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co hoat tinh dién hoa cao trong phan ung oxy hoa etanol

Vii Thi Thu Ha", Tran Thi Lién, Nguyén Minh Ding, Nguyén Quang Minh,

Nguyén Thi Thao, Vii Tuan Anh
Phong Thi nghiém trong diém cong nghé loc, héa dau, Vién Héa hoc Cong nghiép Viét Nam

Ngay nhén bai 9/1/2017; ngay chuyén phan bién 12/1/2017; ngay nhan phéan bién 6/2/2017; ngay chip nhan ding 13/2/2017
Tom tat:

Bai bao gi6i thiéu cic loai xiic tac trén co sé' Pt mang trén graphen oxit da khir (rGO) dwgc tong hop va dic
trung boi cac phwong phap héa Iy TEM, Raman va EDX. Cac xiic tac déu cho thiy, pha hoat tinh 1a céc hat tiéu
phan kich thwéc dong déu (khoang 2+20 nm), phén tin trén chit mang graphen. Hoat tinh dién héa ciia cac
xtc tac nay dwge danh gia bang cac phwong phap quét thé - dong tuin hoan, phwong phap quét dong theo thoi
gian & thé ¢6 dinh va phwong phap quét thé theo thoi gian & dong c6 dinh trong méi trwong kiém. Pang chi y,
cac két qua thwe nghiém chi ra ring sy ton tai cia Al Si, Co va Ni lam ting cwdng hoat tinh ciia Pt trong phian
rng oxy hoa dién héa etanol theo thir ty sau: Pt Al 7/rGO Pt22 Al Si, /rGO >> Pty Nij /rGO > Pt, Co, /
rGO > Pt,, /rGO. Dac biét, xtic tac Pt Al, /rGO thé hién do on dmh ciia hoat tinh dlen héa cao nhat trong
s0 cac xiic tc khao sat. Sw ¢6 mit ctia Al va Al-Si gitp cal thién d9 phan tin ciia cAc tiéu phian nano Pt trén bé
mat chét mang rGO, din dén 1am tang hoat tinh va d 6 on dinh hoat tinh dién héa cia xic tac Bén canh dé, xuc
tac Pt,, Al _Si, /rGO, véi mot lwgng nhé Si va Al, ¢6 hoat tinh twong dlro’ng xuc tac Pt /rGO, v6i lwgng
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16m Al. Suw cai thlen dang ké hoat tinh oxy héa dién hoa etanol d3 mé ra tiém ning g dung cac xtc tac nay voi

vai tro 1a chit xiic tic trong pin nhién liéu sir dung etanol truc tlep trong méi truong kiém.

Tir khéa: DEFC, oxy héa dién héa etanol, rGO, xuc tic Pt/rGO.

Chi 56 phdn logi: 1.4
Md dau

Trong nhitng nam gan day, pin nhién liéu ding etanol
tryc tiép (DEFC) da thu hat dugc sy cha ¥ cia nhiéu
nha khoa hoc. So v6i cac loai pin nhién li€u khac nhu
pin nhién li€u dung metanol hay axit foocmic, pin nhién
li¢u dung etanol c6 mat do nang luong 1y thuyét cuc dai
cao hon, it doc hai hon va nguyén liéu etanol co thé thu
dugc tir qua trinh 1én men sinh khdi lignocellulose [1, 2].
Tuy nhién, phan g oxy héa hoan toan etanol kho c6 thé
xay ra do su kho khin trong viéc phé v lién két C-C cua
etanol dé tao thanh CO, vaH,0 [3]. Ptva céc xuc tac trén
co s Pt dugc coi la cac giai phap tiém nang dé giai quyet
van dé néu trén, boi cac xuc tac nay phu hop véi qua trinh
oxy héa cac phan tir hitu co c6 mach cacbon ngan. Nhung
dén nay, cac tmg dung thuc tién cta pin DEFC van bi han
ché bai viée sir dung dién cuc Pt nguyén khdi 1a rat tén
kém. Ngoai ra, dién cuc Pt ¢o thé d& dang bi ngd doc boi
qué trinh hap phu céc san pham trung gian trong qua trinh
oxy hoa etanol nhu axetandéhit, axit axétic...
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pé giam thiéu qua trinh ngd doc, mot $6 td hop xuc
tac da kim loai nhu Pt-Pd nano 6ng [4] hay hop kim
nano sgi Pd-M (M = Pt, Au) [5] da dugc nghién ctru. Tuy
nhién, dé nang cao hon nira hoat tinh dién hoa cua xuc
tac va han ché su dung céac kim loai quy, viéc pha tap voi
cac kim loai khong thu¢c nhom kim loai quy va st dung
chét mang graphen 1a mot lya chon uu viét. That vay, voi
cac tinh chét héa 1y tuyét voi nhu d6 dan dién cao, dién
tich bé mit riéng tinh theo 1y thuyét 1on (~ 2630 m2.g"),
graphen giup ting kha nang phan tan ctua cac kim loai
hoat tinh. Pién hinh nhu cac x(ic tic anot PtXMy/rGO, voi
M = Ru, Co, Ni [6-8].

Bai béo trinh bay két qua nghién ciru diéu ché cac t6
hop xtc tac Pt/rGO, dugc bién tinh bi cac chét xuc tién
trén co so Al, Al-Si, Co, Ni, hudng téi tng dung lam chét
xuc tac anot trong pin DEFC. Céc chit xtc tic bién tinh
nay thé hién hoat tinh cao trong phan tmg oxy hoa dién
hoéa etanol trong moi truong kiém, dé)ng thoi thé hién do
bén dién hoa duge cai thién rd rét so voi xuc tac Pt/rGO
khong bién tinh.
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Abstract:

In the study, several Pt-based anode catalysts
supported on reduced graphene oxide (rGO) were
prepared and characterized by means of TEM, Raman,
and EDX. Good particle dispersion onto the graphen
support, similar particle sizes (around 2+20 nm), and
the presence of promoters were observed in all cases.
Their electrochemical propeties were investigated
by cyclic voltammetry and chronoamperometry in
alkaline media. Notably, electrochemical tests showed
that the presence of Al, Si, Co, and Ni enhanced the
activity of Pt towards ethanol electro-oxidation in
the following order: Pt Al, . /rGO = Pt, Al Si, /

11.5 12.7 22.1
rGO > Pt, Ni, /rGO > Pt, Co, /rGO > Pt /rGO
In particular, Pt _Al

1.1 2

s 127/rGO catalyst exhlblotied the
best catalytic stability for ethanol oxidation. The
presences of Al and Al-Si improved the dispersion
of Pt nanoparticles on the surface of rGO, which is
assumed to be the main reason for improving the
activity and stability of the catalysts. Besides, the
Pt,, Al _Si, /rGO catalyst, with a small amount of
Si and Al, has the catalytic activity comparable to
the activity of the Pt Al , /rGO catalyst, with a
large amount of Al. The remarkable improvement
of the ethanol electro-oxidation activity was found in
alkaline media, providing potential applications of
these materials as catalysts for alkaline direct ethanol

fuel cells.

Keywords: DEFC, ethanol electro-oxidation, Pt/rGO
catalyst, rGO.
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Thuc nghiém
Héa chit

Graphite troc né dugc cung cip boi SGL Carbon
GmbH (Ptc). Céc hoa chat khac gdom KMnO,, NaNO,,
H,SO, dac 98%, H,0, 30%, HCI, H,PtCl_.6H,O 99%,
Ni(CH,CO0),.4H,0 98%, Co(CH,COO0),.4H,0 98%,
ethylen glycol (EG), Al-triisopropoxit 99,99%, Tetraetyl
orthosilicat (TEOS) 99%, etanol 99,9% va isopropanol
(IPA) 99,5% c6 ngudn gbc tir Merck. Nudc cat hai 1an
dugc diéu ché tai phong thi nghiém.

Téng hop xiic tic Pt/rGO va PtM/rGO (M = Al
Al-Si, Co, Ni)

Graphen oxit (GO) dugc tong hop tir graphit troc né
bang phuong phap Hummer cai tién [9]. Huyén phu GO
dugc pha lodng dat ndng d6 2 mg.ml"'. Pha xtc tién trén
co s6 kim loai Al, Al-Si, Co, Ni dugc ky hiéu don gian
la M = Al, AI-Si, Co Ni. Cac xuc tac trén co so Pt/rGO
¢6 chira pha xuc tién dugc ky hiéu chung la Pt M /rGO
trong d6 x va y 1an luot 1a gia tri bleu dién % kh01 luong
(% kl) cua Pt va cta cac pha xuc tién twong ung, duoc
xac dinh bang phuong phap EDX.

Xuc tac Pt My/rGO (M = Al-Si) duoc tong hop theo
phuong phap mo ta trong [10]. Xuc tac Pt M /rGO M
= Al) dugc tong hop bang phuo*ng phap tucmg tuy nhu
trén nhung khong c6 mit tién chat cua Si la TEOS, dong
thoi ham lugng Al tinh toan theo 1y thuyét trong duong
v6i 20% so v6i khdi lwong rGO. Dé tong hop xUc tac
Pt M /rGO M = Co hodc Ni), 1dy 25 ml huyén phu GO
vao binh teflon rdi thém mot luong vua diu dung dlCh
mudi M(CH,COO), va dung dich H PtCl, (ndéng do mdi
dung dich 1a 10mM), sao cho tuong duong véi 20% kl
mdi kim loai M/rGO va 5% kI Pt/rGO theo tinh toan 1y
thuyét. Hon hop phan tmg duoc rung siéu 4m trong 10
phut. Sau d6 thém vao hon hgp nay 30 ml EG. Hon hgp
tiép tuc dugc dong nhat hoa bang cach rung siéu am trong
10 phat. Hon hop phan tng duoc chiéu vi song voi cong
suat 600 W, trong 3 phiit. Sau phan tng, loc va rira san
pham nhiéu ldn bang nudc cat. Chat ran thu duge dugc
sdy chan khong ¢ 45°C trong 12 h. Xtc tac Pt/rGO (chira
40% kI Pt) duoc téng hop & cung diéu kién dé danh gia
anh huong cia chét xtc tién M (M =Al, Al-Si, Co, Ni).

Dic trung tinh chit va dinh gid hoat tinh xiic tic

Sy phan tan ctia pha hoat tinh trén chat mang ciia cac
xuc tac dugce quan sat bang kinh hién vi dién tir truyén
qua TEM (JEOL-JEM-1010). Thanh phan cic nguyén
t6 clia xtc tac dwoc phan tich boi phuong phap EDX
(Genes). Pho Raman duoc do & nhiét 6 phong, trén thiét
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bi Horiba HR 800, str dung tia laser ion Ar™ & budc song
514 nm.

Hé dién cuc lam viée duge chuin bj theo quy trinh
mo ta trong [10]. Hoat tinh dién hoa ctia xuc tac trong
phan tmg oxy hoa etanol (EOR) duoc thyc hién trén thiét
bi PGS-ioc-HH12 Potentiostat/Galvanostat, & nhiét do
phong bai cac phép do quét dong thé tudn hoan (CV),
trong khoang thé tir -0,8 dén 0,5 V, voi toc do quét thé 50
mV/s, trong dung dich C,H.OH IM + NaOH 0,5M. D¢
bén xuc tac duoc danh gia bang duong quét dong theo
thoi gian (CA) tai thé khong doi. Xtc tac co hoat tinh
dién hoéa cao nhat duoc kiém tra d6 bén b?mg cach quét
300 vong CV lién tuc trong diéu kién nhu trén. Xuc tac
phu trén dién cuc trude va sau khi quét dugce chup anh
TEM dé dénh gia sy thay d6i vé hinh thai cau tric.

Két qua va thao luan
Dic trung tinh chit

Két qua xac dinh ham luong pha hoat tinh trén bé mit
xuc tac bang phuong phap EDX duoc trinh bay trong
bang 1.

Bang 1. Két qua phan tich EDX clia céc xiic tac.

Xic tac Pt (%Kkl) M (%Kl)
20 J/rGO 20,5 -
Ptz,scom/ GO 2,5 14
Pt2)4NiH’l/rGO 2,4 11,1
PtH’SAlm/rGO 11,5 12,7
Pt22’1A11’7Si3’l/rGO 22,1 1,7 (Al)
3,1 (Si)

D@ dang nhan thay, ham luong Pt tinh toan theo 1y
thuyét dao dong tir 5+40% k1 nhung ham lugng Pt trén bé
mit do dugc chi dat khoang 50% so véi gia tri 1y thuyét
va khong qua 23% kl. Cac két qua nay ciing hoan toan
phil hop véi cong bd trude d6 [11]. Hinh 1 gi6i thidu anh
TEM cua cac vat liéu khac nhau. Hinh la cho thdy hinh
anh cua rGO 1a cac tim mang mong, rong va nhiéu nép
gap.

C6 thé nhan thay, hinh 1b-f thé hién sy khac biét rd rét
Vé d6 phén tan cua cac tiéu phén trén rGO gitta xuc tac

15/TGO ¢6 va khong co chét xtc tién. P6i véi xtc tac
Pt 5/rGO (h1nh 1b), cac tiéu phan phan bd khé thua va
khong dong déu trén mang rGO, tham chi nhiéu chd con
khong quan sat thay pha xuc tién. Kich thudc trung binh
clia cac tiéu phan Pt ddi véi xiic tac Pt,, /rGO nam trong
khoang 4+7 nm.
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Hinh 1. Anh TEM clia cic loai vat liéu khac nhau:
a- rGO, b Pt,,./rGO, c- Pt, Co /rGO d- Pt, ,Ni, /rGO,

e- Pt1 /io(EO va f- Pt221 /rGO

11.1
127

Hinh 1c-e gi6i thi¢u anh TEM cua cac xuc tac Pt M /
rGO (M = Co, Ni, Al). D& dang nhan thy céc tiéu phan
ctia pha xtc tién phan bd day dic nhung khong dong déu,
xuét hién mot vai vi tri & do céac tiéu phan co cum véi
nhau thanh cac cum hat. Anh TEM cua mau Pt-Co/rGO
(hinh 1c) cho thiy céc tiéu phan c6 dang soi ngin, chiéu
dai 1020 nm, bé ngang khoang 4 nm. Sy phan b day
dic cua cac pha Pt-Co trén chit mang hoan toan tuong
thich v6i két qua do ham luong cac pha trén bé mit bang
EDX néu trén. Pac biét, trén anh TEM cua xtc tac duoc
bién tinh boi Al (hinh 1e) hodc Al va Si (hinh 1f) quan
sat thdy cac tiéu phan duoc phan bd dong déu trén chat
mang, v6i kich thudc cac tiéu phan nam trong khoang
2,5+3 nm. Hoan toan khong quan sat thiy su co cum cua
cac tiéu phan. Cac két qua trén ddy chimg to so voi mau
chi ¢6 Pt, su c6 mit chét xic tién noi chung va chét xtic
tién trén co s Al hodc Al va Si da tac dong tich cuc dén
su phan tan cta cac tiéu phan Pt trén bé mit rGO.

Két qua dic trung sy sip xép trat ty hay mét trat
ty trong cau tric tinh theé cua cac vat li¢u cacbon bang
phuong phap pho Raman duogc trinh bay trong hinh 2.

D band
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Hinh 2. Pho Raman cda cac loai vat liéu khac nhau:

a- rGO, b- Pt, /rGO, c- Pt Co /rGO d- Pt, NlmerO,
e-Pt 127/rGO va f- Pt,, 17 Si, ,/rGO.
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Nhu da thay, tat ca cac mau vét ligu GO, Pt,) /rGO va
PtxMy/rGO, déu co6 hai dinl} pic déc trung: Déi D & vi tri
1350 cm™! twong tng véi s lugng cac lién két sp® co mat
trong graphen ciing nhu cac khuyét tat trong cic nguyén
tur carbon sp?; dai G ¢ vi tri 1590 cm™ tuong ung vai cac
dao dong cua m’l'rc E, c6 trong cac nguyén tir carbon lai
hoéa sp? trong cau tao luc lang cua graphen. Gia tri ty 1€
vé cudng do cua dai D va dai G (I/1,) cua tat ca cac xuc
tac PtXMy/rGO va Pt,) /rGO déu cao hon so vdi gid tri thu
dugc do1 voi GO ching to GO da duge khir thanh rGO
[12].

Danh gid hoat tinh dién hoa

Puong quét dong thé tuan hoan, véi cac gia tri mat do
dong quét thuan (I,) va mat do gl(‘)ng quét nghich (1), cua
cac xuc tac khac nhau dugc thé hién trén hinh 3 va bang
2. So v6i xuc tic khong chira chét xtc tién Pt,, /1GO, cac
xuc tac PtXMy/rGO c6 hoat tinh dién hoa tang rd rét. Bac
bi‘ét, xuc tac Pt”,SAllzj/rG’O va xﬁg tac Pt22,1A11’7Si3,1/rGO
déu cho mat d6 dong I, rat cao, gap =~ 1,6 lan so véi xuc
tac Ptzovs/rGO. Su c6 mat cua mot lugng nho Si cung véi
Al trong xuc tac Pt,, Al Si, /rGO c6 vai tro tang cuong
hoat tinh xtc tac twong ty nhu sy ¢c6 mdt cuia mot luwong
16n Al (trong xtc tac Pt (Al , /rGO). Dicu ndy thé hi¢n
hiéu g hi¢p trg gitra Al va Si. Tuy nhién, dé hiéu ro ve
van dé nay, can tién hanh nhiéu nghién ctru c6 hé thdng
va toan dién hon. Ngoai ra, vdi cac xuc tac dugc bién tinh
bdi Co hodc Ni, mac du lugng Pt dua vao rat nho (~ 2,5%
k1) nhung su ¢6 mat ciia kim loai thar hai da cai thién dang
ké tin higu dién hoa (gia tri I, déu cao hon xiic tac Pt, /
rGO). Hon nita, hai Xl}lC tac néu trén cod t}’{ 1€ I/1, - dac
trung cho kha nang chong ngd doc boi su hap phu cua cac
hop chit trung gian lan luot 1a 1,79 va 1,80, cao hon rd
rét so voi cac xuc tac duoc khao sat.

4000 —

3000 —

-1

I/ mA.mg p

2000 —

1000 —

0.8 -0.6 -0.4 0.2 0.0 0.2 0.4
E / V(vs.Ag/AgCl)

Hinh 3. Puong quét dong thé tuan hoan (CV) clia cac
xuc tac: a- Ptm,s/rGO, b- Ptz,SCOM/rGO, c- Pt“Nim/rGO,
d- Pt AI”Sim/rGO va e- Pt"/SAI /rGO (NaOH 0,5M,

22,1

etanol 1M, 50 mV/s).
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Bang 2. Hoat tinh dién héa cac xic tac (NaOH 0,5M,
etanol 1M, 50 mV/s).

I (mA/mg,)
Xic tac /1
IF IR F R
Pt, /rGO 2348 1416 1,66
Pt, .Co, /rGO 2550 1423 1,79
Pt, Ni , ,/rGO 2966 1648 1,80
Pt,, Al _Si, /rfGO 3518 2622 1,34
t, Al /TGO 3691 2724 1,36

Céc két qua nay cho théy, viéc dua thém pha xic tién
(don hay da kim loai) du chi véi ham lugng nhd da lam
tang mat do va cai thién qua trinh phan tan cac hat nano
Pt, do d6 lam ting kha ning tiép xuc ciia Pt v4i etanol.
N6i cach khac, cac chat xuc tién di mang lai mot moi
truong phan tung thuan loi cho viéc hap phu etanol 1én
bé mat chat xuc tac, ddng thoi viée pha tap cac kim loai
chuyén tiép (Co, Ni) da lam giam thiéu viéc str dung Pt
mot cach hi¢u qua ma van dam bao hoat tinh oxy hoéa
dién hoa etanol trong méi truong kiém.

N\,

250
200
150 —
100 —

50 — K

0 a
I T T T 1

I/ mA.mg pt
o

0 1000 2t(;00 3000 4000
Hinh 4. Pudng quét CA clia cac xiic tac: a- Pt, /rGO,
b- Pt,.Co, /rGO, c- Pt Ni  /rGO, d- Pt, Al Si /

rGO va e- Pt Al /rGO (NaOH 0,5M va etanol 1M, 50
mV/s).

Do bén cua cac xuc tac trong phan tng oxy héa dién
hoéa etanol dugc danh gid boi cac duong quét dong theo
thoi gian (CA) chi ra trén hinh 4. D& dang nhén thay tat
ca cac xuc tac déu c6 mat do dong suy giam 15 rét trong
khoang thoi gian ban dau 12 do hién tuong ngd doc xtic
tac boi cac 16p oxit trén bé mit va cac hop chat trung
gian chira cacbon sinh ra trong qué trinh oxy hoéa etanol.
Trong s6 nay, xtic tac Pt ;Al, /rGO (hinh 4¢) c6 mat do
dong oxy hoa ban dau cao nhat; giam tuong doi cham
trong khoang 1000 s dau; sau d6 giam kha nhanh. Sau
4000 s, mat d6 dong con lai ctia xuc tac nay dat 89,1 mA/
mg, (gp 6,7 1an so véi gid tri do duoc trén xuc tac Pt,
rGO). Bac biét, co6 gia tri mat 3 dong oxy hoa ban dau
xap xi so voi xuc tac Pt,, Al _Si; /rGO nhung xtc tac
Pt”’SAllzj/rGO the hién d¢ bén rat tot trong moi trudng
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kiém. Puong CA cta xuc tac nay (hinh 4e) giam cham
dan trong sudt khoang thoi gian dai va sau 4000 s quét,
mat do dong con lai cao gép 3.9 14n so véi gia trj do dugc
trén xuc tac Pt), Al _Si, /rGO. Xic tac Pt, Ni | 1/1rGO va
,:C0,,/1GO cho mat do dong sau khi quet 4000 s xap xi
nhau lan luot la 38,32 mA/mg, va 36,15 mA/mg,,
hon dang ké so véi xuc tac Pt, /1GO (13,4 mA/mgP)
R rang, viéc bo sung pha xuc tlen trén co s¢ kim loai da
khao sat néi chung va Al ciing nhu t6 hop Al-Si néi riéng
lam tang hoat tinh dién hoa, dong thoi cai thién dang ké
do ben cta xiic tic Pt /rGO. Vai tro lam ben hoat tinh
ctia Al s& dugc 1am rd hon trong cac nghién ctru sdu hon
sau nay.

Két qua khao sat thoi gian song cia xtic tac bt Al,./
rGO duogc trinh bay ¢ hinh 5. Sau 10 vong quét dau tién
hoat hoa xuc tac, hoat tinh dién hoa cua xuc tac Pt 5Al/
rGO tré nén 6n dinh. Bang cach st dung gia tri I, cla
vong quet nay lam doi chung (goi 1a I ) nhén thay 100
vong quét tiép theo bét dau ¢6 hién tuong giam nhe mat
d6 dong, muc do giam tiép tuc tang sau 150 vong queét
(con 72,3% so voi I, ). Sau khi két thuc vong quét thi
300 mat do dong I, con Xap xi 51% so véi L.,

4000 —
= 10th cycle
= 30th cycle
= 60th cycle
= 90th cycle
= 150th cycle
= 200th cycle
= 250th cycle
300th cycle

N\

T T T T T T T T
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4

E /V (vs.Ag/AgCl)
Hinh 5. Pudng quét CV cta Pt Al/rGO sau 300 vong
quét (NaOH 0,5M va etanol 1M, 50 mV/s).
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P
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Két qua nay cho thiy, xuc tac Pt Al /1GO co6 do
6n dinh hoat tinh trong phan g oxy hoa etanol cao vai
gia tri da duoc cong bd ddi voi xtc tac PtRu/3DGF, khao
sat trong moi truong axit: Giam con 44% sau 500 vong
quét [6].

Ngoai ra, thé oxy hoa bét dau cua xuc tac Pt, Al , /
rGO hau nhu khong thay doi or cac vong quet khac nhau
(-0,7 V). Piéu nay giup cing c¢b nhan dinh vé d6 bén cua
xuc tac trong moi trudng khao sat.

Két qua khao sat ddc trung cau tric té vi clia xiic tac
phu trén dién cuc truée va sau khi quét bing phuong
phap TEM (hinh 6) cho thay sau 300 vong quét, cac tiéu
phan trén bé mat rGO d3 két tu va bién ddi vé hinh thai
ciu trac thanh cac cum hat kich thuéc 16n, phan bd roi
rac. Chinh diéu nay da lam giam hoat tinh xtc tac. Vi vay,
can bo sung cac nghién ctru cai thién tinh bén ctia xuc tac
thong qua viéc cai thién sy két tu cua cac pha hoat tinh
trong qua trinh lam viéc cia dién cyc.
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Hinh 6. Anh TEM ciia xtic tac Pt11 s 12 ,/rGO truéc (a) va

sau (b) quét 500 vong (NaOH 0,5M, etanol 1M, 50 mV/s).
Két luan

D3 tong hop thanh cong cac loai xuc tac Pt M /rGO
khac nhau, sir dung chét xuc tién lan luot 1a to h(yp gilia
Al-Si hodc Al hodac Co hodc Ni. Ba ching minh duoc
vai tro clia cac chit xtic tién trong viéc ting do phan
tan ciia pha hoat tinh trén bé mit rGO din dén lam ting
hoat tinh dién hoa va cai thién do bén hoat tinh. So véi
xiic tic Pt, /rGO, xUc tac bién tinh boi Al hodc Al-Si
c6 hoat tinh oxy hoa etanol tang gap 1,6 lan. Diac biét
xtc tac bién tinh bai Al c6 do bén hoat tinh tang ~ 6,7
lan so voi xtic tac Pt,, /rGO. Két qua nghién ctru cho
thay, xuc tac Pt, 5Alm/rGO la mot xuc tac hi€u qua cho
pin DEFC. Mit khac, cac két qua nay cling mé ra nhiéu
hudng nghién ctru chuyén sau hon vé vai trd ctia Al trong
viéc nang cao hoat tinh dién hoa, déng thoi cai thién do
bén xiic tac.

LOI CAM ON

Nhom tac gia tran trong cam on Bo Cong thuong da
cap kinh phi thuc hién dé tai thong qua Hop dong sb
006.16.PTNTB/HD-KHCN.
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