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AXAEERTENAAERLE (WO # UM BF & K
BEERNATENHRHR, RASNTT Bk 8@ F N
ERHPHERRR MG AT BIORE IR, Al A b,
Mol &G EMEEUM R E R, FRET HAEH KM BN H
& KEFBAYE FEhEFREUREEMEFREFT
B 5 TAE. .

BXELRERTUECERFRERE NV EIE.CO/CO
ABRFE RAEEATERATH T EHEHERREER K
WIZ. ARRAZAEHEIRCEER. LR BH A
MEGHE I LR NS PHAK ZXBENMLETRSE
BEATHEEN®H. HRAZHERCBHNRELLLAH
#: CO % & 480 mL/h » g H,WO;,CO248 mL/h » g H:WOx ;
EHETRTSEFAEAESOCEHTRIE LD UK EH
PE K. REFEBE 750C,EB K 12 h, B 7 %4 WC
. EEREFERMENRETLAHN: CORKE L 5~
3md/h, EAEY A1F F e E 9~12 h, RN 1 & B E 400~
500C , # # 2 7 (850+20)C, R i K X\ B K 4k 400~600TC , #%
o &1 T 3 44 45 WC 3R
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EEREREM RN ETRETR-BeRKEH &
BARNBENEREEE  AEBANEAHNETEANILEHY
2 HOR R L HHR . X A WC Bkl #F £ K 100~800 nm,
% 50~150 nm B9 AR R M R AR K Z B FENLILR. #—
FHRALA EHETB PR LEE AT EE AR SR K
WERBHRGEMEARANE W, BLRZABARLEREY
BUBFNEA S AN, AR AT EH WCAHY
FFENFRAAW.CHOWEC+OOHETFRA
0.977, X A £E Ay WC B A B 4T oy o 0 1k 78 1.

KB BEAL XRD 1 SEM A RNFRXT WC # &+ 84
HEEREHEE AR ANMAEHZOKK WC BT
RPLEHAT TR AREXA. REREAE CO/CO AR P it
THERBAE WHEEEARELRR NN EEMARE X
BHA K. & & AR, R AMT>WO;—>WO > W, C—~>
WC i A8 E A “H KRR F iR B, A & | E 8 AMT—
WO WO, >~WC By ta B AL BT LI NG E
NERHEAHR TR SN BREA SR HETRMR AL
B RBEART AR R WO W AAEE E A X.

EENSAEARB T XAERRMER L EEN WC#L
FETRBBERFHATRLANTHRRETUNTFR. 2RE
B, B AR ALK T 800 mV B, WC £ B M5 F 3t & &t K &
B B AT L E M e AT M AR AL E T 800
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mV i, WC #8§ W Fh K £ Ek, ERKXEHFLEF O ZE
BF ERATARERES. EREARFT WCEEREH S
e AR AR, Bt WCREHBEAR T AELR N
Byl AR 3t WC B Z e B Lt B WA K KA, £ 2.0 mol/
L H2SOu 1, f#7 F , ¥, 4% B, fL A T 800 mV B, WC # 4 1t &
W205, i % 3.5 mol/L HCI # ., WC 85 &1t 7= # | % WsOaz,
# 2.5 mol/L KOH # ##& # ,WC 4 £ # & i WOs.

AT AEH % L WC Bk 0 8 4L 48 A& B A& WC K K
VHERERERTERE R FR T AR A N B F NS
. FAEXNZHART RERAEEREMCRKEEARE
B 1k E M, & 3. 5mol/L HCl A F # 4T R N M E &R W E
k.88 23. 3 kI/mol, Z 2.0 mol/L H2SOs # 4 14.5 kJ/mol.
7 85%H3POs# 4 13.7 kI/mol, 7 & % & T X #1€ — & 4
33.4 kJ/mol, & # 16.7 kI/mol. W4, FARAL N, 4 %
WCH W.CH R L FREAMREEETEHREHIE. U
WC A xR ER AN ELEa RN EARGHHELE
#, 7 30C.22% HCl E R FH#HATE MR A B, X% 87K
BEH 8.58 mA/cm?, £ # Z ¥ H 0.75. 5§ WC & & 4t
W CHL R -2 FEAR B R BB &8 3 o B K4 100 1, X
A WCERAEAHMEMRE L ERRK. 2RAR
EFREHA, L WoC ARG H KAET MR
SR A ST R B B RS B AR E
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HRAELA WCHEAM AL AN R CFEFRERLEA R
ﬁi"%ﬁ%f’ciﬁ'ﬁ ERENFE, HEXE WC R TR

HE & WE LA 23.7 kI/mol, B B & B & B &2
x#%{ﬁ%ﬂ:%*ﬁ%vﬁ%%ﬁﬂﬁﬁ HA B, AEKAE WC-
Ni# 4% EA R e Ni e ey 3SR, AAB BN ERE
Y. 7K I, WC s AR 3 2 F b oy 3 R ROB b B R
by o 12 UM B

WA AT HEBNAELERE T RARRKBERRAE
BTG M 208 HOR K AL A A 3T 3 2 KB (PNP) W i R R
)ﬁ#ﬂé‘?ﬁf’a&ﬁ%. HE R & A WC B R0 A AT PNP 8y e 3 7
REAARFHECEE. AHRAREHT, WCHAKE
WA PNP & 7 R o #2 7 0914 & i b Cu- Hg S A7 Pt
e 3EUL.
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Abstract

The preparation, property and application of the
catalytic materials of tungsten carbides (WC) in the field of
catalysis have been comprehensively reviewed in this
dissertation, and the various factors affecting the catalytic
activity of tungsten carbides and reaction mechanism for the
preparation of tungsten carbides are also discussed. With this
understanding, the preparation, characterization, forming
mechanism, chemical and electrochemical stabilities and
electrochemical activities of tungsten carbides are investigated
from the point view of preparing electrocatalysis with high
activities.

First of all, the preparation processes using yellow
H2WO4 or (NHs)6 (Hz Wi2O40) « 4H2 O as tungsten source
and CO/CQOq as carbon source at continuous mode or batch
mode were investigated. The experimental results showed
that three stages of pyrolysis, reduction and carbonization
were occurred in turn during the preparation of tungsten
carbides; and the phase composition, surface composition and
specific surface area were greatly affected by the preparing
conditions. The better conditions for preparing tungsten
carbides at batch mode were as follows: flux of CO and CO:
were 480 mL/h +« g H2 WO; and 48 mL/h « g Hz WO4,
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respectively; the tungsten source materials were first heated
at 500 C for 1 h to get rid of crystalline water, then reacted
at 750 C for 12 h. The better conditions for preparing
tungsten carbides at batch mode were as follows: flux of CO
was 1.5~3 m3/h, the rest time of the solid materials in the
reactor was 9~ 12 h, the temperatures at the inlet of solid
materials, wall at the middle of the reactor and inlet of gas
were 400 ~ 500 C, (850 + 20)C and 400 ~ 600 C,
respectively.

Based on the above results, an experimental setup for
preparing nano-size tungsten carbides with the spray drying-
fixed bed method was successfully constructed. And a kind of
tungsten carbide powders with mesopores and hollow ball
shapes were made for the first time. These powders were
formed by pillar-like species with the length of 100~800 nm
and width of 50~150 nm, and mesopores were constructed by
these pillar-like species. The further studies indicated that the
carbonization temperature and cooling rate of the products
had remarkable influence on the surface profile and structure
of tungsten carbides. The tungsten carbide prepared with
rapid cooling rate had porous structure and was mainly
composed by hexagon WC. W, C and O were contained in
this sample with the atomic ratio of W to (C+ O) of 0.977.
WC with such composition exhibited good electrocatalytic
activities.

In situ XRD technique combined with SEM was
introduced to elucidate the phase transformation and profiles
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of the samples during the process for preparing WC, and the
forming mechanism of WC particles with mesopores and

hollow ball shapes were also discussed. The results showed
that the phase transformation was closely related to the
temperature for reduction and carbonization and the rising
rate of temperature for the preparing tungsten carbides from
(NH4)s (H2W12040) » 4H20 in the atmosphere of CO/COs:.
For lower rising rate of temperature, the phase
transformation was as follows: AMT—>WQO3;—>WQO;—>W;C—
WC; for stair case rising of temperature, the phase
transformation was as follows: AMT— WO3—>WQO;—WC. In
addition, the dependence of the profiles of tungsten carbides
on the nature of precursor, spray-drying process, gas released
during the reaction and the sublimation of WO3 were also
observed.

The electro-oxidation behavior and stability of WC in
different electrolytes were first investigated by galvanostatic
anodic charging method. High electrocatalytic activity for
hydrogen oxidation and better electrochemical stability of WC
in acidic solutions were found for the potential below
800 mV; for the potential over than 800 mV, W contained in
WC became to oxidized and the active sites at the surface of
the electrode was destroyed. In basic solution the main
reaction occurred at the WC anode was the oxidation of WC
itself or the evolution of gas. This indicated that WC was not
suitable as anode material for hydrogen oxidation in basic
solution. It was found that the products of the oxidation of
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WC were W20s in 2.0 mol/L H2SOs above 800 mV, WsOg3
in 3.5mol/L HCl, WOs in 2.5 mol/L KOH, respectively.

In addition, the performance of gas diffusion electrode
catalyzed with WC on hydrogen oxidation in acidic solutions
was also evaluated. High electrocatalytic activity was found
for the anodic oxidation of hydrogen. The apparent
activation energies were 23. 3 kJ/mol in 3. 5 mol/L HCI,
14.5 kJ/mol in 2.0 mol/L H2SO4 and 13.7 kJ/mol in 85%Hj3
POy, respectively. Under the same conditions, 33.4 kJ/mol
was commonly reported in the documents and 16. 7 kJ/mol
was the best one. Furthermore, different reaction
mechanisms were observed for anodic oxidation of hydrogen
at WC electrode and W2 C electrode. High catalytic activity
for hydrogen oxidation was found on the tungsten carbides
with WC as the main phase. The exchange current density
and transfer coefficient were 8. 58 mA/cm? and 0. 75
respectively for hydrogen oxidation in 22% HCI solution at 30
'C. Compared to WC electrode, the exchange current density
for hydrogen oxidation at W2 C electrode was about 100 fold
lower. This indicated that lower catalytic activity of W2C to
hydrogen oxidation. The steady state polarization method
testified that tungsten carbides with W2 C as the main phase
had good electrocatalytic activity for the evolution of
hydrogen in various aqueous solution with different pH value.

The studies also proved that WC had good
electrocatalytic activity on organic electrochemical reactions.
In acidic media, the apparent activity energy for the
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electroreduction of nitrobenzene at WC electrode was
23.7 kJ/mol, and the electrode process was controlled by
diffusion and electrochemical steps simultaneously. In basic
media, the peak current for the reduction of nitrobenzene at
WC - Ni was 3 times bigger than that at Ni electrode. In
addition, good electrocatalytic activity of WC was also found
for the reduction of nitromethane.

Furthermore, powder microelectrode technique was
introduced to evaluate the catalytic activity of tungsten
carbides with mesopores and hollow ball shapes for the
electroreduction of p-nitrophenol (PNP). The results showed
that the WC powder microelectrode had good catalytic
activity for the reduction of PNP. At the same conditions,
the peak current for the reduction of PNP at WC powder
microelectrode was 3 times higher than those at Cu - Hg
microelectrode and Pt microelectrode.

Key words Tungsten carbide, preparation, electrocatalysis,
electrochemical performance, gas diffusion electrode,
powder microelectrode
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