
1.　Introduction

Enhancement of fuel quality for better environmental 
characteristics is dependent on improved performances 
of hydrodesulfurization (HDS) catalysts1).　For exam-
ple, the limit for sulfur of 50 ppm in light gas oils is 
now in effect in Japan, but will be decreased to 10 ppm 
by 2007.　Therefore, present research is intended to 
rapidly develop more active and selective catalyst for-
mulations2).　Conventional HDS catalysts consist of 
MoS2 slabs decorated by Ni or Co atoms (‘NiMoS’ or 
‘CoMoS’ phase) supported on a carrier, usually 
γ-alumina.　NiMoS or CoMoS-based catalyst perfor-
mance can be improved by adding third elements such 

as fluorine3),4), phosphorus5)～11) or boron10)～17).　The 
use of other active phases such as WS2

18),19), CrSx
20)～24), 

noble metals20),22),25)～35), as well as other carriers such as 
TiO2 or mixed oxides36)～55) or carbon56) and zeolites57),58)

has also been investigated.　Titania carrier appears 
promising since the specifi c activity of MoS2/TiO2 cata-
lysts for thiophene HDS was 4.4 times higher than that 
of MoS2/Al2O3 catalysts36).　However, conventional 
titania support has low specific surface area and poor 
mechanical properties which are not suitable for cata-
lytic applications.　Recently, a new titania support, 
which has high specific surface area (SSA) of ca.
134 m2･g−1 and excellent mechanical properties, was 
successfully synthesized by Chiyoda Corp.59),60).

The titania support is believed to improve the HDS 
activity of non-promoted MoS2 catalysts based on 
better Mo dispersion38),41) and easier sulfidation of the 
active phase44).　The use of TiO2 also increases the 
mobility of the sulfur atoms49),50)～52),54),55),61).　The 
DBT HDS activity of the non-promoted MoS2 phase 
can be increased by using high SSA titania sup-
port50),54).　Such MoS2/TiO2 catalysts are signifi cantly 
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more active than MoS2/Al2O3 catalysts.　Nevertheless, 
the Co-promoted MoS2 phase is much more active sup-
ported on alumina rather than on titania52),55).

The present study investigated the activity of NiMo 
catalysts supported on high SSA titania in terms of sul-
fur vacancies and sulfur mobility for CoMoS/TiO2, 
CoMoS/Al2O3, NiMoS/TiO2 and NiMoS/Al2O3, and 
proposes some possible solutions for improving the 
activity of titania-supported HDS catalysts.

2.　Experimental

2. 1.　Catalysts
The TiO2 support (anatase) used in this study had a 

SSA of 134 m2･g−1 as supplied by Chiyoda Corp.　The 
NiMo/TiO2 and CoMo/TiO2 catalysts were prepared by 
successive incipient wetness impregnations of molyb-
denum and nickel or cobalt.　First, Mo/TiO2 catalyst 
loaded with 16 wt% Mo, which is the optimal Mo load-
ing55), was prepared: titania was impregnated with an 
aqueous solution containing the desired amount of am-
monium heptamolybdate, followed by drying at 120°C 
for 3 h and calcining in air at 500°C for 3 h.　Then, the 
Ni(or Co)Mo/TiO2 catalyst was prepared by a step-by-
step incipient wetness impregnation of the previously 
prepared Mo/TiO2 catalyst.　The Mo/TiO2 catalyst 
underwent successive impregnations with an aqueous 
solution containing a given amount of cobalt or nickel 
nitrate hexahydrate.　For each step, the amount of 
metal (Co or Ni, indicated as ‘Me’) equivalent to a Me/
Mo molar ratio of 0.1 was impregnated and the proce-
dure was repeated until the desired Me/Mo ratio was 
reached.　After each impregnation step, the obtained 
solids were dried at 120°C for 3 h and then calcined in 
air at 500°C for 3 h.　MeMo catalysts supported on 
alumina were similarly prepared from the optimal Mo/
Al2O3 catalyst loaded with 16 wt% MoO3 (alumina 
SSA: 256 m2･g−1).　The amounts of deposited molyb-
denum and nickel or cobalt were checked by X-ray fl u-
orescence measurements with an EDX-800 spectro m-
eter (Shimadzu Corp.).
2. 2.　Apparatus and Procedure

The catalysts were packed in a reactor and pre-
sulfided under a flow of 5% H2S/95% H2 (5 l･ h−1, 
0.1 MPa, 400°C).　The reactor was then cooled to room 
temperature and pressurized with hydrogen.　The reac-
tant solution (DBT dissolved in decalin) was fed into 
the reactor pre-heated at the desired reaction tempera-
ture using a high-pressure liquid pump (Kyowa Seimitsu, 
KHD-16).　Typical HDS reaction conditions were as 
follows: H2 fl ow rate 25 l･ h−1, WHSV 28 h−1, reaction 
pressure 5 MPa, and concentration of DBT in decalin 
1.0 wt%.　The liquid products were collected every 
15 min and analyzed using a gas chromatograph 
equipped with a FID detector (Shimadzu-17A, 
Shimadzu Corp.) and a commercial capillary column 

(DB-1).　The same reaction conditions were used to 
characterize the solid catalyst properties with the 
[35S]DBT radioisotope tracer method, as described else-
where62),63).

The rate constants (kHDS) of the pseudo-first-order 
reactions of HDS of DBT were determined using the 
following equation:

kHDSkHDSk ＝－(F/F/F W) ln(1－W) ln(1－W x) (1)
where kHDSkHDSk  is the rate constant of HDS (mol･ h−1･gcat

−1), 
x is the conversion of DBT, x is the conversion of DBT, x F is the feed rate of the F is the feed rate of the F
reactant (mol･ h−1), and W is the weight of catalyst (g).　W is the weight of catalyst (g).　W
Although the temperature conditions of HDS were dif-
ferent for the TiO2-supported catalysts and Al2O3-
supported catalysts, these temperatures were considered 
to be within the allowable range for comparison.

3.　Results and Discussion

3. 1.　Non-promoted MoS2 Catalysts Supported on 
Al2O3 and High SSA TiO2

Various differences have been observed between the 
catalytic behavior of non-promoted Mo/Al2O3 and Mo/
TiO2 HDS catalysts.　In our previous studies, the cata-
lytic results obtained in the reaction of HDS of DBT 
over Mo/TiO2-based catalysts were interpreted based 
on the properties of the so-called ‘TiMoS’ phase51),52),54), 
which is formed under HDS working conditions.　In 
this catalytic system, the titania support acts as a pro-
moter of the MoS2 phase64), even if some points are 
controversial65).

Density functional theory (DFT) calculations com-
bined with 35S experiments results showed that the 
metallic edge of the MoS2 particles is the active site in 
HDS on non-promoted catalysts63).　On the metallic 
edge, the sulfur-replenished HDS active sites are 
dynamically reconstructed (regeneration of coordina-
tively unsaturated sites) by elimination of an H2S mole-
cule via a mechanism that is fully described else-
where63),66).　We obtained very good agreement between 
the activation energy of the H2S liberation reaction 
from the metallic edge of MoS2 calculated by DFT of 
about 50 kJ･mol−1 and the experimental finding of 
about 42 kJ･mol−1 63).　However, the DFT calculations 
were performed for MoS2 crystallites, whereas the 
experiments were performed on MoS2 catalysts sup-
ported on Al2O3.　Thus, the good agreement between 
experimental results and calculated values implicitly 
suggests that the interaction between the Al2O3 carrier 
and the MoS2 active phase is not very strong or not 
important for the catalytic behavior of the supported 
MoS2 active phase.

Geometrical considerations suggest that there may be 
no fundamental difference in morphology for the MoS2

phase supported on alumina or titania61).　Figure  1
shows the Arrhenius plots for kREkREk , the rate constant of 
the H2S liberation reaction obtained from 35S radiotracer 
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experiments, over MoS2 catalysts supported on Al2O3

and TiO2.　The value of kREkREk  indicates the reactivity of 
one active site on a catalyst62),63).　The activation energy 
deduced for MoS2/TiO2 catalysts is the same as that 
previously determined for MoS2/Al2O3 catalysts63) of 
about 42 kJ･mol−1.　Despite these similarities between 
MoS2/Al2O3 and MoS2/TiO2 catalysts, the reactivity 
differs between the MoS2 phases supported on Al2O3

and TiO2.　The promotion effect on MoS2/TiO2 cata-
lysts is evidenced in Fig.  2, with a specifi c DBT HDS 
activity per atom of molybdenum of 2.4 times greater 
over the TiO2 support than over the Al2O3 support.　
The results of the 35S radiotracer experiments previously 

showed that using TiO2 instead of Al2O3 as a support 
for MoS2 catalysts leads to increased sulfur mobility 
with kRE about twice higher on titania, whereas the 
number of labile sulfur atoms is similar at iso-loading 
of Mo54).

In brief, the increase in sulfur mobility makes the 
MoS2/TiO2 catalysts more active than the MoS2/Al2O3

catalysts through formation of the ‘TiMoS’ phase54).
3. 2.　Co-promoted MoS2 Catalysts Supported on 

Al2O3 and High SSA TiO2

As a basis for comparison of the new results obtained 
over NiMo/TiO2 catalysts, the main results of our pre-
vious investigations on Co-promoted CoMo/TiO2

52),55)

and CoMo/Al2O3 catalysts are summarized here67).　
Similarly to CoMo/Al2O3 catalysts (Fig.  3)67), the DBT 
HDS activity of CoMo/TiO2 catalysts increases with 
addition of cobalt up to an optimal Co/Mo ratio and 
then decreases for higher ratios (Fig.  4)55).　The results 
of the [35S]DBT HDS analysis show that the increase in 
activity caused by Co introduction to MoS2/TiO2 cata-
lysts is mainly due to an increase in S0, the amount of 
labile sulfur atoms.　In contrast to the case of CoMo/
Al2O3 catalysts (Fig.  3), only a very limited increase in 
kRE, the H2S release rate constant, is observed by Co 
introduction to MoS2/TiO2 catalysts (Fig.  4).

Co introduction to MoS2/Al2O3 catalysts results in a 
significant combined effect of kRE and S0 increases.　
S0, the amount of labile sulfur on a working catalyst, in-
dicates the number of active sites on the catalyst62),63).　
Therefore, whereas MoS2/TiO2 catalysts are more 
active than MoS2/Al2O3 catalysts, the extent of the syn-
ergic effect induced by introduction of cobalt is much 
larger for MoS2/Al2O3 catalysts than for MoS2/TiO2

catalysts.　Indeed, CoMoS/Al2O3 catalysts are much 
more active in HDS than CoMoS/TiO2 catalysts55).

In the so-called ‘TiMoS’ phase, the electronic density 
on molybdenum atoms is modifi ed (injection of 3d elec-
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Al2O3 SSA: 256 m2･g−1; TiO2 SSA: 134 m2･g−1; Catalysts loaded 
with 16 wt% MoO3.

Fig.  1　 Arrhenius Plots for the H2S Liberation Reaction over MoS2

Supported on Alumina (from Ref. 63) and Titania (from Ref. 
54)

DBT: 1 wt%; Reaction temperature: 320°C; Al2O3 SSA: 256 m2･g−1; 
TiO2 SSA: 134 m2･g−1.

Fig.  2　 kHDS by Mo Atom as the Function of Mo Density on Mo/
TiO2 Catalysts (from Ref. 54) and Mo/Al2O3 Catalysts (from 
Ref. 63)

Al2O3 SSA: 256 m2･g−1.

Fig.  3　 Effect of the Co/Mo Ratio during DBT (1 wt%) HDS at 
260°C over a CoMo/Al2O3 Catalyst Loaded with 16 wt% 
MoO3 on S0 and kREkREk  (adapted from Ref. 67)



trons of Ti3+ in the Mo 3d conduction band64)), which 
increases the mobility of sulfur, i.e. decreases the 
strength of the Mo_S bonds.　Therefore, further pro-
motion of the ‘TiMoS’ phase with Co might yield un-
stable metal_sulfur bonds.　This would generate in-
appropriate interactions between the sulfur compounds 
and the active phase64).　35S radiotracer analysis shows 
that with introduction of Co, the increase in mobility of 
sulfur atoms located in bridging positions between 
cobalt and molybdenum is much lower over TiO2 than 
over Al2O3

55).　In other words, the dynamic cycle of 
sulfur vacancy creation and replenishment cannot opti-
mally occur.

Some cobalt atoms might also be ‘lost’ in the TiO2

matrix without interacting with MoS2, which could also 
partly explain the low HDS catalytic performances.　
Nevertheless, the volcano-type profi les for kREkREk  and S0 in 
Fig.  4 suggest that a conventional promotion effect 
occurs but is very weak.　The slight increase in kHDS

observed in Fig.  4 could be due to promotion of a small 
part of MoS2 slabs that are not involved in the forma-
tion of the ‘TiMoS’ phase.　Then, if only a part of the 
‘TiMoS’ phase is decorated with Co atoms, the slight 
increase in kRE can be interpreted as the mean value 
between the unmodified kRE of the active sites of the 
Co-independent part of the ‘TiMoS’ phase, and the 
increase in kREkREk  of the few active sites belonging to the 
MoS2 phase promoted by Co.　As the amount of Co 
introduced increases, the ‘TiMoS’ phase is further deco-
rated with Co, which results in the unstable metal_sulfur 
bond.　Then, a decrease in kRE is observed (Fig.  4,
CoMo＞0.4), which was not the case for CoMoS/Al2O3

catalysts overloaded with Co (Fig.  3).
3. 3.　Ni-promoted MoS2 Catalysts Supported on 

Al2O3 and High SSA TiO2

Similarly to the CoMo catalysts, a synergic effect is 
observed between Ni and Mo on alumina-supported 

catalysts68～73).　35S radiotracer analysis shows that the 
increase in activity caused by introduction of nickel to 
Mo/Al2O3 catalysts is due to a concerted increase in kREkREk
and S0 (Fig.  5)74).

Ni introduction also causes a substantial increase in 
activity of Mo/TiO2 catalysts (Fig.  6).　Indeed, kHDS

increased from a value of about 3×10−4 mol･h−1･g−1

for the Ni-free Mo/TiO2 catalyst to about 28×
10−4 mol･h−1･g−1 for the NiMo/TiO2 catalyst with Ni/
Mo＝0.6.　Further, the value of S0 increased linearly 
from about 4.5 mg-S･gcat

−1 for Ni/Mo＝0 to about 
18 mg-S･gcat

−1 for Ni/Mo＝1.　This behavior is clearly 
different from the low catalytic performances observed 
over Co-promoted MoS2/TiO2 catalysts (3. 2.) .　
Although the value of S0 increased up to Ni/Mo＝1, the 
activity decreased because kREkREk  at Ni/Mo＝1 decreased to 
half of the maximum, possibly due to further promotion 
of ‘TiMoS’ phase with Ni yielding the unstable 
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TiO2 SSA: 134 m2･g−1.

Fig.  4　 Effect of the Co/Mo Ratio during DBT (1 wt%) HDS at 
300°C over a CoMo/TiO2 Catalyst Loaded with 16 wt% 
MoO3 on S0 and kREkREk  (adapted from Ref. 55)

Al2O3 SSA: 256 m2･g−1.

Fig.  5　 Effect of the Ni/Mo Ratio during DBT (1 wt%) HDS at 
260°C over a NiMo/Al2O3 Catalyst Loaded with 16 wt% 
MoO3 on S0 and kREkREk  (adapted from Ref. 74)

TiO2 SSA: 134 m2･g−1.

Fig.  6　 Effect of the Ni/Mo Ratio during DBT (1 wt%) HDS at 
280°C over a NiMo/TiO2 Catalyst Loaded with 16 wt% 
MoO3 on S0 and kREkREk



metal_sulfur bonds or the presence of excess Ni slow-
ing the rate of sulfur elimination by the steric effect.　
In the former case, inappropriate inter action between 
the sulfur compounds and the active phase would occur 
resulting in a larger number of un reactive sites.
3. 4.　 Comparison between NiMo and CoMo 

Catalysts
Addition of Ni or Co promoter to the MoS2 phase 

clearly affects the mechanism/kinetics of reconstruction 
of the active sites, but may also affect the nature of the 
active sites participating in the HDS reaction.　The 
experimental activation energy of the H2S departure 
reaction is 31 kJ･mol−1 on CoMoS/Al2O3 and 33 kJ･mol−1

on NiMoS/Al2O3 catalysts75).　These values are lower 
than the about 42 kJ･mol−1 observed over non-promoted 
MoS2/Al2O3 catalysts63) or non-promoted MoS2/TiO2

catalysts (Fig.  1).　For S atoms bridged between Co 
atoms, a mechanism implying H2S departure from the 
metallic edge, i.e. a mechanism similar to that deter-
mined over non-promoted MoS2/Al2O3 catalysts, can be 
excluded75).　For cobalt-promoted Mo catalysts, the Co 
promoter prefers the sulfur edge76),77), which confirms 
that the promotion effect due to Co introduction on Mo-
based catalysts cannot be achieved by directly transpos-
ing the results obtained for the non-promoted MoS2 cat-
alysts.　In contrast, Ni in the nickel-promoted MoS2

catalysts shows greater affinity for the metallic 
edge76),77), so the promotion effect might originate in 
the enhancement of the edge sites that are already the 
active sites for non-promoted catalysts.　Further, this 
difference in the edge involved for each promoter 
addition is responsible for the different behaviors of 
hydrogen dissociation over the ‘CoMoS’ and ‘NiMoS’ 
phases78).　Dissociation of hydrogen requires greater 
energy on the ‘NiMoS’ phase, but the adsorbed hydrogen 
species is more mobile than on the ‘CoMoS’ phase.　
However, the origin of the differences in catalytic 
behavior between ‘CoMoS’ and ‘NiMoS’ phases and 
the dynamic behavior during HDS reactions are not 
fully understood.

35S radiotracer analysis shows differences in behav-
ior according to the promoter on alumina supports.　
For CoMo catalysts, the maximum activity corresponds 
to the maximum in S0, as the value of kREkREk  is almost con-
stant irrespective of the Co/Mo ratio.　Indeed, kRE

quickly reaches a maximum after introduction of a 
small quantity of Co (from Co/Mo＝0.1; Fig.  3).　In 
contrast, for NiMo catalyst, the maximum activity cor-
responds to the maximum in kRE, which exhibits a 
volcano-type profi le when plotted as a function of Ni/
Mo ratio (Fig.  5), whereas the value of S0 increases in 
the whole range of studied Ni/Mo ratios.

Using TiO2 as the carrier instead of Al2O3, the differ-
ence in catalytic behaviors between the ‘CoMoS’ phase 
and the ‘NiMoS’ phase is even more pronounced.　The 
activity of CoMoS/TiO2 catalysts is much lower than 

that of NiMoS/TiO2 catalysts (Figs.  4 (300°C) and 6
(280°C)).　The slight increase in activity observed on 
the CoMo/TiO2 catalysts is only due to the creation of a 
small quantity of labile sulfur atoms.　Unlike the case 
of Al2O3-supported catalysts, the value of kREkREk  is almost 
unmodified by cobalt addition.　This effect was dis-
cussed in 3. 2.　In contrast, addition of Ni to the Mo/
TiO2 catalysts leads to a progressive increase in kRE

together with a linear increase in S0, similar to the 
results using the Al2O3 carrier.　There is a clear pro-
motion effect of Ni for Mo/TiO2 catalysts, in contrast 
with the results for Co-promoted Mo/TiO2 catalysts.　
However, the NiMo/TiO2 catalysts are still not suffi-
ciently competitive in terms of HDS activity compared 
to the NiMo/Al2O3 catalysts.　Indeed, a working tem-
perature of 280°C is necessary to reach a kHDS of ca.
25×10−4 mol･ h−1･g−1 for the TiO2-supported NiMo 
catalysts (Fig.  6) whereas a temperature of only 260°C 
is needed for the Al2O3-supported catalysts (Fig.  5).　
Similar to CoMo/TiO2 catalysts, further promotion of 
the ‘TiMoS’ phase with Ni might yield unstable 
metal_sulfur bonds, which would also generate in-
appropriate interactions between the sulfur compounds 
and the active phase.　However, this negative effect 
may be weaker compared with the Co case.
3. 5.　Approaches for Increasing the Performances 

of TiO2 Supported HDS Catalysts
3. 5. 1.　Use of Nano-structured TiO2 Supports

The main limitation of the TiO2 carrier is the diffi culty 
in obtaining high SSA solids.　The titania support used 
in this study has exceptional properties with large SSA 
and excellent mechanical properties.　Use of the high 
SSA TiO2 support yields Mo/TiO2 catalysts with higher 
activity than conventional Mo/Al2O3 catalysts for the 
HDS of DBT.　Nevertheless, higher SSA is not the 
important factor in the formation of highly active Co-
doped Mo/TiO2 catalysts.　For CoMo/Al2O3 sol-gel 
based catalysts, slight morphological modification of 
the sol-gel alumina support yields substantial increases 
in activity79).　Similar efforts may optimize the struc-
ture of TiO2 supports specifically destined for HDS 
applications.　Recently, a nano-structured TiO2 (ca.
350 m2･g−1) was used as a support for CoMo catalysts 
and the activity in DBT HDS of the CoMo/TiO2 cata-
lyst was about twice that of a CoMoP/Al2O3

_SiO2 com-
mercial catalyst80).　In contrast to our fi ndings, a large 
promotion effect of the Co atoms was observed for the 
activity of the MoS2 phase supported on TiO2.　Such 
excellent performance was attributed to better disper-
sion of the Co and Mo atoms together with better inter-
action between Co and Mo and consequent better sulfi d-
ability of the supported oxo-species.

Mesoporous titania with high SSA can be obtained 
by various techniques, such as template-directed assem-
bly based on the triblock-copolymer template method81)

or the amine surfactant-mediated template method82).　
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Investigations of such carriers with modification and 
optimization seems promising.
3. 5. 2.　Use of TiO2-Al2O3 Mixed Oxides

The use of aluminia_titania carriers may be an 
approach for improving the effi ciency of titania-carrier 
based catalysts83)～88).　NiMo/TiO2

_Al2O3 catalysts are 
more active than NiMo/Al2O3 catalysts in the HDS of 
4,6-dimethyldibenzothiophene (4,6-DMDBT) due to 
better hydrogenation ability84),88), which is a crucial 
parameter in the case of 4,6-DMDBT HDS89),90).　
Further, NiMo/TiO2

_Al2O3 catalysts are also more 
active in the HDS of DBT and 4-methylbenzothiophene 
(4-MDBT) than NiMo/Al2O3 catalysts88).　In contrast, 
CoMo/TiO2

_Al2O3 catalysts have low activities in the 
HDS of DBT compared to CoMo/Al2O3 catalysts, 
which is attributed to the formation of CoMoO4

83).　
Optimization of the TiO2

_Al2O3 mixed oxides used as 
supports may improve the activities of the derived HDS 
catalysts.　In particular, synthesis methods such as 
those proposed in 3. 5. 1. for TiO2 supports provide 
possible approaches to optimization.
3. 5. 3.　Use of NiCoMo Active Phase

Another way of improving TiO2-supported HDS cat-
alysts would be to design NiCoMo/TiO2 catalysts.　
Correct choice of the preparation conditions will increase 
the value of kREkREk  of NiCoMo catalysts to greater than that 
of the corresponding NiMo and CoMo catalysts91).　
As Ni and Co have different promotion effects, optimi-
zation of such HDS catalysts supported on TiO2 or 
TiO2

_Al2O3 may provide synergic effects.

4.　Conclusion

Modifi cation of HDS catalysts can yield changes in 
H2 dissociation and/or adsorbed H species mobility, and 
changes in sulfur mobility.　Both effects are linked 
since the mobility of sulfur involves departure of H2S 
molecules.　The effect of Co and Ni introduction into 
MoS2 catalysts involves different modifications of the 
behavior of the active phase (and probably different 
MoS2 edges).　In particular, the 35S analyses suggest 
that dynamic sulfur mobility during HDS is enhanced 
by introduction of Ni or Co on MoS2/Al2O3 catalysts, 
but this effect is only observed with the Ni promoter in 
the case of MoS2/TiO2 catalysts.　For Co-promoted 
MoS2/TiO2 catalysts, the conjugated effects of Ti3+ pro-
motion (‘TiMoS’ phase) and the Co promoter yield in-
adequate metal_sulfur interaction by over-weakening 
the metal_sulfur bonds.　While the Ni promotion 
seems to weaken the promotion effect of the ‘TiMoS’ 
phase with simultaneous creation of conventional 
‘NiMoS,’ the negative effect may be weaker compared 
with the Co case.
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要　　　旨

γ-アルミナ担持および高表面積チタニア担持モリブデン，コバルト－モリブデン，ニッケル－モリブデン
水素化脱硫触媒挙動の 35Sトレーサー法に基づいた比較

石原　　篤†1),†3)＊，Franck Dumeignil†1),†4)，森本　一也†1)，銭　　華衛†1)，
加部　利明†1)，井上　愼一†2)，武藤　昭博†2)

†1)  東京農工大学工学部化学システム工学科，184-8588  東京都小金井市中町2-24-16
†2)  千代田化工建設（株）研究開発センター，221-0022  横浜市神奈川区守屋町3-13
†3)（現在）三重大学大学院工学研究科分子素材工学専攻，514-8507  津市栗真町屋町1577
†4)（現在）リール科学技術大学（USTL）触媒・固体化学研究所（UCCS），Bâtiment C3, 59655 Villeneuve d’Ascq Cedex, FRANCE

［35S］DBT水素化脱硫反応の結果に基づき，高表面積 TiO2担
持および γ-Al2O3担持MoS2，CoMoS，NiMoS水素化脱硫触媒
の反応特性を比較した。すでに我々が公表したMoS2および
CoMoS系触媒を用いて得た結果のまとめと，NiMoS系触媒を
用いた際の新結果との比較を行った。

MoS2/Al2O3触媒に Niあるいは Coを添加すると，水素化脱
硫反応が著しく促進する。プロモーターがどちらであっても，
移動可能な硫黄量（S0）の増加が見られる。しかし，相異点も
あり，Ni助触媒を添加したMoS2触媒では，H2Sの放出速度定
数（kREkREk ）が Ni : Mo比に対して火山形プロットになるのに対し，
Co助触媒においては，同定数は低い Co : Mo比から横ばいに
なることが分かった。
脱硫反応時にMo/TiO2触媒上に形成される TiMoS相が硫黄

の挙動を促進させるために，Mo/Al2O3触媒に比べMo/TiO2触
媒の活性が高い。しかし，CoMo/TiO2触媒は CoMo/Al2O3触媒
より活性が低い。その理由として考えられることは二つあり，
（1）TiMoS相と Co助触媒の影響が同時に発生し，硫黄・金属
間の結合が不安定となるためと，（2）Moと Co間の相互作用
が十分に起こらないためである。また，Mo/TiO2触媒に Ni助
触媒を添加すると，kREおよび S0の値がともに増加することも
分かった。この結果，TiO2担持 NiMo触媒と Al2O3担持 NiMo

触媒の脱硫能が近づいた。
35Sアイソトープトレーサー法により，水素化脱硫触媒の反
応特性に及ぼす Coの添加効果と Niの添加効果は異なってい
ることが明らかとなった。


