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A facile and effective method for the preparation of bulk and alumina-supported molybdenum carbide
is described. The synthesis of molybdenum carlfiddo.C has been conducted by a single-step heat
treatment of a mixed salt precursor containing molybdenum HMT (Hi¥Tiexamethylenetetramine)
complex and HMT in argon atmosphere up to 7@ The formation process of the carbide has been
investigated. Alumina-supported nanocrystallfi#10,C has also been successfully prepared with this
method. The resultant catalyst exhibits good hydrodesulfurization (HDS) activity. It indicates that this
simple method is an effective way to synthesize active carbide catalysts.

Introduction

Transition-metal carbides have received considerable at-
tention as advanced materials in recent years for their
attractive physical and chemical properties including me-
chanical hardness, thermal stability, superconductivity, and

especially in catalytic performanééln particular, the metal

carbides as catalytic materials have been found to show
excellent activity for certain reactions, which are similar to

that of noble metal catalystsOne of the most actively

studied systems is molybdenum carbide, which is proved to

be an attractive catalyst for methane refornfinfgammonia
synthesis and decompositiéAaromatizatior?;'° hydrazine
decompositiort} hydrogenatiort? and hydrodesulfurization
(HDS) 1316
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The traditional methods for the synthesis of metal carbide
involved direct carburization of metals with graphitic carbon
at high temperature, for example,L000°C for Mo,C, and
were unsuitable to catalytic application because of the very
low surface area of the products. Since the 1980s, a
temperature-programmed reduction (TPRe) method was
establishet and widely used to prepare transition-metal
nitride and carbide with large surface area. It induced the
solid-state transformation of oxides in a controlled manner
by reacting with a mixture of hydrogen and carbon-
containing gases such as 420 C,Hg, 223 C3Hg,2* C4H10,2>%
and CO?%2"The TPRe method was proved to be an effective
and general way to prepare active catalysts. However, the
synthesis conditions were quite complex and rigid, which
influence the catalytic properties of the carbide materials,
and the resultant carbide surface was usually contaminated
by polymeric carbon generated from the pyrolysis of the
carbon-containing gases. The development of new methods
such as gas-phase reactions of volatile metal compoiinds,
pyrolysis of metal complexe¥;* solid-state metathesis
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(SSM) reactionst and solid-solid carburization of metallic ~ evaporating an aqueous solution of (N1070,44H,0 (AHM)
compound® 37 has gained increasing attention in recent and HMT. To get supported carbide by impregnation method, the
years. latter route was used. The precursor was prepared by dissolving

In this regard, one of the most intensive and promising (NH4)sM070244H,0 and HMT with desired mole ratio in 15%
methods was direct thermal solidolid carburization of NHz.H.0 solytloh. The solution was evaporated slqwly to.dehydrate
metal compounds with carbon or carbon-containing materials @"d Was dried in vacuum at 8 for 3 h. A white solid was
from designed precursors. Shin efateported the use of obtained as the precursors, which is the mixture oM T and
cellulose as carbon precursor and agueous-based Tvzor-L HMT. The solid was then heated in a stainless steel boat under a
as TiO, source for tfle svnthesis oquiC nano articlis b Aflow of argon (99.99%). The temperature was increased linearly at
carbonthermal reduction )i/n argon atmosphere FESanes;an Zn@ rate of 15C min™* and then was kept at a given temperature for
Lee® h hesized gor h P b heai h. The product was cooled to room temperature (C& Bin?)

e ave synthesized MZ microspheres by heating nqer argon and was passivated in a flow of 1% (Viv)\G
mixtures of resorcinetformaldehyde polymer as carbon . . , ) .

recursor and ammonium metatunastate salt as tunasten To investigate the formation process, some intermediate samples
Erecursor Shanmugam et®lhave rgported a single stgp were prepared. The precursor was heated to the desired temperature

) . . ) ™ and then was cooled rapidly (ca. 1608 min~1) to room temper-
synthesis of _WC by direct pyrolysis of a hybrid composite ature. After cooling, the products were passivated as described
at 1000°C. Liang and co-worke?8 3" have prepared nano-  gpove.
Clraigh-surtace-areh carbon materal 85 carbon soue in_S/Iessof AUTIna-SupporgaoC. The alumin:supported

) ) . . mixed salt precursor was prepared by impregnatiop-Af,O5 with
carbothermal hydrogen reduction. When compared with the P prep y Impregnatiomrz-s

. ) o an aqueous solution of (Ny#M070,4.4H,0 and HMT with a fixed
TPRe method, these sofigolid carburization methods are 516 ratio 1:9, which was obtained by dissolving the reagents in

simple, do no require high flow rate gas hydrocarbons, and 150, NH,H,0 solution. The sample was then dried naturally for
no slow ramp rate is required. However, these methods havesg h and was dried in vacuum at 80 for 3 h. The precursor was
difficulties to prepare supported carbide catalysts or can only heated at a rate of 15 min-* and was kept at 700C for 2 h
be used to get carbon material supported carbide catalystsunder a flow of argon. The sample was cooled and passivated as
In this study, we have put forward a simple setgblid described previously to obtain the supported carbide SF®,C/
carburization method for the synthesis of both bulk and y-Al203; catalysts with theoretical loadings of 15, 23, 28, and 40
supported3-Mo,C catalyst. The synthesis of molybdenum wt % -MoC were prepared. To evaluate catalytic activity, the
carbide has been conducted by a simple heat treatment of @recursor was pressed under 20.0 MPa and was smashee-to 20
mixed salt precursor in argon atmosphere up to@@0This 40 mesh particles prior to heat treatment.
new method was based on the hexamethylenetetramine Characterization. X-ray diffraction (XRD) characterization was
(HMT) method, which involved the formation gf-Mo,N conducted using a Rigaku D/max-2500 powder diffractometer
from decomposition of a molybdenum HMT complex. The employing Cu Ku radiation (40 kV, 40 mA). Transmission electron
method was proved to be an effective way to prepare mono- microscopy (TEM) images were acquired using aTECNAIG2T20
and bimetallic molybdenum nitricR8:3° Herein, the mixture high-resolution transmission electron microscope equipped with an

of molybdenum HMT complex with HMT was used as Energy Dispersive X-ray spectrometer (EDX) system (EDAX)
precursor. The subsequent treatment at 700in argon operating at 200 kV. The samples were dispersed in ethanol and

. were treated with ultrasound for 5 min and then were placed on a
atmosphere led to the formation of hexagonal closed packedCoploer grid coated with holey carbon. The EDX signals of the

(TCp).ﬂ-MOZC' Otbtal:\l/llngcar::atalyllst Vl\)”th large Surf?C”e area, nitride particles were obtained by focusing the electron beam on
aumlna-_suppqr eﬁ- 0L has also _een sucgess u _y Pre- the particles and accumulating the spectra. Scanning electron
pared using tr_ns simple meth_od. Their catalytic activity was microscopy (SEM) images were obtained using a LEO 1530VP
evaluated using HDS reaction and the resultant catalystscanning electron microscope. Single-point Brohaver Emmett Teller

exhibits good HDS activity. (BET) surface area and pore volume measurements employing
nitrogen adsorption were acquired using a Micromeritics ASAP

Experimental Sections 2010 apparatus. The carbon, nitrogen, and hydrogen analyses of

the samples were carried out with an Elementar Vario EL elemental

Synthesis.Synthesis of Bulg-Mo,C. All reagents used were of
analytical purity. The precursors, which was the mixture of
(NH)4(HMT)2M070,44H,0 (Mo—HMT) and HMT, could be Catalytic Activity Test. The catalytic activity of the HDS of
prepared from two routes: mechanically mixing the two solids or dibenzothiophene (DBT, 0.5 wt %) was determined using a fixed-

bed continuous-flow microreactor. The 1.2 g2.0 mL) of the

analyzer.
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pyrolysate from decomposition of HMT. It means that the
formation of the complex in the precursor, the HMT content
in the precursor, and the reaction temperature are the key
factors. Hereby, a series of precursors prepared by different
routes, or with different MeHMT and HMT molar ratios,
waere prepared and treated at varying temperatures. The
b elemental analyses’ and XRD patterns of the products are
listed in Table 1 and are given in Figure 1, Figure 3, and
Figure 4.

Influence of the Preparation of the Precursdio under-

—
o
-

¢ stand the composition of the precursor, three routes were

w3 b 5 & % ® flr_st carried out to prepare different precursors: (a) the
2 Theta (Degrees) mixture of Mo—HMT and HMT at molar ratio of 1:7

Figure 1. The XRD patterns of the samples prepared from different ObPtained from evaporation of the solution, (b) the mixture

precursors: (a) the mixture of MeHMT and HMT obtained from of Mo—HMT (obtained using the method shown in the

evaporation of the solution, (b) the mixture of MBIMT and HMT by literaturé®) and HMT at molar ratio of 1:7 by mechanically
mechanical mixing of the two species, and (c) the mixture of AHM and .. h . d h . f AHM d
HMT by mechanically mixing of the two species. mixing the two species, and (c) the mixture o an

HMT at molar ratio of 1:9 by mechanically mixing the two
species. The three precursors were treated afCdor 2 h
with the ramp rate of 13C min! in flowing argon. The
XRD patterns of the obtained products are given in Figure
1. The figure clearly shows that treatment of the precursors
obtained through routes a and b can give baio,C,
whereas that through route ¢ leads to Mo®@he results
indicate that the formation of MeHMT complex in the
precursor is a necessary condition for preparing molybdenum
carbide and that the precursor is a fine mixture of- M&MT
and HMT. In addition, the results show that the preparation
of precursor in this method is very simple and facile, which
does not need special synthesis techniques. To get supported
_ carbide by impregnation method, the solution route (route
SR : 3:3.:0:.:;9 $;$72 ) a) is used in the subsequent experiments.
L o < — . Influence of the MeHMT and HMT Mole Ratio in the
Figure 2. The SEM image of the as-prepared by#Vo,C. Precursor on the Productdo investigate the influence of
HMT content, a series of precursors with different MéMT
and HMT mole ratios was prepared and treated at 0
Synthesis of Bulk Molybdenum Carbide.As shown in  for 2 h with the ramp rate of 13C min™* in flowing
Figure 1 a, the bU”ﬁ'MOzC was Successfu”y prepared by argon. When there is no excessive HMT in existence, the
a single-step synthesis from the mixed-salt precursor, in MO—HMT decomposes to get-Mo:N (Figure 3a), which
which the precursor with MeHMT and HMT mole ratio IS in good agreement with the results reported by otffers.
of 1:7 was treated at 70T for 2 h with the ramp rate of 15 Increasing the HMT content in the precursor, in which the
°C min'! in flowing argon. Typical diffraction peaks of ~mole ratio of Mo-HMT and HMT is 1:2, brings on the
[-Mo,C show clearly at 39% 37.8, 34.4, 61.6, 74.6, formation of -Mo,C with the presence of-Mo.N (Figure
75.7, 69.5, and 52.0, and no other peaks according to 3b). The elemental analyses show the existence of both
molybdenum oxides or nitrides appear. It indicates that the carbon and nitrogen. As the HMT content increases to make
obtained3-Mo.C is single phase to XRD. The carbon content the mole ratio of Me-HMT and HMT reach 1:7 in the
in bulk sample is 5.60 wt %, which is consistent with the Precursor, the nearly single-phgsé/10,C is obtained. With
calculated value (5.89 wt %) and proves that no excesscontinuous increasing of the HMT content, there is not any
carbon exists. However, the sample contains minor nitrogenchange in the XRD patterns and {féMo.C is still the only
(0.33 wt %), which can be attributed to the existence of Products. The content of carbon is also consistent with the
decomposition residue, minor molybdenum nitride, or nitri- theoretical value and only carbon in carbide existed. As
carbide that is below the detection limit for XRD. The SEM Mmentioned later, the excessive carbon-enriched pyrolysate
image of the product is given in Figure 2. The morphology of HMT can completely decompose, and thus there is no
of the bulk A-Mo,C shows nucleated irregularly shaped residuary carbon in existence in the resultant carbide. The
particles with various sizes. The BET surface area of as- results indicate that the abundant HMT in the precursor,

Results and Discussion

prepared3-Mo,C has been measured to be 31.9gn. which is used as carbon source, is necessary for the formation
As discussed later, the carbide is formed at adequately©f single-phase carbide.
high temperature by the carburization @fMo,N from Influence of the Reaction Temperature on the Products.

decomposition of the complex with the carbon-enriched The precursor with MeeHMT and HMT mole ratio of 1:7



1804 Chem. Mater., Vol. 19, No. 7, 2007

Wang et al.

Table 1. Phase Identification and Carbon and Nitrogen Content of the Products

mole rati¢ reaction temperaturéQ) phase identificatidh carbon (wt %) nitrogen (wt %)

1.7 700 MoC (Figure 1a, 3c, 4d) 5.60 0.33
1:7 700 MeC (Figure 1b) 5.67 0.39
1.9 700 MoGQ; (Figure 1c)

ood 700 MaN (Figure 3a) 0.07 6.73
1:2 700 MaC Mo;N (Figure 3b) 3.13 3.75
1:13 700 MeC (Figure 3d) 5.82 0.28
1:7 680 MaC MozN (Figure 4c) 4.22 2.82
1:7 650 MaC Mo;N (Figure 4b) 3.84 3.68
1:7 600 MeN (Figure 4a) 6.73 4.30

aThe mole ratio of Me-HMT and HMT in the precurso® Obtained from XRD results The mole ratio of AHM and HMT in the precursdtSingle-

phase Me-HMT.

40

50 60
26(degrees)

Figure 3. The XRD patterns of the samples prepared from the precursors
with different Mo—HMT and HMT mol ratios: (ay, (b) 1:2, (c) 1:7, and
(d) 1:13.
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Figure 4. The XRD patterns of the samples prepared at different
temperatures: (a) 60TC, (b) 650°C, (c) 680°C, and (d) 700°C.
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Figure 5. The XRD patterns and carbon, nitrogen, and hydrogen contents
(as the curves show in inset) of the intermediate samples in the preparation
of the bulk3-MoC.

°C) is a necessary condition for obtaining bykVio,C in
this method.

The above experiments clearly indicate that the key
preparation conditions of the bufkMo,C by this method
are as follows: a finely mixed MoHMT and HMT as
precursor, sufficient HMT as carbon source in the precursor
(Mo—HMT:HMT = 1:7), and heat treatment of the precursor
in the argon atmosphere at an elevated temperatur@Q
°C) and with enough holding time (2 h). This new synthesis
route has some obvious advantages: (1) the starting materials

was processed at different temperatures. As shown in FigUTEare inexpensive, (2) the preparation process is Simp|e and

4, the XRD patterns of the sample produced at B0@hows

facile, (3) no high flow rate gas hydrocarbons and no slow

broad reflections that are characteristic of face-centered cubicramp rate are required, and (4) the aqueous solution-based

(fcc) y-MooN structure. When the reaction temperature
increases to 650C, the 3-Mo,C can be found with the
existence ofy-MoyN. After treating at 68C0°C for 2 h, the

intensity of the detectable peaks of the carbide in the product

process is very helpful to prepare supported carbide catalysts.
It shows that this method is a potential route for the
production of$3-Mo.C in large scale.

Investigation of the Formation Process.To investigate

pattern is enhanced and the peaks of the nitride exist.the formation process of the molybdenum carbides, some

Although the holding time of heat treatment at 68 was
extended to 4 h, the mixture of carbide and nitride was still
obtained (XRD pattern is not given). When the precursor
was heated at 70€C for 2 h, the sharp peaks gFMo,C

intermediate samples were obtained and characterized. Figure
5 shows a series of XRD patterns of the intermediate samples
at different temperatures, in which the inset is the curve of

carbon, nitrogen, and hydrogen contents. It can be seen that

were observed in the XRD pattern and single-phase carbidethe Mo—HMT in the precursor was decomposed to give

was obtained. It indicates that an elevated temperattiré@

y-Mo,N and that the abundant HMT was transformed into
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some pyrolysate at 600C. When the temperature increased
from 600 °C to 700 °C, y-Mo,N and pyrolysate still
continued to exist. At the same time, the contents of carbon,
nitrogen, and hydrogen slowly decreased, which suggests that
the pyrolysate continued to decompose. When the temper-
ature reached 700C, the content of the nitrogen in the
sample was 6.6 wt %, which accorded with the theoretical
value ofy-MozN, and 7.0 wt % carbon and a small quantity
of hydrogen existed. It proved thatMo,N and carbon-
enriched pyrolysate exist. The content of carbon was a little
larger than the theoretical content®Mo,C, and the carbon
was sufficient for the replacement of nitrogen in fh&lo,N

to get5-Mo.C. As expected, the replacement took place
when the temperature was kept at 7@ As the holding
time increased, the content of nitrogen quickly decreased
while the content of carbon slightly changed, indicating that
the nitrogen iny-Mo,N was replaced by the carbon. The
XRD patterns also confirmed that theMo.N was trans-
formed into3-Mo,C in this procedure. When the sample was
heated at 700C for 2 h, the carburization completed and

the desired produgi-Mo,C was obtained as nearly a single MMWM
phase. The content of carbon in the sample slightly decreased 1-ALO,

on remaining at 700C and finally approached the theoretical

content of 5-Mo,C, which indicated that the excessive M

carbon-enriched pyrolysate could completely decompose, and ,, 30 40 50 60 70 20

thus almost no residuary carbon existed in the resultant 2 Theta (Degrees)

carbide. Further treatment at 700 for 4 h did not produce _ _ _

an obvious change in XRD, while the content of nitrogen 1,22 of'c 53 3¢ and 0 wt 5. Also shown for comparison purpose
slightly decreased, indicating that the carburization was still are the XRD patterns fop-Al 05 and bulk3-MoC.

running.

The results reveal that thg-Mo,C is formed by the  compounds with carbon or carbon-containing materials from
carburization ofy-Mo,N from decomposition of Me HMT finely designed precursors. However, there are no reports
with the carbon-enriched pyrolysate from decomposition on the solid-solid carburization reaction between metal
of HMT on remaining at 700C. From the above experi- nitride and carbon or carbon-containing materials. As
ments, we can clearly describe the formation process of mentioned previously, all of the metal sources used in the
B-Mo,C as follows: the precursor is a fine mixture of existing solid-solid carburization methods are metals or
Mo—HMT and HMT, in which Mo-HMT is the molybde- metal oxides. In addition, it is notable that the carburization
num source and the sufficient HMT is the carbon source. of y-Moz:N by gas hydrocarbons such as i in TPRe
When the precursor is treated in argon at temperaturemethod gives metastable fce-MoC;-,, in which the
below 700 °C, the Mo—HMT is decomposed to form transformation of-Mo2N to o-MoC;— follows a topotactic
y-Mo,N while the HMT is decomposed to give carbon- route®4°However, in our study, the soliesolid carburization

enriched pyrolysate (C*). reaction ofy-Mo,N with carbon-containing materials forms
stable hcp-Mo,C. It proves that the transformation of nitride
(NH,),(HMT),Mo0,0,,-4H,0 — decomposition— to carbide in this soligsolid reaction is a nontopotactic
y-Mo,N HMT — decompostior~ C* (1) route, while the arrangement of Mo atom is changed in this
procedure.

A mixture of y-Mo,N and C* is obtained when the Synthesis of Alumina-Supported3-Mo,C and Its HDS
temperature reached 70C. When the temperature is held Activity. The success of this synthesis method for bulk
at 700°C, the carburization reaction occurs. B-Mo.C led us to consider its applicability for the preparation
of supported carbide used as high surface area catalysts or
bifunctional catalysts.

As shown in Figure 6, a series @§-Mo,C/y-Al,O
In this stage, carbon replaces the nitrogen in nitride, the catalysts (1540 vv% % MoC) have (bﬁeen zsu)(/:ceszsffjlly
arrangement of Mo atom is changed from fcc (face-centered o4 req by treating alumina-supported mixed salt precursors
cubic) to hep (hexagonal closed packed), andiido.C is at 700°C for 2 h inflowing argon. No obvious XRD peaks
formed by the soligd-solid carburization reaction between associated with-Mo,C are apparent above the patterns of

y-MozN and C*. _ : N
) . . . . y-Al,0; for loadings below 23 wt % because of the small
It is obvious that this new method is similar to the existing

R A e ) .
solid—solid c_:arburlzatlon meth(_)d’é,_ in whlt_:h the carbides (40) Jung, K. T.. Kim, W. B.; Rhee, C. H.: Lee, J.Ghem. Mater2004
are synthesized by thermal sctidolid carburization of metal 16, 307.

y-Mo,N + C* — carburization— $-Mo,C (2)
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Table 2. Catalytic Activity of the As-Prepared 23 wt % f-Mo,C/
y-Al,0O3 Catalysts and 23 wt % y-MoaN/y-Al O3 Catalysts

conversion of DBT (%)

catalysts 280C 300°C 320°C
p-MoCly-Al,03-12 56.7 81.3 96.1
B-Mo,Cly-Al,03-2° 51.8 74.8 94.1
y-MoaN/y-Al ,03-1¢ 54.7 72.5 93.2
y-MOzN/V—Aleg-Zd 45.4 68.0 84.8

aPrepared by the HMT-based methddPrepared by the TPRe method.
(See the Supporting Information9Prepared by the HMT-based method.
(See the Supporting Informationd Prepared by TPRe method. (See the
Supporting Information.)

catalysts are summarized in Table 2. It can be seen that the
as-prepare@-Mo,C/y-Al,05 catalyst possesses good cata-
lytic activity. The conversion of DBT of-Mo,C/y-Al 03
catalyst prepared by HMT-based method is slightly higher
than by TPRe method. It proves that our new method is an
effective route to synthesize active-supported molybdenum
carbide catalyst. The slightly better performance of the
catalysts formed from our new method than from TPRe
method is probably because the two catalysts possess
o Mo different surface areas and pore volumes. The BET surface
area and pore volume of as-prepared 23 w%10,Cly-
Cu Al,0; (201.2 nt gt and 0.51 cri g%, respectively) are
;%n higher than those prepared by TPRe method (146.§Th
: and 0.40 criig ™%, respectively). The lower surface area and
Figure 7. The as-prepared 23 wt %Mo,C/y-Al,03 material: (a) TEM pore volume of the catalysts prepared by TPRe method than
micrograph, (b) an enlarged image g8-&0.C particle, and (c) EDXresult by this HMT-based method is possibly due to the longer
of the area. time of heat treatment in TPRe method than the new method.
The results are similar with our previous report, in which
the BET surface of the MlosN/MCM41 catalyst prepared
by our new HMT-based method is larger than that prepared
by TPRe method® Furthermore, the HDS activity of as-

Cu

2.00 4.00 6.00

crystallite size off-Mo,C on the support which is below
the detection limit for XRD. When the loading of the carbide
increases to 28 wt % and 40 wt %, the XRD patterns show

some additional peaks located at39.#, ~37.8, and i
~34.2, which are all in accord with those @&Mo,C. It prepareds-MoC/y-Al20; is higher thany-MoaN/y-Al20s

indicates that the alumina-supporf@/1o,C can be prepared catalyst with 'the same Mo Ioading prepargd with HMT-based
in a wide range 0B-Mo,C loadings and crystallite sizes with ~ M€thod, which is reasonable since it is well-known that
this method. The BET surface area and pore volume of as-molybdenum carbide possesses better HDS activity than
prepared 23 wt %8-Mo,Cly-Al,O; has been measured to Molybdenum nitridé> At the same time, the HDS activities
be 201.2 g and 0.51 criig™, respectively. The TEM  Of both 5-Mo,Cly-Al:0; and y-Mo:N/y-Al,O; catalysts
image and EDX results of the as-prepared 23 w8-%0,C/ prepared by the HMT-based method are slightly higher than
y-Al,0;5 are given in Figure 7. The EDX results prove the thef-MoxCly-Al;0s andy-Mo2N/y-Al;0; prepared by TPRe
existence of Mo element in the area. Observation of Figure method, respectively. It indicates that such a simple HMT-
7a shows fairly uniform nanoparticles with the size ef@@ ~ based method possesses potential to be a general and
nm, indicating a good dispersion on the support. An enlarged effective route to synthesize more active supported molyb-
image of a particle (Figure 6b), as well as others, yiglds denum nitride and carbide catalysts than the traditional TPRe
spacing value of 0.238 nm for tHel21} crystallographic ~ method.

plane of 5-Mo,C, which is in good agreement with the

calculated value. It proves the formation and good dispersion Conclusion
of nanocrystallings-Mo,C on the support.
It is well-known that the3-Mo,C is an effective catalyst In summary,5-Mo.C can be successfully prepared by a

for the HDS. Herein, to testify the effectiveness of our new single-step heat treatment of a mixed salt precursor in argon
method, the catalytic activity of the as-prepared 23 wt % atmosphere up to 70TC, in which the mixture of molyb-
B-Mo,Cly-Al 05 catalyst was evaluated using a DBT HDS denum HMT complex with abundant HMT is used as
reaction. As a comparison, the catalytic activities of a 23 wt precursor. The formation process shows thatdo.C is

% B-Mo,Cly-Al,O; catalyst prepared by TPRe method and produced by the solidsolid carburization ofy-Mo2N

two 23 wt % y-Mo,N/y-Al 03 catalysts prepared by the (derived from decomposition of molybdenum HMT complex)
HMT-based method and TPRe method were also tested.with the carbon-enriched pyrolysate (derived from decom-
Their synthesis processes are given in the Supportingposition of HMT). Furthermore, alumina-supporigdlo,C
Information detailedly. The conversions of DBT on the four has also been successfully prepared by this simple method.



Synthesis of Molybdenum Carbide by Carburization Chem. Mater., Vol. 19, No. 7, 2807

The nanocrystalling-Mo,C is well dispersed on the support. of Education (Grant 105045), and Open Foundation of State
The evaluation of the catalytic activity of the as-prepared Key Laboratory of Heavy Oil Processing.

catalysts shows that the resultant catalyst exhibits good HDS

activity. The results suggest that these syntheses provide a sypporting Information Available: The preparation of

potential ge.n_eral route f_or the preparation of bk o,Cin  B-Mo.Cly-Al,0; catalyst by the TPRe method andMo N/y-
large quantities and active supported molybdenum carbidesay,0; catalysts by both the HMT method and the TPRe method.
catalysts. This material is available free of charge via the Internet at

http://pubs.acs.org.
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