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K, PSSP 30 min. 1EUE ., VRIS, EHLAR ST 110 CF TR 2 h, IS EIE G380k, fridh
C-GNP.

HEBRFREL 120 mg C-GNP E & EAEk, JEE TR T, MA—E &K PACL, 4 ZFEER (48 Pd 5
C-GNP EG#HMM LN 1 2 4), FEIMAGE R Z 8, 7084k, F NaOH /K RSy ik Bk 1)
pH {H % 8.5, #7531 20 min. K¢ FARGRMEE MR & TR (700 W, 2450 MHz) Hln#k 60 s )5, #
BOAUE, HEAE KR, EEHEEN CUBRE FERSHUM T T 70 CTF T4 24 h, RIS
Pd/C-GNP {4k 5], Pd/GNP Fl Pd/C #EALF LAAH R () 7 32 45

HLAL2A I L He/ HgO FUA St LR, AR i B r i . MEBRARI 5 mg A4S, A 1 mL
TCK RN 25 WL 5% Nafion @, #3515 min, FfCERIERE RS 25 pL IRA R IRTE HAL 4
mm PR ERTE, TLLAMT T TG, FIVE TR, Ak S00AE 25 °C R i#1T.
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5], A SR A BRI AOK R R 5, HARER TR B 1(B) ]; 7€ PA/C-GNP fEfLFI
B BRI 2 AL A B A Pd 9RRL TR B ER A B 1(C) ] XEWE S
AR R BT 2 B 90KRR 7 5 T2k 5 /0 HL

Fig.1 TEM images of catalysts Pd/C(A), Pd/GNP(B) and Pd/C-GNP(C)
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R T GNP BRI 31 B A AR fb 4544 . TEHR Pd(220) TSGR 15 Pd 9K F (1) -2k 4%. #R4E Scherrer

NASRAE Pd/C, PAd/GNP Fll Pd/C-GNP 3 Fhfiifk5
HSERREAR SR R 2.7, 3.0 F12.6 nm. W LI,
Pd/C-GNP f# 1k 71 i) °F ¥4 ki 42 /N T Pd/C F1 Pd/
GNP k5], X5 TEM FIWEEEE RANATE. " RERY IR
WF . RAZAEIAE, Pd kR 1 E: Ak
BB T AR, GNP #AR A A By kg
¥, T A SR AR Hh 2 AL TC e TR IR A ; 24 2 A
AFETEARFR T IR & J5 , Hozs Rl 4549 Fnfl S S R
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G3AT KA T AR B IR A S5 4R A K i T 20C)
iy , il H AR A USSR . X Fh R & 2k iRk 4 Fig.2 XRD patterns of catalysts Pd/C(a),
Fa A ) T4 T A 1) R Pd/GNP(b) and Pd/C-GNP(c)

22 EUFPBULFRER
P 3 9 EALTRITE 1. 0 mol/L KOH ¥ IEIMR 2 (CV) Bk, FHIHERN 20 mV/s. B H BLAE
v FELAZ DX W) 14 52 ) 1 i 0 1 Js T A0 2 1T P AR M I e, i TR 58 Pd A oRAEAR TR 1 Fi AL 2



No.2 MY R B AR BN § B Pd AEILA 69 T EE L A4 M AR 339
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AP Q(C) N A S(4.05 C/m?) Jy Bz i A1 20
PdO IR s L 5 1(g) MHEAR BE. TR
#| Pd/C, Pd/GNP Fl Pd/C-GNP 3 Fi i fb.7] i e,
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Fig.4 Schematic illustration of the Pd/C-GNP catalyst
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10°~0. 1 Hz, LA R-0.25 V. 0] LAAE H, Nyquist 335 &l 4N m A IR R i o ok 2 . = A5 9OxF
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Fig.5 Cyclic voltammetry curves in 1. 0 mol/L Fig.6 EIS spectra in 1. 0 mol/L C,H;OH+1. 0 mol/L
C,H,OH+1. 0 mol/L KOH solution KOH solution
a. Pd/C; b. Pd/GNP; ¢. Pd/C-GNP. Inset; equivalent circuit. a. Pd/C; b. Pd/GNP; ¢. Pd/C-GNP.
K 7 M e FAE 1.0 mol/L C,H,OH + 80
1.0 mol/L KOH ¥ H YL P IR 22 (LS V) o
2, FH R 1 mV/s. HE 7 bl 2 s _
Pd/C, Pd/GNP Fi1 Pd/C-GNP 3 Fii{b 7] Y £ 5 g a0}
G G L 53 3 - 0. 469, —0. 4741 -0. 493 ]
VT, RITE AWK, fermomat T Y
EIRHALRE T s, B Pd/C-GNP AL HA ok
BT 2 B o . BT R 5 7 SRR 2 T YR
Bl o B 48 Pd 1 d B A A A R
TER Gkt , T B RORE ) 43 B A , E7t=1 Fig.7 LSV curves of catalysts in 1. 0 mol/L C,H;OH+
TR AR A, AR A B k- 1.0 mol/L. KOH solution
JE A EAE AR LR, a. Pd/C; b. Pd/GNP; ¢. Pd/C-GNP.
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PRIOR AR S T A BRAE T, AR AL T BRIE K B B R A, A BRI AR A R R T T
I EEFE R, A BRI sp” ZAL B T R Bk 7 B 5 4 m Pd o B R AR ELVE FHIE T Pd 9k
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Fig.8 Pd,, XPS spectra of catalysts
(A) Pd/C; (B) Pd/GNP; (C) Pd/C-GNP.
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KL L
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9 AL FITE 1.0 mol/L KOH+1.0 mol/L C,H OH ¥ i3+ B vy i th 28 76 5230 b A% v

Pd/C, Pd/GNP Fll Pd/C-GNP 3 Ff 4k (i) 4 80
A0 PR 5 L A i R T1.6%, 77. 4% F

58. 1%. Pd/C-GNP AL 51 B3 1 58 0 1L 3¢ 0t _or
1%, 53X F2W] Pd/C-GNP {4 LA #e38 (Hi h 8 ol
BEAE 7 A = 0 B Ak A e e . IR AR i

B AR S WA £ BRI PR IR 22 14k (1 5) S b
H P L ) 14 P 28 DR A () RS Tl R

TR BV (i) B LU i/d, b R IR, e S
TR HL A S N R 7 Y AR AR S 4 Fime/min ’
YA SR, IS Pd/C-GNP 1Y i/i, HAE

Fig.9 Chronoamperometric curves of catalysts in

91,20, W3 & T Pd/C(1.06) Fl Pd/GNP 1. 0 mol/L C,H,OH+1.0 mol/L KOH solution
(0.94) , XFE—LHESE C-GNP & & 24 1) K a. Pd/C; b. PA/GNP; c. Pd/C-GNP.

FEsE 1 2 Pd AT AT RERE ).

H X SHEOGH T RERE ML SE R T, 78 PA/C-GNP fifkiilh, &2 &8 pr A iy 2 [ 4544 584k
T ARG R LTS BRER Z R ELAE T, ] T Pd 24Kk 1- 3R A AL i 2R A, 3 AT B S
ML AR A A ) B B A S e ARRIAR L, 78 PA/C-GNP | BRAA A 15 3] 1 5
FETHIFI, Pd GUORRLT SRR EAR R RO HE b S K, IR RS, R, B SR AT P e
JInA AR E .

3 & it

DA BRI AR iy R SR R & 3 A, 145 T PA/C-GNP JEAL . 25 R RB, &4 el A1 R
fill Pd ZRKLT 1970 BOPEREARS B, HEALTR] A0 v A2 3 1 BRRN 21 i S8 A TG PR A5 2 1R T, X2
TR A BRENR A 2 (8 25 (AR B AR 19 2 1045 LASE R, TR 28 i TR i Ak 1 A5 A R DR AL .
THI LRSI A SRR, Pd/C-GNP AL ) HAT i 470 25 BE 0 R ey 1) rit Al 2 R e . AL 5
RERY A 4 T 02 5 BRI M i B A 0 e s ) 4 L R R - AR AR . A2 5 B A AR 1) el FH A 28
T O R AR A PERE, FAT R B R AR
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Performances of a Hybrid Carbon Material Supported Pd
Catalyst for Ethanol Electrooxidation’

CHEN Weimin'* , ZHU Zhenyu'"
(1. School of Environmental and Chemical Engineering, Shenyang Ligong University, Shenyang 110159, China;
2. R&D Center of Shandong ShinLong Group, Shouguang 262709, China)

Abstract A novel Pd/C-GNP catalyst was prepared using a hybrid carbon support composed of graphene
nanoplatelets( GNP) and carbon black, and the performances of the catalyst for ethanol electrooxidation in
alkaline media were evaluated. Transmission electron microscopy ( TEM ) and X-ray diffraction ( XRD )
measurements showed that the structure of the catalyst was improved and the dispersion of the Pd nanoparticles
was facilitated by using the hybrid carbon support. Electrochemical measurements showed that the Pd/C-GNP
catalyst had a high electrochemical active surface area. The ethanol-oxidation activity of Pd/C-GNP was
remarkably higher than that of Pd/GNP and Pd/C in alkaline media. In addition, Pd/C-GNP exhibited an
improved poison resistance and a high electrochemical stability, which could be attributed to the interaction
between Pd nanoparticles and the carbon support.

Keywords Electrocatalyst; Pd; Ethanol oxidation; Carbon support
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