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Fig. 1 Schematic diagram of experimental apparatus for TG

N

analysis: 1—Gas flow meter; 2—Calibrated alumina crucible;
3—Experimental alumina crucible; 4—Sample holder and
thermocouple; 5S—HTC—-2 analyzer; 6—Data collector; 7—
Beaker flask A; 8—Beaker flask B; 9—Exhaust gases
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Fig. 2 TG-DTA reduction carburization kinetic curves of
industrial grade MoOj; powders with pure CO gas from room

temperature to 983 K
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Fig. 5 Isothermal reduction-carburization kinetic curves of
industrial grade MoO; with pure CO gas from room
temperature to different desired temperatures at heating rate of

10 K/min with holding time
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Fig. 7 FE-SEM micrographs of MoO; and samples reduced by pure CO gas from room temperature to different desired
temperatures at heating rate of 10 K/min: (a), (a") MoOs; (b), (b") 953 K; (c), (¢') 983 K; (d), (d') 1013 K; (e), (¢') 1043 K



910 hEA O RYR

2020 - 4 H

BRI SRS LA 2], BV AIR MoOs 54
BT SA BRIIAE, X5 N AR AR
HLERA 55, LU %PIE L CH;OH & J5 Ak MoO, il
% Mo,C [ K I, ERARH R MIRE T, A%
I FHT BRI Mo,C TS AR A WL i et i A2
(Pseudomorphic transformation mechanism), F=#)HI1E
WA JFORHE AR ORI — 3 MR IRE T AT
T4k A A % 19 1L #£ (Chemical vapor  transport
mechanism), fEZEFEFH T4 T HRAJFEAREY
FH(MoOy(OH),), otk 5 fEfL it #24 rfilt . DiAA,

P NITRE IR D 22 e N S A 5N 32 £ RPN )
M7, R ARZEPIRL CO 5 F R MoO, [ B, ANE )
PR AHAE B Mo,C BIsEga, KIS Mo,C
HIFE MoO, HIESEEALREF — 3 RIS OAE £
AP CO B R H BRI MoOs il & Mo,C [1id 2
WHIL, PSR & AR AL . AR
1) MoC A& CO 4k&LH 1k Mo,C T il & 1, it F2
HAFEAEATE E (T YA (MoOy(OH),)» A L 4%
A5 3 R T 3 R A i AR WL S ) o T BRI DL
CO & JHERIE MoO; S il % MoO, Fid A, K ILEK
TERRL EA RARBRLIE . A SCAELL MoO; A R
# MoC IR, MoO; #iEJ5y MoO, 25— M)
FHEE AR B, S5 1) MoO, 1 4K 2K MoC HId 18
Vol EETE R IR EE I S IO Z2 B T NS 5 7 N
I, MoOs; 1] MoO, %% 38 & JE 3 AR A, i) e S BRE  BL

3 Zhig

1) BEE MR TR, MoOs 5 CO [ 5 id
IR, il 4 MoC [5OSR E N 1013K, 1 24 5
79 1043 K I5F, 724128 Mo,Co

2) H MoO; fill % MoC 2 L5 3 N7 idfE,
R AR E5E, MoOs #8 5N MoO,; 2
JG, MoO, #iB RN Mo,C; o, Mo,C #akss
At MoC.

3) ANFEHRE & MoC [ITES3EAR—5, #8
& JEFE AR FrR S5 84

REFERENCES

[1] PATEL M, SUBRAHMANYAM J. Synthesis of
nanocrystalline molybdenum carbide (Mo,C) by solution
route[J]. Materials Research Bulletin, 2008, 43: 2036—2041.

[2] DANG J, ZHANG G, WANG L, CHOU K, PISTORIUS P C,

SMITH D. Study on reduction of MoO, powders with CO to

(3]

(4]

[5]

(6]

(7]

(8]

(9]

[10]

[11]

produce Mo,C[J]. Journal of the American Ceramic Society,
2016, 99: 819-824.

RMEE, B U BN, AR A, BMSR, ARG SR
LAART WC-10Co4Cr k2= O 45 #4) S 1k RE (52 M ().
AT (4R 2R, 2017, 27(7): 1395-1402.

WU Yan-ming, ZHAO Jian, CHEN Xiao-ming, FU Li, MAO
Peng-zhan, ZHOU Xia-liang. Effect of high temperature and
oxidation on microstructure and properties of WC-10Co4Cr
coatings[J]. The Chinese Journal of Nonferrous Metals, 2017,
27(7): 1395-1402.

4 o, MR, m P, ¥R, WC KL EEX
WC-15Fe-5Ni 1 i & & 5 Rerm]. HEA @
&R, 2016, 26(5): 1065-1074.

ZHU Bin, BAI Zhen-hai, GAO Yang, LUO Bing-hui. Effects
of WC particle size on microstructure and properties of
WC-15Fe-5Ni cemented carbiSdes[J]. The Chinese Journal
of Nonferrous Metals, 2016, 26(5): 1065—1074.

LEVY R B, BOUDART M. Platinum-like behavior of
tungsten carbide in surface catalysis[J]. Science, 1973, 181:
547-549.

CHEN Y, CHOI S, THOMPSON L T. Ethyl formate
hydrogenolysis over Mo,C-based catalysts: Towards low
temperature CO and CO, hydrogenation to methanol[J].
Catalysis Today, 2016, 259: 285-291.

BARTHOS R, SZECHENYI A, SOLYMOSI F. Efficient H,
production from ethanol over Mo,C/C nanotube catalyst[J].
Catalysis Letters, 2007, 120: 161-165.

ALABA P A, ABBAS A, HUANG J, DAUD WM A W.
Molybdenum carbide nanoparticle: Understanding the
surface properties and reaction mechanism for energy
production towards a sustainable future[J]. Renewable &
Sustainable Energy Reviews, 2018, 91: 287-300.

SHI C, ZHANG A, LI X, ZHANG S, ZHU A, MA Y, AU C.
Ni-modified Mo,C catalysts for methane dry reforming[J].
Applied Catalysis A—General, 2012, 431: 164—170.

JAFERE, MR B9, 1R3L%F, ABUDULA A, B3k, Jiai.
Pt/MoC H il 5 J FLAE Rt A 7K AT 05 B2 B FRE A A AR ],
FEAI4L T, 2018, 35: 1921-1927.

ZHOU Yan-qiang, CHEN Meng, ABUDULA A, MA Yu-fei,
FANG Yan-xiong. Preparation of Pt/MoC and its
performance in electrolysis hydrogen evolution[J]. Fine
Chem, 2018, 35: 1921-1927.

HUGOSSON H W, ERIKSSON O, NORDSTROM L,
JANSSON U, FAST L, DELIN A, WILLS J M,
JOHANSSON B. Theory of phase stabilities and bonding
mechanisms in stoichiometric and substoichiometric
molybdenum carbide[J]. Journal of Applied Physics, 1999,
86: 3758-3767.



230 B 4 W

KR, : COKIEILEJE MoO; il % MoC 911

[12]

[13]

[14]

[15]

(16]

[17]

B, P, DeplE, ERUE. BRI f %
KRR TR T]. SR G, 2017, 39(4): 286-291.
LIANG Ting, SUO Yan-hua, MA
progress in preparation and application of molybdenum
carbide catalyst[J]. Chem Adhesion, 2017, 39(4): 286—291.
VELIKANOVA T Y, KUBLII V Z, KHAENKO B V. Solid

shou-tao. Research

state transformations and phase equilibria in the
molybdenum-carbon system[J]. Soviet Powder Metallurgy
and Metal Ceramics, 1988, 27: 891-896.

FOCE, BRikI, Bk B M M8, dk O, EER.
o-MoC/ S 4 525 BRI S8 IR Mk BE K JEAE T AE DRt
Hyth R R 7). Ak T3k, 2016, 35(11): 3558—3562.
GUO Wen-xian, CHEN Mei-qiong, ZHANG Min, LIU Peng,
ZHANG Yan, CAI Zhi-quan. Research on the oxygen
reduction performance of a-MoC/graphene and its
application in microbial fuel cells[J]. Chem Ind Eng Prog,
2016, 35(11): 3558-3562.

FOCE, BRI, R R. a-MoC TELAABAE VAR H
A BH A% 1R B2 R BF 7T 0], Ak BT B A RE, 2016, 44(7):
258-260.

GUO Wen-xian, CHEN Mei-qiong, CHENG Fa-liang. Study
of a-MoC on the anode of mediato-less microbial fual
cells[J]. New Chem Mater, 2016, 44(7): 258—260.

AN G, LIU G Preparation of ultramicro molybdenum
carbide powders and study on wear properties of their
coating[J]. Rare Metals, 2011, 30(3): 262—266.

BOUCHY C, HAMID D A, DEROUANE E G. A new route

to the metastable FCC molybdenum carbide a-MoC[J].

(18]

[19]

[20]

[21]

[22]

(23]

(24]

Chemical Communications, 2000(2): 125—126.

WANG L, ZHANG G H, CHOU K C. Preparation of Mo,C
by reducing ultrafine spherical beta-MoO3; powders with CO
or CO-CO;, gases[J]. Journal of the Australian Ceramic
Society, 2018, 54: 97-107.

PIERSON H O. Handbook of refractory carbides and
nitrides[M]. Weatwood: William Andrew Publishing, 1996:
110-113.

ZHOU S, CHEN H, MA L. Novel
nc-MoC/a-C(Al) nanocomposite

carbon-based

coating towards low

internal stress and low-friction[J]. Surface & Coatings
Technology, 2014, 242: 177-182.

DENG M, QI J, LI X, XIAO Y, YANG L, YU X. MoC/C
nanowires as high-rate and long cyclic life anode for lithium
ion batteries[J]. Electrochimica Acta, 2018, 277: 205-210.
VITALE G, GUZMAN H, FRAUWALLNER M L, SCOTT
C E, PEREIRA-ALMAO P. Synthesis of nanocrystalline
molybdenum carbide materials and their characterization[J].
Catalysis Today, 2015, 250: 123—133.

LU Z, DANG J, WU Y, LU X, ZHANG S. Preparation of
Mo,C by reduction and carbonization of MoO, with
CH;OH[J]. 2018, 53:
10059-10070.

WANG D H, SUN G D, ZHANG G H. Preparation of

ultrafine Mo powders via carbothermic pre-reduction of

Journal of Materials Science,

molybdenum oxide and deep reduction by hydrogen[J].

International Journal of Refractory Metals and Hard

Materials, 2018, 75: 70-77.

Preparation of MoC by reducing MoQO; with CO gas

SONG Cheng-min, ZHANG Guo-hua, ZHOU Guo-zhi

(State Key Laboratory of Advanced Metallurgy, University of Science and Technology, Beijing 100083, China)

Abstract: Due to its unique physical and chemical properties, MoC is an important material widely used in the fields of

catalysis and electrochemistry. The reaction between high purity MoO; powder and CO was investigated for purpose of

producing MoC. From the scanning electron microscopy (SEM), X-ray diffractometer (XRD) and dynamic curve analysis.

The results show that the reaction process between MoOj; and CO is composed of three stages: the reduction of MoO; to

MoO,, the carburization from MoO, to Mo,C and further carburization of Mo,C to MoC, while molybdenum never forms

in the reaction process. In addition, it is found that the final product is related to the reaction temperature, with the

increase of reaction temperature, the reaction speed of MoO; and CO accelerates, and as the temperature rises to 1043 K,

MoC will be transformed to Mo,C.
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