#5030 B 2 M
Volume 30 Number 2

rERERERFR

The Chinese Journal of Nonferrous Metals

2020 4F 2 H
February 2020

DOI: 10.11817/j.ysxb.1004.0609.2020-39487

Pt-WC/Mnt = JTHKE SRR

Hll &N EH B E IR

Rk, ZHR2 F2ME52

HALE 2, &

(1. BRPGRERIRNL R AR 220 SR SMe: TRE2=FE, BFH 7120003
2. WL K% Ab=Z TR, i 310032;
3. WL T R= Shafb2z & R E R E TS =57 )I12E s, B 310032)

B . DIREERSNA Mot R SNEE(WCl) ASIR, 8RR G R ALIE R ISR T ki
WO 5 22 it A (Mnt) 2K S FRL, 285 H SRR (HLPtCle) i@ it R U T E &b ek b, IFEA R (Hy) Hik )5
2 P-WC/Mnt =JCPRE S MEAAEL . SRAT X R ER ARAT S ALE S i BB = ook & S AR AR |
TEBSGHRIEATRAL, R = AR SRR IAR 22l ol 1 it (K PR R RE - 45 SRR REAR DA £ 209 WO,
A WC, ZiA R RSB, HPHIPRR T2 70T WC/Mnt EEMBHIINRET. P-WC/Mnt =JugKE
AR I AL B R B AR, OF HAERRI R R B B RAFRIRRE M.

KR 4 A R —uaPKE SR, AL TERE

XEHES: 1004-0609(2020)-02-0392-09

FEDES: 0646

NHERFRRERS: A

FAT, BT3B R L (PEMFC) DA FE A
R LR A 77 22 5 I AR (PO R R Bt < JR M A7« 1 T
Pt (R E DL L B 5 A%, Ui PEMFC £E Tolk
o LA 77 T T I 5 KPR e D f e Lok i R, f
Pt FUR T B AR L, BEWT 3 AL 7R Y b
RIBAEALRCER, XOTFRRA, 28 1) 2R,
B2, BREAMBIIRE IR, BUEHEALTIZERRRL R
T AR IR AR B s L, SR — AR
€ Hid PE v BB a4, X1 Pt 5 5t <5 AL 77U AE ) T
kA T B A A BR FISE PR o

BRALES(WC)2 — R LRI R IET R DI REAS R, IF
HA K PRSP HoS 5 CO hhe /1107, 2
— B E R RENS B X PR BB AL AR . BT FTSR
], WC 5 Pt %5t 8 2 [RIFE1E RLAF (K B o) Rz,
FLL AR e PEAT f b SR e v D I i 3 o P PO sk
AR L, L WC AT Pt AT
AT ARE, HRHEERIREN, THT Pt
SEVER M B SRR, SO A SRR
M7 s BRI —dhik, FHEIER—
MEEREMAE, TR WC BT Hrd.

A (Mnt) & —FiR SR 2:1 # B 2R Bk it R
FERR A R, BAWRMmAR, REAB AR, 5
FU T AR e MR A R e T R A e s U IR,
REAE N R AT M A T 12 B T 16 4Tk . KAWABATA
LI R SSTBIANBIR M AKZER, BET
Sc’/Mnt EAMEAF], %X Michael i &
BA R . 1 —58H, FIA Mnt {F
TR, A O PR B R4 1 78U E A,
WA DS s E A AR AR e . IR,
Pt. Ru. Au 555t & JBAUKTORL 7 #/E Mnt K1, 3
AR H R IR 4 B B AR RE T, ATHARA
SN, YRR E Mnt 290K F 2 R T
Re A AU PR B SRR T RE, AT 94 K Uk 7E
Mnt _EEAGRIFHIEE. A4, BT Mnt 90K
JERI A KAVES AT, W55 G AR s R
YA e A A AR, BUEOKRERLZE Mnt 15y
Bt — DA, RIREF A R AU, Mnt FIE
FTRACES AR, TR R AL S R 4 23 BT Mint Ak
R, HPRHEMERRIFMEEMEL.

Z LRBE ARG K, AL Mnt HEIE, K

HEWH: ERERPAESEIIGH 21173193, 21301154); WLA AR AR 4% B H(LQ19B010002)

WS B 2019-01-23; f&iTHHEA: 2019-05-10

BIEEE: FEE, #9%, #it; Hif: 0571-88320366; E-mail: nanozjut@zjut.edu.cn



230 B 2 W

PREYE, 55 Pt-WC/Mnt = JeHUKR SR 6] & J L i AL e 393

WA TS RS R A AR 456, /A3 T iy
21 WC 5 Mnt K E AWK #E—20 Pt 9K
R T Ho, #8158 7 P-WC/Mnt AL, 78 7 H
PR () LA AL B ARG 1, MG P FLRE A A ) il
# BN BE5E T AR

1.1 R SNEE

NFEAE(WCl,, 99%). S 4R (H,PtClg-6H,0,
AR) I TR hr T B ARG R A F] s B B S A
(Na-MMT, CP)JETWiil @A MRAF; S HEIH
(KOH, AR). /K ZEE(C,HsOH, AR T %R
BB AR AT RERH,SO0, AR T 76 R} 2
B 4y B PR A A s CHy(99.9%) « N»(99.999%) Al
H3(99.999%)1 T A THFF SARA PR A A

#iif 2% Philips-FEI /A ] Tecnai G2 F30 S-Twin 300
KV m= 0 HEE S B BB fir = PNAlytical A 7]
X’Pert PRO X It & AT A% iR B A A
CHIG60E #Y s fb 2 TR & IERHAM R ARG RA
&) OTF—1200X-11 & b .

1.2 ELFIEHE

5 HIFKHEL 1.836 ¢ WCls f111.000 g Mnt, & T 50 mL
IR, 7S 08 10 min J5 30 "CIEIRSBEEE 24 h,
15345 WO/ Mnt BT IRAK. FHL 1.000 g WOs/Mnt
AT ORAA T2 b, 3@ CH, 1 H, VB &S 44(CH, 5 H,
AL A 1:4)F 800 CHLR 5 h, WEIFIRE
WC/Mnt 40K & FEZ, 78 10 mL 28 7K iRk
B 0.100 g WC/Mnt 11— & &) 5 mmol/L H,PtClg %
WPt F 8 5%, iR, BASELL h, RIRHZE
B FIKFITGAK BB DB i = i, BT 75 CHlt
AT fEARAARANTIRERRES, BRNE
AH S, BAE 10%(EF 2 E0H, 1 Hy/N, 1R A
S, 1E 400 CIEJE 2 h, HAE N, R FAH R =,
5% Pt-WC/Mnt £ i

2 SRS

2.1 EUFINSHESRER

Kl 1(a)fiaa A Hy IR HET G WC/Mnt Al
Pt-WC/Mnt LK) XRD . & 1 Ry H B 5
(1) Mint FIFTH06, LR DR ER v e i pb i 72 o %

DI R, RIBEE IR FE AT FE AT, Mnt 2451
(A 7 FE 2 PR EL AR, AATTIASE Mt £H &l AH )
A B 1(a)H 260 75 31.5°. 35.6°, 48.2°, 73.0°
b HIRAT T, A3 BT WC(001). (100). (101)
(LD b T A AE AT ST I (PDF: 025-1047), X E L&
ISR E AL SR i fk, WC R Ih F 3 7E Mnt 4
K. H1T Pt BB AT, RICLIL) & TH R RFAE AT S
I HHLLE 260 2 39.89°4(PDF: 087-0640), 5 W,C 7£
39.57°4b(101) & T 14 AE AT 5 06 67 L+ 43 42235 (PDF:
035-0776), H WC/Mnt # & AR & A W,C #H,

Fr LAk — 2806 LEAN [F] H W B2 N IE R ) 5% Pt-WC/Mnt
FE ) XRD B (LK 2). anEl 2 2 (b)F(e) B,

EATIRFAEAT S VR AR ], 9 S T2 R o o i
T4 Pto iR JFEA A A Hy i, Wi 2 ik (a) AR,
k(o) EL, 20 J9 39.80°4L KIATE I B 1R, H

. *— WO,
v— WC
=— W,C/Pt

(b)

10 20 30 40 50 60 70 80
20/(°)

B 1 SRS XRD 1
Fig. 1 XRD patterns of WC/Mnt and Pt-WC/Mnt samples: (a)
WC/Mnt; (b) Pt-WC/Mnt
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Fig. 2 XRD patterns of samples reduced under different H,
contents: (a) 100% H,; (b) 20% H,; (c) 10% H,
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Fig. 3 TEM and HRTEM images of WC/Mnt and Pt-WC/Mnt samples: (a) TEM image of WC/Mnt; (b) TEM image of Pt-WC/Mnt;

(c) HRTEM image of Pt-WC/Mnt
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Fig. 4 EDX pattern of Pt-WC/Mnt sample
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Fig. 5 Cyclic voltammograms of samples in solution of 1

mol/L CH;0OH+0.5 mol/L H,SO,
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0.8 Table 1 Potential and current density from Fig. 7
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S / 75mV/s Oxidation 1, Oxidation I;
ol E 1o} Ly S0mV/s Temperature/
3 . C t ) C t
g 0.4 | 10 I'// . 25mV/s pcc Potential/ urre.n Potential/ urr.en
< 0.16 0.20 0.24 0.28 0.32 v density/ density/
X w2 (vs SCE) (A-cm™) (A-cm™)
é 35 0.489 0.499 0.678 0.597
el
g Or 40 0.501 0.598 0.683 0.681
(% 45 0.508 0.679 0.681 0.832
50 0.514 0.458 0.681 0.824
_04 1 1 1 1 1
-0.4 0 0.4 0.8 1.2 55 0.514 0.210 0.678 0.652
Potential (vs SCE)/'V 60 0.531 0.177 0.665  0.585

El6 Pt-WC/Mnt FF fh 7E AR A T AR 2 il 26 ]
Fig. 6 Cyclic voltammograms of Pt-WC/Mnt samples (1
mol/L CH;OH+0.5 mol/L H,SO,, Scan rate: 25 mV/s, 50 mV/s,
75 mV/s and 100 mV/s)
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Fig. 7 Cyclic voltammograms of Pt-WC/Mnt samples in
solution of 1 mol/L CH;0OH+0.5 mol/L H,SO, at different
temperatures (35, 40, 45, 50, 55 and 60 C)
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Fig. 8 Cyclic voltammograms of Pt-WC/Mnt samples in
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Fig. 9 Stability properties of Pt-WC/Mnt samples in different

pH electrolyte: (a) 1 mol/L CH;OH+0.5 mol/L H,SOy;

(b) 1 mol/L CH30H+1 mol/L KOH
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Table 2 Potential and current density from Fig. 9
Oxidation 1, Oxidation /¢
Cﬁ;ge Potential/V Current density/(A-cm?) Potential/V Current density/(A-cm™?)
In Fig. 9(a)  In Fig. 9(b) In Fig. 9(a) InFig.9(b) InFig.9@a) InFig.9(b) InFig.9() InFig. 9(b)
Ist 0.482 —0.356 0.448 0.064 0.701 —0.194 0.552 0.327
100th 0.489 —0.372 0.521 0.226 0.700 —0.201 0.597 1.05
250th 0.489 —0.367 0.521 0.283 0.700 —-0.191 0.603 1.303
500th 0.487 —0.365 0.480 0.325 0.697 —0.182 0.560 1.450
750th 0.482 —0.362 0.438 0.348 0.697 —0.175 0.515 1.532
1000th 0.482 —0.367 0.390 0.323 0.697 —0.173 0.469 1.508
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M, FEEA R B AT T A AR e
3 ZEip

1) B2 B0k S EALE R AL AR AL &, 7
B Pt 193] P-WC/Mnt = udKEEMEL. 9REE
M BHE RS T R 2 Hp 2 2 0 L A 5 R R FL 4L
SIS AR
2) Pt. WC 1 Mnt 2 [8] () ¥R R0 2 SR
L A A M R I B 2L R 22—, Pt 5 WO, R (1
“ERIUBON” O I AL SR At B — s R
H.
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Preparation of Pt-WC/Mnt nano-composite and
its electrocatalytic activity

HE Ya-wei', WU Shi-zhao?, LI Yu-ru>, CHEN Li-hui’, GAO Jing?, LI Guo-hua*?

(1. School of Resource and Geomatics, Shaanxi Energy Institute, Xianyang 712000, China;
2. School of Chemical Engineering, Zhejiang University of Technology, Hangzhou 310014, China.
3. State Key Laboratory Breeding Base of Green Chemistry Synthesis Technology,
Zhejiang University of Technology, Hangzhou 310032, China)

Abstract: A tungsten carbide (WC) montmorillonite (Mnt) nanocomposite (WC/Mnt) was fabricated by combining a
chemical immersion approach with a reduction-carbonization method in-situ using tungsten hexachloride as tungsten
source and exfoliated Mnt as support. The nanocomposite supported Pt nanoparticles (Pt-WC/Mnt) with uniform size was
prepared using H, as reductant and H,PtClg as Pt precursor. The crystal phase, structure and morphology of the ternary
nanocomposite catalysts were characterized by X-ray diffractometry and transmission electronic microscopy. The
electrocatalytic activity of Pt-WC/Mnt as-prepared was investigated using three-electrode system and cyclic voltammetry.
The results show that the crystal phase of the catalyst composed of WC and WOj;. After reduced by H,, the layer structure
of Mnt in the composite is obvious, Pt particles of about 4 nm in diameter disperse on the outer surface of the WC/Mnt
composite uniformly. The Pt-WC/Mnt catalysts exhibit high electrocatalytic activity for methanol electrocatalytic
oxidation and good stability in acidic and alkaline electrolyte. These can be attributed to the typical structure of the
composite and the synergistic effect among all the components of the ternary nanocomposite, which outlines a foundation
for the practical application of Pt-WC/Mnt ternary nanocomposites.
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