B E (HEER - BEEyE e )

HER=T=lF " BEEER( L&
(ICSC-33); R LSS

A st - BPRERE TR LR AR TAZEE 21
AR SO TEROR

IREREDZE ¢ H AR

HEHARE] - 1027 H7HETH 13 H

e HHE - 10247 H 22 H



A=
== BESRACE ST & (1CSC-33) | 2 H ASIRILE & (JASC) ~
HASHEEEE (JSAC) TR e LB & & (IUPAC) JRETHE - 1°
20137 H 7 - 12 4F HASTH Terrsa 847 - €N B H & NG SR » TGS
MR FRE (B e ~ Bz BER - BASELSE ~ i LERELLEE - S0 - B B
BMBERSE) SR FREL SRR MR 2 383 « 59 R B PR (AR LT
SRR BRI KA 2 38R - etk T ARIRELE | Z DI REE - A
Bk R EH > BFREE - FET - EHA - B - B5E - i - A - 3R
EEL - DA - B~ B - B - SR ~ T  PEPES RO RE ~ B
JE ~ EORE ~ ¥ ~ w8E ~ HA ~ hEl - G8ELH HERE - Wis giing
oy DI R B » it 350 8RR - (R &t o & B8 2 B it -
1 DL H ACEESE Hiroyuki Ohno $ 34T RS By IR BG R &0 Z W B b 2 o i i
—SE R EIREMERRE § 55— H SR Kazuaki Ninomiya FRaf DIEE T /RAG IR RAE H AE
A FE I 72 S PR AMTER P BRI S8 2 e K« ARG s it — (8 & A RIS P
& MRS EEETR R i N E IR ST R R L - LR RS TR I B
RIS A IT 3 R T 1) S 2 - EUR e EE R - SRS HRG EHEREE
SCHARA TR Oof RO U N B B 2 IR FE 488 - KT i AN = Higii 2 2% -
EERRNHAEHARFHEAEZMERT > BREHEHZE

“Electro-oxidation of ethanol over Pt(Sn)/TiO,-C anodic catalysts” » 7% £I|E7 5 B E2 & A AT it

\>§

M EURESHEE -



B

AT
(&5

< < © 0~

i

Ald w::u

Xl

A

A
O

=k
=
fES

N
N

=

4

=
=
H



% EHAN

FE=E BRI EEAET g (1ICSC-33) /2 HH AR & (JASC) »
HAZ B e (JSAC) MIEMRArElE LR &E (IUPAC) JL[E £ - &
EIPR AR B E LB & E B e R — R B S - AR50
EEMRSBERERRSRLE S  BERES - Boibs - BB ~ o
(EEELERE - HEmstH ~ E(LE - B2 BEEVEE - Lol EHM E2FE 5 -
LB R FIGETT — RV T FE R SR RO s o - DU SR Sof IRl (5
B FRERAT E 2 2 F ey - et g REE Y - BH 22 issa E
HISC B R IR o TRIL - 8 E R B2l s A4 i W A BRI P R AR 92 38 Je2 U7 ) B3 - f
B2 B R BB SR S0 Do SO AU N B B e 888 s T iUy H R E 2 2% -

A ERBEE

(AR GHBHR — ARBEIEVE & - 2IAB4I6005 > 735K E SR K
IR - Ho B e N B2 BRI T R 7 B ilasm S Ream e Rk - 5 =1 =
JE " BRI LT E (1ICSC-33) | BHHAER(ESE G (JASC) ~ HAIHT
B2 (JSAC) MIBIPR4LirEdER L2kt & & (IUPAC) JL[E 3R - Fr201347
A7 - 1278 HASTE Terrsa3 (T - I Ry R LRSI B AT & 2 — > R
EHERE WS EEE(EE  VE - AP TIREM - BEE RN ERH
SERH B BRI > A RBE2 B IR RS E TR A (B E T
[ ~ BER ~ TER ~ SOK > L BRI AERS) » RIS ESEAHE AR T

W

EnmB% -

(AT G R KA & - PR RE Terrsarh 2 AAEGERE ~ R K
FHafeE - o3 BBEEE(INY) ~ OSIEER(0P) « TFRERE | 7 IR TR0 B
#R(PO) - RE St A AEREEE 5 > BT ="R(7H8-10H ) th - _£09:005H4 % F418:00
GO > ST HOH MG B2 HE— BT IRREIE » TR RS R OR B DA T A
M R 2 B s [T RS T RIS EEEE » IhARME 2 S EhE T R 245



& HREESSFHN—TUE - & R(7TH10-11H) Al 7 £09:005#44 % H412:00
&R RENSHEE S ERE - AANTCREEIHREEE TN - SRR A
AE RS FAEA RISt R AT - DRI A S R K > SRR A LS 22 B TS
TS AR

7H8H

REF—ReHH T HET R, TENAHERRIER  HREEZEHAEE
Hiroyuki Ohnogt -/ AG EL oy TR R &R Z PR B IR 2 oo A i — 52 B BT
Ve > SRAEEAVEEIR L TRF S MRS ARG - HAl AT SR AR 0T
FRLABE T RAS a2 - BB SR 2 LM - MEFEZGERE T A5
S8 BEERAK - 2SI E RS FHiroyuki OhnoZs » Atk (M o] LA A
WZERPRE » 5578 Al S Bl AN 21T - [IEIR EMERELL - 92 Bl

ZF30%FE T+ 2£50%LL - o

7H9H

REGE RS THETRES ) EEYZHE T 25 RAVER - BN REEZIN 2 HA
B2 Kazuaki Ninomiyafsat DUEE TR AGSHE IR A= E RERYE FHBHST - B RER H AR
BT £ - ARV R TET RN EIHERRE SIS BE - Kazuaki Ninomiyaid
HRER A —— R > oAk - BARATEGG - AT A B = HE Z R E L
[ A B R Ry (L - AR RE S R A E S - INSEREP T ES - IRIE S5 MEA UL
TR - A ZPERTRNCRWASE - B4 i PIEaGT - LRE R -
SR NP BER G 2 PR S— KAy B ST ami " FrE S kam LR A UE AR BE S
& sFESRE wE O R OE  RIEE L - ERRAANFLRLR W
“Electro-oxidation of ethanol over Pt(Sn)/TiO,-C anodic catalysts™ » %% %I i % BR B2 E VT RERS i
ke - BRERPEE - SFRESEFRME IHERNT  GEMHIEERHER - &
BEEEA(LRHIRMEL - B e EFTRMEEN - TIOFiE 2 AT - B 5582

B2 BN BRI E SRR e A 0 Befm 2 “Journal of Solution Chemistry” = 55



WG 22 P — ARV RS - (SRR R SRR DA T ARl e, Ryl
TR 5T RS T RAVSHETE -

745104
REF=RIE BB ) EREZHE T —RYERAVERE - EDREARZINYE % o A

EEHT. KissEHEFHUEZEY) : Ru(ll, WIMEEY)Z &R $7E ~ s LR — e 3
WA ESHSUEE - HATAERE SHRE ST - fERu(, W) EEYZ &R
BICAABER I ALE Y R AR HURERER > SR 2 fE » 5 RE BT
BB SRR AITHY - SR N FIFEER G2 HF S eV BE Bam S Fmes i
I [FREEGUE 5 -

7H11H

REFEIUREHE THAAEER ) FRETYZEHE TH#F 20 RV - BRI 2 i B
E24D. Lundberg$ T Z Kl £ T ZATAXIT ST B > FEF I — e B - TE5HL
ZUERE - HFTAE SR WA TR S IR AHRRIE A - MR E G R £ B B AR
BT A ISR 2 Rl T R B EfELR] - B BERE ARS8 - R
BiRLEAD. Lundberg# %% » BEZAD. LundbergZiiiAs K BliE A ER] » At -
HER FHAMIRIERR - REIE - R R R AR -

7H12H

REFAREH TFREE | ZOHERGE - BEREFEE » HIR&FZINZ
FIJEEEEM.L. Rintingae G b Y S R 2R3 4 I BT 71 e FH 12 72 i Hh B2 < e
HT - EEGERE - BREEIRE - BEEEERE -

N\ 4H
S LS
AT &R EENGE S RSB EARAR LR 2 2B E R » SERH

SHETT — BV SR S IR 38 2R ROof HIE B - DURTEESm ~ oM )57 ~ Mrseifa eI L
% b Pk R Bl S AR REE S (JASC) ~ HA T {EEREE & (JSAC)
FIE AT ELE A BRI & & (IUPAC) JR[E L3 - Rk sfi T E EE & -



SN B RSB 2 o B2 [T G iefmnm Sy LIBA R & S BE R - #1350
B o REATE S SEIRE - Ba il TRES ~ Bofin(be? - IRAGHLS M ~ oA bERs
ek - BimatR -~ EALE - BUIREEVEER AR E - B R D ARBIFT2 52
it - SRR LRy B2 S EE -

ARNETREEHRIE R AR - BIRSEIEE AR SIA &g - R EE RS AT -
EEFIVE AR HE DR > AR L% B ER A A s T R R SR SR H Y - S PR bT
s GRS - (AR ANEPRARZITFTE BAE L > PR LSS - I H BN R 4E
Z W FER G REPE 2 KBRS R S8R » ARG e it — (8 E 4 A RIFRACR P
G > F B SR S R PR AT Se s e 7 Tm) e R - LR M2 PRIS

B~ ERTH

AW G RS R EEIEE BRI § 2 — N E s E e - 5]
gt - Y - AR - TREMN - BEERERNES R 5 2
RS > B RAUBEREGE > FResE e RE  Boir b - BEaesLm
ITEEREDEE ~ BEmstE ~ |ES  ANRHEAVEE - £mPEE - HISHE
FE NS BLERE 220 o SRR A] GBI AE N N R B 2 B FE DA S PE
FRING oy SERFE R - S BN & TR R B il LAEREE A e AR &
FECLE RV B E QS BLARK sy 400 2 AR gl graam SR LA -



CHYN |

Ying-Huei Liou'2, Yi-Ping Tsai'?, Josh Y.Z. Chiou', Shu-Hua Chien??" and Chen-Bin Wang"

"Department of Chemical and Materials Engineering, Chung Cheng Institute of Technology,
National Defense University, Tahsi, Taoyuan, 33509, Taiwan, R.O.C.
2Institute of Chemistry, Academia Sinica, Taipei, 11529, Taiwan, R.O.C. \
3Department of Chemistry, National Taiwan University, Tajpel, 10764, Taiwan, R.O.C.
Email address: chenbinwang@gmail.com

@ Abstract —

This research focused on the modified Pt/C anodic catalyst with titania (30 wt% TiO,) and tin (5 wt% Sn) to
improve the utilization and efficiency of direct ethanol fuel cell. The TiO,-doped on active carbon support was
prepared by impregnation method. Then, the Pt(Sn)/TiO,-C (10 wt% Pt) anodic catalyst was synthesized by formic
acid reduction method using platinum chloride (PtCl,) and tin dichloride dihydrate (SnCl, - 2H,0) as precursors.
The carbon paper coated with Pt(Sn)/TiO,-C catalyst was used as the working electrode. Evaluation of the
catalytic activity for the electro-oxidation of ethanol on working electrodes was performed with cyclic
voltammetry (CV) in 0.5 M H,SO, and 1 M ethanol electrolyte at room temperature. The results of XRD and TEM
show that all the prepared Pt(Sn)/TiO,-C anodic catalysts present uniform dispersion of platinum with a diameter
around 3 - 6 nm. The activity for electro-oxidation of ethanol was affected remarkably by the content of TiO, and
Sn in the anodic catalyst. The addition of TiO, can promote the CO stripping by the surface oxygen functional
groups to reduce CO oxidizing potential. Also, the formation of PtSn alloy can enhance the CO stripping at

lower oxidizing potential.
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The results presented in this study indicated that the activity for electro-oxidation of ethanol was affected
remarkably by the addition of TiO, and Sn in the anodic catalyst. Modification of Pt/C anodic catalyst with TiO,
and Sn can get well-dispersed and higher EAS of active species that improve the electro-catalytic activity and
lower potential. The addition of TiO, can promote the CO stripping by the surface oxygen functional groups to
reduce CO oxidizing potential. Also, the formation of PtSn alloy can enhance the CO stripping at lower oxidizing
potential. Among the prepared Pt(Sn)/TiO,-C anodic catalysts, the PtSn/30TiO,—C exhibits the best catalytic
\performance. Y,
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Abstract

This research focused on the modified Pt/C anodic catalyst with titania (30 wt% TiO5)
and tin (5 wt% Sn) to improve the utilization and efficiency of direct ethanol fuel cell. The
TiO,-doped on active carbon support was prepared by impregnation method. Then, the
Pt(Sn)/TiO,-C (10 wt% Pt) anodic catalyst was synthesized by formic acid reduction
method using platinum chloride (PtCls) and tin dichloride dihydrate (SnCl,-2H,0) as
precursors. The carbon paper coated with Pt(Sn)/TiO,-C catalyst was used as the working
electrode. Evaluation of the catalytic activity for the electro-oxidation of ethanol on
working electrodes was performed with cyclic voltammetry (CV) in 0.5 M H,SO,4 and 1 M
ethanol electrolyte at room temperature. The results of XRD and TEM show that all the
prepared anodic catalysts present uniform dispersion of platinum with a diameter around 3
- 6 nm. The activity for electro-oxidation of ethanol was affected remarkably by the
content of TiO, and Sn in the anodic catalyst. The addition of TiO, can promote the CO
stripping by the surface oxygen functional groups to reduce CO oxidizing potential. Also,

the formation of PtSn alloy can enhance the CO stripping at lower oxidizing potential.

Keywords: Pt(Sn)/TiO,-C anodic catalyst; Electro-oxidation; Cyclic voltammetry.
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1. Introduction

In the past 20 years, the direct alcohol fuel cells (DAFCs) have been widely studied

and considered as possible power sources for the portable electric apparatus and electric

vehicles [1-8]. Among the alcohols, methanol (MeOH) [1-3], ethanol (EtOH) [4-6] and

ethylene glycol (EG) [7, 8] are popular energy resource due to their non-toxicity and high

energy density.

Titanium dioxide possesses a high activity and stability of catalytic in acidic solutions

[9, 10]. It has been used as photocatalyst to execute the oxidation of alcohol under UV

irradiation [9]. It has been proposed that the TiO,-support Pt has high catalytic activity for

ethanol electro-oxidation [10]. Reaction intermediate of CO easily poisoned platinum to

become inactive of electro-oxidation for anodic catalysts. Recently, Kokoh et al [11]

showed that the addition of Sn to Pt catalysts could mitigate the poisoning effect of CO for

ethanol electro-oxidation.

Based on the approaches, a comparative study on three Pt(Sn)/TiO,-C anodic

catalysts by the formic acid reduction method and evaluated the activity for

electro-oxidation of alcohols by using cyclic voltammetry (CV) have been studied.
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2. Experimental

The support of TiO,-doped (30 wt%) active carbon (S.A. 240 m?.g™, Cabot) was
prepared by impregnation method (assigned as TiO,-C). The active carbon was added into
a 250 mL flask with 2-propanol-TBOT-HNO3z; mixture for 24 h stirring at room
temperature, and then the suspension was filtered and washed by distilled water. The
precipitate was dried at 110 °C overnight. Three anodic catalysts (Pt/C, Pt/TiO,-C and
PtSn/TiO,-C) were prepared by formic acid reduction method [12] using platinum chloride
(PtCl,) and tin dichloride dihydrate (SnCl,-2H,0) as precursors. An appropriate mass of
support (C or TiO,-C) powder was suspended in formic acid solution. Precursor salt
solutions of chloroplatinic acid (PtCl,, Strem Chemicals) and/or (SnCl,-2H,0, Acros
Organics) were slowly added to the suspension of support for 6 h stirring at 60 °C in water
bath. As the mixture was cooled to room temperature, filtered and washed by distilled
water until the washing water showed pH = 7. Then, the precipitates were dried at 110 °C
overnight. The nominal loading of Pt and Sn was 10 wt% and 5 wt%, respectively.

The microstructure and particle size of the anodic catalysts was observed, using
transmission electron microscopy (TEM) with a JEM-2010 microscope (JEOL), at an
acceleration voltage of 200 kV. X-ray diffraction (XRD) analysis was performed using the
MAC Science MXP18 X-ray diffractometer with CuKa-source. The 20 angular regions
between 20° and 80° were explored at a scan rate of 6°-min™* with step of 0.02°.

Electrochemical measurements were carried out in a three electrode cell with
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electrochemical analyzer (CH Instruments Model 611C) at 25 °C. The gold patch coated
with catalyst ink was used as the working electrode. The loading of catalyst on the work
electrode was 4 mg-cm 2. A saturated calomel electrode (SCE) and Pt foil were used as
reference and counter electrodes, respectively. All electrode potentials in this paper were
referred to the SCE. The cyclic voltammetry test of electro-oxidation of ethanol was
conducted in the potential range of -0.2 to 1.0 V vs. SCE with a scan rate of 10 mV-stina
solution of 0.5 M H,SO,4 with 1 M ethanol. Electrolyte solution was purged with nitrogen
gas before each experiment. The electrochemical active surface area (EAS) of anodic
catalysts is measured on the hydrogen adsorption by cyclic voltammograms in the
potential range of —0.2 to 1.0 V with a scan rate of 50 mV-s ' in 1.0 M HCIO, solution.
EAS is obtained from:
EAS = Qu/Mpt-Qkret 1)

Qu is the charge of hydrogen atoms on the Pt surface by the electro-adsorption, Mg is the
mass of Pt, and Qurs is the charge of hydrogen atoms (assumed to be 0.21mC/cm?). The
chronoamperometric measurement was performed at 0.45 V for 3600 s. The carbon
monoxide (CO) stripping was measured by voltammetry in the potential range of - 0.2 to

1.0 V at a scan rate of 10 mV-s™ by 0.5 M H,SO, solution.

3. Results and discussion

XRD patterns of anodic catalysts are shown in Fig. 1. It is found that there is no
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diffraction peaks of TiO, in the XRD patterns of Pt/TiO,-C and PtSn/TiO,-C. It is
indicated that the prepared TiO,-modified support is amorphous. The diffraction peaks
around 39° ~ 46° and 68° are attributed to Pt (111) ~ (200) and (220) crystalline planes
according to the JCPDS, which represent the typical character of a crystalline of Pt with a
face-centered cubic (fcc) structure. Comparing the diffraction patterns of platinum,
broadening of peaks and contracting of 26 on both Pt/TiO,-C and PtSn/TiO,-C catalysts
are observed. These results indicate that the modification of active carbon with TiO, can
well-dispersed active species and the addition of tin can form alloy with platinum. In order
to evaluate the particle size of platinum, the Pt (111) diffraction peak is selected to
calculate the particle size by Scherrer formula. Three anodic catalysts are calculated that
the mean particle size of platinum (dg;) are 6.0, 5.2 and 3.4 nm for Pt/C, Pt/TiO,-C and
PtSn/TiO,-C, respectively. In the same, TEM micrographs of Pt/C, Pt/TiO,-C and
PtSn/TiO,-C catalysts are shown in Fig. 2. The observed mean particle size is about 6 ~ 3
nm, which is close to the calculated values from XRD.

The TPR profiles of anodic catalysts are shown in Fig. 3. As shown, we can find two
type reduction signals. The signal at lower (-45 °C ~ -5 °C) is attributed to the reduction of
Pt°O and/or PtSn°0 (Pt® and/or PtSn® is the species of Pt metal or PtSn alloy on the surface
of catalyst) reduced to metal.

Pt'O + H, — Pt + H,0 )

PtSn°0 + H, — PtSn® + H,0 3)
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Comparison of the three anodic catalysts, the temperature of PtSn°0 alloy oxide is lower
than the Pt°O. Also, the modification of active carbon with TiO, could well-dispersed
active species to depress the reduction temperature of catalyst. The signal at higher (95 °C
~ 125 °C) comes from the interaction of Pt and/or PtSn with TiO».

The as-prepared Pt(Sn)/TiO,-C catalysts were tested for their catalytic activity in the
oxidation of ethanol. In order to further investigate the role played by the Pt/C, Pt/TiO,-C
and PtSn/TiO,-C catalyst were also tested in the same condition for comparison. Fig. 4
shows cyclic voltammetry curves recorded for the prepared catalysts in the supporting
electrolyte of 0.5 M H,SO,4 with 1 M ethanol. As shown, it can be seen that the trend for
ethanol electro-oxidation of activity is: PtSn/TiO,-C > Pt/TiO,-C > Pt/C. This fact
indicated that PtSn/TiO,-C catalysts have highest catalytic activity for ethanol oxidation
than Pt/C and Pt/TiO,-C catalysts.

Fig. 5 is the chronoamperometric curves by PtSn/TiO,-C, Pt/TiO,-C and Pt/C
electrodes in 1M C,HsOH and 0.5 M H,SQO, electrolyte for 3600 s. As shown, the ethanol
oxidation current density at PtSn/TiO,-C electrode for 3600 s is 60 mA/mgp;, and the
current density is 30 mA/mgp; and 10 mA/mgp;, respectively for Pt/TiO,-C and Pt/C
electrodes. This result indicating the PtSn/TiO,-C anodic catalyst have better stability and
activity than Pt/TiO,-C and Pt/C catalysts for ethanol electro-oxidation.

Fig. 6 shows the Cyclic voltammogram curves in 1 M HCIO, solutions with a scan

rate of 50 mVs™. It can understand the reason why TiO, and Sn can promote the catalytic
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activity of Pt/C greatly. The electrochemical active surface (EAS) was measured from the

charge of hydrogen desorption. The calculated data were recorded in Table 1. From Table

1, we can be seen the EAS for PtSn/TiO,-C catalyst were 1.2 times bigger than Pt/TiO,-C

catalyst and 6 times bigger than Pt/C catalyst. The results were showed the both TiO, and

Sn that can enhance the true surface area of Pt. It was inferred that adding the TiO, and Sn

can enhance dispersed for Pt/C anodic catalysts. So, it can be explained that ethanol

electro-oxidation of activity is: PtSn/TiO,-C > Pt/TiO,-C > Pt/C.

The CO stripping curves for PtSn/TiO,-C, Pt/TiO,-C and Pt/C anodic catalysts are

shown on Fig. 7. The peak potentials of CO oxidation are 0.43, 0.54 and 0.63 V,

respectively for PtSn/TiO,-C, Pt/TiO,-C and Pt/C anodic catalysts. We suppose that

the reaction of TiO, with water will product Ti-OH functional groups, and Sn with

Pt generate PtSn; alloy, they can effectively reduce the oxidation of CO to CO, oxidation

potential. This result implies that adding TiO, and Sn can promote the ability of oxidize

CO to CO;, at lower potential, which was helpful for adding the active sites to promote the

electro-oxidation of ethanol.

4. Conclusions

The results presented in this study indicated that the activity for electro-oxidation of

ethanol was affected remarkably by the addition of TiO, and Sn in the anodic catalyst.

Modification of Pt/C anodic catalyst with TiO, and Sn can get well-dispersed and higher
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EAS of active species that improve the electro-catalytic activity and lower potential. The

addition of TiO, can promote the CO stripping by the surface oxygen functional groups to

reduce CO oxidizing potential. Also, the formation of PtSn alloy can enhance the CO

stripping at lower oxidizing potential. Among the prepared Pt(Sn)/TiO,-C anodic catalysts,

the PtSn/TiO,—C exhibits the best catalytic performance.
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Figure Captions

1. XRD patterns of Pt(Sn)/TiO,-C anodic catalysts.

2. TEM images of anodic catalysts: (a) Pt/C (b) Pt/TiO,-C (c) PtSn/TiO,-C.

3. TPR profiles of Pt(Sn)/TiO,-C anodic catalysts.

4. Cyclic voltammograms of 1 M ethanol in 0.5 M H,SO,4 with scan rate 10 mV/s at 298
K for ethanol electro-oxidation.

5. Current density—time curves at 0.45 V for 3600 s at Pt/C, Pt/TiO,-C and PtSn/TiO,-C
electrode in ethanol solutions.

6. Cyclic voltammogram curves in 1M HCIO, solutions with a scan rate of 50mV-s ™.

7. CO stripping voltammograms in 0.5M H,SO, solution under room temperature (scan

rate = 10 mV-s™).
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Fig. 1 XRD patterns of Pt(Sn)/TiO,-C anodic catalysts.

Fig. 2 TEM images of Pt/C (a), Pt/TiO,-C (b) and PtSn/TiO,-C (C) anodic catalysts.
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Fig. 3 TPR profiles of Pt(Sn)/TiO,-C anodic catalysts
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Fig. 4 Cyclic voltammograms of 1 M ethanol in 0.5 M H,SO,4 with scan rate 10 mV/s at
298 K for ethanol electro-oxidation.
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Fig. 5 Current density—time curves at 0.45 V for 3600 s at Pt/C, Pt/TiO,-C and
PtSn/TiO,-C electrode in ethanol solutions.
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Fig. 6 Cyclic voltammogram curves in 1M HCIO, solutions with a scan rate of 50mV-s ™.
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Fig. 7 CO stripping voltammograms in 0.5M H,SO, solution under room temperature
(scan rate = 10 mV-s™).

Table 1 Comparison the electro-oxidation active surface of ethanol over Pt(Sn)/TiO,-C
anodic catalysts.

Catalysts EAS
(cm?/mgp,)
Pt/C 49
PUTIO,-C 264
PtSN/TiO,-C 317
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