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Abstract

A series of wolframite-type oxides (@aNi\WQO,) with various compositions was prepared by urea-matrix combustion method and
subsequently carburized using a temperature-programmed react@©miii—*) under a mixture of 10 vol.% g/H,, from room temperature
to 700°C, to obtain a mixed Co, Ni and W carbide catalysts. The catalytic performance was evaluated in a continuous flow reactor using
hydrodenitrogenation of pyridine as model reaction. The wolframite-type oxides and the carbide catalysts pre- and post-HDN reaction were
characterized using elemental analysis, X-ray diffraction (XRD), laser Raman spectroscopy, thermogravimetric analysis (TGA), differential
scanning calorimetric (DSC), transmission electron microscopy (TEM) and BET surface area measurements.

Urea-matrix combustion method is a convenient tool to prepare highly pure wolframite-type oxides, whose composition affects strongly the
W-based carbide phase distribution and the HDN catalytic behaviour. At Ni compositions lower than Co contents the formagdh©f Co
andB-W,C carbides is favoured, whereas at Ni compositions greater than those of Co the main phases wese\NCarftt intermediate
composition (CgsNigsWC,) bimetallic and monometallic carbides were formed. The CQ\WW@etallic catalyst showed greater activity in
the steady state than Ni-containing catalysts. The HDN active phase present in,@o¥ifterent than that present in the Ni-containing
catalysts, that is, carbon—metal bond strength of the bimetallic carbide, for the former, and metal nickel or-w@dlohd, for the latter,
play a very important role in the catalytic process.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction tion (TPRe) method, developed by Boudart and co-workers
[5-7]. This has been widely used to synthesize carbide cat-
Transition metal carbides have attracted considerablealysts for processes involving hydrogen transfer reactions,
attention due to their similarities to noble metals. Recently, such as ammonia synthef8$, hydrodenitrogenation (HDN)
several methods have been developed for synthesizing high9-12], hydrodesulfurization (HD)L3,14], CO hydrogena-
surface area carbide materigl$—4]. One of the most tion[15,16]and oxy-reforming of metharié7,18]
widely used methods is the temperature-programmed reac- The mixed oxides generally employed as precursors of
mixed carbides are synthesized by solid-state fusion requir-
- ing both high temperature and long time of calcination
* Corresponding author. [10-12,19] An alternative approach to produce highly pure
E-mail addressessergio.gonzalezcortes@chem.ox.ac.uk, mixed oxides in short period of calcination is the combus-
goncor@ula.ve (S.1. Goatez Corés). tion synthesi$20], which relies on rapid, highly exothermic,
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high temperature (upper 1100 K) over very short period of held at 700C for 2 h. Then, the samples were quenched to
time. Under specific conditions, and following a short period room temperature under the carburisation mixture and passi-
of preheating, it is possible to obtain a self-propagating high vated in a gentle 1% g)He flow for 24 h before exposure to
temperature combustion wave that transforms the solid reac-the atmosphere.
tants to the final product of combustion. The product usually
contains a high concentration of structural defects, which are 2.2. Catalyst activity tests
beneficial as active centres in catalyg4]. This material
synthesis method has been used to prepare catalysts for deep The HDN reactions were carried out in a fixed-bed tubular
oxidation of methang22], oxidative coupling of methane  quartz reactor (34 cmlong, 4 mmi.d.) with an axial thermow-
[23], oxidation of carbon monoxide and reduction of NO ell containing a thermocouple centred in the catalyst bed. A
[24,25] carbide sample (200 mg, <2%0n) was activated at 50@C
Green and co-workers have studied the relationship of for 10 h using H at a flow rate of 20 mL min! in order to
bimetallic carbide catalysts between structure and activity for remove residue material and the surface oxidic phases. Then,
the pyridine HDN reactiofil0-12] They have found thatthe  the temperature was lowered to 3%D The inlet gas was
addition of Co to Mo carbidgl1] and of Nito W carbid¢12] switched to H saturated with pyridine vapour (99.9 Aldrich)
had a significant effect on the structural, morphological and at 0°C (~0.75kPa) and at a flow rate of 20 mL mih the
catalytic properties of the final carbide materials. However, reaction pressure was 0.1 MPa. The products of reaction were
many efforts have been mainly devoted to study the synthesisanalysed using an on-line HP 5890 Series Il chromatograph
and catalytic properties of mono and bimetallic carbides but equipped with a HayeseR packed column (80-100 mesh,
there has not been the same interest for trimetallic carbides,3mx 1/8’ x 2 mm SS) and a flame ionisation detector (FID).
probably due to the difficult for preparing trimetallic mixed After completion of the catalytic reaction, the catalyst sam-
oxide precursors. Herein, it is reported the preparation of ple was cooled to room temperature under flowing argon and
wolframite-type oxides (AB@) by urea-matrix combustion  then passivated before exposure to the atmosphere.
synthesis. The crystal structure of ABQA = Co (ll) and/or
Ni (1), and B = W) present two formula unit cells (Aand 2.3. Catalysts characterization
BOg) where BQ is characterized by zigzag chains of oxy-
gen octahedral coordinating the metal iong{(pand aligned The analysis of the catalysts for carbon and nitrogen was
along thez-axis[26]. They were carburized by TPRe method carried out on the elemental analyser Vario EL. The samples
and tested in the hydrodenitrogenation (HDN) reaction. The were digested through oxidative combustion and the gases
samples pre- and post-HDN reaction were characterized byanalysed with a thermal conductivity detector.
different techniques in order to find out the influence of the ~ The crystalline phases of the oxidic precursors and the
stoichiometric composition of the oxidic precursors on the carburised catalysts before and after HDN reaction were iden-
phase distribution of W-based carbides and the catalytic per-tified by X-ray diffraction (XRD) using a Philips PW1710
formance. diffractometer equipped with an X-ray tube (Cu Kadiation
A =1.54064; 40kV, 30 mA). The specimens were prepared
by grinding small quantities of each sample in an agate mor-

2. Experimental tar and pestle and then loaded into a flat sample holder. The
data were collected at room temperatureg/?9 reflection
2.1. Carbide synthesis mode, scanning the specimens betweearl 70 20, using
steps of 0.05 with time per step of 1.25s.
The mixed oxides Cpo xNixWO4 (x=0, 0.25, 0.50, 0.75 The different molybdenum species at local level of the

and 1) were prepared by the organic matrix combustion syn- oxidic precursors and the carburised catalysts were studied
thesis using a stoichiometric proportion of cobalt (1) nitrate by laser Raman spectroscopy using a Yvon Jobin Labram
(CN) (Aldrich), nickel (II) nitrate (NiN) (BDH) and ammo-  spectrometer with a 632.8 nm HeNe, run in a back-scattered
nium metatugstate (AMT) (Fluka Chemie) and double stoi- confocal arrangement. The samples were pressed in a micro-
chiometric proportion of an organic matrix as fuel (urea). Ina scope slide; the scanning time was set to 30 s. Raman spectra
typical synthesis of CosNig sWOy, a pyrex beaker (50 cth were recorded in air at room temperature with a resolution of
containing a saturated aqueous mixture with molar propor- 2 cm1 and scanning range of 100-2500¢in

tion: 6CN:6NiN:1AMT:34urea was stirred to form a uniform Thermogravimetric analysis (TGA) and differential scan-
mixture. The resulting jelly was combusted at 5@0for ning calorimetric (DSC) simultaneously in oxidative atmo-
5minin air to produce a voluminous material. The carburised sphere or temperature-programmed oxidation (TPO) of the
catalysts were prepared using the temperature-programmeatatalysts before HDN reaction was carried out on a Rheo-
reaction (TPRe) method by carburising the mixed oxide mate- metric Scientific STA 1500 instrument. TGA-DSC profiles
rial Co;—xNixWO, using a flow rate of 100 mL mint of a were done from room temperature to 78D on around
10vol.% GHg/H2 mixture. The temperature was increased 40-50 mg of sample loaded into a small alumina crucible
linearly from room temperature to 70Q at 1°C min—* and using 25 mL mir® of air and 10°C min~—?! of heating rate.
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Transmission electron microscopy (TEM) was carried out
using a JEOL 2000FX electron microscope with accelerating
voltage of 200 kV. Mixed Co, Ni and W carbides before and
after the HDN reaction were ground to a fine powder and
dispersed in AR-grade chloroform. Then, they were placed
in an ultrasonic bath for ca. 15 min. A drop of the suspension
was put on a grid and positioned in the microscope specimen
holder.

3. Results and discussion

3.1. Characterization of the oxidic precursors

Crystalline phase identification in the samples studied
was carried out using the diffractometer analytical software
after a revision of the PDF-ICDD database crystalline
materials[27]. The X-ray powder diffraction patterns of
catalyst precursors are shown Hig. 1 with an expanded
region from 29 up to 35 in 26 at upper right side. The XRD
patterns of NiwQ (PDF No. 72-1189) and CoW/JPDF
No. 72—0479) correspond to monoclinic crystalline structure
of wolframite-type oxides. The patterns of the trimetallic
oxides Cq_xNixWO4 (x=0.25, 0.5, 0.75) are similar to the
patterns for NiwWQ@ and CoWQ, however the diffraction
peaks show a clear shift to highet 2alues with increasing
of Ni content as shown in inset Figure. This shift is due to the
shrinkage of the wolframite-structure unit cell when?Co
(Rionic = 0.72A) is substituted for Ni* (Rionic = 0.69A) [28],
indicating that a solid solution (GoxNixWOy) is formed
over the entire range of compositions. In addition, the
diffraction peaks become more intense with the increasing of
nickel content, probably due to the increase of the crystallite
size and/or the crystalline degree of trimetallic oxide. In the
XRD patterns, small and broad peaks characteristic of nickel
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Fig. 2. Laser Raman spectra of the wolframite-type oxides of @iy
WOyq: (a) WO, (b) CoWQy, (€) Cay.75Nin.25WOs4, (d) Cay.50Nio.50WO4,
(e) Ca.25Nip.7sWO4 and (f) NiWOy.

to produce the trimetallic oxide. However, no cobalt oxide is
detected, probably due to the overlap of its diffraction peaks
with the main crystalline phase.

The Raman spectra of the oxide precursors are given in
Fig. 2 The spectrum of tungsten oxide is listed as reference.
The major Raman bands a#WOs3 (monoclinic structure)
were seen at 806, 717 and 272¢chwhich correspond to
the symmetric stretching, asymmetric stretching and defor-
mation modes of the terminal ¥D groups, respective[29].
Other weak bands at 642, 573, 448, 326, 187 and 134cm
are assigned to the vibrations of stretching, deformation and
lattice modes. The spectrum of wolframite-type oxidic pre-
cursor CoWQ shows a strong Raman band at 878¢ém
and a weak band around 760th They are due to the
symmetric and asymmetric stretching modes of the terminal
W=0 bonds, as was described for the wolframite-type oxides

oxide and tungsten trioxide are observed, suggesting that 87nWO, [30] and CdWQ [30,31] The weak Raman bands at

small content of NiO and W@do not fully react with CoO
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Fig. 1. X-ray diffraction patterns of the wolframite-type oxides of
Co_xNixWO;4: (a) CoWQ, (b) Cay.75Nig.2sWOs4, (€) Cay.50Nig.50W04,
(d) Cay.25Nig.75sWO4 and (e) NiWQ. Inset: expanded region from 28p

to 35 in 26.

687 and 525 cm! are assigned to the vibration modes arising
from the asymmetric and symmetric stretching ef\@-O
bridges in the (WO,),, polymeric chain, whereas the weak
peaks at 401 and 333 crhare tentatively assigned to the in-
plane deformation and rotation modes of the@bonds (ter-
minal and bridging), respective[i30,31] The weak Raman
band at 272cm’ is attributed to the vibration of GeD
stretching, whereas the small bands at 197 and 12%cm
might be due to out-of-plane and lattice mofi&s. The sub-
stitution of Co(ll) by Ni(ll) in the wolframite structure pro-
duces a clear shift of the Raman bands to higher wave number
mainly due to an increase in¥D bond strength, which con-
firms the formation of the solid solution over the entire range
of compositions as it was previously inferred by XRD.

3.2. Characterization of bimetallic and trimetallic
W-based carbides

The oxidic precursors change from greenish-yellow to
dark brown with increasing of Ni content and all the samples
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Fig. 3. X-ray diffraction patterns of the mixed Co, Ni and W carbide
catalysts: (a) CoOWg (b) Cap.7sNio.25WCx, (¢) Cau.soNigs0WCyx, (d) Fig._4. Laser Raman spectra of the bim_etallic and trimetallic_Co, Niand W
Con.25Nio. 72WCy and (e) NiWG. carbide catalysts: (a) CoW{C(b) Cay.75Nig 2sWCx, (€) Cay 50Nio 50WCx,

(d) Cap.25Nig.75sWCy and (e) NiWG..

become black after the carburisation process. The XRD pat-
terns of the resultant carbide materials are showfign 3. CoWCG; catalyst clearly shows a strong Raman band at
The CoWG catalyst displays the diffraction peaks of the 881cnT! and weak band at 685 cth, associated with the
cubic bimetallic carbide G#W3C (PDF No. 27-1125) and  Symmetric stretching mode of the termina@ groups and
hexagonal close packeggtW,C (PDF No. 79-0743) with ~ asymmetric stretching of the-@V—O bridgesin the (WO4)
an average nano-crystalline size of 26 nm, calculated usingpolymeric chain, respectivef30,31}, similar Raman bands
the main reflection peak. The addition of nickel decreases were observed in the spectra of Ni-containing catalysts. The
the content of the bimetallic carbide €4/3C and favours presence of mixed oxide coating at carbide surface has been
the formation of the hexagonal structuxeWC (PDF No. also observed in the Co—Mo and Ni—-W carbide catalysts and
73-0471) and metal Ni. The samplesgGeNig 2sWCyx and its formation was attributed to the passivation pro¢e$sl 2]
Con 50Nig.50WCy give broad diffraction peaks and a clear The Ni-containing catalysts showed carbonaceous material
decrease in the peak intensities due to smaller crystallite sizeowing to the high content of nickel, whose ability to facil-
of the carbide materials (i.e., 20nm). On the other hand, itate the formation of carbon is well establishi@2]. The
Cop 25Nig 7sWCx and NiWG, catalyst showed a notable catalysts with Ni compositions greater than 0.25 display two
increase of the average nano-crystalline size to 35 and 42 nmRaman bands at 1572 and 1341chassigned to the 4
respectively. The carbide samples showed a specific surfac€C—C stretching mode (G band) of graphitic carbon ang A
areainto the range of 23-3%m 1. These dataclearly reveal  disordered mode with basal plane dimension less thai200
that the used carburizing treatment is appropriate to prepare(D band), respectivel{33].
W-based carbides and also the phase distribution is strongly Representative TEM images of the trimetallic carbide cat-
dependent on the wolframite-type mixed oxide composition. alysts are shown iRig. 5. The micrograph of CoWwgshows
The Raman spectra of the carbide materials and the totalan irregular morphology with large agglomerated carbide
carbon content are shown Fig. 4 The spectrum of the  particles whereas G@NigsWCx was made up of smaller

CONCR CONTHCK —
PCRIZ9 200.00 XI3K  Sbna i T O UL YRl A rre

Fig. 5. TEM images of the of the mixed Co, Ni and W carbide catalysts: (a) GEWWECaq 50Nig 50WCx and (c) NiWG.



S.L. Gonalez-Corgs et al. / Journal of Molecular Catalysis A: Chemical 238 (2005) 127-134

264 —» 490
d
1.0 @
$ osr 350
2
S (©
06+
Ui r Waze 0 |5
£ 04 ‘W
=]
[ 101 334 —>
02 360
a 450
0.0 @
T T T T T T T
0 125 250 375 500 625 750

Temperature / °C

Fig. 6. Differential thermogravimetric analysis in air flow of single-phase
samples: (ap-W2C, (b)a-WC, (c) CaW3C and (d) Cog.

particles size, in line with the average crystalline size deter-
mined by XRD, with morphology fairly similar to the CoW.C
catalyst. On the other hand, the NiW&ample shows an
irregular morphology and a broad particle size distribution.
These TEM images clearly reveal that the molar Ni/Co ratio
affects markedly the catalyst morphology and particle size of
the carbide materials.

3.2.1. TG analysis of the carbide samples

Thermal gravimetric analysis (TGA) under flowing air
was carried out on trimetallic, bimetallic and monometal-
lic carbide samples. The differential TG (DTG) profiles of
single-phase samples are displayedFig. 6. The TPO pro-
file of B-W>C shows three stages with total weight gain of
16.7 wt.%. The first step at 33€ is tentatively assigned to
the formation of tungsten oxycarbide §40Oy) from the
partial oxidation of ditungsten carbideig. 6a. The oxycar-
bide phase has been observed during the oxidation of MeC
(Me =Zr, Hf, Ti) [34] and the carburisation process of \WO
[35] and MoG; [36] as precursor phase for the formation of
final material. The second weight gains at 360and third
steps (broad and small state around 4GP correspond to
the oxidation of that intermediate phase to tungsten oxide.
The oxidation degree d8-W>C to WOz was 0.76. This is
obtained by dividing the measured weight gain with the the-
oretical one, which was calculated by assuming the complete
conversion of3-W,C to WQ;s, according to the Eq2):

W.C + 40, > 2WOs +COp (1)

The 0.76 oxidation degree indicates an incomplete oxidation
on the temperature range studied. Indeed, when one consid
ers the formation of sub-oxide W@ an oxidation degree
of 0.93 is achieved. This indicates the formation of non-
stoichiometric WQ@_;, or the homologous series \3n_1
and W,03n—2 (n > 4), in which regions of corner-linked octa-
hedral one separated from each other by short regions with
different structure giving a crystallographic shear (CS) plane
[37].
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The TPO profile for the.e-WC compound displays a small
weight loss (endothermic process) of 0.8wt.% at 101
which is associated with water desorption. At higher temper-
ature regions there are three exothermic stages with a total
weight gain of 17.4wt.%Fig. 6b. An oxidation degree of
0.95 suggests the formation of W@s final product. On the
other hand, the TPO profile for @8/3C bimetallic carbide
shows a total weight gain of 18.4wt.% with an oxidation
degree of 1.03 assuming a complete conversion g G
to a partially oxidized phase (CoWD A weight loss of
2.5% at 527 C is assigned to the oxidation of residual carbon
material[34], Fig. 6c. Finally, the TPO profile for the cobalt
carbide shows a broad stage with a maximum at°4®and
weight gain of 30.9wt.%. It is associated to the oxidation of
CoCGi because the oxidation degree was 0.85, assuming the
complete conversion of metal cobalt to4Ch, Fig. 6d. Com-
paring the TPO profiles of the single-phase samples one can
infer that the incorporation of cobalt into the W-based car-
bide lattice decreases significantly the oxidation temperature,
probably due to descent of metal-carbon bond strength.

The TPO profiles for bimetallic and trimetallic Co, Ni and
W carbides are displayed iRig. 7. The CoWG bimetal-
lic catalyst presented three stages of 22.0 wt.% total weight
gain and one weight loss of 1.9 wt.% at 5Z3(seeFig. 7a).

The lower initial oxidation temperature compared with that
of Co3W3C pure sampleHRig. €c) might be attribute to the
presence of an oxygen spill-over effect induced by carbon-
deficient carbide (or intermetallic phase). The TPO pro-
files for the C@ 75Nig2sWCx (22.2% total weight gain)
and C@ 50Nig.50WWCx (18.9 wt.% total weight gain) catalysts
showed an evident increase both in the oxidation temperature
and in the number of oxidation steps compared with CeWC
due to the different crystalline phases present in those sam-
ples. The TPO profiles of the @esNig 7sWCx (17.3 wt.%
total weight gain) and NiW¢(17.5 wt.% total weight gain)
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aFig. 7. Differential thermogravimetric analysis in air flow of the mixed

Co, Ni and W carbide catalysts: (a) CoWQb) Ca.75Nig.2sWCx, (C)
Cap.50Nio.50WCx, (d) Cap.25Nio.7sWCx and (e) NiWG.
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show that the initial oxidation temperature further increases.

They displayed a broad step due to the enrichment\dfC

as was determined by X-ray diffraction, whereas at higher

temperature there was a step weight gain which is assigneds

mainly to the oxidation of metallic nickel. All the samples

showed a 0.5-2.0% weight loss at temperatures greater thar GgE: 00 @280 @sE 0 e Lab

500°C associated with the oxidation of residual carbon mate-

rial. The initial oxidation temperature markedly increases

with the nickel loading, especially at high compositions (i.e., Fig.s. Correlations of the pyridine conversion and products distribution with

Xni > 0.5) whena-WC and also Ni are the main crystalline the Co, Niand W carbide compositions and the initial oxidation temperature

phases. This trend is in agreement with the higher initial oxi- (catalytic reactions at 35&, p=0.1 MPa,» =100 mL (garmin) ).

dation temperature @f-WC compared with those @-W,C

and Ca@W3C (seeFig. 6). the data of the Ni-containing catalysts. Indeed, as the Niload-
From the aforementioned data and considering that at low ing rises the initial oxidation temperature markedly increases,

content of Ni and/or Co these metals are well-dispersed onwhereas the HDN activity was approximately constant. This

carbide surface the distribution of the major phases in func- strongly suggests that the nickel particles rather tadhiC

tion of Ni mole composition is summarized 8theme 1 control the catalytic behaviour of the Ni-containing catalysts.
The broad phase distribution with the metal composition =~ The XRD patterns of the catalysts after pyridine-HDN

might be mainly associated with diffusion limitations of car- reaction are illustrated iRig. 9. The data indicate that post-

bon species within the oxidic precursor particles during the HDN reaction catalysts have similar crystalline phases than

carburization proceg88,39] This seems to be a plausible those pre-HDN reaction samples. However, the diffraction

reason wheixy; < 0.5 but when nickel is greater than cobalt peaks showed lower symmetric and intensity than those

composition Ky; > 0.5) a high concentration of surface car- before HDN reaction. Comparing this data with the XRD pat-

bon (or CH; species) at high carburization temperatures (i.e., terns before HDN reaction (s€&g. 1), one can conclude that

700°C) might be the main driving force for the formation the catalysts underwent textural changes rather than struc-

of the most thermodynamically stabdeWC from B-WoC tural modifications. Indeed, the average nano-crystallite size

[40]. Indeed, ithas been determined that this is a slow reactionof the post-HDN reaction catalysts presented a reduction

and strongly dependent on P@RH;, ratio[39], furthermore of 20-30% compared with the pre-HDN reaction catalysts

Xiao et al.[12] has recently shown that Ni decreases the in line with the increase of the specific surface areas (i.e.,

carburization temperature of WQo 630°C and helps the  63-115m g 1) [41,42]

complete phase transformation from oxide tg@V

nversion and Selectivity / mole %

Ni/(Ni+Co) molar composition

3.3. Catalyst performance and characterization after 2000 0 W, 0CoWC | n
pyridine HDN reaction B WC ONi fl
| |
The pyridine conversion and product distribution in the £ 15001 r\ J\ o 1 J\ o .
steady state are displayedfig. 8 CoWG catalyst shows 2 S — ) LJr.\ML
greater HDN activity that the Ni-containing carbide catalysts, = 1000+ @ ] uﬂu "AKJ U
whose activity did not change markedly with the nickel load- £ ! )
ing. The major products detected in gas phase were methaneé 500+ &L.mmwuﬂw’ﬂ‘ hn
followed by G—C4 and G, respectively. Nickel facilitates | RS SOV Y % NV
the formation of methane compared with the CoyM@hich ol oo WM Aoz
reflects the greater ability of the metallic particles (Ni) toward —
the catalytic hydrocracking reactidB2]. It is worth men- 0 02 io : /2490 0070
ngle

tioning that the most active catalyst (i.e., CoW@resented
the lowest initial oxidation temperature, |nd|cat|ng that the Fig. 9. X-ray diffraction patterns of the mixed Co, Niand W carbide catalysts

cart_)on—metal bond streng';h play an _important role in the cat- post-HDN reaction: (a) CoWG(b) Cay 75Nio 28WCsx, (C) Cv.5oNi0 50NV Cx,
alytic process. However, this correlation was not observed for (d) Cay2sNio.7sWCy and (e) NiWG,.
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Fig. 10. TEM images of the bimetallic and trimetallic Co, Ni and W carbide catalysts after HDN reaction: (a),C)/Ca soNip 50WCx and (c) NiWG..

TEM images of the post-reaction carbide catalysts are present in CoW¢ is different than that present in the Ni-

shown inFig. 10 The electron micrographs of the CoWC
CopsNigsWCx and NiWG; catalysts display similar mor-

containing catalysts and that carbon—metal bond strength, for
the former, and metal nickel or weak-NZ bond, for the lat-

phology to their corresponding pre-HDN catalysts, however ter, play a very important role in the catalytic process.

the particle size decreased after the catalytic test in line with

the data obtained by XRD. Amorphous graphitic carbon cov-

ers the small particles of the Ni-containing catalysts and Acknowledgement

nickel promotes carbon atoms diffusion or segregation at the

catalyst surface, inhibiting the oxidic compound formation
during the passivation proceftl].
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4. Concluding remarks

Urea-matrix combustion synthesis is a convenient method

for preparing not only bimetallic, but also trimetallic
wolframite-type mixed oxides (i.e., @oxNixWO4) with a
high purity and crystallinity degree. These mixed oxides can
be used as precursors of W-based HDN carbide catalysts.

Temperature-programmed carburisation of 1 Gix
WO, using 10vol.% GHg/H> produced different crys-
talline phases, depending on the Ni/(Ni+ Co) atomic ratio.
At Ni compositions lower than Co contents the forma-
tion of CosW3C andB-W-C carbides is favoured, whereas
at Ni compositions greater than those of Co the main
phases were Ni and-WC. The intermediate composition
catalyst (CgsNigsWCx) showed a mixture of bimetallic
and monometallic carbides. Small content of nickel when
Xco>Xni or cobalt whenXy; > Xco seem to be finally dis-
persed on the carbide surface.
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