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WME: E=HARRHE LABRFABEFRERNHE T ARY Mo,C BRI A X SR ATH AEF IR F 7N
TEBLRT Mo,CHERFR. £RE% KA HHEREEREFYN Mo,CHERBERERIBAFRENEW.
PR RS A, G BUBRERRNRBAELAYHTHERAER Mo, BSHRUIHFERBILER Mo,C; TEBRIIK
BREL Mo,CHAERBERRBEM: EEERBELADH REERIBRKROEAST , ZESRREER Mo,C. HEX
ARBEBESAT  KREEERT 700 THEFADHIFEZ R ERLER Mo,C.
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Synthesis of Molybdenum Carbide Catalysts
over Different Carbon Supports
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Abstract: Molybdenum carbide catalysts were successfully prepared using three types of carbon materials as sup-
ports and carbon sources (carburizers) by the hydrogen or carbothermal reduction method. The results of X-ray
diffraction and temperature-programmed reduction-mass spectroscopy showed that the nature of the carbon mate-
rials and synthetic conditions influenced the formation of molybdenum carbide. The molybdenum species could
be reduced to metallic molybdenum over the graphitic carbon (carbon black) material in hydrogen atmosphere,
and then the metallic molybdenum was carbonized directly by carbon to molybdenum carbide. The formation
temperature for molybdenum carbide over carbon nanotubes was lower than that over carbon black. Under the
condition of hydrogen insufficiency or inert gas, the molybdenum species was reduced and carbonized by carbon
to molybdenum carbide at above 700 C .

Key words: molybdenum carbide; carbon nanotube; carbon black; activated carbon; supported catalyst; tem-
perature-programmed reduction; hydrogen; carbothermal reduction method
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EARRNEEREEEME, D RBTF 6 N REE
¥, Li U8 %3, B CO-H, J R NS RALEY
G ERE, L CH-H, RN B BRALHNES
BESK. XEBAT COMBEMERE CH, 3. Xiao
LY RRAMER IBRESRBLA, RAKRR
K, MR EREK FEFERRMLEERANS
BIEAHE. BHEURB AT S BB H B
FaARES2, BERIBPHAYFHFLH
MENEFARERE. LIEPIESERAKET LS
BHRACHN BB T 2R Mo WAER.

AT HBRARDBRBRLAERR S REHF
THYFEL,FXEE T 3 FRF MR K
B EBEBHKE(CNT) KB (CB). BREHER
(AC)fE R &k il & T BRiL4H AL, 8 XRD
M TPR-MS RIEF B XM BRILHNER T BESTT
G

1 XBEHSS

1.1 4R E

LR B CNT(REAVLILEST), CB
(Alfa Aesar)fl AC (ALFENEEAM] ). RAEH %
FlEmgen. BEENERE (AR, BEHLA LS
HERANATBERE-ERBHEEF AP . RE
BRMABBREPH RGBS, Mo 5RENEER
HHh1/5 FiBRBEZRTHRE ISh/EE60 T
FTHF. RISH 100 mg ERFE R #E H, X He(100
ml/min) FEF A BB (FE 80 min AFHZFE 340 C,
KRG 1 T /min HEE 5 5|7 £ 500, 580, 630 Fi
700C, HEMMBETHRRE 1L, BEZR,EA
1%0,-99% He (20 ml/min)#6ifk), BP %178 fi S A4
H A1 H Mo/CNT, Mo/CB Fl Mo/AC.
1.2 #AeRMHIRIE

BUESHLEER AEBEAARIHAN,
0% B 77 3£ 7 % B Quantachrome Autosorb-1 % 4 3
BB AT LW E. BERTIAHE 120 C Tz A HE
15 h. #E{L7AIR XRD # R A H & Rigaku D/max-vb
B X SR mHNEE. ABEEH, CuK, B\ =
0.154 18 nm), B E 40 kV, EHH 250 mA, H
fE#E 5 /min. BFFRLBE MK K#
(OmniSTAR) AR W H R RN E F#1T. %
SO mg HEREAUBEH, ZERTAEH,, He®X 5%
H,-95%He (50 ml/min) P 1 h LRBBER
%, FHEVEE 20~960 T, FHEEE S C /min.

2 ZR5iie

2.1 [, SATHERRERANDDE

HTHRARBARZBUNNESRIE, RN
EET 4 MBF (500, 580, 630 # 700 T)#i7%
B BLAFAARUEEEULAERARNBRET
H, & B/5# XRD i#. oI LAF H, 500 CHAEFH
Mo/CNT # Mo/CB #4677 26 = 40.50° &b i B &
J& Mo BT 5 ¥ . Mo/CNT #4L#I7E 580 TR A
B-Mo,C ) %5 1E fi7 4F ¥ (26 = 39.39°, 37.97°,
34.35%), RAC LB H &t Mo,C LA ; BE
BER#—SRE, B-Mo,C T IR ZEH 4R, &
HEENFAEHE Mo,CRTE4ETEE. % Mo/CB
AL L, 580 CRIEYFTILIEE Mo MIERF
7E; 4B E R 630 CH AT LIE B4 /B Mo fl Mo,C
I FE7E , U B 7E 1R F i £ 8 Mo [5] Mo,C #%
25, HB 700 TH &R Mo M 5T &, R %A
H B-Mo,C. %t F Mo/AC #4650, 7 630 TRAT
FRBEABHDF NG %E; 2700 CLAEE, #
AL Z2 0 B B-Mo,C B IS IE 7T 5 14 .

Hit, CNTH CBRfRE& LWEYHES
M4 8 Mo # M Mo,C 89 (7 CNT 4 L 580 T
i} B AT 4 B Mo,C, % CB 84k L& & 700 T A fE%
LHE B Mo,C). BiITF ACEREKAEFHR AN EETHR
ALK, Mo W Fh 92 B4, XRD i X R
H Mo WA LI .

2.2 H, SATHERAUANRBIFER

B2 A4 H, KATARARBEEELNG
TPR-MSi#%. oTRIEN, HHRAE 70~180 T Y
A HIRTH HO &, %M THEHE T2 #
A B MoO; 1 H,O B B ; £E 350 ~520 C [a] &
B H KB K HO KK, %M F MoO; 5 H, i
R R, K& KERE(CaC0, H,O) N EEY, L
Sk B F0 43 A8 R R 43 B X R % H,O #1 CO ¥
HITER. &R BR, Mo/CNT #4LHIZ 350~ 520
CHH HORERREK,H#H5 MO, TLZEREN
&8 Mo R A B K HO BEAH Y, HH CNT &
& - 8 MoO; AR A F5E4L. Mo/CB LAIKRZE
350~520 C [A] &Y H,O ¥ 5h, B 5 X i 38— B3 i
(#5600 T). XF MK ENEBRZHE MoO; 5T
23 R N4 R Mo B4 B HO B4R, A% CB
Bk L Moo, BFFMBRERE. T Mo/AC #
L3, HoO By i bt e T B3N, R B MoO; F R 8
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Fig1 XRD patterns of various Mo-based catalysts
treated by H; at different temperatures
(a) 500 T, (b) 580 C, (¢) 630 C, (d) 700 T
(1) Mo/CNT, (2) Mo/CB, (3) Mo/AC
(CNT — carbon nanotube, CB — carbon black,
AC — activated carbon. )

Lasasd aiaad

CO (M/z=28)

Intensity

3)

@ R /_/\‘/"\J‘
100 200 300 400 500 600 700 800 900
Temperature ('C)

B2 AHARTRELRBAXELNG TPR-MS i
Fig 2 TPR-MS profiles of various supported Mo-based
catalysts in H; flow
(1) Mo/CNT, (2) Mo/CB, (3) Mo/AC

REEFEMEL FRBEWELES. EFTLES,
Mo/AC #4L 7 L8 —3& CO B ¥ (41 760 T ). 45
A HO B R B, vT AT ZE AC Bk b R 4 iK%
LB B R MoO,, + C>Mo,C+ CO. B M ik 2 di
AC £ # MoO; U8 & B K # & 8 MoO,. %
CNT #1 CB 84k b , Bk 3 # KX Mo+ C>Mo,C. A
bR CORBHRYMERUARFRELES
SHY A KDL

HAA LY HERLELTBBZE BRI MR
#: BEF—MH H,, BAH T LES CH,,
CHg, CHyp, COBHMEHmMM. FRIEF H,
MR EESBFEEERENERRYFILFE
ATFHEAD EWE AR, DiRB® co R
BALR & R HE, —RMERHNER Mo &£
BRI X RENE H, AT Y MoO; B4 &R
2 MoO, B , B Fh B &S HE LY By R,
T MoO, B4R IR, 23k 4k ) 41 BHINAR 1R 22
SlERCES RS BNENMNEERA. HE A
REHE R BRI MoO, B JR¥ & 4 7€ 350~520 THl,
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HEARBESA#HEA. 3 B CNT #1&k L7 580
C i 4 B Mo,C, CB £k LR 700 Tof T4 R
Mo,C, #i# CNT L4 MR Y F 8 CB LK
EER ESEERNBEETEE#SE Mo WS
BHER Mo,C. 5 CNT 8 CB 844 1t , AC 8
AMuEEREHEMAKE EERNRK, W EROE
SHWAMRKER. FMRELE 20=25.3 bHHHR
RfT e, B TAE(002) %E; FEEKL—
FHEL PABABERK, UEEEBRNE(S
RE 1) £ ACHME L, Mo, H¥ H, K 2
MoO, , BJG#E 600~900 C [6] MoO, 85k JF 3 &
AL :
2.3 HeSETHEEALANRESIHER

BRI E AR LME R BRI, B —FF R IF
BEM,SEATHRETLP. LIBRENTIER A
BN EEHSATHRHERLEYHEE Fik
Z—%1 B35 He KA T AR 8 R A H ML H
# TPR-MS . BILIEH , REHYMHOR N E 4
£ 700 T L L, i 8% Mo/CNT, Mo/CB fl Mo/
AC 4L 4> B17E 716, 795 M 770 CL & E — &
CO fii Bt i .
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B3 HeSATRAAKBAXELHAL TPR-MS i
Fig 3 TPR-MS profiles of various Mo-based catalysts in He flow
(1) Mo/CNT, (2) Mo/CB, (3) Mo/AC

HAARFARBREEEANERRBET
He AtZ2/5#) XRD . W RIE M, R K & 2 w4
L EEIFER L MO, ERKFHE; SHREZ
J& . % Mo/CNT L 750 T # 4k % Mo,C, # Mo/CB
#1 Mo/AC L 800 T#4k% Mo,C.
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Fig 4 XRD patterns of various supported Mo-based catalysts
treated by He at different temperatures
(1) Mo/CNT, 750 T; (2) Mo/CB, 800 T; (3) Mo/CB,
750 T ; (4) Mo/AC, 800 T ; (5) Mo/AC, 750 T

ESHS5%H,-95%He SATARARMER
REALF B TPR-MS #%. ATLFH, Mo/CNT 7 Mo/
CBHEAME H, BHEMBRERBIALEYERT

Mo/CB

Intensity

Mo/CNT

Intensity

WS 5%H-95%He AMTARMPR
AEML A TPR-MS
Fig 5 TPR-MS profiles of various supported Mo-based
catalysts in 5% H,-95% He mixed gas
(1) H,0, (2) CO
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‘54 H, HERAR. & 450~700 C AT WE T
H, K #EM H,0 K4 m &, Xt H,0 ¥ & #E & T
EBAYRLETERENEMLNS. 7 680~900 T
B & CO MM, KRBT 2E RN A
R 5WEE M.

E—ERETRMESREMNXERZR MK
HEHHAHEAG WA/ BdHEELR-2BE
€4, C-CO il Hy-H,0 8 AG~ T #i & (EI W) 7]
4, Hy-H,0 89 AG*~ T &k i) L16#, BENIE;
CCOMAG ~T kM THs, SRR, Filh
LRATMIBERNT03C. XRHET00 CLAT H, k&
CHIRIRAE R, WA 700 CLLEN C K H, MR
AR, Bk, ERNMEBERP KT 700 Tt
H, REEZXFHN,E H, SERENERTAYH
AR ZELEFENER Mo; YEERT 700 THY,
H, WERELEME, FERRECEREM, H
[l B & A Bk A A B Mo, C.

3 it

LA TR 6 3% 4 64 0 B A A AL 0, B AR 2 FF 7
BRERE B H & T HiBE Mo,C #4H. Mo,C
) A IR P B S L R 5 b R B A R R B AR AR A
HFEUMRX. BLAH, FHT, A BUBERIFHOK
REBELEVMHBEERAER Mo EESKI M E
EBRAER Mo,C, EEFRBRAKRERE LER
Mo,C IR R % R LMK FETEHE 3R Btk b A Y Fb
HERBN BN EAE, 25 58K B AE B Mo,C.
Y H, #BEFRERERESAN, REEERT 700
C 38 JRAH Y F 3 R B & A= BR AL A B Mo, C.
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