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TOM TAT

Bach kim (Pt) la chét xic tac hidu qua nhét cho cc phan ting dién cuc trong pin nhién lidu. Tuy
nhién, thach thitc doi véi vat lidu xuc tac nay la s khan hiém va gia thanh kh4 cao. Pé giam chi phi va
tang cwong hoat tinh cuia xtic tac, cdc nghién ctru gan day tap trung vao viéc ché tao ra kich thudc vat
lidu dudi dang hat nano hodc thay thé kim loai Pt bing mot kim loai khéc ré tién hon. Trong nghién ctru
nay, ching t6i tdng hop xiic téc nano PtFey véi ti 1 ctia kim loai chiém 20% khéi lrgng trén gia mang
la carbon Vulcan XC- 72R tac nhan ki la ethylen glycol (EG) véi hé tro clia séng siéu am. Hinh théi,
céu tric cua vat lidgu tdng hop PtsFe,/C duoc phan tich bang kinh hién vi dién tir truyén qua (TEM) va
nhiéu xa tia X (XRD). Hoat tinh xtc tac cua vat liéu PtiFe,/C va Pt/C_thwong mai (Aldrich Sigma, 10%
khoi hrong Pt/than hoat tinh) chét xuc tac cho qué trinh oxy methanol da duroc khao sat theo phwrong
phép quét thé vong tuan hoan voltammetry (CV) va chronoamperometry (CA). Céc hat nano hinh cau
PtzFey/C c6 kich thwde hat khac nhau 2-8 nm dwogc hinh thanh, kich thwde trung binh tap trung trong
khoang 4 nm. Ti s6 cwrong do dong quét téi véi crong do dong quét vé (igi) doi véi vat lidu tong hop
cho phan trng véi Methanol déu cho gié tri 16n hon 1.
Tie khoa: Xic tac nano PtyFey, Phwrong phép khir ethylen glycol, Pin nhiéu li¢u
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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 (PtiFe,/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 PtiFe;/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 if/i, 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 ning lwong,
tinh hinh 6 nhiém moéi trrdng ngay cang de
doa st bén vitng cua Trai Dét. Viée tim ra
cac ngudn nang lwong cé kha nang tai tao
dé thay thé 1a van dé& hét sitc cap bach.
Trong d6 ngudn nang lwong tir pin nhién
liéu, la thiét bi chuyén héa nang lwong véi
hiéu ning cao va than thién véi méi trnrdng,
dd va dang thu hut rat nhidu nghién ctru.
Bach kim (Pt) 12 chat xic tac phé bién nhat
cho pin nhién liéu. Tuy nhién, thach thic
d6i vdi chat xuc tac nay la su khan hiém va
chi phi cao, cling nhr ngd ddc boi cac chat
trung gian trong qua trinh oxy hda nhién
liéu, chﬁng han nh tao ra carbon monoxide
(CO) (Carrete va cs., 2001). Viéc thay thé
Pt béng mét kim loai khéac ré tién hon, dudi
dang luwdng kim PtM, vdi M la cac kim loai
khac Pt nhir Ni (Gumeci va cs., 2001,
Daoush va cs., 2015), Ru (Korzeniewshi va
cs., 2004), Pd (Xu va cs., 2007)...da duoc
nghién ctru. Nghién ctu cua Carol
Korzeniewski va cs. (2004) trén vat liéu
nano PtRu cho kich thwéce hat trong khoang
fir 2-6 nm, c6 hoat tinh oxy héa Methanol
0.5 M trong moi trirong acid HC1O4 0,1 M.
Mat d6 phu kim loai thip nhét 13 20 pg/cm?
Nghién ctru cua Jue Wang va cs. (2018) trén
vat litu PtINI/CNT déi véi phan tng khw
oxy trong PEMFC, vat liéu téng hop c6 kich
thirde 15-20 nm, nhiéu xa XRD c¢6 cac dinh
lai vi tri 42,00, 48,7°, 71,7°, 86.4° twong ng
Vi cac cau triic mang (111), (200), (220) va
(311). Hoat tinh xtic tac tong hop tang gap
5,5 dén 8,5 lan so véi PY/C thwong mai.
Nghién cttru 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 wng khir oxygen tai cathode
cho hoat tinh ting 1,5 - 2 lan so véi vat lidu
Pt/C thwong mai. Nhu vay, vat liéu xuc tac
PtM/C ¢6 hiéu suét hoat déng va sy 6n dinh
cua hoat tinh xuc tac dién héa phu hgp qua
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trinh oxy héa Methanol tai anode trong pin
nhién lidu mang trao d6i proton (PEMFC).
Sat 1a nguyén t6 ré tién, dé tim nén ciing
duoc nhidu nha khoa hoc nghién ctru thay
thé Pt nhwr Stavros va cs. (2018), Sergey va
cs. (2022), Xiao va cs. (2022)... Trong bai
bdo nay, thuc hién téng hop vat liéu nano
PtFe trén gia mang Vulcan va khao sat hinh
thai, cau tric vat lidu tong hop va danh gia
hoat tinh xuc tac dién hoa cua vat liéu trén
su oxy hda Methanol cho PEMFC.

2. NOI DUNG VA PHUONG PHAP
NGHIEN CUU

Nhiéu k¥ thuat dwoc 4p dung dé tong
hop xtic tac nano cho pin nhién liéu, mét
trong s6 d6 1a phwrong phap héa hoc két hop
voi siéu 4m (Carrette va cs., 2001). Uu diém
clia phuong phap nay dé thwc hién, tao ra
cac hat nano hop kim véi kich thwdc trong
ddi dong déu trong thoi gian ngan. Ning
lwrong siéu am tao ra mot giao dong manh,
d6 14 s hinh thanh, phat trién va pha v& cua
cac bong bong dan dén tao thanh cac hat vat
liéu nano lwdng kim mot cach déng déu
(Flannigan va cs., 2005). Trong nghién ctru
nay, vat liéu xuc tac nano lwdng kim PtFe
voi ty 1€ nguyén tir khac nhau giita Pt va Fe
trén nén carbon Vulcan XC- 72 téng hop
bang phwong phap khit EG dudi su hé tro
cua siéu am. Kich thuwdce cua cac vat liéu
téng hop dugc xac dinh béng hién vi dién t&
truyén qua (TEM) JEOL TEM 1400, Nhat
Ban tai trieong Pai hoc Bach khoa Thanh
ph6 H6 Chi Minh va nhiéu xa tia X (XRD)
trén thiét bi D8 Focus XRD Diffraction tai
trirong Pai hoc Khoa hoc Tuw nhién thanh
phé H6 Chi Minh. Tinh chét dién héa cua
vat liéu dugce khao sat trén sy oxy hoa
Methanol ¢ méi trnrdng kiém. Hoat tinh dién
hoa cua vat liéu téng hop duwgc danh gia
bang phwrong phap quét thé vong tuan hoan
(CV) va chronoamperometry (CA) trén may
may do dién hdéa da ning Autolab-
PGSTAT302N., hing Metrohm, Pirc tai Pai
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hoc Khoa hoc Tw nhién thanh phé H6 Chi
Minh.
2.1. Xik Iy carbon lam gii mang

Carbon bdt Vulcan XC- 72R (Cabot,
MY) dugce xit Iy bang cach ngdm trong dung
dich HNOs; 6,0 M (Merck), ¢ nhiét do
phong 10 gid, sau do siéu am trong 15 phut.
Hén hop sau siéu am dugc loc, 1ra sach voi
nuwde cat (DI, 18,2 MW) say kho & 105°C
trong 2 gid.
2.2. Tong hop vat liéu xiic tic Pt,Fe,/C

Tong hop vat liéu xic tiac PtFe,/C

Vit liéu xuc tac duoc téng hop nhuw
Hinh 1. Tién chat H,PtCls, FeCls (Sigma-
Aldrich) va acid citric cho vao cdc thity tinh
100 mL c6 chira c4 tir, thém 10 mL mrdc DI
roi tiép tuc bo 1én may khuay véi toe do 600
rpm trong vong 30 phut. Tién hanh danh
sidu 4m hén hop véi may Heilscher-

UP200Ht hoat dong & tan s6 26 kHz va cong
suat 17 W/em?, véi cong suat dau vao 100
W va 20 mL nwée DI trong vong 1 gio véi
cbc 100 mL. Sau do, dé cbe chira dung dich
tién chit vao coéc chira carbon réi tiép tuc
khuay trong 12 gi¢. Chuan bj dung dich khir
EG/NaOH dé tién hanh khi dung dich tién
chét vé kim loai. Sau khi két thic qué trinh
khtt, tién hanh loc vé&i gidy loc mang
Whatnam cé duong kinh 16 0,45 um, lay
mau ran sau khi loc siy khé trong méi
tredong chan khong & 80°C. Ty 1é vé kim loai
trén nén carbon chiém 20% khéi lwong.
Tong hop vit liéu xtic tac PtyFe, Vi cac ty
1& mol cua x:yla 3:1, 2:1, 1:1. Hinh thai hoc
cua vat liéu xuc tac téng hop dugce khao sat
thoéng qua thiét bi do TEM va thiét bi nhiéu
xXa XRD.

Hén hop >
HiPtCls + FeCls +

Panh siéu am 1gio, khuay 2 gior

CA+VC+DI

y

Dung dich A + Carbon Vulcan

-~

T y

Khit bing dung dich EG/NaOH. Khudy 12 gio

|

‘ VAt liéu Pt,Fe,/C

Loc voi gidy loc 0.45um. Say chan khong 80°

Hinh 1. Quy trinh tong hop vat liéu xtic tac PtsFey trén nén carbon

Chuan bi dién cwc

Quy trinh ché tao dién cuc duoc tién
hanh nhw so d6 Hinh 2. Lay 2,5 mg PtsFe,/C
(gia mang la carbon Vulcan) va 5,0 uL
Nafion 5% vé khoi lwong (Sigma Aldrich,

65%) da dugc thém vao 1,0 mL dung dich
isopropanol. Hén hop siéu am trong 30
phut. Lay chinh x4c 10 uL hén hop duoc
phu trén dién cuc carbon thuy tinh (glassy
carbon-GC) (12,56 mm?) dugc dung lam
dién cuc lam viéc.

Can 2.50 mg vat liéu
hoa tan trong 1,000 mL
isopropanol. Siéu am ky

hén hop trong 30 phit thém 30 phit

Thém vao 5,0 uL
Nafion, siéu am k¥

Nhé 10,0 UL hon hop
déng nhét len dién
cure GC. Dé kho tr

Pién cuc GC
chira vat liéu
khao sat

nhién

Hinh 2. So d6 ché tao dién cuc véi vat lidu PtyFe,/C
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2.3. Khio sat tinh chat dién héa

Nghién ctru tinh chat oxy hoa
Methanol trén xuc tac nano PtFe,/C vira
tong hop tai dién cuc anode bang phwong
phap quét thé vong tuan hoan (CV) va
chronoamperometry (CA) st dung may
potentiostat/galvanostat PGSTAT320N
(Autolab Metrohm). Cac phép do dién hoa
duoc thure hién trong moét hé do gf}m ba dién
cuc voi dién cue lam viec (WE) la mot 1a
carbon thuy tinh dwgc bao phu boi mot 16p
vat lidu tong hop Pt/C, PtsFe,/C. Mot day Pt
vGi dién tich hinh hoc khoang 1,41 cm’
duoc sir dung lam dién cuc déi (CE) va mét
dién cuc Ag/AgCl véi néng do KCI3.0M
st dung lam dién cyc tham chiéu (RE) (c6
hiéu dién thé 0,21 V so véi SHE). Chat dién

giai la KOH 0,5 M (Merck) trong Methanol
1.0 M. Céc phép do dugc thue hién ¢ nhiét
d¢ 25°C sau khi suc nito (99,999%). Hoat
tinh dién héa cia chét xuc tac téng hop duoc
so sanh voi thwong mai bt Pt/C (Sigma
Aldrich, 10% khéi lwgng Pt trén than hoat
tinh).
3. KET QUA VA THAO LUAN
3.1. Hinh thai, cau tric hat nano Pt;Fe,
Hinh anh TEM (Hinh 3) cho thiy
PtFe,/C c6 kich thuwdc hat nano duwge phu
trén nén carbon. Kich thwéc nam trong
khoang 2 - 8 nm, trung binh 1a 4 nm, phéin
phoi kich thwde trong doi dong déu, it két
tu thanh dam va cac hat c6 hinh dang hinh
cau.

Bing 1. Kich thudc hat trung binh mau Pt/C. PtFe/C, Pt;Fe/C, Pt;Fe/C

Mau Kich thieée hat phan bo (nm) Kich thwrde hat trung binh (nm)
Pt/C 2-6 3,65
PtFe/C 3-6 3,78
Pt;Fe/C 4-8 5,77
Pt;Fe/C 2-6 3,55
Pt/C
= 60,0
S
40,0
20,0
0,0 ~

2 3 4 5 6

Ti I€ kich thwéc hat

Kich thwéce hat (nm)
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Hinh 3. Biéu d6 phan b kich thuée hat va anh TEM ctia mau Pt/VC, Pt;Fe/VC, Pt;Fe/VC

Nhu vay, tir cac mau khao sat déu cho véi mau Pt/C, PtFe/C, Pt:Fe/C. ijiu
két qua vat liéu tong hop co6 dugc kich thude PtsFe/C, Pt/C co kich thirdc hat bé hon mau
nano tir 2 - 8 nm va san pham tong hop van Pt,Fe/C nhwr Bang 1.

cho théy ¢6 két tu dam & mot sd vung déi

24000 —

Pt(200)
P1(220)
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=
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Hinh 4. Gian dd XRD cua cac mau vat liéu nano Pt/C, PtoFe/C, PtsFe/C
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Tir gian d6 XRD thu dwoc (Hinh 4),
trong tat ca cac vat liéu tong hop déu c6 3
dinh nhiéu xa dic trieng cho cau tric lap
phwrrong tdm mit (FCC) cua Pt ¢ gia tri 40°,
47°, 68°1tng voi cac mat mang (111), (200),
(220) phu hgp v&i cac nghién ctru cua Jua
Wang va cs. (2018), Korzeniewski va cs.
(2004), Liu va cs. (2004). Véi gian dd6 XRD
nhur trén, ngoai cac dinh nhiéu xa cuia Pt con
¢6 dinh nhiéu xa cua chat mang 1a carbon
Vulcan & 26 ~ 26,6° con lai khong thay c6
dinh dic trung cua Fe tai 26~45° c6 thé do
su trung 1dp cua dinh nhiéu xa Pt do khoang
cach gan.

3.2. Dién tich bé mat dién héa

Dién tich bé mat dién héa thuc té
(ECA) cua xuc tac dién cuc trén nén Pt ¢
thé duoc xac dinh bfmg sur hép thu va giai
hép cua hydrogen trén dién cuc trong moi
treong HCLO4 0,5 M va dugc tinh theo cong
thitc ECA = Qu/Qu, vOi Qu (LC) (Gumeci
va cs., 2012) twong dwong véi dién tich dinh
tin hiéu trong qué trinh gidi hip hydrogen
(fr-0,16 V - 0,0 V). Qurtirong dwong voi su
hép phu hydrogen & 16p monolayer (210
uC.cm?). Hinh 5 cho ching ta thdy phd
CVs dbi véi su nghién ctru cac dién cuc
trong khoang hi¢u dién thé tir 02V dén 1.0
V véi tbe do queét 50 mV/s.

PtsFe
0.04
/
— 0024 T
_—
o 0 S
= —
-] ___f"’_fd_
=
;8' 002 4 A \/_'
[-1¥) __/
B ~
5 004 (
-0.06 -
0 05 N

Thé quét E (V)
Hinh 5. Puong cong CV cua cac mau Pt;Fe/C trong N»/0.5 M H2SO4

Gia tri ECA thuc té cling dwogc xac
dinh béi sut khit céc oxit & hidu dién thé 0.57
V (Bang 2). Trén nén carbon Vulcan, dién
tich bé mat dién héa cao nhat 13 mau

Pt:Fe/C. So véi Pt thuong mai thi ching ta
théy Pt,Fe/C trén nén carbon Vulcan dién
tich hoat hda dién hoa c6 gia tri 1én hon déi
vGi cac mau con lai.

Bang 2. Gia tri ECA tinh toan dwoc va vi tri dinh giai hap Pt-OH thu durge tir dirong cong CV cuia cac
mau PtgFe,/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
Pt:Fe/C 3.548 0,54
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3.3. Khao sat dién héa trong méi trwong
1,0 M Methanol/ 1,0 M KOH

Cac vat liéu téng hop nano Pt va
PtFey dugc st dung nhw mét anode cua hé
do khi nghién ctru céac tinh chat dién hoa cho
qua trinh oxy héa Methanol trong pin nhién
lidu bang cach str dung phwong phap do CV,
CA. Phé CV cho vat lidu dién cuc t6ng hop
Pt va PtiFey (Hinh 6) cua phan tng oxy hoa
Methanol ¢6 hai dinh cao nhat ndm & dién
thé gan -0,2 V d6i v&i qua trinh quét vé phia
dién thé duwong (Egva dinh gan -0,3 V ddi
v6i qua trinh quét nguwgce vé phia 4m (Ey).
Swxuat hién dinh anode trong qué trinh quét
vé phia dwong c6 thé duwoc giai thich 1a do

-
L

o

Cuodng do dong I(mA)

|
wn

qua trinh oxy hoéa cua Methanol trong méi
trueong chat dién giai KOH. Trong khi do,
khi thye hién quét thé theo chiéu nguoc lai,
nhim loai bé cac dang hop chét cua carbon
chwa dwoc oxy hda hoan toan trong qua
trinh quét dau tién. Do d6, kha ning oxy hoa
cua Methanol tai dién cuc andoe chinh 1a ti
1é cuwdng d6 dong cua ca hai qua trinh quét
vé phia dwong (i) va cudong do dong khi
quét vé phia am (ip) (igis). Néu ti 18 igis 16n
hon 1 cho thay qué trinh oxy hoéa Methanol
tai dién cuc dién ra tdt tao thanh it hop chat
trung gian trén bé mat dién cyrc phu hop lam
xuc tac cho pin nhién liéu. Nhin vao Bang
3. ta thay cic thé bat dau déu dao dong
quanh khoang -0,05 V dén -0,32 V.

— PtVC

Pt3Fel/VC

10 05

) '0 0:5
Thé quét E(V)

S

Hinh 6. Puong cong CV sir oxy hoa Methanol cua vét ligu PtyFe,/C trong moi trirong 1.0 M CH3;0H/
1,0 M KOH; v=25 mV/s ~
Bang 3. Thong s6 dién hoa qua trinh oxy hoa Methanol ctua mau Pt;Fe,/C

Mau E: (V) ir(mA/cm?) E» (V) ir (mA/cm?) ig/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
Pt;Fe/C -0.18 29,35 -0.33 12,12 2.7
Pt:Fe/C 0.17 167.33 -0.21 67.29 2,7

Trong Bang 3 ta c6 thé thay mat do
cia cac mau xuc tac khé cao, cao nhat la
mau Pt;Fe/C, thap nhat 1a mau PtFe/C. Céc
mau Pt:sFe/C, Pt;Fe/C, Pt/C c6 mat d6 quét
vé phia dwrong cao, quét vé 4m thap cho thay
kha nang oxy hoa Methanol thanh CO; kha
cao. Cac mau déu co ti 18 igiy 1én hon 1 cho
thay qua trinh oxy héa Methanol vé cic san
pham trung gian vé dang CO, twong déi
hoan toan.

3744

3.4. Sy on dinh hoat tinh xuc tic dién hoa
theo thoi gian

Su 6n dinh hoat tinh xtc tac dién héa
ddi véi phan ting oxy héa Methanol theo
thoi gian dwoc nghién ctru véi phép do
cuong d6 dong dién theo thoi gian trong
dung dich 1,0 M CHsOH/1,0 M KOH trong
3600 s tai dién thé ¢ dinh 1a -0,2 V (Hinh
7).
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Hinh 7. Duong cong quét mat do dong theo thoi gian trong moéi treong 1,0 M CH3;OH/1,0 M KOH
trong 3600 s tai the co dinh 1a -0,2 V cua vit liéu PtyFe,/C

Nhin vao duong cong mat d6 dong
theo thoi gian ta c6 thé thay dong giam
nhanh tr 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 cé thé do sw
hinh thanh CO va céc hop chat trung gian
trong qua trinh oxy héa Methanol trén bé
mat xic tac. Sw hap phu cac hop chat trung
gian trén bé mat dién cuc nhu CO, hay cac
hop chat oxy héa trung gian c6 mach —CO
d4a khoa cac tam xuc tac, ngan can phan tng
oxy héa Methanol. T1r 600 s tr& di, su suy
giam cua dong giam chdm va xuc tac duoc
tong hop cho sir oxy héa Methanol, da dan
dan dat duoc su 6n dinh. Nhu vay, xuc tac
nano téng hop cé tinh 6n dinh theo thoi
gian, phil hop dé lam xtc tac cho pin nhién
ligu.

4. KET LUAN

Qua nghién cttu nay, chung t6i da
tong hop thanh cong vat liéu xic tac nano
PtFe,/C trén nén carbon Vulcan XC-72R
cho pin nhién liéu. Kich thude vt liéu nam
trong khoang fir 2-8 nm, trung binh ~ 4 nm.
Vit liéu t6ng hop dwoc khao sat hoat tinh
xtic tac bang cac phwong phép dién héa doi
voi su oxy hoa Methanol trong méi tredng
kiém tai aonde da cho thay phan ttng oxy
hoa trén bé mat dién cuc déu cho ti 18 dong
quét téi va dong quét vé igw 16n hon mot.
Nhur vdy, vat liéu tong hop hoan toan phu

https://tapchidhnlhue.vn
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hop lam vat liéu xuc tac dién cuc cho pin
nhién liéu.
LOI CAM ON

Chuing toi giti 15 cac on dén Thay/Co
trong bo mén Hoa Ly thuyét va Hoéa Ly tai
trieong Pai hoc Khoa hoc Ty nhién, Pai hoc
Quéc Gia thanh phé Hb Chi Minh; cac
Thay/Cé trong Phong nghién ctru Hoéa Iy
Ung dung trong diém cua dai hoc Quéc Gia
thanh phé Ho Chi Minh; cac cong su tai khu
Trung tAm Cong nghé cao da giup t6i thuc
hién nghién cttu nay.
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