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In Situ Synthesis and Application in Methanol Oxidation of Lamellar WC/C
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Abstract: The layered tungsten carbide/carbon composite (WC/C) was synthesized by a programmed temperature
method using tungsten sulfide (WS,) as a precursor, sodium chloride (NaCl) as a medium and CO as a gas carbon
source. The chemical composition, morphology and structure of the samples were characterized by XRD, XANES
and SEM respectively. A thin layered WC with holes has been synthesized because of the natural lamellar
structure of WS, and the anchoring effect of molten NaCl during high-temperature carburization. In addition,
NaCl and the metal surface of WS, could be used as the catalyst for in situ growing of carbon film on the surface
of WC effectively, which provides a useful channel for electronic transmission. The electrocatalytic performance
of the PYWC/C electrocatalyst was investigated after loading a small amount of Pt on WC/C. The results show
that the PYWC/C electrocatalyst exhibits a better electrocatalytic activity and stability, also a higher resistance
toward CO poisoning in methanol oxidation (MOR).
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Table 1 Nomenclature of different samples according to the different precursors and treatments

Precursor Reactant Programmed temperature method Treatment Sample
a AMT | — WO,-without
b AMT+NaCl I Washing/drying WO,
¢ AMT+H,NCSNH, I — WS,-without
d AMT+H,NCSNH,+NaCl | Washing/drying WS,
| Washing/drying WCIWS/C-3
| Washing/drying WC/C-6
| Washing/drying WC/C-7

I : heated up to 500 °C with the rate of 10 °C-min™ and maintained 500 °C for 3 h in Ar; Il : heated up to 500 °C with the
rate of 10 °C-min™", then maintained 500 °C for 3 h in Ar, and last kept 900 °C for 3 ( WCIWS,/C-3), 6 (WC/C-6) and 7 h (WC/C-7)

in CO.

1.2.3 AR &

mE 1A R R 0.3 g BTSKIK a T%&
Frefr SRR THR T DBk )E , ARAH 2=,
Iy BAS B ER AL 3,6,7 h FEXT R BOFRE 5 WCIWS,/C-3/
NaCl, WC/C-6/NaCl, WC/C-7/NaCl , ¥ £ & F DI /K 25
OVES 3WE, TEEE TEAT 60 CTH: 6 h, 15
FFE i WCIWS,/C-3, WC/C-6, WC/C-7(F 1),
1.2.4  # Pe HEHW

e EEAMEE (WCIWS/C-3,WC/C-6,WC/

C-7) /D fE Pr, R IO AL vk i 2521, Horpr pr B
WHEE N 10%w/w).
1.3 BAFMEaENI

il 2 TAE AR . SE AR AR R R s 3 e Hi Al
ST A T 2 B A B AN B 2 me BE
i fITA 60 wL SEEFT 40 pL 1Y 5% Nafion, #7520
min 74 2RG B SJHR W, B BAR I3 pL iYK
WO AR A R, AARBT R, B PuC
FL ARG 1 R T R R 9 D7 2
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Programmed temperature

method
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AMT + H,NCSNH, + NaCl
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WC/C + NaCl WC/C

Washing
Drying

1 FJZ WC/C Rl s

Fig.1 Schematic illustration of preparation of lamellar WC/C
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Fig.2 XRD patterns of samples
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(a) WO,~without, (b) WO,, (c) WS,without, (d) WS,, (¢) WSyNaCl, (f) WCIWS,/C-3, (g) WC/C-6 and (h) WC/C-7

B3 RN SEM A
Fig.3 SEM images of samples
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Kl 4 (a~d) WC/C-6 Fl(e~h) PYWC/C-6 ] TEM [
Fig4 TEM images of WC/C-6 (a~d) and PYWC/C-6 (e~h)
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RRLAR (D) 53 A v AT, P UKL 34 57 43 BIC0E 20K 3=
T (K] 5) BV K42 (D) 23 91 R 2.12.2.75 F1 2,74
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e R H)E ¢ HARZ ML W™, T ik
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CZ IR FE 5 A 13 & R R GO 4K (C4a/20,=
CO, (x=1 3% 2)®, WC Y& it o] DR 38 A= slofea e i
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I LR AETE T AE AR RT3 i e 7 XY Hy AL J5 R
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1.0 1.5 2.0 2.5 3.0 35
Diameter / nm

Frequency / %

10 15 20 25 30 35 40 45 50

5 (a) PUWCIWS,/C-3 .(b) PUWC/C-6 Fl(c) PUWC/C-7 1) TEM [&l; (d) PYWCIWS,/C-3 (e) PUWC/C-6 Fil

(f) PUWC/C-7 1 Pt UKL F 4 72 53 A1

Fig.,5 TEM images of PYWCIWS,/C-3 (a), PYWC/C-6 (b) and PYWC/C-7 (c); Pt particle size distributions of
PY/WCIWS,/C-3 (d), PYWC/C-6 (e) and PYWC/C-7 (f)

ISR EA AN 2 AT IO B ) LAY H: b SR AR
(BET) B AL A3 2 o, 7efe 5 THI AR — B
BeAg Bl gy ik WS, B9 LR ARl 58 m?-g !, 25
T BRI E S AR E 2R B AR | E R R
AR PRHF 58 m2-g! oy BB FLARTE 7~13 nm Z

(] 2 — 2L UL 7B S B B rp LA NaCl AR A
HRAE AT B P SR B TR, o A A We/C 245
FORHEATZ ZALA5 K, A R T A A A 40
SR, S5 80 6 L 3 ANEE il B4 He 3 i BV nT Lk
B, WCIWS,-3 Fl WC/C-6 1Y bL R A5 ik WS,

£ 2 WS, WCIWS,/C-3, WC/C-6 1 WC/C-7 Wt RERMFLE &M
Table 2 Surface areas and pore structures of WS,, WCIWS/C-3, WC/C-6 and WC/C-7

Sample Specific surface area / (m*+g™) Average pore diameter / nm
WS, 58 7.5
WCIWSy/C-3 56 10.5
WC/C-6 39 12.5
WC/C-7 65 9.3
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100 o
L T T T 1 95 T T T T T T
1000 1500 2000 2500 3000 0 100 200 300 400 500 600 700
Raman shift / cm™ Temperature / 'C
150
0.004 —ws, (©)
- — WC/C-7
=) 120 n:uous ‘ — WCIWS/C3
w 3 = WC/C-6
o 1
. 90+
5 %
§ 60 4
3 5 10 15 20 25
> Pore size / nm
2 301
2
o
< 0 —e— WC|WS,/C-3
—&— WC/C-7
0 . . . . —vTWC/C—6.
0.0 0.2 0.4 0.6 0.8 1.0
Relative pressure (P/P))
Bl 6 (a) FEfh WCIWS,/C-3, WC/C-6, WC/C-7 YL 2 E1%; (b) 4t WC/C-6 Fl WC/C-7 1 TG #1£k(0,; 10 °C-min™);
(c) FEdh WS,, WCIWS,/C-3, WC/C-6 FIl WC/C-7 By N, 55 il W 5t B iih 2 S L A% 43 A
Fig.6 (a) Raman spectra of WS,JWC/C-3, WC/C-6, WC/C-7; (b) TG curves of WC/C-6 and WC/C-7 in O, gas at 10 C-min™;

R
(c)N
A L6 A BN A I RTA 7E 900 °CR i
WS, #Abh WCIWS,-3 Al WC/C-6 it F2 i #F f (1)
bl 22 T RN F 2 B 5 e Ak BT (] 44 25238 i, WC/C-
7 R R R TS WCIWS,-3 Fl WC/C-6 A Lb %
A, AT RE DR R R . WS, 7E iR AR fb A U2k Wi
P R R AR B A T3 B WCIWS,-3 Fil WC/C-6 L
FEBLUT B | H B e A0 B[] A 38 00, 2 < 1 8 2
Bl Z 3G, S 3 WC/C-7 1 LR T RIS K

DL #8715 20 A f A R A L R 30 SR 2
JCREILAEH gk i Py, 1838 T PUYWCIWS,/C-3,
PY/WC/C-6,PyWC/C-7 AL, I H 5+ MOR,
YEHERT H 20% PyC #1 WC/C-6 YE R XS LLFE . &l 7a
JEANFFE 5L 2R PLJS 7E 0.5 mol - L7 H,S0,40.5 mol - 1!
CH:OH # W W06 P AR 2 B (F 3 50 mV -s7),
) A A B — D2 PR N R, — A
IEH R A 5 B SR G, A&
EAE £E=0.65 V Zcd  ZWERLAAE 1, 19 R /NER T
AR G PR SRR TS 1 R A0 AR TR 0 S e A

» adsorption-desorption isotherms and pore size distributions for WS,, WCIWS,/C-3, WC/C-6 and WC/C-7

5B 7 A B ] AR A DG i L LA 1,
KN 3 g 2% 1w 5 Rk W AR Ak
JHB R bR A7 38 A R R C-H B T 2 e €O,
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