanol tai anode trong pin
nhién li¢u mang trao do6i proton (PEMFC).
Sét 1a nguyén td ré tién, dé tim nén ciing
dugc nhiéu nha khoa hoc nghién ctru thay
thé Pt nhu Stavros va cs. (2018), Sergey va
cs. (2022), Xiao va cs. (2022)... Trong bai
bao nay, thuc hién tong hop vat liéu nano
PtFe trén gia mang Vulcan va khao sat hinh
thai, cAu trac vat lidu tong hop va danh gia
hoat tinh xtc tac dién hoa cua vt liéu trén
su oxy héa Methanol cho PEMFC.

2. NOI DUNG VA PHUONG PHAP
NGHIEN CUU

Nhiéu ky thuat dugc ap dung dé tong
hop xuc tac nano cho pin nhién liéu, mot
trong s6 d6 1a phuong phap héa hoc két hop
V6i siéu 4m (Carrette va cs., 2001). Uu diém
cua phuong phap nay dé thuc hién, tao ra
cac hat nano hgp kim véi kich thudc tuong
d6i dong déu trong thoi gian ngan. Ning
luong siéu &m tao ra mot giao dong manh,
d6 1a sy hinh thanh, phat trién va pha v cua
cac bong bong dan dén tao thanh cac hat vat
liu nano ludng kim mot cach dong déu
(Flannigan va cs., 2005). Trong nghién ciru
nay, vat liéu xac tac nano ludng kim PtFe
vai ty 1é nguyén tur khéac nhau gitra Pt va Fe
trén nén carbon Vulcan XC- 72 téng hop
bang phuong phap khir EG dudi sy hd trg
cua siéu am. Kich thugc cha cac vat liéu
t6ng hop duogc xac dinh bang hién vi dién tir
truyén qua (TEM) JEOL TEM 1400, Nhat
Ban tai truong Pai hoc Bach khoa Thanh
ph6 H6 Chi Minh va nhiéu xa tia X (XRD)
trén thiét bi D8 Focus XRD Diffraction tai
truong Pai hoc Khoa hoc Ty nhién thanh
phé H6 Chi Minh. Tinh chét dién héa cua
vat liéu duwgc khao sat trén su oxy héa
Methanol & méi truedong kiém. Hoat tinh dién
hoa cua vat liéu téng hop dwoc danh gia
bang phuong phap quét thé vong tuan hoan
(CV) va chronoamperometry (CA) trén may
may do dién hoa da nidng Autolab-
PGSTAT302N, hing Metrohm, Dtrc tai Dai
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hoc Khoa hoc Ty nhién thanh phé Hb Chi
Minh.
2.1. Xir ly carbon lam gia mang

Carbon bot Vulcan XC- 72R (Cabot,
M) duoc xir ly bang cach ngam trong dung
dich HNO; 6,0 M (Merck), ¢ nhiét d6
phong 10 gio, sau do si€éu am trong 15 phaut.
Hon hop sau siéu am duoc loc, ria sach véi
nuée cat (DI, 18,2 MW) siy khd ¢ 105°C
trong 2 gio.
2.2. Tong hop vt lidu xic tac PtyFe,/C

Tong hep vit lidu xdc tac PtyFe,/C

Vit lidu xuc tac duoc tong hop nhu
Hinh 1. Tién chat H,PtCls, FeCls (Sigma-
Aldrich) va acid citric cho vao céc thay tinh
100 mL c6 chtra ca tir, thém 10 mL nude DI
roi tiép tuc bo 18n may khudy vai tée do 600
rpm trong vong 30 phat. Tién hanh danh
situ &m hon hop voi may Heilscher-

UP200HTt hoat dong & tan s 26 kHz va cong
suit 17 W/cm?, véi cong suat dau vao 100
W va 20 mL nudc DI trong vong 1 gio vai
cde 100 mL. Sau d6, 6 cbc chira dung dich
tién chat vao céc chira carbon rdi tiép tuc
khudy trong 12 gid. Chuén bi dung dich kht
EG/NaOH d¢é tién hanh khir dung dich tién
chét vé& kim loai. Sau khi két thic qua trinh
kht, tién hanh loc véi gidy loc mang
Whatnam cé duong kinh 16 0,45 um, liy
mau ran sau khi loc siy khd trong mdi
truong chan khong ¢ 80°C. Ty & vé kim loai
trén nén carbon chiém 20% khéi luong.
Téng hop vat liéu xuc tac PtyFey véi cac ty
Ié mol cua x:y la 3:1, 2:1, 1:1. Hinh thai hoc
cua vat liéu xdc tac tong hop duoc khao sat
thong qua thiét bi do TEM va thiét bi nhiéu
xa XRD.

Hon hop >
H.PtCls + FeCls +

Panh siéu am 1gio, khuay 2 gicr

CA+VC~+DI

!

Dung dich A + Carbon Vulcan

i y

Khir bing dung dich EG/NaOH. Khuay 12 gi&

|

‘ Vat ligu PtFe/C |

—

Loc vdi gidy loc 0.45um. Say chan khéng 80°

Hinh 1. Quy trinh tong hop vét liéu xuc tac PtxFey trén nén carbon

Chuén bi dién cuc

Quy trinh ché tao dién cuc duoc tién
hanh nhu so d6 Hinh 2. Lay 2,5 mg Pt«Fe,/C
(gid mang la carbon Vulcan) va 5,0 pL
Nafion 5% vé khdi luong (Sigma Aldrich,

65%) da dugc thém vao 1,0 mL dung dich
isopropanol. Hon hop siéu am trong 30
phut. Ly chinh xac 10 uL hdn hop duoc
phu trén dién cuc carbon thuy tinh (glassy
carbon-GC) (12,56 mm?) dugc dung lam
dién cuc lam viéc.

Céan 2,50 mg vat liéu
hoa tan trong 1,000 mL
isopropanol. Sidu am k¥

hén hop trong 30 phut

Thém vao 5,0 uL
Nafion, siéu am k¥
thém 30 phut

Nhé6 10,0 uL hén hop
dbdng nhét 1én dién
cue GC. Dé kho tu

nhién

Hinh 2. So do ché tao dién cuc véi vt liéu PtFe,/C
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2.3. Khio sat tinh chit dién héa

Nghién ctru tinh chat oxy hoa
Methanol trén xdc tdc nano Pt.Fey/C vira
tong hop tai dién cuc anode bang phuong
phap quét thé vong tudn hoan (CV) va
chronoamperometry (CA) sir dung may
potentiostat/galvanostat PGSTAT320N
(Autolab Metrohm). Cac phép do dién hoa
duoc thuce hién trong mdt hé do gém ba dién
cuc véi dién cuc lam viéc (WE) 1a mét 14
carbon thiy tinh dugc bao phu boi mot 16p
vat liéu tong hop Pt/C, PtxFe,/C. Mot day Pt
voi dién tich hinh hoc khoang 1,41 cm?
duoc st dung 1am dién cyc dbi (CE) va mot
dién cuc Ag/AgCl vé6i ndng d6 KC1 3,0 M
sir dung 1am dién cuc tham chiéu (RE) (c6
hiéu dién thé 0,21 V so v6i SHE). Chit dién

giai 1a KOH 0,5 M (Merck) trong Methanol
1,0 M. Cac phép do dugc thuc hién ¢ nhiét
dd 25°C sau khi suc nito (99,999%). Hoat
tinh dién hoa cua chét xac tac téng hop duogc
so sanh voi thuong mai bdt Pt/C (Sigma
Aldrich, 10% khéi lugng Pt trén than hoat
tinh).

3. KET QUA VA THAO LUAN

3.1. Hinh thai, cAu triic hat nano Pt.Fe,

Hinh anh TEM (Hinh 3) cho thiy
PtyFe,/C c6 kich thudc hat nano dugc phu
trén nén carbon. Kich thuéc nim trong
khoang 2 - 8 nm, trung binh la 4 nm, phan
phéi kich thude trong d6i dong déu, it két
tu thanh dadm va cac hat cé hinh dang hinh
cau.

Bdang 1. Kich thuéc hat trung binh mau Pt/C, PtFe/C, Pt,Fe/C, PtsFe/C

Mau Kich thudc hat phan b6 (nm) Kich thude hat trung binh (nm)

Pt/C 2-6 3,65
PtFe/C 3-6 3,78
Pt,Fe/C 4-8 577
PtsFe/C 2-6 3,55

Pt/C

~ 60,0

S

%, 40,0

=

£ 20,0 -

E

:; 0,0 -

:E 2 3 4 5 6

@

E Kich thuéc hat (nm)
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Hinh 3. Biéu do phan b6 kich thuéc hat va anh TEM cua mau PYVC, PLFe/VC, PtFe/VC
Nhu vay, tir cac mau khao sat déu cho véi mau Pt/C, Pt.Fe/C, PtsFe/C. Mau
két qua vat liéu tong hop ¢ dugce kich thude PtsFe/C, Pt/C c6 kich thudc hat bé hon mau
nano tir 2 - 8 nm va san pham tong hop van Pt;Fe/C nhu Bang 1.

cho thz‘iy ¢ két tu dam & mot sd ving dbi
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Hinh 4. Gian dd XRD cua cac mau vat liéu nano Pt/C, Pt,Fe/C, PtsFe/C
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Tir gian dd XRD thu dwogc (Hinh 4),
trong tt ca cac vat lidu tong hop déu c¢6 3
dinh nhiu xa dic trung cho cAu trac lap
phuong tdm mat (FCC) cua Pt ¢ gia tri 40°,
47°, 68° ung véi cac mat mang (111), (200),
(220) phu hgp véi cac nghién clru cua Jua
Wang va cs. (2018), Korzeniewski va cs.
(2004), Liu va cs. (2004). Véi gian 46 XRD
nhu trén, ngoai cac dinh nhiéu xa ctia Pt con
¢6 dinh nhidu xa cta chit mang la carbon
Vulcan ¢ 26 ~ 26,6° con lai khong thay co
dinh dic trung ctia Fe tai 26~45° ¢6 thé do
su trung ldp cta dinh nhiéu xa Pt do khoang
cach gan.

3.2. Dién tich bé mit dién hoa

Dién tich bé mat dién héa thuc té
(ECA) cua xtc tac dién cuc trén nén Pt co
thé duoc xac dinh bang sy hap thu va giai
hap ctia hydrogen trén dién cuc trong moi
truong HCIO4 0,5 M va dugc tinh theo cong
thirc ECA = Qn/Qm, v6i Qn (UC) (Gumeci
vacs., 2012) tuong duong véi dién tich dinh
tin hiéu trong qua trinh giai hap hydrogen
(tr-0,16 V - 0,0 V). Qmtuong duong voi sy
hap phu hydrogen ¢ 16p monolayer (210
uC.cm?). Hinh 5 cho chung ta thiy phd
CVs ddi véi su nghién clru cac dién cyc
trong khoang hiéu dién thé tir -0,2 V dén 1,0
V v6i toe do quét 50 mVs.

PtsFe
o044 +
0.02 o - g ]
& — —
= — . o — J
o’ ——_— - !
— Vi
¥l 0 [ -
= —
=] —
=] B ——
2 002 4 S
= ™
% P
=] /
¢ 004 IKI
=0.05 <
L] L] L]
L] os 1

Thé quét E (V)
Hinh 5. Puong cong CV clia cac mau PtsFe/C trong N2/0,5 M H,SO,4

Gia tri ECA thuc té cling duogc xac
dinh béi sw khir cc oxit & hiéu dién thé 0,57
V (Bang 2). Trén nén carbon Vulcan, dién
tich bé mat dién hoéa cao nhat 1a miu

Pt.Fe/C. So voi Pt thuong mai thi chung ta
thiy Pt;Fe/C trén nén carbon Vulcan dién
tich hoat hoa dién hoa c6 gia trj 16n hon déi
voi cac mau con lai.

Bdng 2. Gia tri ECA tinh toén duogc va vi tri dinh giai hdp Pt-OH thu dwoc tir dwdng cong CV cua cac
mau PtxFe,/C

Mau ECA(cm?) Vi tri dinh giai hap Pt-OH (V)
Pt 0,520 0,47
PtFe/C 0,348 0,47
Pt,Fe/C 1,456 0,55
PtsFe/C 3,548 0,54
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3.3. Khdo sat dién héa trong méi truwong
1,0 M Methanol/ 1,0 M KOH

Céc vat liéu tong hop nano Pt va
PtFey dugc sir dung nhu mot anode cua hé
do khi nghién ciru c4c tinh chét dién hoa cho
qué trinh oxy héa Methanol trong pin nhién
liéu bang cach sir dung phuwong phap do CV,
CA. Ph6 CV cho vit liéu dién cuc tong hop
Pt va PtyFey (Hinh 6) cia phan tng oxy hoa
Methanol c6 hai dinh cao nhat nam ¢ dién
thé gan -0,2 V ddi voi qua trinh quét vé phia
dién thé duong (Eg va dinh gan -0,3 V ddi
V6i qua trinh quét nguoc vé phia am (Ebp).
Sy xuat hién dinh anode trong qué trinh quét
vé phia duong c6 thé duoc giai thich 1a do

qua trinh oxy héa cua Methanol trong méi
truong chat dién giai KOH. Trong khi do,
khi thuc hién quét thé theo chiéu nguoc lai,
nham loai b6 cac dang hop chat cua carbon
chua dugc oxy hda hoan toan trong quéa
trinh quét dau tién. Do d6, kha nang oxy hoa
cua Methanol tai dién cuc andoe chinh la ti
I¢ cuong do dong cua ca hai qua trinh quét
vé phia dwong (ir) va cuong d6 dong khi
quét v& phia am (iv) (iin). Néu ti I8 idiy 1on
hon 1 cho thay qué trinh oxy hda Methanol
tai dién cuc dién ra tot tao thanh it hop chat
trung gian trén bé mat dién cuc pha hop lam
xUc t&c cho pin nhién liéu. Nhin vao Bang
3. ta thdy cac thé bit dau déu dao dong
quanh khoang -0,05 V dén -0,32 V.

— —
Ln = L

Cuong do dong I(mA)

|
[

- du

PVC

Pt3Fel/VC

oy
(=]

-0.3

Thé quét E(V)

0.3

S

Hinh 6. budng cong CV sy oxy hda Methanol cua vt liéu PtFey/C trong moi treong 1,0 M CH3zOH/
) 1,0 M KOH; v =25 mV/s
Bdng 3. Thong s6 dién hoa qua trinh oxy hda Methanol ctia mau PtyFe,/C

Mau E: (V) it (mA/cmZ) Ep (V) ib (mA/cmZ) it/ip
Pt/C -0,05 74,47 -0,26 29,57 2,5
PtFe/C -0,25 3,71 -0,32 2,10 1,6
PtoFe/C -0,18 29,35 -0,33 12,12 2,7
PtsFe/C 0,17 167,33 -0,21 67,29 2,7

Trong Bang 3 ta co thé thdy mat do
ciia cidc mau xuc tac khéa cao, cao nhét 1a
mau PtsFe/C, thip nhat 1a mau PtFe/C. Cac
mau PtsFe/C, Pt,Fe/C, Pt/C c6 mat do quét
vé phia duong cao, quét vé 4m thip cho thiy
kha nang oxy hoa Methanol thanh CO, kha
cao. Cac miu déu co ti 18 it/iy 16n hon 1 cho
thdy qua trinh oxy hoa Methanol vé cac san
pham trung gian vé dang CO, tuong d6i
hoan toan.
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3.4. Su 6n dinh hoat tinh xuc tac dié¢n hoa
theo thoi gian

Sy 6n dinh hoat tinh xuc tac dién hoa
dbi voi phan tng oxy héa Methanol theo
thoi gian dugc nghién ciu véi phép do
cuong do dong dién theo thoi gian trong
dung dich 1,0 M CHsOH/1,0 M KOH trong
3600 s tai dién thé cb dinh 12 -0,2 V (Hinh
7).
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Hinh 7. Buong cong quét mat d¢ dong theo thoi gian trong méi truong 1,0 M CHz;OH/1,0 M KOH
trong 3600 s tai thé co dinh 1a -0,2 V caa vat liéu PtyFe,/C

Nhin vao duong cong mat d dong
theo thoi gian ta c6 thé thidy dong giam
nhanh tir 0 dén 300 s dau tién do dic trung
ctia phép do. Tir 300 s dau tré di dong bat
dau giam nhanh nguyén nhan c6 thé do su
hinh thanh CO va cac hop chit trung gian
trong qué trinh oxy hoa Methanol trén bé
mat xuc tac. Su hép phu cac hop chét trung
gian trén bé mat dién cuc nhu CO, hay cac
hop chat oxy héa trung gian c6 mach —CO
da khoa cac tam xtic tac, ngan can phan ung
oxy héa Methanol. Tur 600 s trd di, sy suy
giam cua dong giam cham va xtc tac dugc
tong hop cho sy oxy hda Methanol, di dan
dan dat duge su 6n dinh. Nhu vay, XUc tac
nano tong hop c6 tinh on dinh theo thoi
gian, phit hgp dé lam xuc tac cho pin nhién
liéu.

4. KET LUAN

Qua nghién ctu nay, chung to6i da
tong hop thanh cong vat liéu xtic tac nano
Pt«Fe,/C trén nén carbon Vulcan XC-72R
cho pin nhién li€u. Kich thudc vt li¢u nam
trong khoang tir 2-8 nm, trung binh ~ 4 nm.
Vit liéu tong hop duoc khao sat hoat tinh
xic tic bang cac phuong phéap dién hoa ddi
v6i su oxy hoa Methanol trong moi truong
kiém tai aonde di cho thay phan ung oxy
hoa trén bé mit dién cuc déu cho ti 1& dong
quét téi va dong quét vé i 16n hon mot.
Nhu vay, vat liéu téng hop hoan toan phu
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hop lam vat li€u xuc tac dién cuc cho pin
nhién liéu.
LOI CAM ON

Chung toi guri 161 cac on dén Thay/Co
trong bo mon Hoa Ly thuyét va Hoa Ly tai
truong Pai hoc Khoa hoc Ty nhién, Pai hoc
Qudc Gia thanh phé HO Chi Minh; céc
Thay/C6 trong Phong nghién ctru Hoéa ly
Ung dung trong diém cta dai hoc Québc Gia
thanh phé H6 Chi Minh; cac cong sy tai khu
Trung tdm Cong nghé¢ cao da giup t6i thuc
hién nghién ctru nay.
TAI LIEU THAM KHAO

Carrette, L., Friedrich, K.A., & Stimming, U.
(2001). Fuel Cells — Fundamentals and
Applications. Fuel cells, 1(1), 5-39.

Gumeci, C., Li, Z., Casadonte, D. J., and
Korzeniewski, C. (2012). Pt-Ni
Nanoparticles for Oxygen Reduction
Prepared by a Sonochemical Method,
Journal of The Electrochemical Society,
159(3), 35-41.

Korzeniewski, C., Basnayake, R.,
Vijayaraghavan, G., Li, Z., Xu, S. and
Casadonte, D.J. (2004). Methanol
electrochemical oxidation at nanometer-
scale PtRu materials, Surface Science,
573(1), 100-108.

Flannigan, D. J., & Suslick, K.S. (2005). Plasma
Formation and Temperature Measurement
during Single-Bubble Cavitation. Nature,
434, 52-55.

Sergey, S. S., Natalia, A. M., Alexander D.M,
Andrei, A.S., Alexander, V.E, Vitali, A.G.
(2022). Pt-Mo/C, Pt-Fe/C, and Pt-Mo-Sn/C
Nanocatalysts Derived from  Cluster

3745


https://tapchidhnlhue.vn/

HUAF JOURNAL OF AGRICULTURAL SCIENCE AND TECHNOLOGY  ISSN 2588-1256  Vol. 7(2)-2023: 3738-3746

Compounds for Proton Exchange Membrane
Fuel Cells. Catalysts, 12(3), 255.

Stavros, A.T, Vladimir, V. G., Christos, K.,
Hidle, P., Marin G.B. (2018). Fe-Based
Nano-Materials in Catalysis. Materials,
11(5), 831.

Daoush, W.M., Imae, T. (2015). Fabrication of
PtNi bimetallic nanoparticles supported on
multi-walled carbon nanotubes, Journal of
Experimental Nanoscience, 10(5), 392-406.

Wang J., Li B., Yang D., Hong L., & Zhang, C.
(2018). Preparation of an octahedral
PtNi/CNT catalyst and its application in high
durability PEMFC cathodes. RSC Advances,
8, 18381-18387.

3746

Xu, C., Shen, P.K., & Liu, Y. (2007). Ethanol
electrooxidation on Pt/C and Pd/C catalysts
promoted with oxide. Journal of Power
Source, 164(2), 527 531.

Liu, Z., Ling, X.Y., Su, X., & Lee, J.Y. (2004).
Carbon-Supported Pt and PtRu
Nanoparticles as Catalysts for a Direct
Methanol Fuel Cell. The Journal of Physical
Chemistry B, 108(24), 823 -8240.

Xiao, F., Wang, Q., Xu, G.L., Hwang, I., Sun,
C.J, Liu, M., Hua, W., Wu, H., Zhu, S, Lo,
J.C.,Wang, J.G., Zhu, Y., Wei, Z., & Gu, M.
(2022). Atomically dispersed Pt and Fe sites
and Pt— Fe nanoparticles for durable proton
exchange membrane fuel cells. Nature
Catalysis, 5, 503-512.

Vii Thi Hong Phuong


http://www.sciencedirect.com/science/article/pii/S037877530602252X
http://www.sciencedirect.com/science/article/pii/S037877530602252X
http://www.sciencedirect.com/science/article/pii/S037877530602252X

