
Description  CATALYST FOR HYDRODESULFURIZATION
REWAXING OF HYDROCARBON  OIL, PROCESS FOR PRODUCING
THE SAME, ANDETHOD OF 5 HYDROTREATING HYDROCARBON OIL
WITH THE CATALYST  Technical Field (0001 The present
invention relates to a catalyst for  10
hydrodesulfurization/dewaxing of a hydrocarbon oil, a
process for producing the same, and a method of
hydrotreating a hydrocarbon oil with the catalyst.
More  specifically, it relates to a catalyst capable
of  reducing sulfur concentration in a product oil and
15 simultaneously reducing wax deposit content at
hydrotreatment of a light gas oil fraction, a process
for  producing the same, and a method of hydrotreating
a  hydrocarbon oil with the catalyst. 20 Background
Art  X0002]  In order to improve air environment, it
is an important object to reduce nitrogen oxides (NO),
suspended particulate matter (SPM), and the like 25
discharged from diesel--powered automobiles. As a
method  1: for reducing these pollutants, it is
considered to he  effective to mount an exhaust
gas-treating apparatus on  the diesel-powered
automobiles. However, since the  exhaust gas--treating
apparatus is frequently less 



5 resistant to sulfur, it is desirable to reduce
sulfur  content contained in a fuel oil (light gas
oil) to a  large degree in order to efficiently
function the  apparatus. Thus, in order to cope with
these requests,  various desulfurization catalyst
technologies having an i0 excellent desulfurization
performance have been proposed.  (e.g., see Patent
Documents _ and 2) [00031 With regard to the
properties of the light gas oil  to be used as a fuel
oil for the diesel-powered i5 automobiles,
low-temperature fluidity is also an  important factor
in addition to the sulfur concentration.  in the light
gas oil fraction where sulfur reduction is  achieved
by a general hydrotreatment method, there is a
tendency that wax matter is apt to precipitate at a
low 20 temperature and thus low-temperature fluidity
performance  decreases. Thus, as one method for
compensating the  decrease, it is considered that a
kerosene fraction is  mixed with the light gas oil
fraction to enhance the low- temperature fluidity
performance and thus practical 25 performance as a
product light gas oil is secured. [9004] However,
since demand for the kerosene fraction  increases in
winter where the low-temperature fluidity  performance
is more desired, the use of the kerosene 5 fraction
for securing the low-temperature fluidity,
performance of light gas oil is not preferred in view
of  



the balance of supply and demand. Accordingly, there
has  been strongly requested a catalyst capable of
ultra--deep  desulfurization of the light gas oil
fraction and also 10 having dewaxing activity which
enables enhancement of the  low-temperature fluidity
performance so as to be  sufficient for reducing the
mixing amount of the kerosene  fraction at production
of product light gas oil. [0005]  15 As a method for
performing dewaxing and  desulfirizati-oat of the
light gas oil fraction  simultaneously, there has been
proposed a method for dewaxing and desulfurization of
a light gas oil fraction  using two kinds of
catalysts, wherein the light ,,as oil  20 fraction is
first brought into contact with ZSM-5 type zeolite
which may contain a hydrogenation component to
achieve dewaxing treatment and subsequently
desulfurization treatment is performed with a
conventional. hydrodesalfuri,ation. catalyst (e .g.,
see  25 Patent Document 3) [0006; in addition, as a
technology aiming at improvement  of both of desi
lfurization performance and dewaxing  performance
which targets not the light gas oil fraction 5 but
mainly a heavy oil, there has been proposed a
catalyst mixing ZSM-5 type zeolite and a specific
support  and containing oxides or sulfides of the
metal in Group 6  and the metal in Group 8 (e.g., see
Patent Document 4)  



[0007; 10 Patent Document 1: W02004/054712  Patent
Document 2; W02003/000410  Patent Document 3:
JP--A---50-:17401  Patent Document 4: JP-A-59-132942
15 Disclosure of the Invention Problems that the
Invention is to Solve  [0008; However, in any of the
above technologies, there  has not yet been realized a
catalyst technology capable  20 of achieving
ultra-deep desulfurization of a light gas oil fraction
without making operating conditions severe  and having
a high performance sufficiently effective for
reduction of a wax deposit content. [0009]  25 An
object of the invention is to provide a catalyst  it
for hydrodesui'furization/dewaxing of a hydrocarbon
oil,  with which sulfur compounds in a hydrocarbon oil
can be  desulfurized to a high degree without making
operating  conditions severe and which simultaneously
is extremely 5 effective in reducing the wax deposit
content; and a  process for producing the same.
Furthermore, it is to  provide a method of
hydrotreating a hydrocarbon oil with  the catalyst, by
which a hydrocarbon oil having a sulfur  concentration
of 10 ppm or less and a wax deposit content 10 at -10C
of 3.0% by mass or less can be obtained.  



Means for Solving the Problems [x:;0:10] As a result
of the extensive studies for solving  15 the above
problems, the present inventors have found that  the
above problems are solved by the use of a catalyst
having a specific constitution and thus have
accomplished  the present invention. Namely, the
invention provides a  catalyst having a constitution
described below, a process 20 for producing the
catalyst, and a method of hydrotreating  a hydrocarbon
oil with the catalyst. [0011] (1) A catalyst for
hydrodesulfurization/dewaxing of  a hydrocarbon oil,
which comprises a support comprising  25 an inorganic
oxide containing at least one crystalline
ali.minosilicate having a one- or two-dimensional pare
path system and, having provided thereo?,, LO to 35%
by  mass of at least one selected from metals in Group
6 of  the Periodic Table, 1 to 10% by mass of at least
one 5 selected from metals in Group 8 of the Periodic
Table,  and 1.5 to 6% by mass of phosphorus in terms
of oxide  amount on the basis of the catalyst, and 2
to 14% by mass  of carbon derived from an organic acid
in terms of  element amount on the basis of the
catalyst, 10 wherein. the content of the. crystalline
aluminosilicate being 3 to 25% by mass on the basis of
the support. (2) The catalyst for
hvdrodesulfurization;dewaxinc  



of a hydrocarbon oil according to the above (1),
wherein  i5 th; Si-02'A-1203 ratio (mc)lf`mol.) of the
crystalline alutminosilicate having a one- or
two-dimensi.;,onal ;gore  path system is 15 to 200 and
maximum pore diameter is 0.4  to 0 72 nm. (3) The
catalyst for hydrodesulfurization/dewaxing  20 of a
hydrocarbon oil according to the above (1) or 2),
wherein specific surface area is 100 to 350 m`/g, pore
volume is 0.35 to 0.6 ,cml/g, and mean pore diameter
is 6  to 20 nn. (4) A process for producing the
catalyst for  25 hydrodesulfurization/dewaxing of a
hydrocarbon a- 6 according to any one of the above (1)
to (3), which  comprises: supporting on a support
composed of an inorganic  oxide containing 3 to 25% by
mass of at least one 5 crystalline aluminosilicate
having a one--- or two-- dimensional pore path system
on the basis of the support  with the use of a
solution containing at least one  compound containing
a metal in Group 6 of the Periodic  Table, at least
one compound containing a metal in Group 10 8 of the
Periodic Table, an organic acid, and phosphoric  acid
so that the metal in Group 6 of the Periodic Table
accounts for 10 to 35% by mass, the metal in Group 8
of  the Periodic Table accounts for 1 to 10%c by mass,
phosphorus accounts for 1.5 to 6% by mass in terms of



15 oxide amount on the basis of the catalyst, and
carbon  derived from an organic acid accounts for 2 to
14% by  mass in terms of element amount on the basis
of the catalyst and subsequently; drying at 200C or
lower without calcination  20 treatment at higher than
200C: to finish a catalyst. (5) A process for
hydrotreating a hydrocarbon oil,  which comprises
producing a hydrocarbon oil having a  sulfur content
in the product oil of 10 mass ppm or less  and a wax
deposit content at 10C of 3.0% by mass using a 25
hydrocarbon oil having a boiling point range of 150C
to 450C  <, as a raw oil under a hydrogen ;aartial
pressure of 3 to 13 MPa, a temperature of 300 to 400C,
a liquid hourly  space velocity of 0.3 to 5 h-', and a
hydrogen/oil ratio  of 100 to 1000 Nm3/kl in the
presence of the catalyst  according to any one of the
above (1) to (3). Advantage of the invention  [00:12]
According to the present invention, there is :10
provided a catalyst for hydrodesulfuri.?ation/dewaxing
of  a hydrocarbon oil, with which sulfur compounds in
a  hydrocarbon oil can be desulfurized to a high
degree  without making operating conditions severe and
which  simultaneously enables sufficient reduction of
the wax 15 deposit content and improvement of
low-temperature  fluidity of the hydrocarbon oil as
well as a process for  



producing the same. Furthermore, there is provided a
method of hydrotreating a hydrocarbon oil, by which a
hydrocarbon oil having a sulfur concentration of 10
ppm 20 or less and a wax deposit content at -10C. of
3.0% by mass  or less can be obtained with the use of
the catalyst.  Brief Description of the Drawings
[001.3]  25 [FIG. 1] 8 FIG. 1 is a graph showing
change in required  temperature for controlling sulfur
concentration in a  product oil in a long-term
stability test of Catalyst. A  and Catalyst d prepared
in Example I and Comparative 5 Example 4.  [FIG. 2]
FIG. 2 is a graph showing change in wax deposit
content at -10C in a product oil in a long-term
stability  test of Catalyst A and Catalyst d prepared
in Example 1  10 and Comparative Example 4. Best Mode
for Carrying Out the invention  [0014] The following
will explain the catalyst for  15
hy'.rodesulfurization/dewaxing of a hydrocarbon oil
(hereinafter: simply referred to as
"hycF.-odesulfurizat:ion;dewaxing catalyst" or
"catalyst")  of the invention and a process for
producing the same as  well as a method of
hydrotreatment with the catalyst in  



20 detail. [0015)  [Catalyst of the Invention] The
catalyst of the invention uses a support  composed of
an inorganic oxide containing at least one  25
crystalline aluminosilicate having a one- or two-
dimensional pare path system. In the catalyst of the
invention, as the crystalline aluminosilicate having a
one- or two-dimensional pore path system to he
contained  in the support, a crystalline
aluminosilicate having a 5 one-dimensional pore path
system can be used, a  crystalline aluminosilicate
having a two-dimensional pore  path system can be also
used, and these crystalline  aluminosilicates can be
also used in combination. In the  case where these
crystalline aluminosilicates are used in 10
combination, the combination ratio of individual
crystalline aluminosilicates can be arbitrarily set.
10016] As the inorganic oxide constituting the
support,  there may be, for example, mentioned
;r-alumina, Valentina,  15 q-alumina, 5-alumina,
silica, boria, titania, zirconia, magnesia, hafnia,
and the like. They can be used singly  or two or more
inorganic oxides can be used as a mixture  in
combination. When two or more inorganic oxides are
mixed, individual ingredients are preferably uniformly
20 and homogeneously mixed as a whole.  [0017] 



As the crystalline aluminosilicate having a one- or
two-dimensional pore path system to be contained in
the  support inorganic oxide, there may be, for
example, 25 mentioned L-type zeolite, ZSM-5, ZSM--11,
ZSM-12, ZSM-23,  10 ZSM-38, SAPO-5, SAPO-11, SAPO-34,
mordenite, ferrierite,  beta--zeolite, and the like,
and preferred are ZSM-5, ZSM- 11, ZSM-12, ZSM--23,
ZSM-38, SAPO-11, mordenite, and ferrierite, more
preferred are ZSM--5 and SAPO-11, and 5 most preferred
is ZSM-5. The pore path shown here means  a
tunnel-like space having a specific size formed by the
crystalline aluminosilicate, and the crystalline
aluminosilicate has a structure where the pore paths
are  crossed one-dimensionally to three-dimensionally
10 depending on the kind of the crystalline
aluminosilicate  (reference literature: Zeolite no
Kagaku to Ohyo (Science  and Application of :eo.lite);
edited by Hiroo Tominaoa, p.  17, K:odansha (1996)}0
In the crystalline aluminosilicate  contained in the
catalyst of the invention, the pore path 15 system has
a one- or two-dimensional structure and a  sufficient
dewaxing activity cane exhibited thanks to  the
structure. The reason is presumed as follows. The  wax
deposit content is mainly originated from long-chain
linear hydrocarbons and the precipitation of the wax
20 content in a hydrocarbon oil can be suppressed
through  decomposition of the long-chain linear
hydrocarbons into  hydrocarbons having smaller number
of carbon atoms. The  



decomposition reaction is considered to occur in the
pores of the crystalline aluminosil.icate. The
invention 25 is based on the finding that an efficient
decomposition  11 reaction is obtained in the case
where the pore path  system of the crystalline
aluminosilicate is a one-- or  two-dimensional
structure. Even when crystalline  aluminosilicates
where the pore path system is three- 5 dimensional one
lime Y--type zeolite is contained in the  catalyst
support, a sufficient dewaxing activity cannot  be
obtained. ['0;81 In these crystalline
a].1-uminosilicates having a one- 10 or
two--dimensional pore path system, the Si02/A.l2 ?3
ratio  (mol/mol) is preferably 15 to 200, more
preferably 25 to  150. By controlling the SiO7/Al203
ratio (mol/mol) to  from 15 or more to 200 or less,
the aluminosilicate can  be converted to have a
suitable acid nature by a dewaxing 15 reaction and, as
a result, the dewaxino performance can  be further
improved. Moreover, the maximum pore diameter formed
by the  crystalline aluminosilicate having a one- or
two-- dimensional pore path system is preferably 0.4
to 0.72 run, 20 By controlling the maximum pore
diameter to 0.4 nm or  more, diffusion of the linear
hydrocarbons, which is a  main cause of the wax
deposit content, into the  crystalline aluminosilicate
can he more improved. On the  



other hand, the ingredients which are not main causes
of 25 the wax deposit content are preferably not
decomposed but,  12 among such ingredients, since
particularly a part of  aromatic hydrocarbons and the
like may be deposited as  cokes when reacted in the
pores of the crystalline  aluninosilicate and thus
become a main cause of activity 5 deactivation in some
cases, so that it is preferred to  suppress the
deposition. Thus, the maximum pore diameter  of the
crystalline aluminosilicate is preferably 0.72 on  or
less where the diffusion of the hydrocarbons into the
pores, which may be a main cause of deactivation, can
be  10 suppressed. As the crystalline aluminosilicates
satisfying the requirement of the maximum pore
diameter of the above range, there may be mentioned
L---type zeolite,  ZSM-5, Z _M--11, ZSM-12, ZSM-23,
ZSM-38, SAPO-11, SAPO-34,  mordenite, ferrierite, and
the like. 15 [0019-j'' The crystalline
aluminosilicat_e having a one- or  two-dimensional
pore path system and the inorganic oxide  to be used
as a support are preferably homogeneously  mixed and,
with regard to a mixing method thereof, a 20 commonly
used method, e.g., a physical mixing method or  the
like can be used. The crystalline aluminosilicate
having a one--- or  two-dimensional pore path system
is contained in the  support in an amount of 3 to 25%
by mass, preferably 5 to 



25 20% by mass, more preferably 5 to 10% by mass. A
13 sufficient dewaxing performance can be exhibited by
controlling the content of the crystalline
aluminosilicate to 3% by mass or more, and a
sufficient  dew zing performance and also a high
desulfuri ation 5 performance can be maintained by
controlling the content  to 25a by mass or less.
[0020; As the above inorganic oxide support containing
the  crystalline aluminosilicate having a one- or two
10 dimensional pore path system, one calcined at. 500C
to  700"C for 2 to 5 hours is preferably used. This is
because catalyst preparation is completed by drying at
200C or lower without high-temperature calcination
after  an active metal is supported on the support in
the case 15 where the catalyst of the invention is
produced by the  production process described below
and also the support  itself is preferably calcined
under the above conditions  in order to exhibit a
sufficient mechanical strength as  such a catalyst.
When the calcination temperature is 20 controlled to
500C or higher and the calcination time to  2 hours or
more, a sufficient catalyst strength can be  obtained
and when they are controlled to 700C or lower  and 5
hours or less, respectively, desired physical.
properties are obtained and also the process is 25
economical without consuming an extra energy, so that
the  



14 conditions are preferred.  [00211 By controlling
the specific surface area, pore  volume, and mean pore
diameter of the inorganic oxide  support containing
the crystalline aluminosilicate having  a one- or
two-dimensional pore path system to the ranges  shown
in the following, a catalyst having higher
desulfurization performance and dewaxing performance
can  be achieved. 10 The specific surface area of the
support is  preferably 200 to 500 m2/g, more
preferably 200 to 400  m2/g, When the specific surface
area of the support is  200 m`/g or more, the metal in
Group 6 and the metal in  Group 8 which are presumed
to form a complex in an 15 impregnation solution are
easily supported on the support  with a sufficient
dispersibility, so that the case is  preferred.
Moreover, when it is 500 m`/g or less, since  the pore
diameter is not extremely small, a reaction- target
compound is easily diffused into the catalyst 20
pores, so that the case is preferred. In this
connection,  the above specific surface area is a
value determined by a nitrogen-adsorption method (BET
method).  [0022] Furthermore, the pore volume of the
support is  25 preferably 0.5 to 1.U ml/g, more
preferably 0.55 to 0,9  15 



ml/g. When the pore volume is 0.5 ml/g or more, in the
case where an active metal is supported by an
impregnation method, a solution amount sufficient for
maintaining solubility of an active metal compound can
be 5 secured and the active metal is easily supported
with high dispersion, so that the case is preferred.
Moreover,  when the pore volume is 1.0 ml/g or less,
since the  specific surface area is not extremely
lowered,  dispersibility of the active metal is easily
supported 10 without lowering dispersibility of the
active metal, so  that the case is preferred. in this
connection, the  above pore volume is a value
determined by a mercury- intrusion method. The mean
pore diameter of the support is in the  15 rage of 5
to 16 nm, preferably 6 to 13 nm, more  preferably 6 to
ii nm. When the mean pore diameter is 5  am or more, a
reaction target compound is easily diffused  in the
catalyst pores, so that the case is preferred.
Moreover, when the diameter is 16 rm. or less, extreme
20 decrease in the specific surface area can be
prevented  and the active metal is easily supported
with high  dispersion, so that the case is preferred.
In this  connection, the above mean pore diameter is a
value  determined by a mercury--intrusion method. 25
;0023] 16 The catalyst of the invention comprises at
least  



one selected from metals in Group 6 of the el-iodic
Table  and at least one selected from metals in Group
8 of the  Periodic Table, as well as phosphorus and
carbon dIeri-vei  from an organic acid. As the metal
in Group 6,  molybdenum, tungsten, or chromium is used
but molybdenum  or tungsten is preferred. In addition,
two or more of  the metals in Group 6 can be used in
combination. As raw  materials for these metals in
Group 6, various compounds 10 can be used and, as
particularly preferred ones,  molybdenum trioxide,
tungsten oxide, molybdophosphoric.  acid, and
tungstophosphoric acid are mentioned. These  compounds
can be used singly or two or more thereof can  be also
used in coa-ibin_ation. 1 [0029] As the metal in Group
8, nickel or cobalt is  preferred. In addition, nickel
and cobalt can be also  used in combination. As raw
materials for these metals  in Group 8, various
compounds can be used and, as 20 preferred ones,
nickel carbonate, cobalt carbonate, nickel citrate,
and cobalt citrate ;re mentioned and, as  particularly
preferred ones, nickel citrate and cobalt  citrate
having a higher decomposition temperature are
mentioned. These compounds can be used singly or two
or 25 more thereof can be also used in com;-ination.
1 [0025] As raw materials for phosphorus, various
phosphorus  



compounds can be used and, as particularly preferred
one,  orthophosphoric acid is mentioned. Moreover, in
the case 5 where a phosphate salt of a metal in Group
6 is used as a  raw material for the metal in Group 6,
phosphorus  contained in the compound can be used as a
phosphorus  source. These phosphorus raw materials can
be used  singly or two or more thereof can be also
used in 10 combination. Furthermore, in the case where
the  phosphorus matter in the phosphate salt of the
metal in  Group 6 is used as a phosphorus source but
the phosphorus  amount from the raw material alone is
not sufficient, the  other phosphorus raw material
such as orthophosphoric 15 acid can be further used in
combination.  [0026] As the organic acid, various
organic acids can be  used but, as preferred organic
acids, carboxylic acids  are mentioned and more
preferably, polybasic carboxylic  20 acid,
particularly preferably aliphatic polybasic carboxylic
acids are mentioned. As the aliphatic  polybasic
carboxylic acids, for example, citric acid,  malic
acid, tartaric acid, oxalic acid, succinic acid,
malonic acid, adipic acid, gluconic acid, and the like
25 are mentioned and most preferred thereof is citric
acid.  18 Moreover, in the case where a compound of an
organic acid.  with a metal in Group 8 such as nickel
citrate or cobalt  citrate is, for example, used as a
raw material for the  



metal in Group 8, this compound can be also used as an
5 organic acid source. In the case where these organic
acids are used, one acid can be used singly or two or
more acids can be also used in combination. Moreover,
in  the case where the organic acid of the compound of
the  organic acid with the metal in Group 3 is used as
an 10 organic acid source, when the amount of the
organic acid  from the compound alone is not
sufficient, the other  organic acid raw material can
be further used in  combination. 0C)27  15 The amount
of the metal in Group 6 to be supported  is 10 to 351
by mass, preferably 12 to 35% by mass,  particularly
preferably 15 to 30% by mass in terms of  oxide amount
on the basis of the catalyst. When the  amount is 10-s
by mass or more, it is possible to 20 sufficiently
exhibit an effect caused by the metal in  Group 6 and,
when the amount is 35% by mass or less, the  metal in
Group 6 can be efficiently dispersed on the  support
without formation of aggregation of the compound  of
the metal in Group 6 in the step of supporting the 25
metal in Group 6, so that the cases are preferred.  19
The amount of the metal in Group 8 to be supported  is
1 to 10% by mass, preferably 2.5 to 8% by mass in
terms of oxide amount on the basis of the catalyst.
When  the amount is 1% by mass or more, it is possible
to 



5 sufficiently obtain an active point attributable to
the  metal in Group 8 and, when the amount is 10% by
mass or  less, it is possible to maintain the
dispersibility of  the metal in Group 8 on the support
without formation of  aggregate in the step of
supporting the metal in Group 8, 10 so that the cases
are preferred. Moreover, with regard to the mass ratio
(in terms  of oxide amount) of the metal in Group 6 to
the metal in  Group 8, the value of the metal in Group
8/(the metal in  Group 6 + the m=etal in Group 8) is
preferably 0.1 to 0.25. 15 When the value of the metal
in Group 8/(the metal in  Group 6 + the metal in Group
8) is 0.1 or more, formation  of an active point
deeply relating to desulfurization  performance (e.g.,
CoMoS phase, NiMoS phase, etc,) can be  efficiently
obtained and a synergistic effect of the 20 metal in
Group 6 and the metal in Group 8 can be further
increased. On the other hand, when the value is 0.25
or  less, formation of inactive species of the metal
in Group  8 can be suppressed. [0028]  25 The
phosphorus content is 1.5 to 6% by mass,  20
preferably 2.5 to 6% by mass in terms of oxide amount
on  the basis of the catalyst. Phosphorus has an
effect of  effective utilization of the active metal
and acceleration of formation of a sulfi.ded structure
which.  is considered to have a high desu'furization
activity.  



In order to sufficiently exhibit such an effect, it is
preferred to control the phosphorus contem.t to 1.5%
by  mass or more.. On the other hand, too large
phosphorus  content may cause occurrence of reduction
of pore size of 10 the catalyst and, as a result,
decrease in diffusivity of  ,the target compound and
excessive aggregation of the  active metal may occur
and thus catalyst performance may  decrease in some
cases. Therefore, the phosphorus  content is
preferably 6% by mass or less. 1.5 Moreover, the Most
suitable molar ratio of the  phosphorus content to the
content of t1e metals in Group  8 is 0.07 to 0.3,
preferably 0.09 to 0.25 as the value of  P20 /MoO3.
When the molar ratio of the phosphorus content  to the
content of the metals in Group 8 is 0.07 or more, 20
the sulfided structure which is considered to have a
high  desulfurization activity can be more efficiently
formed,  so that the case is preferred. Moreover, when
the ratio  is 0.3 or less, decrease in pore volume and
specific  surface area of the catalyst can be
suppressed and 25 decrease in catalyst performance can
be suppressed, so  21 that the case is preferred.
[00291 The content of carbon derived from an organic
acid  is 2 to 14%, by mass, preferably 2 to 10% by
mass, more 5 preferably 2 to 5% by mass in terms of
element amount on  the basis of the catalyst. The
organic acid forms a  



complex compound with the metal of Group 8 on the
support  at the production of the catalyst and, when
supported in  this state, has an effect of forming an
active point 10 structure which is considered to have
a higher activity  through successive activation
treatment (sulfiding  treatment). In order to
sufficiently exhibit such an  effect, it is necessary
to use the organic acid in an  amount of at least 2%
by mass in terms of carbon element 1s amount. On the
other hand, when the organic acid is  excessively
used, the carbon matter derived from the  organic acid
may deposit on the catalyst and there is a  fear of
decrease in activity owing to coverage of the
catalyst active point or the like. Therefore, the
amount 20 of the organic acid is preferably 14% by
mass or less in  terms of carbon element amount.
Moreover, the amount of the organic acid to be  added
relative to the amount of the metal in Group 8 is
preferably 0.2 to 1.2, more preferably 0.6 to 1 as a
25 molar ratio of the organic acid/the metal in Group
8.  22 When the organic acid/the metal in Group 8 is
controlled  to 0.2 or more, the active.point
attributable to the  metal in Group 8 is more easily
obtained, so that the  case is preferred. On the other
hand, when the organic 5 acid/the metal in Group 8 is
controlled to 1.2 or less,  formation of the metal
impregnation solution having too  high viscosity can
be suppressed, the impregnation 



solution easily penetrates into the inside of the
support,  and the active metal is easily supported
with high 10 dispersion, so that the case is
preferred.  Furthermore, with regard to the amount of
the  organic acid to be added relative to the total
amount of  the metals in Group 6 and the metals in
Group 8, the  molar ratio of the organic acid/(the
metals in Group 6 + 15 the metals in Group 8) is
preferably 0.35 or less, more  preferably 0.28 or
less, particularly preferably 0.25 or  less, When the
organic acid/(the metals in Group 6 + the  metals in
Group 8) is controlled to 0.35 or less, coke
deactivation owing to the metal and the excess organic
20 acid which does not form a complex can be
suppressed, so  that the case is preferred. [0030] As
a process for producing the catalyst of the
invention, there is preferred a process for producing
the  25 catalyst by using a solution containing at
least one 23 selected from metals in Group 6, at least
one selected  from metals in Group 8, phosphoric acid,
and an organic  acid, supporting the components on the
above crystalline  aluminosilicate-containing
inorganic oxide support so as 5 to attain a
predetermined content, and subsequently  finishing the
product through only drying treatment and  drying it
without high--temperature calcination treatment. As a
supporting method of the above components on  



the support, a common method can be used and the
method  10 may be anyone so far as a predetermined
amount of the active metal can be homogeneously
supported. As such a  method, an impregnation method
is mentioned, for example.  The drying method is not
particularly limited but  there is preferred a method
of drying at a drying 15 temperature of 200C or lower,
preferably 100 to 180C. for  10 minutes to 24 hours,
more preferably 100 to 150C: for 5  to 24 hours in an
air stream, in a nitrogen stream, or in  vacuum after
air-dried at room temperature. When the  drying
temperature is controlled to 200C or lower, the 20
active metal and the organic acid which are considered
to  form a complex can be maintained on the catalyst
and, as  a result, a highly active catalyst can be
obtained by  performing activation treatment. However,
in the case where drying is performed in  25 vacuum,
drying is preferably performed so as to be the  24
above temperature range in terms of a pre.ssure of 760
mmHg. The pressure at drying is generally 300 to 900
mmHg, preferably 700 to 350 iumHg, more preferably 730
to  300 nmHg, further preferably atmospheric pressure.
When v the pressure at drying is 300 mmHg or more, the
boiling  point in terms of 760 mmHg is not higher than
200; and  the organic acid which has formed a complex
with the  metal does not easily eliminated, so that a
highly active  catalyst can be obtained through the
activation treatment.  



10 [0031] The _:ecifyc surface area in the catalyst of
the  invention is preferably 100 to 350 m./g, more
preferably  120 to 300 m2/g. When the specific surface
area is 100  m2/g or more, the active metal is easily
highly dispersed, 15 so .::hat the case is preferred.
When the area is 350 m`/g  or less, since the
catalyst. pore diameter is not  extremely decreased,
the reaction target. compound is  easily sufficiently
diffused, so that the case is  preferred. 20 The pore
volume in. the catalyst of the invention. is
preferably 0.35 to 0.6 ml,/g, more prefer:bl.y 0.35 to
0.55  ml/q. When the gore volume is 0.35 mllg or more,
the  reaction target compound is easily diffused in
the pores,  so that the case is preferred. When the
pore volume is 25 0.6 ml;g or less, since the
specific. surface are is not  9 extremely lowered,
dispersibi-lity of the active metal is  easily
maintained., so that the case is preferrea. The mean
pore diameter in the catalyst of the i nvention is pre
fer. bl.y 6 to 20 nm, more preferably 77 to  5 15
nr,., further preferably B to 15 nm.. When the mean
pore  diameter is 6 run or more, the reaction target
compound is  easily diffused in the catalyst pores, so
that the case  is preferred. When. the diameter- is 20
nm or less, the  specific surface area is not
extremely decreased and high 10 dispersibility of the
active metal is easily ma.int_ained,  



so that the case is preferred. The volume of the pores
having a mean pore diameter  ranging t:1.5 nm measured
by the mercury-intrusion method  in the catalyst of
the invention accounts for preferably 15 40% by volume
or more, more preferably 45% by volume or  more based
on the total pore volume. When the volume of  the
pores having a mean pore diameter ranging 1.5 nra is
40% by volume or more based on the total pore volume,
the  pores which are not useful for desulfurization
and 20 dewaxing of the reaction target compound can be
suppressed and the catalyst performance can be further
improved, so that the case is preferred. In this
connection, the above specific surface area  is a
numerical value determined by the BET method after  25
the catalyst is degassed under vacuum at 400C for 1
hour. 26 Moreover, the pore volume and mean pore
diameter are  numerical values determined by the
mercury-intrusion  method after the catalyst is
degassed under vacuum at  400C for 1 hour. 5 [0032]
[Raw Material Oil to be Targeted by Catalyst of the
invention] As the hydrocarbon oils to be raw oils at
the time  when hydrodesuifurization and hydrodewaxing
are performed  10 simultaneously with the catalyst of
the invention, various hydrocarbon oils can he used
and are not limited  



but hydrocarbon oils having a boiling point range of
150  to 450C, preferably 150 to 400C: are suitable and
straight--run light gas oil is preferably mentioned.
15 Moreover, hydrocarbon oils having a wax deposit
content  at ---1.0C of 10% by mass or less, further 6%
by mass or  less can be also preferably used.
Furthermore, cracked  light gas oil, reduced pressure
light gas oil, hydrotreated oil, desulfurized oil, and
the like can be  20 also used singly or in
combination. In this connection,  i-tydrotreatme]t of
lubricating base oils can be preformed  with the
catalyst of the invention. [00331  [Hydrogenation with
Catalyst of the invention] 25 At the hydrotreatment of
a raw material hydrocarbon  27 oil with the catalyst
of the invention, it is necessary  to activate the
catalyst of the invention by sulfiding  treatment with
a sulfiding agent beforehand. The sulfiding treatment
is generally performed at a 5 temperature of 230 to
400'C, preferably 250 to 350C under  a hydrogen
atmosphere to convert most of the supported  metal
components into sulfides. As the sulfiding agent  at
the sulfidincg treatment, the sulfur matter in the raw
material hydrocarbon oil can be utilized or an
additional 10 sulfiding agent can be also used. The
catalyst of the  invention is used in the
hydrotreatment of the raw  material hydrocarbon oil
after subjected to the sulfiding  



treatment beforehand. [0034]  i5 With regard to the
reaction conditions for the  hydrotreatment of the raw
material hydrocarbon oil with  the catalyst of the
invention, generally, hydrogen  partial pressure is 3
to 13 MPa, preferably 4 to 11 MPa.  The reaction
temperature is :300 to 400C, preferably 310 20 to
385C, the liquid hourly space velocity is 0.3 to 5
preferably 0.5 3.5 hH and the hydrogen/oil ratio is
100  to 1000 MAI, preferably 150 to 800 Nni3/kl. The
hydrotreatment of the raw material oil with the
catalyst  of the invention is preferably performed
under the above  25 conditions. 28 [0035] As an
embodiment of performing the hydrotreatment  of the
hydrocarbon oil, a fixed bed flow reaction method  is
preferred. In this connection, as a catalyst to be 5
packed into a hydrotreatment apparatus, it is possible
to  use the catalyst of the invention singly or it is
possible to use the catalyst of the invention in
combination with the other ultra.--deep
desulfurization  catalyst or the like in order to
obtain desired 10 properties of a product oil.  [0036]
As mentioned above, at the hydrotreatment of the
hydrocarbon oil, by the use of the catalyst of the  



invention, sulfur compounds in the hydrocarbon oil can
be 15 desulfurized to a high degree and
simultaneously, it is  possible to reduce wax content
without making the  operating conditions severe.
Furthermore, the use of the  catalyst enables
production of a hydrocarbon oil having a  sulfur
content of 10 ppm or less and a wax deposit 20 content
at --10C of 3.0% by masse  [0037] [Characteristics of
Product oil Produced with Catalyst of  the Invention]
According to the catalyst of the invention, at the  25
hydrotreatment of various hydrocarbon oils, the sulfur
29 compounds in the hydrocarbon oils can be
desulfurized to  a high degree and simultaneously, it
is possible to  reduce wax content without making the
operating  conditions severe. 5 By the use of the
catalyst of the invention, it is  possible to produce
a hydrocarbon oil having a sulfur  concentration of 10
ppa or less and a wax deposit content  at -10C of 3.0%
by mass. The hydrocarbon oil. having a.  sulfur
concentration of 10 ppm or less and a wax deposit l0
content at 1i)C of .0% by mass satisfies the sulfur
concentration required for the diesel fuel and also
low- temperature fluidity performance is remarkably
improved  as compared with conventional general
desulf-u.-ized. light  gas oil base Im:at:erials. Such
hydrocarbon oil can 



15 remarkably reduce the mixing amount of the kerosene
fraction which has been frequently necessarily mixed
in  the conventional general desulfur.zed light gas
oil base  material for the purpose of securing
low---temperature  performance such as
low-temperat.ur-e fluidity as a diesel 20 fuel.
Moreover, by the use of the catalyst of the
invention, the wax deposit content ,:t -10C: can be
further  reduced to 2.4% by mass or less. Thereby, in
the  application to No. 2 light gas oil as JIS
standard light  gas oil where low--temperature
fluidity performance is 25 particularly required, for
example, low-temperature  30 performance required for
No. 2 light gas oil can be  secured without mixing the
kerosene fraction which has  been conventionally mixed
for improving the low- temperature performance. In the
hydrocarbon oil to be 5 used as the diesel fuel, it is
a significant requirement  for securing a sufficient
low-temperature performance of  the hydrocarbon oil as
a diesel fuel to control the wax  deposit content at
-10r to a certain level or less.  0038] 10 The above
wax deposit content can be determined by  an analyzing
method using a. filter-filtration method or  by an
analyzing method using a differential scanning
calorimeter (also referred to as "DSC" in sort) but,
for  determining the wax deposit content, analysis by
a 1130 1:5 method showing a high repeat accuracy can
be preferably  



used. DSC is an instrument for analyzing heat budget
of  a sample at the time when the sample temperature
is  continuously changed but the precipitated amount
of wax  matter precipitated in the hydrocarbon oil can
be 20 determined by measuring heat budget in
association with  the wax matter precipitation.
Examples  [0039]  25 The following will more
specifically describe the 31 present invention w:Lth
reference to Examples and  Comparative Examples but
the invention is not limited to  the following
Examples. [0040]  5 [Preparation of Catalyst]  Example
1 H-ZSM--5 zeolite powder having an Si0z1Al203 molar
ratio of 35 (pore path system: two-dimensional one,
maximum pore diameter: 0.54 nm) was kneaded into
alumina l0 gel and, after extrusion molding, the whole
was calcined  at 600'C for 2 hours to prepare a ZS.N-5
zeolite-containing  alumina support (H-ZSM-5
zeolite/alumina mass ratio 10/90, specific surface
area: 317 m1; g, pore volume: 0.72  ml/g, mean pore
diameter: 8.5 nm). 15 On the other hand, after 17.12 g
of cobalt citrate  and 3.73 g of orthophosphoric acid
(85% aqueous solution)  were added to 39 g of
ion-exchanged water, 29.35 g of  



molybdophosphoric acid was charged and completely
dissolved therein to prepare an aqueous metal
solution. 20 The whole amount of the aqueous solution
was added  dropwise to 50 g of the above ZSti7--5
zeolite-containing  alumina support, followed by
impregnation at room  temperature for 3 hours.
Thereafter, the whole was air- dried in a nitrogen
stream and then dried at .L20C for 16 25 hours in an
air stream at atmospheric pressure in a  32 muffle
furnace to obtain Catalyst A.  [00.71] Example 2 A
ZSM-5 zeolite-corita.ining alumina support having a  5
H-ZSM--5 z oli.te;alumina mass ratio of 15/85
(specific  surface area: 320 m2/g, pore volume: 0.71
ml/g, mean pore  diameter: 8.5 mm) was prepared in the
same manner as in  Example 1 except that H-ZSM-5
zeolite powder having an  Si02/A1.203 molar ratio of
45 (pore path system: two 10 dimensional one, maximum
pore diameter: ^.54 nm) was used.  On the other hand,
after 15.41 g of cobalt citrate  and 3.45 g of
orthophosphoric acid (85% aqueous solution)  were
added to 38.5 of ion-exchanged water., 27.18 g of
moiybdophosphoric acid was charged and completely 15
dissolved therein to prepare an aqueous metal
solution.  The ,whole amount of the aqueous solution
was added  dropwise to 50 g of the above ZSM-5
zeolite-containing  alumina support, followed by
impregnation at room  



temperature for 3 hours. Thereafter, the whole was air
20 dried in a nitrogen stream and then dried at 120C
for 16  hour<s in an air stream at atmospheric
pressure in a  muffle furnace to obtain Catalyst B.
[0042]  Example 3 25 A ZSM-5 zeolite-containing
alumina support having a  33 H-ZSM-5 zeolite/alumina
mass ratio of 25/75 (specific  surface area: 325 m2/g,
pore volume: 0.68 ml/g, mean pore  diameter: 8,3 nm)
was prepared in the same manner as in  Example 1. 5 on
the other hand, after 13.06 g of cobalt citrate  and
3;26 g of orthophosphoric acid (851 aqueous solution)
were added to 36 g of ion-exchanged water, 22.91 g of
molybdophosphoric acid was charged and completely
dissolved therein to prepare an aqueous metal
solution. 10 The whole amount of the aqueous solution
was added  dropwise to 50 g of the above ZSM-5
zeolite-containing  alumina support, followed by
impregnation at room  temperature for 3 hours,
Thereafter, the whole was air- dried in a nitrogen
stream and then dried at 120C for 16 15 hours in an
air stream at atmospheric pressure in a  muffle
furnace to obtain Catalyst C. [0043]  Example 4 Silica
and alumina hydrate and H-ZSM-5 zeolite  



20 powder the same as used in Example i were kneaded
and,  after extrusion molding, the whole was calcined
at 600C  for 2 hours to prepare a GUM-5
zeolite-containing silica- alumina support (H-ZSM-5
zeolite/s.lica/alumina mass  ratio = 10/2/88, specific
surface area: 310 m`/g, pore 25 volume: 0.71 ml/g,
mean pore diameter: 8.7 nn,).  34 on the other hand,
after 17.12 g of cobalt citrate  and 3.73 g of
orthophosphoric acid (85% aqueous solution)  were
added to 38.5 g of ion-exchanged water, 29.35 g of
molybdophosphor:lc acid was charged and completely 5
dissolved therein to prepare an aqueous metal
solution.  The whole amount of the aqueous solution
was added  dropwise to 50 g of the above ZSM-5
zeolite-containing  alumina support, followed by
impregnation at room  temperature for 3 hours.
Thereafter, the whole was air 10 dried in a nitrogen
stream and then dried at 120C for 16  hours in an air
stream atmospheric pressure in a  muffle furnace to
obtain Catalyst D. [0044;  Example 5 15 }boria and
alumina hydrate and H-ZSM-5 zeolite  powder the same
as used in Example 1. were kneaded and,  after
extrusion molding, the whole was calcined at 600C  for
2 hours to prepare a ZSM-5 zeolite-containing boria-
alumina support (H-ZSM-5 zeolitelhioria/a.lumina mass
ratio 20 = 10;3/87, specific surface area: 313 m2 g,
pore volume:  



0.73 ml/g, mean pore diameter: 8.9 nm). On the other
hand, after 17.12 g of cobalt citrate  and 3.73 g of
orthophosphoric acid (85% aqueous solution)  were
added to 39 g of ion-exchanged water, 29.35 g of 25
molybdophosphoric acid was charged and completely 35
dissolved therein to prepare an aqueous metal
solution.  The whole amount of the aqueous solution
was added.  dropwise to 50 g of the above NSA;-5
zeolite-containing  alumina support, followed by
impregnation at room  temperature for 3 hours.
Thereafter, the whole was air- dried in a nitrogen
stream and then dried at 120C for 16  hours in an air
stream at atmospheric pressure in a  muffle furnace to
obtain Catalyst E. C)0451  10 Example 6 A ZSM-5
zeolite-containing alumina support having a  H-ZSM-5
zeolite/alumina mass ratio of 5/95 (specific  surface
area: 312 m2/g, pore volume: 0.72 ml/g, mean pore
diameter: 8.5 rm) was prepared in the same manner as
in  15 Example 1. On the other hand, after 17.12 q of
cobalt citrate  and 3.73 g of orthophosphoric acid
(85% aqueous solution)  were added to 39 g of
ion-exchanged water, 29.35 g of  molybdophosphoric
acid was charged and completely 20 dissolved therein
to prepare an aqueous metal solution.  The whole
amount of the aqueous solution was added  



dfropwise to 50 g of the above ZSM-5
zeolite---contai.ning  alumina support, followed by
impregnation at room  temperature for 3 hours.
Thereafter, the whole was air-.. 25 dried in a
nitrogen stream and then dried at :120C for 16  36
hours in an air stream at atmospheric pressure in a.
muffle furnace to obtain Catalyst F. [00467  Example 7
5 SAPO-11 zeolite powder having an Sic:2/Al203 molar
ratio of 35 (pore path system: one-dimensional one,
maximum pore diameter: 0.65 nmi was kneaded into
alumina  gel and., after extrusion molding, the whole
was calcined  at 600C for 2 hours to prepare a
SAPO--11 zeolite- 10 containing alumina support
(SAPO-11 zeoli.e/alumiina mass  ratio = 10/90,
specific surface area: 301 m2/g, pore  volume: 0.65
mil/g, mean pore diameter: 8.7 nm . On the other hand,
after 17.12 g of cobalt citrate  and 3.73 q of
ir.thopl osphor is acid (85% aqueous solution)  15
were added to 35.5 g of ion-exchanged water, 29.35 g
of  molybdophosphoric acid was charged and completely
dissolved therein to prepare an aqueous metal
solution.  The whole amount of the aqueous solution
was added  dropwise to 50 g of the above SAPO-11
zeolite-containing 20 alumina support, followed by
impregnation at room  temperature for 3 hours.
Thereafter, the whole was air dried in a nitrogen
stream and then dried at 120C for 16  



hours in an air stream at atmospheric pressure in a
muffle furnace to obtain Catalyst G. 25 [0'0477 :37
Example 8 H-beta zeolite powder having an SiO2/AlO3
molar  ratio of 25 (pore path system: two-dimensional
one,  maximum pore diameter: 0,76 nm) was kneaded into
alumina 5 gel and, after extrusion molding, the whole
was calcined  at 600C for 2 hours to pre-are a H-beta
zeolite- containing alumina support (H-beta
zeolite/alumina mass  ratio 10/90, specific surface
area: 342 m`/g, pore  volume: 0.74 ml/g, mean pore
diameter: 8.7 nm). 10 On the other hand, after 17.12 g
of cobalt citrate  and 3.73 g of orthophosphoric acid
(85% aqueous solution)  were added to 39.5 q of
ion-exchanged water, 29.35 g of  molybdophosphorir_
acid was charged and completely dissolved therein to
prepare an aqueous metal solution.  15 The whole
amount of the aqueous solution was added  dropwise to
50 g of the above H-beta zeolite-containing  alumina
support, followed by impregnation at r-oom
temperature for 3 hours. Thereafter, the whole was
air- dried in a nitrogen stream and then dried at 120C
for 16 20 hours in an air stream at atmospheric
pressure in a  muffle furnace to obtain Catalyst H.
[0048]  Comparative Example I 



Catalyst a was prepared in the same manner as in  25
Example 1 except that the whole amount of the aqueous
38 solution was added dropwise to the ZSM-5 zeolite-
containing alumina support, impregnation was then
performed at room temperature for 3 hours, and the
whole was air-dried in a nitrogen stream and then
dried at 500C  5 for 4 hours in an air stream at
atmospheric pressure in a  muffle furnace. [0019]
Comparative Example 2 After 17.12 g of cobalt citrate
and 3.73 g of 10 orthophosphoric acid (85% aqueous
solution) were added to  41 g of ion--exchanged water,
29.35 g of molybdophosphoric  acid was charged and
completely dissolved therein to  prepare an aqueous
metal solution. The whole amount of  the aqueous
solution was added dropwise to 50 g of an 15 alumina
support (specific surface area: 328 m2/o, pore
volume: 0.77 ml/g, mean pore diameter: 8.3 nm),
followed  by impregnation at room temperature for. 3
hours.  Thereafter, the whole was air-dried in a
nitrogen stream  and then dried at 120C for 16 hours
in an air stream at 20 atmospheric pressure in a
muffle furnace to obtain  Catalyst b. [OO50]
Comparative Example 3 Catalyst c was prepared in the
same manner as in  



25 Example 1 except that 7.58 g of cobalt carbonate is
used  39 instead of 17.12 g of cobalt citrate.  [0051]
Comparative Example 4 SHY zeolite powder having an
Si02JA' molar ratio  5 of 6 (pore path system.
three-dimensional one, maximum  pore diameter: 0.74
nm) was kneaded into al mina gel and,  after extrusion
molding, the whole was calcined at 600C  for 2 hours
to prepare a SHY zeolite-containing alumina  support
(SHY zeolite/alumina mass ratio 5/95, specific 10
surface area: 320 m2 1g, pore volume: 0079 ml/g, mean
pore  diameter: 8.9 nra) On the other hand, after
17.12 g of cobalt citrate  and 3.73 g of
orthophosphoric acid (85% aqueous solution)  were
added to 45 a of ion.-exchanged water, 29.35 g of 15
molybdophosphori.c acid was charged and completely
dissolved therein to prepare an aqueous metal
solution.  The whole amount of the aqueous solution
was added  dropwise to 50 g of the above SHY
zeolite-containing  alumina support, followed by
impregnation at room 20 temperature fora hours.
Ther-eafte':, the whole was air- drieed in a nitrogen
stream and then dried at 120C for 16  hours in an air
stream at atmospheric pressure in a  muffle furnace to
obtain Catalyst d. (0052]  25 Comparative Example 5 



40 A ZSM--5 zeolite-containing alumina support having
a  ZSM-5 zeolite/aliunina mass ratio of 35/65
(specific  surface area: 35.3 m z ,'g, pore volume:
0,57 ml; g, mean pore  diameter: 0.8 nm) was prepared
in the same manner as in 5 Example 1. on the other
:land, after 10.78 g of cobalt citrate  and 2.33 g of
orthophosphoric acid (854 aqueous solution)  were
added to 30,5 g of ion--exchanged water, 18.55 g of
molybdophosphoric acid was charged and completely 10
dissolved therein to prepare an aqueous metal
solution.  The whole amount of the aqueous solution
was added  dropwise to 50 g of the above ZSM-5
zeolite-contain.ing  alumina support, followed by
impregnation at room  temperature for 3 hours.
Thereafter, the whole was air 15 dried in a ritro:gen
strewn and then d.ri.ed at 1 0C. for 16  hours in an
air stream at atmospheric pressure in a  ruffle
furrntace to obtain Catalyst e '00531  Comparative
'Example 6 20 Alumina gel and H--ZSM--5 zeolite powder
having an  Sio2/A1.203 molar ratio of 35 were kneaded
and, after  extrusion molding, the whole was calcined
at 600C for 2  hours to prepare a ZSM-5 zeolite molded
body (H-ZSM-5  zeolite/alumina mass ratio 85/15),
thereby Catalyst- f  25 be ncs obtained. 411 



0054] 'Properties of Prepared Catalyst] Chemical
properties and physical properties of the  catalysts
obtained in Examples I to 8 and Comparative 5 Examples
1 to S are shown in Table 1. In this connection, the
specific surface area (SA)  was measured by the BET
method using a surface arezc  measuring apparatus
(BELSORP 28) manufactured by Be.1  Japan, Inc. after
the catalysts were degassed under 10 vacuum at. 400C
for 1 hour. Moreover, the pore volume  (PV and mean
pore diameter (MPD) were measured under  conditions of
contact angle: 130 and surface tension: 470  dvneicm
using (AUTOP:ORE-9220) manufactured by Shimadzu  Corp.
after the catalysts were degassed under vacuum at jr
400C for I hour. E'lut'e ermO 1`e the pore volume
having a  mean pore diameter ranging _1.5 nm (MPD1.5
nm) was also  calculated from the results of the above
measurement. The carbon amount was determined by
measuring a  combustion product gas formed through
pulverization of  20 the catalysts in a mortar and
subsequent combustion at  950C using a CNN analyzer
(MT-5) manufactured by Yanagimoto Mfg. Co., Ltd.
0055; 42 I. Table I l - -
----------------------------- --------------- -
------- Chemical properties (fo by,mass) 



Catalyst ZSM-5 SHY SAPO H-beta G  11 M003 Coo P205
(organic  zeolite zeolite zeolite zeolite --- acmd)
Example 1 A 10,,,,_ 6.9 5 9 4.11__ 3,8  Example 2 B 15
I 25 1 5.4 . 3 7 3.6  Example 3 C 25 21 7 ti 3 3 3 6
Example 4 10 26 7 5.7 4.3 3.9  Example 5 .:._ 10 .M. 1
-- ----27 5.7 4.3.. 3_---- Exam le 6 F 5 --------=...
- ..-' :....._i. 26.8 6 4 3.8 ,  Example 7 26 7 5.9 4
1 3,8 - Examle 8 H 10 26.9 5.7 4 3.8  Comparative
Example 1 a 10 27.5 6 4.1 0  Comparative b 27 5.8 4.1
3.8  ------------------- ------------------ Example 2
Comparative c 10 27 5.8 4.1 0  Exile 3
---------------- - Comparative d 5 Example 4 26.5 5.9
3.9 3.8  Comparative e 35 19.3 4.2 2.9 3.1  Example 5
- -------------------- ---- --------------- ------
Comparative f 85 



------ ---- ------------------- ------- Exam le 6,
..i. -------------- -
....................._--__.._.....-..-
----------------- - ._. ..............i Physical
properties W Catalyst SA PV MPD MPD+1.5  Jalgmll i 2
nm nm Example 1 [ A) 158 0.41 12.1 57  Example 2 B 175
0.42 12 60  ------------------------ - ~;Exampie 3 202
0.42 11 7 66  Example 4 D 153 ` 0.41 12.2 55  Example
5 E a" 155 0`4212.3 53  Example 6 F 145 0.41 x.....12
1 56  Exam le 7 G 142 0.43 12.1 57  Example 8 H 183
0.55 12.1 55  Comparative a 150 0.43 14.1 52  Example
1 j ---------- --------- ---------- --------------
Comparative b 166 0.45 12.3 55  Example 2 -- -
Comparative Exam le 3 c 146 0.44 12.9 53  ;
Comparative d 159 0.43 12.3 53  Exam I e ~. _. _....
..._~ ._ .....................  Comparative Examole 5
e 211 0.42 11.8 67  Comparative 



f 349  Exam le 6 0.50 43 [0056]  [Activity Evaluation
of Prepared Catalyst] A fixed bed flow-type
microreactor was packed with  100 ml of each of the
catalysts obtained in Examples and  5 Comparative
Examples. Presulfiding was carried out by maintaining
the catalyst at a reaction temperature of  320C for 24
hours under the following conditions.  hydrogen
partial pressure = 4.9 MPa, LHSV = 1.5 If',  H2/Oil =
200 Nm'/kl. The same hydrocarbon oil was used 10 for
the presulfiding and evaluation of catalyst activity.
The evaluation of catalyst activity was carried out
under four activity evaluation conditions of Condition
I  to Condition 4 shown in Table 2. On this occasion,
the  reaction-product oil was subjected to property
analysis 15 of product oil after in situ stripping. In
this  connection, density was calculated from the
ratio of the  density of the target substance at 15C
to the density of  distilled water at 4C. [005'7]  G u
44 [Table 2] Condition Condition Condition Condition
1 ~2 3 4  



Properties of raw material hydrocarbon oil Density
(1514C) (glcm3) 0.8528 0.8528 0.8623 0.8528  Sulfur
content (% by mass) 1 21 1 21 1.74 1 1 21 i  Nitrogen
(% by mass) 0.0095 0.0095 ; 0.012 0.0095  ..------._.
_ Wax deposit content at 10C by mass) 4.3 4.3 5.4 4.3
- - - - -------- - ------------------------------
-------- - - -------- ---------------- Distillation
properties IBP ~j (C) ----------------_! 241 241 186
241 ---- --- ---------- -- - - - --------- -------- -
------ - ------ T50 (G) 1 306 306 316 306  T90 r-(C"._
.............._~ 362 362 356 362 - ---- FBP (C) 392
392 372 392 -------------- -------------------------
Conditions for activity evaluation a
------------------------ ----- - - --- - ----------
------------------------- { Reaction temperature (C}
340 350 350 (Note)  t,.... LHSV (h"a) 0.75 1 1.5 1
Hydrogen partial pressure (MPa) 6.4 5 5 6.4  - ----- -
- ------------------------- - -------------------- -
? 230  H2/Oil (Nm3/kl) 1230 230 1200 



------ (Note) Stability performa ce of catalyst
activity was evaluated by adjusting the reaction
temperature so that the sulfur concentration in the
product oil is 8 mass ppm.  5 [0058] With the use of
Catalysts A to E and Catalysts G  and H and Catalysts
a to c prepared by Examples 1 to 5  and Examples 7 and
8 and Comparative Examples _ to 3, the 10 activity
evaluation was carried out. under Condition 1 in  the
above Table 2. Table 3 shows results of measurinC,
sulfur concentration and wax deposit content at 10 C.
in  the product oil on the 30th day of operation. 45
On this occasion, with regard to the wax deposit
content, 10 mg of a. sample was cooled from room
temperature at a rate of -30C/m.inute by a
differential  scanning calorimeter (hereinafter
abbreviated as "DSC") 5 and the amount of wax
precipitate at a point of -10C was  calculated from
the calorie of an exothermic peak on a  DSC: curve in
accordance with the following equation. W = (Cs/
(CwxF)) x i OO W: wax deposit content (% by mass) of
sample at test  10 temperature Cs: calorie (J/g) of
exothermic peak of sample on DSC  curve Cw: calorie
(J/g) of wax precipitate of light gas oil at  



0C 15 .: ca l.crie correction coefficient  >: ~ < c) E
46 [Table 3] - - ------ - ----------- --------------
Sulfur concentration Wax deposit (mass ppm) content (%
by  Catalyst mass)  A 7 1.8 ..................
---------------------- -------------------- B 8 1.4  C
10 0.2  1.6  E 8 1.7  G 10 2.3  H 10 3.0  a 22 1.8  b
13 4.3  c 32 1.8 ------ ----- -- - --- - --- ---- ----
- [0060] Moreover, Catalyst F and Catalyst d prepared
by  5 Example 6 and Comparative Example 4 were
subjected to  activity evaluation under Condition 2 in
the above Table  2. Table 4 shows results of measuring
sulfur  



concentration and wax deposit content at 10C in the
product oil on the 10th day of operation. 10 [0061]
[Table 4] Catalyst Sulfur concentration Wax deposit
content  ! (mass pPm) - To by mass) --- F 10 2.1 4.2
d 10 [0062] Furthermore, Catalyst C and Catalyst e
prepared by  47 Example 3 and Comparative Example 5
and a catalyst system  which is a combination formed
by laminating Catalyst d  and Catalyst f prepared by
Comparative Example 4 and  Comparative Example 6 were
evaluated. The combination 5 ratio of the combined
catalyst system was catalyst  d/catalyst f-/catalyst d
= 35/30/35 (% by mass). With  regard to each catalyst
system, activity evaluation was  carried out under
Condition 3 in the above Table 2.  Table 5 shows
results of measuring sulfur concentration 10 and wax
deposit content at 100C in the product oil on the  7th
day of operation. ;0063;  [Table 5] .___ ----------- 



Catalyst Sulfur concentration Wax deposit content  --_
Aass Ppm) (fa by mass) 0.2  0.2  e 23 d/fid 21 0,2
----------- -------- 15 [0064] With regard to Catalyst
A and Catalyst d prepared  by Example 1 and
Comparative Example 4, long-ter:im  stability test was
carried out under Condition 4 in the  above Table 2.
On this occasion, stability performance 20 of catalyst
activity was evaluated by adjusting the  reaction
temperature so that the sulfur concentration in  the
product oil is 8 mass ppm. FIG. 1 shows change in 48
required temperature for adjusting the product oil
sulfur  concentration to $ mass ppm vs operation clays
and FIG. 2  shows change in wax deposit: content at
-10C in the product oil.  5 [0065] As apparent from
Table 3 to Table 5 and FIG. I and  FIG. 2, the
catalysts according to the invention  exhibited
excellent desulfurization performance and  dew=axing
performance and thus it has been shown that 10 sulfur
compounds in hydrocarbon oils can be desulfurized  to
a high degree and simultaneously the catalysts are  



sufficiently effective for reduction of wax deposit
content and have a stable catalyst performance over a
long period of time. Furthermore, it has been shown
that 15 hydrocarbon oils having a sulfur concentration
of 10 ppm  or less and a wax deposit content at --10"C
of 3.0% by mass  or less can be produced with the use
of the catalysts of  the invention. [0066]  20 A.
product oil was collected at a time point on the
100th day of operation and a light fraction of 150`C:
or  higher was removed by means of a fine distillation
apparatus (the removed ratio corresponded to about
1.4%  by mass of the total amount in the case of the
produce. 25 oil with Catalyst A and corresponded to
1.3% by mass of  49 the total amount in the case of
the product oil with  Catalyst d). Thereafter, 10% by
volume of kerosene based  on the amount of light ga.s
oil after mixing was mixed  with the product oil
produced with Catalyst A and 30% by 5 volume of
kerosene based on the amount of light gas oil  after
mixing was mixed with the product oil produced with
Catalyst d, thereby mixed light gas oils A and d being
prepared, respectively. With regard to the mixed light
gas oils A and d,  10 after a fluidity-improving agent
was added under the same  conditions, a cold filter
pugging point and a pour point  as indices of
low-t.mpe-ature fluidity were measured. As  



a. result, the pour point of the mixed Light gas oils
A  and d was -15C and the cold filter pugging point
thereof 15 was --12C, thus they showing the same
values, which  respectively satisfied the pour point
of -7.5`C: or lower  and the cold filter pugging point
of --5CC or lower which  are indices of
low-temperature fluidity required for No. light gas
oil of. JIS standard. Accordingly, it is  20 found out
that the light gas oil base material produced  by the
catalyst of the invention can reduce the mixing
amount of kerosene required. for securing
low-temperature  fluidity by 20.E by volume as
compared with the light gas  oil base material
produced by the conventional catalyst.  'S [0067] 50
As above, according to the catalysts of the
invention, it becomes possible to improve
low--temperature  fluidity performance with satisfying
the required sulfur  concentration as a diesel fuel,
so that the kerosene  fraction, which has been
hitherto xed for imp?ovin  low-temperature fluidity
performance, can be remarkably  reduced. [00688 While
the invention has been described in detail  10 and
with reference to specific embodiments thereof, it
will be apparent to one skilled in the art that
various  changes and, modifications can be made
therein without  departing from the spirit and scope
::.hereof. The present  



application is based on Japanese Patent Application
No. 15 2006-249445 filed on September. 14, 2006, and
the contents  are incorporated herein by reference. 5l
Claims  1. A catalyst for
hydrodesulfuri.ation/dewaxing of a hydrocarbon oil,
which comprises a support 5 comprising an-norganic
oxide containing at least one  crystalline
,aluminosilicate having a one- or two- dimensional
pore path system and, having provided thereon,  10 to
35 by mass of at least one selected from metals in
Group 6 of '--the Periodic. Table, I to 10% by mass of
at 1C} least one selected from metals in Group 8 of
the Periodic  Table, and 1.5 to 6% by mass of
phosphorus in terms of  oxide amount on the basis of
the catalyst, and 2 to 14%  by mass of carb:n derived
from an organic acid in terms  of element amount on
the basis of the catalyst, 1.5 wherein the content of
the crystalline  aluminosilicate is in an amount of 3
to 25% by mass on  the basis of the support. 2. The
catalyst '.or hydrodessu.lfu.ri.zaticn./dewaxinc  20
of a hydrocarbon oil according to claim 1, wherein an
Si02/A120:3 ratio (molof the crystalli.n.e
aluminosil.icate having a one- or two-dimensional pore
path system is 15 to 200 and maximum pore diameter is
0.4  to 0.72 nm. 52 



3. The catalyst for
hyd,--,)desu-,-fu.-izatio-l,ldewaxirig  of a
hydrocarbon oil according to claim 1 or 2, wherein
specific surface area is 100 to 350 m`1g, pore volume
is  0.35 to 0.6 ml/g, and mean pore diameter is 6 to
20 nm. 5 4. A process for producing the catalyst for
hydrodesulfur_izati.on/dewaxing of a hydrocarbon oil
according to any one of claims 1 to 3, which comprises
supporting on a support comprising an inorganic  10
oxide containing 3 to 25, by mass of at least one
crystalline aluminosilic.ate having a one- or two-
dimensional pore path system on the basis of the
support with the use of a solution containing at least
one  compound containing a metal in Group 6 of the
Periodic  15 Table, at least one c mpound containing a
metal in Group 8 of the Periodic Table, an organic
acid, and phosphoric  acid so that the metal in Group
6 of the Periodic Table  accounts for 10 to 35% by
mass, the metal in Group 8 of  +,-'.,he Periodic Table
accounts for " to 10% by mass, 20 phosphorus accounts
for 1.11. to 6% by mass in terms of  oxide amount on
the basis of the catalyst, and carbon  derived from an
organic acid accounts for 2 to 1.4% by  :Hass in.
terms of element amount on the basis of the  catalyst,
and subsequently; dry ,C c. inr; at 200,_~ ~. or lower
without. calcination  2. 5 



53 treatment at higher than 200C to finish a catalyst.
5. A process for hyd.rotreating a hydrocarbon oil,
which comprises producing a hydrocarbon oil having a 5
sulfur content in the product oil of 10 mass ppm or
less  and a wax deposit content at -10C of 3.0% by
mass using a  hydrocarbon oil having a boiling point
range of 150C. to  450C as a raw oil under a hydrogen
partial pressure of 3  to 13 MPa, a temperature of 300
to -100C, a liquid hourly 10 space velocity of 0.3 to
5 VC!, and a hydrogen/ail ratio  of LOU to 1000 Nm'/kl
in the presence of the catalyst  according to any one
of claims I to 3. 1.5 54 




