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HEPRIERH A (DFFCOEN—MHREREAR. TEFOTRE. (D EEEPFEANE R
(DMFCs) #t,DFFC B R B3t B AL BE AR 5 (2) 5 H#: F BR#ABL H # (DFAFCs) A, Bl DFFCs & R AL
Fwd, IR AR FE R, S # AR PR GBI CO, B FEH B . #% DFFCs 7 #l%—
FFEREET AR, HAT DFFCs RN EE A Pt & Pd AR BAFEFEHIBREEEPERR. B
DFFCs i 4h, DMFCs,DFAFCs 5 H B AR B Bt R AR B H 88 AP EREGRERN A
At 7= A 1 CO 24y R 75 4 A 59 268 T 38 TR B 51550 4B AL ) o 38 2 5 B0 Pl W ek B 3800, R FHAE AL I T
#H Xt F DFFCs,DMFCs #1 DFAFCs & T/EMRE A EEZ L.

Pt % Pd S RHEARMBETETSATESE R EYS BB R R m R 55 ER
KARBEEWEEENE. B EBER AT RAREN RS - REAANESEENRE. B,
BATRA—ERLEEN T E, RRA BB (GN HIRAKEERES P AN NREE. XBEFGNs 5
Pt BB R E/ERAD. Sun FHR K, B $2 GNs 28T Pr @R ER R EhIBmEEbY,
UEBA T 304 i R 42 -4 3004 BB A FRAR A A ,

itk — B UE BT AL ST R R R A E 1, 5 FE GNs #188 N A B (NGNs) by A 2 {k , F 1t
S5 E BRI (Pt/CH PY/OYERIRSEREM S P(Z P W i 7 |, & LR R BT Pt(F PD
BN REER. &R EY,GNs #1 NGNs W #F Pt/COR P/OWHL BN, R B S BiA R H 4L
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Pt/C (E—TEK, 20 wt%)X Pd/C (Aldrich, 30 wt%) J i 4L, GNs % A ¥# 1 5 Hummers J5
EHI5YY % GNs fE B 41 NH, R #AEEB | NGNsU . B8R S 818 . F B8R4 il 3 8 b adi.
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1.2 REHS 4

Bt Pt/C (& Pd/C) 1 mg, A 150 uL & 4 mg Nafion(5 wtY)BERMW L BIR G BHEIRS B 15 L
BAEBHKER (GC,HEZE 3 mm) b, HLSMTHT. HI88EKICH Pt/C (3 Pd/O.

K Pt/C (& Pd/C)5 GNs (8 NGNs)IEA], BB 2 mg Pt/C (& Pd/CYMAZ 200 L B, 8
R4 BB 1 mg GNs (8 NGN) /it AZ] 100 uL & 40 mg Nafion (5 wt Y)W ZBIE S S, #A R
5], BU 3 100 pL # Pt/C (8% Pd/C) 48 43 515 50 pL B9 GNs (8 NGNs) 5 8B @ = R 5, A B
15 uL¥%7E GC 4k b 3F 4t T, %148 s 4% 4 5142 B Pt/C+ GNs, Pt/C+ NGNs, Pd/C+ GNs # Pd/C+
NGNs, H# Pt/C (& Pd/C) 5 GNs (K NGNs) mREW R 2+ 1.

FH AL 2 TAEYS (CHI 660b, ¥ REEFE RAFD TR EEARE =B RERHETRIE. RAEEL
M GC BLAR K TAEH AR, 4 22 s R O 4 AR, MR A0 B R ARk (SCE) 9 & B AR , & ST FR B B A X T
SCE s % M E N, R T #A7, WRREH 25 °C.

Xt FAEALF IR, e AR 4E 1 M KOH 1) 50 mV « s 'HBEHTHEAFRLZE(CVHFABERE . REE
1 M KOH-+1 M HCOOK # LA 50 mV « s ' HERE, WIH CV & M it d i (CA) B £, & R Il i
BARAE 0.3 VIREF4 s BB MREARBFENFHFE=WEA. CVIIENM—1.0 VHHEAM, L 10 mV s
BHEHATIDFE 3 MBI ;CA WIRTE—0. 6 V fRHF 2500 s.

Pt/C 5 Pd/C ¥ X ST AT 41 (XRD) B 7E X SRS (FF 2 MR A 7], B5 XPert PRO) LR, 8
A Cu #8,1=0. 154 06 nm, 20 FHAMTEE K 20°~90°,#9H 6° » min™', F{ 0. 02°.

2 HR5W®

2.1 Pt/C 5 Pd/C iy XRD B R T KOH iy CV &

B 1(a) Pt/C K Pd/C % XRD B, H i Pt 17 5 1 43 H 62T 39. 8°.46.1°.67. 8" 81. 6" AL (BB,
%F B F Pt(111) ,Pt(200) \Pt(220) F1 Pt(311). Pd i1 §F % 43 B4 F 40. 0°,46. 5°,68. 1°F1 82. 0°fb (WAL L),
X RLF PA(111) \Pd(200) \Pd(220) 1 PA(311). &5 R KW, Pt/C & Pd/C v Pt #1 Pd ¥ LAE L 57 F5 (feed

SRS ALE.
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E1 (a) Pt/CHPd/CHIXRDE; (b) Pt/C5Pd/CTEL M KOHHICVEE

B 1(b)& Pt/C } Pd/C7E 1 M KOH ¢ CV FE. %} Pt/C i CV &, H Wt/ Wi X (—0. 9~0.55 V)
FHIE B Pt B ALY R (—0. 35 VOIER] Pt/C 18823546, X+ Pd/C B CV B, H R [ /B i X T2 A
B % , Pd 4k W8 Rl (fit F—0. 33 V)IEH] Pd/C 18 8] s {22 15 4.

2.2 Pt/C R Pd/C xJ A ES & ra SR 4L B A 1L M B8
€ 2 % Pt/C,Pt/C+GNs #1 Pt/C+NGNs £ 1 M KOH+1 M HCOOK %% $# CV E. H#E R A
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10 mV s L REZAERTHEF YA R RIEEANREDZE AT RS 3 MEARMEFHER.
B2 A F—0.57 VAW ERMEX N FHRBRIMEEAMRN. 3 MEAFE —BERERKIDOHKFTE
TP IE A W e 3 (1), X R B O 5 T O 0 SR AL R 3R TR B R B T T 5 — B IE 3 0 o B A
HFIRE2 0.3 VAL 4 s BrhFFY R, o8 B CV Hiin Pt R b #E =9 R Mw AT —o. 88
V & X B M 4 BR B/, I Z 0t Pt/C B8, 88 Pt/C . Pt/C+GNs #1 Pt/C+NGNs 5 $ #.

1/(mA * ng

—_—

-1.0-0.8-0.6-0.4 -0.2 -0.0 -10-08 -6.6 -0.4 -d.2 -6.0 -1.0-0.8 -Ol.6 -0.4 -OI.2 -0.0

S SN T N

E/V vs.SCE E/V vs.SCE E/V vs.SCE

NENEE—E, BRRRE_R.
B2 (@) PYC; (b) PUYC+GNs: (c) PYC+NGNs7E1 M KOH+1 M HCOOK¥AW FHICVE (3Ti#10 mV » s,
SERRETFTE, RERRRAFR)

A BV Pt/C,Pt/CHGNs Ml Pt/CHNGNs LB E R, 08 7 3 MELRR L 5 L M@/
L) AR 1 AR SCBR T A 8 7=y X A 500 ik RO 90 AR 2 B BB /N U L 3 e T PR 1 AT, Pr/C+
GNs #l Pt/C-+NGNs # I, /I, {35/ F Pt/C, 3 H] GNs #l NGNs # 7 $#£# Pt/C 5L & . Pt/C+GNs #
I,/I, {fE K F Pt/C+NGNs, % # NGNs #% Pt/C fi B # 86 /1 E F GNs.
#1 Pt/C,Pt/C+GNs a Pt/CH+NGNs HL B &

I, /(mA + mgp—1) I;/(mA * mgp,—1) L/,

Pt/C 56. 2 44,2 1. 27
Pt/C+GNs 57.4 49.1 1.17
Pt/C+NGNs 50.3 45. 6 1.10

HiE—2 AR GNs il NGNs st fi g ek # iy & &%, Wil 7 Pd/C.Pd/C+ GNs 1 PAC+ NGNs 7
1 MKOH+1 M HCOOK B H i CV B (LK 3), 34 TAER I/, (K 2). 5 2 H1,Pd/C+GNs
#1 Pd/C+NGNs 9 I, /I, {E¥/NF Pd/C, B GNs fl NGNs ¥ Al 25 Pd/C @y#i5 #. Pd/C+NGNs B
I,/I, f/NF Pd/C+NGNs, % NGNs 25 Pd/CH BB F GNs. ZEREGER 1 &8 R —3.
% 2 Pd/C.Pd/CH+GNs #1 Pd/C+NGNs s B4 Lk B

I,/(mA » mgp—1) I;/(mA » mgp—1) L/I

Pt/C 1020 872 1.17
Pd/C+GNs 902 810 1.11
Pd/C+NGNs 931 867 1. 07

it — - fEE GNs #1 NGNs 3L T 8 R AER , X Pt/C.Pt/C+GNs #1 Pt/C+NGNs LA K
Pd/C,Pd/C+GNs f1 Pd/C+NGNs 4351 #47 T CA MK (E 4. g1 4 5, AR K CA L RETTih
MBI EHE TR, ZEEEEXHAERN, R T AREAFNEEZR. BEMNS, WARLTF Pt/
C #1 Pd/C WA SRR BB/, R ERGE R B, FHMAN S S T 8. A GNs #1 NGNs f5,Pt/C fl
Pd/C & sk WA 1 0, £ 8] GNs #1 NGNs Al iR E b .

AERENSARMNNBEER ITE TS5 A A X 15 1R 8 E (RRR, 38 CA Kug i 35 X R
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CV B )", tngk 3 fr7R. B3 3 &1, Pt/C,Pt/C+GNs #1 Pt/C+ NGNs # RRR & 4> 5% 41. 3% .
57. 9% %1 63. 7%, i Pd/C.Pd/C+GNs f1 Pd/C+NGNs ) RRR {431 % 12. 8% .25. 0% 1 40. 0% , 32 85
GNs 1 NGNs 7] {2 FHEL R BT R 1% 1 NGNs fE I E B2 . XM AR T 88 T8 & GNs(8 NGNs)
5 Pt(F P RSBAHEAEF J1. &A% #F , GNs (B NGNs) 5 Pt/C(8 Pd/O) BA B &3 B¥ I R GNs (&
NGNs) 5 PtCFl P B8 f A M, i1 T GNs & NGNs REFF AR S ERIEAL 1, BB 5 Pr(R Pd) i 38 48
HAERARB T Pt(F PO KB T, 85 TRARNREPFE=YWRMRE, A\TTRA T RN ESE.

® Y (©) )
/ 1000 <
1000 800 |- ! a /A
! /
i/ 800
% 800 600 L ith //
=] ]
5 60 ' 600 l/
k] 400 | k )
S 400 / 1. 400
1
200 200 | " 200
\
O 1 J 1 1 L 0 A 1 1 -I - 1 O F L L -.I A It
0.8 -0.6 04 -0.2 -0.0 08 -0.6 0.4 -02 -0.0 0.8 -0.6 0.4 -02 -0.0
E/V vs.SCE E/V vs.SCE E/V vs.SCE
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&3 (a) Pd/C; (b) PA/C+GNs: (c) Pd/C+NGNs7E1 M KOH+1 M HCOOK# WP ICVIE (FHiE10mV « s,
LHRREF W, BERERITM)
7 Ffee | ol ©
e ——Pt/C+GNs = 800
—_— = —Pt/C
g PL/CANS | % 600 PG
% s E 400 ——Pt/C+NGNs
= =200
50800 1000 1500 2000 2500 00 500 1000 1500 2000 2500
t/s
B4 (a) Pt/C, Pt/C+ONsFIPt/C+NGNs7E-0. 6 VETIICAHALE; (b) Pd/C. Pd/C+GNsFIPd/C+NGNs7E—0. 5 VETHIICARNLE
#3 WMARALFANENEERBE
Ii/(mA « mgp 1) I,/(mA * mgp—1) L/
Pt/C 18.5 44. 8 41.3
Pt/C+GNs 28.1 48.5 57.9
Pt/C+NGNs 30 47.1 63.7
Pd/C 83 650 12.8
Pd/C+GNs 151 603 25.0
Pd/C+ NGNs 275 687 40.0
3 & i

B4 F] (Pt/C F1 Pd/C) 4> B 524k (GNs f1 NGNs) #7184, Pt/C #1 Pd/C Xt s th i b W &
‘&wﬁ%u&%,ﬁqﬂé NABBREFAMEAERE , XTHEETESTEHER Pt(M P 5 GNs(8 NGNs)
Ao SR » AT P2 AR 3R A S AL 2 ) AR A AR . X R BT R BRI T A AR AL S E .
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Promoting Effects of Graphene Nanosheets and N-doped Graphene
Nanosheets on Anti-poisoning Performances of Pt and Pd
Catalysts for Formate Oxidation

WANG Jianshe, YANG Yujie, CHENG Xianglin, ZHAO Jianhong,
SONG Chengying, WANG Liucheng

(School of Chemical Engineering and Energy, Zhengzhou University, Zhengzhou 450001, China)

Abstract: To demonstrate the promoting effect of supports on anti-poisoning performance of formate oxidation catalysts,

commercial Pt/C and Pd/C were mixed with graphene nano-sheets(GNs) and nitrogen doped GNs (NGNs) by ultrasonication

and coated on glassy carbon electrodes. Then the prepared electrodes were investigated using cyclic volfammetry (CV) and

chronoamperometry(CA) methods. The results showed that the anti-poisoning performance of Pt/C and Pd/C can be enhanced

by introducing GNs and NGNs, with NGNs being superior to GNs, indicating that it is a general strategy to enhance the anti-

poisoning performance of catalysts by using graphene-based supports.

ances

Keywords: graphene nano-sheets; nitrogen doped graphene nano-sheets; formate oxidation; anti-poisoning perform-

platinum; palladium



