g% H2M JC L B 2 4Rk Vol. 21, No. 2
2006 £ 3 H Journal of Inorganic Materials Mar., 2006

X E4RS: 1000-324X(2006)02-0481-07
MK R SSE RIS B R

B, £ F, ZEHEH, LEZX
(i b XRFHANLF &2 AR FEHRRAZHRT T, M 310032)

B B RASEFERERAEHITBIES & T RAHREW M mASIE, XA XRD |
EDS . SEM JyiisRAE T WM RS, A H A Z5H . X PR AL B 9K i R A
E R A e R AR, R4 o s AL B R A f 2 R . @ A SR, LAl 1 A
K lem?® BRACESTEAE / MR AR, BRACESWEE / SRy Hufb 2 L e B B R 83.21 I
64.13cm®; WL AR TR o K 0.422~0.452V, Befr R By 34 bHRE; A7 2038 6 s 3035 BE
4.02~4.22x107* A /em?; 4 K 263mV i, HAT SRV IELEER 45.62~45.77kJ/mol.
*x 8 8 FEFEHEAAESHETIH RASIORGEIE, Bk, SRy
hESES: 0646  XEIRIAE: A

1 5|8

R AL AT B v BB TR L S BE R AL B — ARG R, EAER, W T A M IR H 4
AR AR A, SRR R, B A S R TR 2 O AR K T R 5E
PARMB T AL, ROl & ST E L FE, AR SR SRR mtr LG, %
KL REFERY OCEE.  Engel-Brewerl!) 78 1968 4R 4R i SEF iR W, W W — 26 a4, 4. &
SRR AHEG S RARKRE d TS0, AR T &R T 0 BRI BERE, XA SR
AEE A R TEYE. o 40 FRRE T RERE AR E ML E RN L E SR &K Zrs =t
A4 B GESE T Brewer (9 BUE . AR WE K 48 o, AR L 1 S AT AR B AR R R
W g s O3, R H AT AT AR R Bt R i b et 1) (LR R A bR E
R0 S A B T ) MR T s BER R 2B 4T, AR TE LR B, AR KRR R T X 4
A BEAE Tl A 7 iy A

TR AL B R IR SE 3 EUAT R A~ R A Al [P0, (X Se B 52— iR A s L
BUT W75 2 B AL 85 BORL R BOTE BB 2 0 &2 & s ARb o, R, HCAT S AR AL 1 B S ML B 3
ERBREEA SR, VRECE R G ik b B Bk AL B oRE U 21 S B AR A

ASOR I FEE T B A E T UUREOR, 7288 SO IR AR 1 UTRLR A 4K 45
MR BB M. R XRD . EDS ., SEM %7 kRAE T BB MBI 450, A2 20U
B I I HERRAS AR AL M 2 18 RO 22 iy 2 A 5 o AL BTIER it SR TF S 48 K R kAL 8
TR R AR X AT S L Y R AR AR B

WimBH: 2005-04-04, WaElf&ekfmBE: 2005-05-09
EE&WME: ERHEHABRES (20276069, 20476097)
EE RS BEY (1966- ), 5, 1, H#E. E-mail:izhenghj@zjut.edu.cn.



482 To AL A1 RE 2 4R 21 %

2 g

2.1 KRR EEFREHIE

%} PECVD-350 A1 45 B 1~ f 1 5 Ak % KA UTRR B B (1 BB T BH B 22 AR B o v O
PR F), LA AL (WFe) . HIKE (CHy) L SR (Ha) AP, W (Ar) HER, EERE
TR R BB . AN, /. - T KEFEER, WTEBRA
K. PURET, HEEBEAEEMR RS, mRA R M E 2 TR Y ZE 38 30min
f 100scem HT, M LBRFEARET LAEAY. HEATH TZIZSHNE 1 0, Lk
TER A TR R KA HE

K1 FEFFERLFSEARRLESERNIZSHK
Table 1 Experimental parameters for the deposition of tungsten carbide
thin films by PECVD

Process conditions Parameters Process conditions Parameters
Base pressure 2.0x10™*Pa Total flow rate 100sccm
Working pressure 100Pa CH4 flow rate 12sccm
Incident frequency 13.656MHz WF¢ flow rate lsccm
Incident power 80kW H, flow rate 60sccm
Deposition temperature 850°C Deposition| time 120min

2.2 HER I EF04 R

XHES EDS(Thermo NORAN VANSTAGE ESI) i) Hitachi S-4700 37 & S i B 58
MESHE R REIE S, R A EDS Ml & a9k 2 Ak, SN CuKa, @it fE R 15.0keV;
X 4 8 s fif HHY (X-Ray Diffraction, ThermoARL SCINTAG X'TRA) & 1iF v & i) 5 40 Al
#, X CuKo ##5, HtEE N 15.0keV.
2.3 BB {LFEMERRMI

¥ H CHI660A B e Ak 2 TAE vl 76 = s iR B i A & it Ak 22 K, S il |
il 5 Hg/HgO(6.0mol /L KOH ¥ W) WAk, X AR Sy R B0 Fr. o X He AT 52 i Ak 45 3
FLAR B B AR AE PERE, TAEMACH BRIk C VIR Bk, B /SRR, AR AL B R /
MR AR, JLATEARYE y lem®. H##W R 6.0mol /L KOH. iy A M 12X 37 7 %7 B il i H i W
AT, MR ET B AR R E N S A A S 30min KRB RE, g EAASE RN
. FERAL 2 MEA R R, VW PR B R R B R AT A2 A SCrp Ir 48 Sy s A B 62 2
F X F Hg/HgO(6.0mol/L KOH A W) H.Hk.

3 ZRFiTie

3.1 BB

B 1 RTERIR G EE LTRSS BB RN ES. B AL BRI CRARBORHEL
MR E RS, D W EREE RS, WEH AL BATLIESR, @af 120min BIA, 7E
MARERE BT — 2 EECER M. B B EARY 10nm ZEABROR SR R, 2
MR ZORI BCHES]. DR RBIEE A, WA 2R MARER, QU A ZEWR, WERE
MR FE LG, R R b TR R mT LAY 28 2[R 46 1 B 45
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Fig. 1 SEM morphology of nano-crystalline tungsten carbide thin films on foam nickle
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WA EAE. U BT 2 T A B S (W) FIBRALIL S (W2 C) L. 73 HME 44.56° . 51.96°
I 76.68° AL b A I 2] 5 A5 T BRI AR U

i 3 I s R EDS IR, A5 R 5 g S S R T H B D 31.77% Ml 65.11%, 2% BT
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RBRIEE o mE RS SR ES P AR
3.3 WRIL$SHIRE MV S 1L 1R
3.3.1 ERELMRILBLZHAR

Bl 3 R b8 /RS, BALE R / R, IR A B Il i AR 7E 6.0mol/L KOH
W HETR SRR AL R, VEWOR EE y 25°C, A BN SmV/s. WNEWLIE i, ZEAEIR
B EARBAL T, BRACE WL / 1 IR R AR B AT A U B T IR R R AT S R, B
Ao B AR /B v AR A T L A P I R T AR AR A S, U P R A S R PR A S M AL
TEREE T EEER. i, B /ERERRYBER SRS HE / SEREEASZ,
7 LI 7 ol B, A o7 B Y 0 v B AR [R] 4 Tafel #42R (b {H), 18 B 7 i el A A5 4 [ 1 3 T HR
A, R X ST RN B E SO AR R BOR T  [F RE BE 4 R A TE I IR R AR S R
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Fig. 2 XRD patterns of tungsten carbide thin AL AL fh £
films on nickle Fig. 3 Cathodic polarization curves of electrodes

for hydrogen evolution in 6.0mol/L KOH solution
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Fig. 4 Logarithm of exchange current density of WC/Foam Ni electrodes in hydrogen evolution as a
function of 1/T-in 6.0mol/L KOH solution
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LAV L AT R (11T 49 K A B e AR 1 5 e L R T (4.02~4.22x 107 %A fem®)
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Table 2 Kinetic parameters of electrodes for hydrogen evolution in 6.0mol/L KOH solution

1.2

5 Logarithm of exchange current density of WC/Ni electrodes-in hydrogen-evolution as a function

Electrode a/V b/V i%/10*Aem ™2 AH /kJ-mol ! Cai/(uF) Sreal /em?
WC/Ni 0.452 0.133 4.02 45.77 1282.60 64.13
WC/Foam Ni 0.422 0.125 4,22 45.62 1664.20 83.21
Foam Ni 0.763 0.173 0.39 59.76 49.60 2.48
Ni 0.879 0.195 0.31 61.03 1.56 31.20
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Fig. 6 Potential step on electrodes in 6.0mol/L KOH solution
(a) WC/Foam Ni electrode; (b) Foam Ni electrode
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3.3.3 fEE M EKEHR

SR FHAEL R L B R 0 S AR Y OB R SR LA Can, 5 BLAE - T A o R AR 7 L S VR DU
JZHLZF 20uF /om® AFHLEE, AT LIS S AR i e Ak 2 LR AR U0 TR 6 bR B / IR
Bk, IR ERAE 25°C (19 6.0mol/L KOH ¥ ¥ iy 15 v A B BR i 2, e o 18T o A U 6k A
S A E B ALBTER I FR A T ~ ¢ 2R, 1E A L B BRI 2 I, STAE V-4 B AR B L BRI P-4 300s,
SR A 1L AR AL BT BR 10mV, B BRI 2R (8] 10s. [ 46 89 7 B ] 15 2 ik AL 85 / SRl
B EEL AR Y L R A B B i 2R

W, RGBSR / RIRE. BB /B IRIRERA R B A AR FE 25°C
# 6.0mol/L KOH YW 09 X Z B LA 43 B & 1664.2 . 1282.6 ., 49.6 Ml 31.2uF, H e {L22 1t
KERN G5 83.21, 6413, 248 Fl 1.56cm>. BRI ZK iR L 8 W AR A E R
oo L T AR
3.3.4 ERARREHR

Bl 7 R IR s AR A i AL B IR/ MR IRER AR AE 6.0mol/L KOH ¥ i f 0 3R AR 22
2k, MR 25°C, HFE BN SmV /s, 5] Ak B HAE ~1.0~-1.5V 75 F Hf = i 100 A
&35, MR R Ao, B 7 TRV S], YRR E SN 145V i, A S X AR
IREE AR 58 — N BRI 8 LI O 23.6mA, 1 7E 5 A8 BRI R O 20.3mA, FE R IA
14%; 2455 100 MEFFEF, HAr S BFE C 2 RFEE 15.4mA, FEREN 34.7%. 1ML 8 /
L IRE AR 5 100 NGRS 5 1 A8 36 B o R (E 2R A B0 24k, 30 B 40 K i B A 5 7
i v A TE B 1 9 U A AR R Y R AR AL P R
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Fig. 7 Cyclic voltammograms on-electrodes in 6.0mol/L. KOH solution
(a) Foam Ni electrode; (b) WC/Foam Ni electrode
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a fHH 0.422~0.452V, FEITRHE B H# T S 00 8L, T E s i % N 4.02~4.22x1074A /em?, 5
HHARTER — R b 28 O 263mV i, HAT SRV 15 AL AE O 45.62~45.77kJ /mol.
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Electrocatalytic Activity of Nano-crystalline Tungsten Carbide Thin
Film Electrode for Hydrogen Evolution

ZHENG Hua-Jun, WANG Wei, HUANG Jian-Guo; MA. Chun-An

(Department of Applied Chemistry, Research Center of Nano Science & Technology, Zhejiang University
of Technology, Hangzhou 310032, China)

Abstract: Nano-crystalline tungsten carbide thin films were fabricated on foam nickel and nickel
foil substrates by plasma enhanced chemical vapor deposition. The structure and morphology and
constitutes of the thin films were token by XRD;/SEM;, EDS. The real surface area, chemistry
stability and electro-catalytic properties for'the hydrogen evolution reaction of the films were also
investigated. The electrochemical analysis shows that the real surface area of 1cm? WC/foam-Ni
and WC/Ni films catalysts'is 83.21 and 64.13cm? respectively. The Tafel parameter a of the thin
film electrode for hydrogen evolution is 0.422~0.452V. The hydrogen evolution exchange current
density is 4.02~4.22x107%A/cm?, When the over-potential is 263mV, the activation energy of
hydrogen evolution is 45.62~45.77kJ /mol.

Key words PECVD; nano-crystalline tungsten carbide thin film; electrocatalysis; hydrogen evo-

lution



