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We, SHELL INTERNATION-  sult from the fact that most residual hydro-  45
ALE RESEARCH MAATSCHAPPIJ N.V.,  carbon oils, such as residues obtained in
the a company organised under the laws of The  distillation of crude oils
under atmospheric or Netherlands, of 30 Carel van Bylandtlaan,  reduced
pressure, contain high-molecular non- 5  The Hague, The Netherlands, do
hereby de-  distillable compounds such as asphaltenes and clare the
invention, for which we pray that a  metal compounds, particularly vanadium
and  50 patent may be granted to us, and the method  nickel compounds,
which metal compounds by which it is to be performed, to be par-  are for a
considerable part bound to the as- ticularly described in and by the
following  phaltenes. During the hydrodesulphurization 10  statement:-
the asphaltenes and the vanadium and nickel The present invention is
concerned with a  compounds tend to deposit on the catalyst  55 process for
the catalytic hydrodesulphurization  particles. A portion of the
high-molecular of residual hydrocarbon oils having a total  compounds which
deposit on the catalyst par-. vanadium and nickel content of at most 120
ticles is converted into coke. As a result of 15  ppmw, in which during
operation no continu-  the increasing concentration of vanadium, ous or
periodic replenishment of the catalyst  nickel and coke on the catalyst, a
very rapid  60 present in the desulphurization reactor takes  deactivation
of the catalyst occurs. According place.
as the activity of the catalyst decreases, higher Residual hydrocarbon oils
generally contain  temperatures must be applied to maintain the 20  a
considerable amount of sulphur compounds.  desired degree of
desulphurization. However, When these oils are applied as fuel, the sul-
at higher temperatures hydrocracking reac-  65 phur present in the sulphur
compounds is  tions begin to play a more important role and converted into
sulphur dioxide which is dis-  a fuel oil of varying quality is obtained.
charged to the atmosphere. In order to re-    In order to prolong catalyst
life it has al- 25  strict air pollution as much as possible in the  ready
been suggested that the asphaltenes combustion of these oils, it is
desirable for the  should be removed from the feed before the   70 sulphur
content to be reduced. This can be  latter is desulphurized and that the
separated achieved by catalytic hydrodesulphurization of  asphaltenes
should be subsequently remixed the oils. For this purpose processes can be
with the desulphurized product. However, this 30  applied in which during
operation continuous  mode of operation requires an additional pro- or
periodic replenishment of the catalyst  cess step, namely
deasphaltenization, and,  75 present in the desulphurization reactor takes
moreover, presents certain other drawbacks. place, or processes in which
such a replenish-  Therefore, preference is given to a method of ment does
not take place. For the sake of  hydrosulphurization according to which the
35  brevity the latter processes, of which the  feed as such, i.e.
including the asphaltenes is process according to the invention is an ex-
processed. However, this embodiment of the  80 ample, will be referred to
in this patent ap-  process requires catalysts having a better re-
plication as " catalytic hydrodesulphurization   sistance to deactivation
than those which are without catalyst replenishment."          now
generally recommended for this purpose. 40    The catalytic
hydrodesulphurization of re-    An investigation into the catalytic hydro-
sidual hydrocarbon oils involves certain prob-  desulphurization without
catalyst replenish-  85 



lems which do not arise when this process is  ment of residual hydrocarbon
oils having a applied for the hydrodesulphurization of hy-  total vanadium
and nickel content of at most drocarbon oil distillates. These problems re-
120 ppmw has revealed that good catalysts [Price 33p] price 75p    2
1,408,759                                          2 for this purpose must
comply with a number  with the aid of a sieve analysis, is carried out of
requirements with regard to their particle  as follows. After a complete
length distribu- diameter and porosity. These requirements  tion analysis
(in case the length/diameter for good catalysts partly depend on the hydro-
ratio is smaller than 0.9) or after a complete 5   gen partial pressure at
which the hydrodesul-  diameter distribution analysis (in case the   55
phurization is carried out. By a good catalyst  length/diameter ratio is
larger than 1.1) of for the hydrodesulphurization of residual hy-  a
representative catalyst sample has been car- drocarbon oils without
catalyst replenishment  ried out, d is read off from a graph in which is
meant in this patent application a catalyst  for every successive length
and diameter frac- 10   which has a sufficiently long lifetime, so that
tion, respectively, the percentage by weight,  6 per kg catalyst an
acceptable quantity of re-  based on the total weight of the catalyst
sidual hydrocarbon oil can be desulphurized   sample, has been cumulatively
plotted as a before the catalyst shows a rapid deactivation,  function of
the linear average size of the and which catalyst has a sufficiently high
relevant fraction; d is the value corresponding 15   average activity, so
that a final product with  to 50%  of the total weight.                65
the desired low sulphur content is obtained at    After a determination of
the complete pore an acceptable space velocity.                diameter
distribution of a catalyst sample has It has been found that specific
average  been carried out, p is read off from a graph pore diameter (p) and
specific average par-  in which for the pore diameter range of 20   ticle
diameter (d) are important parameters  0-100 nm, for every successive pore
volume   70 of catalysts for the catalytic hydrodesulphuri-  increment
smaller than or equal to 10%  of zation without catalyst replenishment of
resid-  the pore volume, the quotient of the pore ual hydrocarbon oils
having a total vanadium   volume increment and the corresponding pore and
nickel content of at most 120 ppmw. The  diameter  interval  has  been
cumulatively 25   values of d and p are defined as follows on   plotted as
a function of the linear average   75 the basis of their method of
determination.   pore diameter over the relevant pore diameter The way in
which d is determined depends  interval; p is the pore diameter
corresponding on the shape of the catalyst particles. If they  to 50%  of
the total quotient at 100 nm. have such a shape that the particle diameter
A determination of the complete pore di- 30   distribution of the catalyst
can be determined   ameter distribution of the catalyst is carried   80
with the aid of a sieve analysis, d is determined   out with the aid of the
nitrogen adsorption/de- as follows. After a complete sieve analysis of
sorption method (as described by E. V. Ballou a representative catalyst
sample has been car-  and 0. K. Doolen in Analytical Chemistry ried out, d
is read off from a graph in which   32, 532 (1960)) combined with the
mercury 35   for every successive sieve fraction the per-  penetration
method (as described by H. L.   85 centage by weight, based on the total
weight  Ritter and L. C. Drake in Industrial and of the catalyst sample has
been cumulatively   Engineering Chemistry, Analytical Edition 17, plotted
as a function of the linear average   787 (1945)), applying mercury
pressures of particle diameter of the relevant sieve frac-   1-2000 bar. In
this case, the pore diameter 40   tion; d is the particle diameter
corresponding   distribution of the catalyst in the pore di-   90 to 50%
of the total weight. This method can   ameter range below and including 7.5
nm is be used to determine d of spherical and gran-  calculated from  the
nitrogen desorption iso- ular materials and materials with a similar  therm
(assuming cylindrical pores) according shape such as extrudates and pellets
having  to the method described by J. C. P. Broekhoff 45   a
length/diameter ratio between 0.9 and 1.1.  and J. H. de Boer in Journal of
Catalysis 10,  95 The determination of d of extrudates and   377 (1968) and
the pore diameter distribu- 



pellets having a length/diameter ratio smaller  tion of the catalyst in the
pore diameter range than 0.9 or larger than 1.1 and similar cylin-  above
7.5 nm is calculated with the aid of the drically shaped materials, of
which the particle  formula: 50   diameter distribution cannot be
determined 15000 100                 pore diameter (in nm)= absolute
mercury pressure (in bar). The present invention provides a process for
above 100 run, said particles having such a the catalytic
hydrodesulphurization  without  specific average pore diameter (p) as
herein- catalyst replenishment of residual hydrocarbon   before defined and
specific average particle oils having a total vanadium and nickel con-
diameter (d) as hereinbefore defined that the  115 105  tent of at most 120
ppmw, in which process   quotient p/(d) [err] meets the requirement a
catalyst is applied comprising one or more metals having hydrogenating
activity on a   [err] carrier and having a pore volume above 0.30 ml/g,
said catalyst being in the form either of                     [err] 110
particles less than 10% of the pore volume of  in which [err]  is the
hydrogen partial pressure which is present in pores with a diameter    3
1,408,759                                         3 applied (p in nm, d in
mm, [err]  in bar),  [err] 2
2 of agglomerates having more than 10% of their pore volume in pores with a
diameter    If the hydrosulphurization according to the above  100  nm.,
which  agglomerates are  invention is carried out at a [err] between 80 5
formed from said particles,                  and 180 bar, the following
catalysts are pre- The residual hydrocarbon oils which are  ferably
applied:                               60 hydrodesulphurized according to
the invention   appled: usually have a total vanadium and nickel con- tent
of at least 30 ppmw and a C.-asphaltene  (a) For hydrosulphurization at a
PH  of at content above 0.5%W;                            least 80 but less
than 110 bar, a catalyst It is essential that the average pore diameter
the particles of which have such a p and and average particle diameter used
for the      d that the quotient p/(d)[err] meets the characterization of
said particles have been    requirement [err].            65 determined
according to the methods specified  (b) For hydrodesulphurization at a
[err] of at 15  above for the specific average pore diameter
2 and specific average particle diameter because,  least 110 but less than
135 bar, a catalyst if for the characterization of the particles use  the
particles of which have such a p and is made of an average pore diameter or
an       d that the quotient p/(d)"  meets the average  particle  diameter
determined  by     requirement [err] and in   70 20  methods other than
those specified above for      particular such a p and d that this the
specific average pore diameter and specific  quotient meets the requirement
[err] average particle diameter (for example an        (d)[err]. average
pore diameter calculated as four times  (c) For hydrodesulphurization at a
PH of at the quotient of the pore volume and the sur-    least 135 and at
most 180 bar, a catalyst  75 25  face area or an average particle diameter
cal-   the particles of which such a p and culated as the linear average),
entirely dif-    d that the quotient p/(d)[err] meets the ferent results
may be obtained.                  requirement [err] and The relation found
between p, d and [err]         in particular such a p and d that this may
serve thre different purposes. In the first  quotient meets the requirement
11.5 [err]    80 30  place the relation offers the possibility of de-
(d)[err]16.5. ternining the range within which [err] should It is noted
that the specification of our co- 



be selected to obtain good results with parti-  pending  U.K.  Patent
Application  Nos. cles h   aving  a given p and d. Further the re-
21073/74,21074/74,21075/74 and 21079/74 lation may be applied to determine
the range   (Cognate) 1,408,760, which has been divided   85 35  within
which d of a particle with a given P   out of this application claims a
catalyst suit- should be selected to obtain good results at  able for use
in the hydrodesulphurization of a given [err] . Finally the relation makes
it  residual hydrocarbon oils, said catalyst com- possible to determine the
range within which   prising one or more metals having hydrogena- p of a
particle with a given d should be se-  tion activity on a carrier, said
catalyst being   90 40  lected to obtain good results at a given PH .  in
the form either of particles having such a The most suitable values for
[err]d and  and d (as hereinbefore defined) that the quotient p/(d)[err]
meets  the  requirement spectively, within the ranges found are de-  [err]
or agglomerates of said termined, inter alia, by the composition of
particles, and said catalyst having a pore   95 the hydrocarbon oil to be
desulphurized.    volume above 0.45 ml/g and usually above 45     The
catalysts which are applied in the pro-  0.5 ml/g with at least 0.4 ml/g
and usually cess according to the invention preferably  0.4-0.8 ml/g of the
pore volume in pores have a pore volume above 0.45 ml/g and a  with a
diameter of at least 0.7 x p and at most surface area above 50 [err]/g and
more par-  1.7 x p, and a sharp pore diameter distribu-  100 ticularly a
surface area above 100 [err]/g. It  tion characterized by 50  is further
preferred that the particles have such a p and d that the quotient[err]
(a) less than 20%  of the pore volume in meets the requirement
pores with  a  diameter smaller than 0.7 xp, [err]                 (b) less
than 20%  of the pore volume in  105 2
pores  with  a  diameter  larger  than [err]           1.7xp, and (C) less
than 10% of the pore volume in pores with a diameter larger than 100 nm.
110 and in particular that this quotient meets the 55  requirement
The catalysts employed in accordance with    4
1,408,759                                          4 the  present invention
preferably  comprise   catalysts with a relatively low  metal load, 0.5-20
pbw and in particular 0.5-10 pbw   carriers should be selected having a
porosity nickel and/or cobalt and 2.5-60 pbw and in   which differs only
little from the desired por- particular 2.5-30 pbw molybdenum  and/or
osity of the finished catalyst. At higher metal 5  tungsten per 100 pbw
carrier. The atomic  loads, however, the influence of metal load on   70
ratio between nickel and/or cobalt on the one   porosity becomes more
important and appli- hand and molybdenum  and/or tungsten on   cation of a
high metal load may serve as a the other hand may vary widely, but is pre-
means to prepare catalysts starting from car- ferably between 0.1 and 5.
Examples of very   riers of which the porosity is too high. The 10
suitable metal combinations for such catalysts   porosity of a carrier may
also be influenced   75 are nickel/tungsten, nickel/molybdenum, co-   by
means of a high-temperature treatment balt/molybdenum  and
nickel/cobalt/molyb-   either in the presence or in the absence of denum.
The metals may be present on the  steam. carrier in the metallic form  or
in the form    The porosity of a carrier is mainly deter- 15   of their
oxides or sulphides. Preference is   mined by the way in which the carrier
has   80 given to catalysts in which the metals are   been prepared.
Catalyst carriers of the metal- present on the carriers in the form  of
their  oxides type are usually prepared by adding sulphides. Sulphidation
of the present cata-  to one or more aqueous solutions of the salts lysts
may be carried out by any one of the   of the metals concerned one or more
gelating 20  techniques for sulphidation of catalysts well-  agents, as a
result of which the metals pre-   85 



known in the art. Sulphidation may, for in-   cipitate in the form of metal
hydroxide gels, stance, be carried out by contacting the cata-   which are
subsequently shaped and calcined. lysts with a sulphur-containing gas such
as a   Usually, before being shaped the metal hy- mixture of hydrogen and
hydrogen sulphide,  droxide gels are allowed to age for some time. 25   a
mixture of hydrogen and carbon disulphide,  During the preparation of the
carrier there is  90 or a mixture of hydrogen and mercaptan, such   ample
opportunity to influence the porosity of as butyl mercaptan. Sulphidation
may also be  the carrier. The porosity of the final carrier carried out by
contacting the catalysts with   depends, among other factors on the rate of
hydrogen and with a sulphur-containing hy-   addition of the gelating
agents, and on the 30   drocarbon oil, such as a sulphur-containing
temperature and pH applied during the for-  95 kerosine or gas oil. In
addition to the above-   mation of the gel. The porosity of the final
mentioned  catalytically  active  metals, the   carrier may also be
influenced by addition of catalysts may contain other catalytically active
certain chemicals to the gel, such as phos- metals and promotors such as
phosphorus,  phorus and/or halogen compounds. If ageing 35   boron and
halogens, particularly fluorine and  is applied, the porosity of the final
carrier 100 chlorine. Very suitable carriers for the present  also depends
on the ageing time and the catalysts are oxides of the elements of Group
temperature and pH  applied during ageing. II, III or IV of the Periodic
Table of Ele-  In the preparation of mixed metal oxide car- ments or
mixtures of the said oxides, such  riers a further aspect that is important
with a 40   as silica, alumina, magnesia, zirconia, thoria,  view to the
porosity of the final carriers, is  105 boria, hafnia, silica-alumina,
silica-magnesia,  the way in which the metal hydroxide gels
alumina-magnesia and silica-zirconia.         are precipitated:
simultaneously or separately, The preparation of the catalysts employed
e.g. one on top of the other. The porosity of in accordance with the
present invention may  the final carrier further depends on the way 45   be
carried out by depositing the metals con-  in which the carrier particles
are shaped, on  110 cerned on a carrier having such a pore di-  the
conditions applied during shaping, and on ameter distribution and specific
average pore  the temperature applied during calcination. diameter that
after deposition of the metals    During shaping the porosity of the
carrier thereon a catalyst is obtained which meets the   particles is
influenced, for example, by the type 50   requirements of the invention,
either as such   and amount of peptizing agents and binders 115 or after
the specific average catalyst particle   which are usually added during
this stage of diameter has been increased or decreased.     carrier
manufacture, by the addition of cer- The porosity of the finished catalyst
depends  tain chemicals, and by the addition of small to a certain extent
on the applied metal load.  amounts of inert materials such as silica
and/or 55   In general, it may be said that starting from    zirconia. If
the carrier particles are shaped  120 a carrier with a given porosity, a
finished   by extrusion, the porosity of the final carrier catalyst with a
lower porosity is obtained ac-  is influenced by the extrusion pressure ap-
cording as a higher metal load is applied. This  plied. If use is made of
the spray-drying phenomenon plays only a minor role if rela-  technique,
the porosity of the carrier is in- 60  tively low metal loads, i.e. loads
of about 20   fluenced by the spray temperature and spray  125 pbw metal,
or less, per 100 pbw carrier, are   pressure applied. applied. This means
that a relatively low metal  Catalysts employed in accordance with the
loads the porosity of the finished catalyst is  present invention may be
prepared by any one mainly determined by the porosity of the ap-   of the
techniques for the preparation of multi- 65   plied carrier and that for
the preparation of  component supported catalysts well-known in  130    5
1,408,759                                            5 the art. It is not
necessary that the catalytic-   aration of catalysts based on the above
cogels ally active metals are deposited on a finished   may e.g. be carried
out as follows. In the carrier; they may also be incorporated into  first
place the cogel is shaped, e.g. by ex- the carrier material during the
preparation   trusion, followed by drying and calcining of 5  thereof, for
example, prior to shaping. Incor-  the hydrogel particles. Subsequently,
the xero-   70 porating the catalytically active metals into   gel
particles thus obtained are neutralized with 



the carrier at an early stage of the catalyst   a nitrogen base and dried.
Finally, the cata- manufacture may also have a strong influence   lytically
active metals are deposited on the on the porosity of the finished
catalyst. The   carrier by impregnating the latter with one 10  catalysts
are preferably prepared by single or   or more aqueous solutions comprising
salts of  75 multistep co-impregnation of a carrier with  the metals
concerned, followed by drying and an aqueous solution comprising one or
more   calcining of the composition. The preparation nickel and/or cobalt
compounds and one or   of catalysts based on the above cogels may also more
molybdenum   and/or  tungsten  com-   be carried out by the following
simplified 15  pounds, followed by drying and calcining. If   procedure.
The catalytically active metals are   80 the impregnation is carried out in
several  incorporated into the cogel by mixing the steps, the material may
be dried and calcined,  latter with one or more aqueous solutions com- if
desired, between the successive steps of im-   prising salts of the metals
concerned, after pregnation. Drying and calcining are prefer-   which the
composition is shaped, e.g., by ex- 20  ably carried out at temperatures
between 50   trusion, dried and calcined.                      85 and
150[err] C and between 150 and 550 C,           The catalytic
hydrodesulphurization of re- respectively. Examples of suitable water-sol-
sidual hydrocarbon oils without catalyst re- uble compounds of nickel,
cobalt, molybdenum    plenishment is preferably carried out by pass- and
tungsten which may be applied in the   ing the hydrocarbon oil at elevated
tempera- 25   preparation of the catalysts are nitrates, chlo-  ture and
pressure and in the presence of hy-   90 rides, carbonates, formates and
acetates of   drogen in upward, downward or radial direc- nickel and
cobalt, ammonium molybdate and   tion through one or more vertically
disposed ammonium tungstate. In order to increase the   reactors comprising
a fixed catalyst bed. The solubility of these compounds and to stabilize
hydrocarbon oil to be desulphurized may be 30  the solutions, certain
compounds such as am-   fully or partly saturated with hydrogen and in   95
monium  hydroxide, monoethanolamine  and   addition to the hydrocarbon
phase and the sorbitol may be added to the solutions.        catalyst phase
a  hydrogen-containing  gas As carriers for the catalysts aluminas and
phase may be present in the reactor. Further, silica-aluminas are
preferred. Very suitable   part of the liquid product which contains or 35
carriers are alumina particles prepared  by   does not contain dissolved
hydrogen, hydro-  100 spray-drying of an alumina gel, followed by   gen
sulphide and/or hydrocarbon gases, may shaping of the spray-dried
microparticles into   be recycled to the catalyst bed. larger particles,
e.g., by extrusion, and spheri-  The hydrodesulphurization may be carried
cal alumina particles obtained by the well-  out either in a single reactor
or in two or 40  known oil drop method. The latter method   more reactors.
As a rule hydrodesulphuriza-  105 comprises formation of an alumina
hydrosol,  tion reactors contain more than one catalyst combining the
hydrosol with a suitable gelat-  bed. The catalysts applied in the separate
ing agent and dispersing the mixture as drop-   catalyst beds and/or in the
separate reactors lets into an oil which is kept at an elevated   may
differ from  each other with respect to 45   temperature; the droplets are
allowed to re-  their p and/or d and/or chemical composition. 110 main in
the oil until they have solidified to  If several reactors are applied, it
is possible spherical hydrogel particles, which are sub-  to use all these
reactors simultaneously for sequently isolated, washed, dried and calcined.
carrying out the desulphurization reaction. It Very suitable silica-alumina
carriers for the  is also possible to use the reactors alternately 50
present catalysts are cogels of aluminium hy-  for desulphurization, in
which case desulphuri-  115 droxide gel on silica hydrogel. These cogels
zation is carried out in one or more reactors, are preferably prepared by
first precipitating   the catalyst being replaced in the other reac- a
silica hydrogel from  an aqueous, silicate-  tors. ions containing solution
by the addition of a    Hydrodesulphurization of residual hydro- 55
mineral acid, subsequently adding a water-  carbon oils without catalyst
replenishment may  120 soluble aluminium salt to the mixture, and   very
suitably be carried out by passing the then precipitating an aluminium
hydroxide   hydrocarbon  oil  together  with  hydrogen gel by adding an
alkaline-reacting compound.  through a vertically disposed fixed catalyst
It is preferred that the silica hydrogel pro-   bed in the upward
direction, the liquid and/or 60   duced be allowed to age for some time at
gas velocity applied being such that expan- 125 an  elevated  temperature
before  the  cogel  sion of the catalyst bed takes place. Another 



preparation is continued. The ageing condi-  attractive embodiment of the
hydrodesulphuri- tions, particularly the ageing time and the   zation
without catalyst replenishment of re- ageing temperature, have a strong
influence   sidual hydrocarbon oils is one in which the 65  on the porosity
of the final cogel. The prep-   hydrocarbon oil is passed together with
hydro- 130    6                                         1,408,759
6 gen through a vertically disposed fixed bed   agent in the presence of a
material which is in the upward direction and in which the  incorporated in
the agglomerates and subse-  65 adiabatic rise in temperature resulting
from   quently removed therefrom  by evaporation, the hydrodesulphurization
reaction is kept  combustion, solution, leaching or otherwise, 5   below 20
C by recycling part of the desul-  leaving sufficient pores with a diameter
above phurized product to the catalyst bed and/or  100 nm  in the
agglomerates. Suitable com- injecting hydrogen at various points into the
pounds for this purpose are cellulose-contain-   70 catalyst bed.
ing materials, polymers and compounds sol- In the catalytic
hydrodesulphurization of  uble in organic or inorganic solvents. 10
residual hydrocarbon oils without catalyst re-    The reaction conditions
applied in the hy- plenishment, use is generally made of a catalyst
drodesulphurization process according to the comprising particles having a
specific average  invention may vary widely. The hydrodesul-  75 particle
diameter of 0.5-2.5 mm. If the de-  phurization is preferably carried out
at a tem- sulphurization is performed by passing the  perature of 300  475'
C, a hydrogen partial 15   hydrocarbon oil to be desulphurized together
pressure of 50-200 bar, a space velocity of with hydrogen through a
vertically disposed  0.1-10 kg of fresh feed per N1 of catalyst fixed
catalyst bed in the upward or down-  per hour and a hydrogen/feed ratio of
150-   80 ward direction, use is preferably made of a  2000 N1 [err]/kg
feed. Particularly preferred catalyst comprising particles with a specific
are a temperature of 350- 445[err] C, a hydro- 20   average particle
diameter of 0.6-2.0 mm.    gen partial pressure of 80-180 bar, a space The
relationship found between p and d  velocity of 0.5-5 kg of fresh feed per
N1 and [err] enables catalysts to be prepared for  of catalyst per hour and
a hydrogen/feed   85 the hydrodesulphurization of residual hydro-  ratio of
250-1000 N1 H2/kg feed. carbon oils at a given [err which show a good  The
present patent application is restricted to the use of catalysts the
particles of which 25  performance. If a catalyst or catalyst carrier  meet
a certain requirement with respect to is available, of which d is not
optimum  in  p, d and [err], for the hydrodesulphurization   90 relation to
p at a given [err] , it is possible to 2                  without catalyst
replenishment of residual hy- prepare therefrom a good catalyst or catalyst
drocarbon oils having a total vanadium  and carrier by adapting d to p.
This can be ef-  nickel content of at most 120 ppmw. The 30  fected in a
simple way by increasing or re-  use of these catalysts for the
hydrodesulphuri- ducing the particle size of the catalyst or cata-  zation
without catalyst replenishment of re-   95 lyst carrier, for example by
bonding the parti-  sidual hydrocarbon oils having a total vanad- cles with
or without the use of a binding  ium and nickel content above 120 ppmw is
agent, or by grinding the particles, respec-  described in our co-pending
British patent 35  tively.
applications 32596/71 (Serial No. 1,356,272) If in the preparation of the
desulphuriza-  and 56804/71 Serial No. (1,406,804).      100 tion catalysts
employed in accordance with the present invention starting from a certain
cata-  in The hydrodesulphurization process accord- lyst or catalyst
carrier material the optimum   be to the present invention  may very
suitably 40   d at a given [err]corresponding to the p of the    e preceded
by a demetallization process. As 2                             a result of
the demetallization, deactivation of material from which the catalyst must
be pre-  the hydrodesulphurization catalyst is consid-  105 pared is so
small that practical plant diffi-  erably depressed. As feeds for this
combined culties would arise when such small catalyst  process, residual
hydrocarbon oils having a particles are used for the catalytic hydrode-
total vanadium and nickel content above 120 



45   sulphurization, then  agglomerates  can  be  ppmw  as well as residual
hydrocarbon oils formed from the small particles, of which d   having a
total vanadium and nickel content of  110 is optimum in relation to p and
PH , which   at most 120 ppmw may be applied. The de- agglomerates have
more than 10%  of their  metallization of the residual hydrocarbon oil pore
volume in pores with a diameter above   concerned should be carried out in
such a 50   100 nm. In such a situation it is preferred   way that a
product with a total vanadium and that agglomerates formed from  such small
nickel content of at most 120 ppmw is ob- 115 particles have more than 25%
of their pore  tained. volume in pores with a diameter above 100     The
demetallization of residual hydrocarbon nm. The use of these porous
catalyst agglom-  oils is preferably carried out by passing the 55   erates
in the hydrodesulphurization of residual  hydrocarbon oil at elevated
temperature and hydrocarbon oils offers the same advantages  pressure and
in the presence of hydrogen in  120 as the use of the small optimum
catalyst  upward, downward or radial direction through particles per se
without the practical draw-  one or more vertically disposed reactors corn-
backs inherent in the use of very small catalyst  prising a fixed or moving
bed of suitable cata- 60   particles. The porous catalyst or catalyst car-
lyst particles. A very attractive embodiment rier agglomerates may very
suitably be pre-  of the demetallization process is one in which  125 pared
from small optimum particles by bind-  the hydrocarbon oil is passed
through a ver- ing them with or without the use of a binding  tically
disposed catalyst bed in which during    7
1,408,759                                       7 operation fresh catalyst
is periodically intro-  ammonia the mixture was diluted with water duced at
the top of the catalyst bed and spent  to a volume of 3800 ml. This mixture
was catalyst is withdrawn at the bottom thereof  used to impregnate 5000 g
1.5 mm alumina (demetallization in bunker flow  operation).  extrudates.
After 15 minutes the impregnated  65 5  Another very attractive embodiment
of the  material was dried at 120[err] C for 18 hours demetallization
process is one in which sev-  and calcined at 500 C for 3 hours. eral
reactors comprising a fixed catalyst bed are present, which are alternately
used for de-  Catalyst B metallization; while the demetallization is car-
A catalyst comprising 4.7 pbw cobalt and ried out in one or more of these
reactors, the   11.4 pbw molybdenum per 100 pbw alumina   70 catalyst is
replenished in the other reactors  was prepared as follows:
(demetallization in fixed bed swing operation).    An aqueous solution of
35.1 g ammonium If desired, the demetallization may also be   molybdate was
mixed with an aqueous solu- carried out by suspending the catalyst in the
tion of 38.9 cobalt nitrate 6 aq. After addi- 15  hydrocarbon oil to be
demetallized (demetal-  tion of 10 ml 25% ammonia the mixture was  75
lization in slurry phase operation). Excellent  diluted with water to a
volume of 125 ml catalysts for demetallization of residual hydro-  This
mixture was used to impregnate 166.9 carbon oils are catalysts comprising
one or  g 1.5 mm alumina extrudates. After 15 min- more metals having
hydrogenation activity on a   utes the impregnated material was dried at 20
carrier, which catalysts meet the following   120[err] C for 18 hours and
calcined at 500 C   80 requirements                               for 3
hours. (1) the pore volume is larger than 0.4 ml/g,  Catalyst C (2) the
percentage of the pore volume that    A catalyst comprising 4.7 pbw cobalt
and consists of pores with a diameter above   11.4 pbw molybdenum per 100
pbw alumina 25       100 nm (v) is smaller than 50 and      was prepared as
follows:                   85 (3) the quotient of p and d (both as herein-
An aqueous solution of 29.9 g ammonium before defined) is larger than
10-0.15 v.  molybdate was mixed with an aqueous solu- tion of 33.1 g cobalt
nitrate 6 aq. After addi- If the desulphurization according to the in-
tion of 10 ml 25% ammonia the mixture was vention is preceded by a
demetallization, the   diluted with water to a volume of 108 ml.  90 30
demetallization is preferably carried out in   This mixture was used to
impregnate 142.3 g bunker flow operation or in fixed bed swing   1.5 mm
alumina extrudates. After 15 minutes 



operation and the desulphurization in conven-  the impregnated material was
dried at 120 C tional fixed bed operation.                for 18 hours and
calcined at 500 C for 3 Examples of feeds to which the hydrode-  hours.
95 35  sulphurization process according to the present invention (whether
or not preceded by a de-  Catalyst D and E metallization process) may be
applied are    Two catalysts comprising 3.8 pbw cobalt crude oils and
residues obtained by distilling   and 9.5 pbw  molybdenum  per 100 pbw
crude oils at atmospheric and reduced pres-  alumina was prepared as
follows: 40  sure. It is preferred that the feed to be de-  An aqueous
solution of 876 g ammonium  100 sulphurized should contain less than 50
ppmw   molybdate and 1000 ml 30% [err] was mixed and in particular less
than 25 ppmw of alkali  with an aqueous solution of 940 g cobalt ni- metal
and/or alkaline earth metal. If the  trate 6 aq. After the mixture had been
diluted alkali metal and/or alkaline earth metal con-  with water to a
volume of 3450 ml, it was 45  tent of the feed is too high, it may be re-
used to impregnate 5000 g 0.8 mm alumina 105 duced, for example by
desalting the feed.  extrudates. After 30 minutes the impreg- The present
invention will be further de-   nated material was dried at 120[err] C for
18 scribed and illustrated with the aid of the   hours and calcined at
500[err] C for 3 hours. following example.                         Part of
catalyst D thus obtained was crushed to prepare a catalyst E having a d of
0.2 mm. 110 50                 EXAMPLE.                     Catalyst F
Catalyst preparation.             A quantity of 23.2 kg of an aqueous solu-
Catalyst A                                 tion containing 5.256 kg sodium
silicate [err] A catalyst comprising 4.7 pbw cobalt and   content: 26.5%w)
was warmed up to 40[err] C. 11.4 pbw molybdenum per 100 pbw alumina   The
pH of the solution was decreased from  115 55  was prepared as follows:
11.1 to 6 by addition of 2200 ml 6 N err] An aqueous solution of 1051 g
ammonium   in 30 minutes with stirring. The silica gel molybdate (the
ammonium  molybdate used   obtained was aged for 24 hours at 40[err] C. in
the examples of this patent application had   A quantity of 2448 g of an
aqueous solution a molybdenum content of 54.3% w) was mixed   containing
1528 g [err] and hav- 120 60  with an aqueous solution of 1163 g cobalt
ing a temperature of 40 C was added to the nitrate 6 aq. After addition of
350 ml 25%   mixture in 5 minutes with stirring. After an-    8
1,408,759                                        8 other 10 minutes
stirring the pH of the mix-  Catalyst H                               65
ture was increased to 4.8 by addition of 25%  A catalyst comprising 4.3 pbw
nickel and ammonia. After 10 minutes the pH  of the   10.9 pbw molybdenum
per 100 pbw alumina mixture was further increased to 5.5 (Total  was
prepared as follows: 5  ammonia consumption about 900 ml). The        An
aqueous solution containing 11.9 g moly- silica-alumina cogel was filtered
off and  bdenum   as  ammonium   molybdate  and   70 washed with water
until it was sodium free.  7.1 g [err] (molar ratio [err]/Mo: 0.5) was The
gel was extruded to 1.5 mm extrudates.  mixed with an aqueous solution
containing The extrudates were dried at 120[err] C and   4.73 g nickel as
nickel nitrate. After the 10  calcined at 500[err] C.
mixture had been diluted with water to a A quantity of 620 g of this
silica-alumina  volume of 110 ml, it was used to impregnate  75 cogel was
neutralized with 6.2 1 0.1 molar  110 g alumina. After 15 minutes the
impreg- [err] solution and 15 ml 25%  ammonia.  nated material was dried at
120[err] C for 18 The silica-alumina was filtered-off, washed  hours and
calcined at 500 C for 3 hours. The 15   with water and dried at 120[err] C.
alumina used as the carrier had been obtained The    above-mentioned
silica-alumina   by extrusion of a spray-dried alumina. The   80 (95%w dry
material) was used as carrier for  alumina extrudates had the following
proper- a catalyst comprising 2 pbw nickel and 16  ties: pbw molybdenum per
100 pbw silica-alumina.  pore volume : 0.68 ml/g 20   The catalyst was
prepared as follows:      pore  volume  in  pores with  a  diameter 



An aqueous solution of 37.7 g nickel formate  >0.7 x p and < 1.7 x p: 0.56
ml/g,     85 2 aq was mixed with an aqueous solution of  surface area: 250
[err]/g, 176.4 g ammonium molybdate. After addition   % of the pore volume
in pores with a diameter of 110 ml monoethanolamine the mixture was    <0.7
x p: 9%, 25   diluted with water to a volume of 700 ml.  % of the pore
volume in pores with a diameter This mixture was used to impregnate 630 g
> 1.7 x p: 7.4%,                         90 of the above-mentioned
silica-alumina (598.5   % of the pore volume in pores with a diameter g dry
material). After 15 minutes the im-     > 100 nm: 2.0% pregnated material
was dried at 120[err] C for  specific average pore diameter (p): 13.0 um,
30   18 hours and calcined at 500[err] C for 3 hours.  specific average
particle diameter (d): 1.5 mm.                                      95
Catalyst G                                 Catalyst I A quantity of 116.25
kg of an aqueous solu-  A catalyst comprising 4.3 pbw cobalt and tion
containing 26.25 kg sodium silicate [err]   10.9 pbw molybdenum per 100 pbw
alumina content: 26.5%w) was warmed up to 40 C.  was prepared as follows:
35   The pH of the solution was decreased to 6 by  An aqueous solution
containing 28.6 g am- 100 addition of 6N HNOe[err] in 30 minutes with
moniurn molybdate and 28.4 ml 30%  [err] stirring. The silica gel obtained
was aged for  was mixed with an aqueous solution of 30.3 g 140 hours at
40[err] C with stirring. A quantity of  cobalt nitrate 6 aq. After the
mixture had been 30 1 of an aqueous solution containing 7.66   diluted with
water to a volume of 108 ml it 40  kg [err]and having a tempera-  was used
to impregnate 142.3 g of the sante  105 ture of 40[err] C was added to the
mixture in 5   alumina extrudates as those applied for the minutes with
stirring. After another 10 min-  preparation of catalyst H. After 15
minutes utes stirring the pH of the mixture was in-  the impregnated
material was dried at 120[err] C creased to 4.8 by addition of 25% ammonia.
for 18 hours and calcined at 500 C for 3 45  After 10 minutes the pH of the
mixture was  hours.                                     110 further
increased to 5.5. The silica-alumina cogel was isolated by centrifuging and
washed   Catalyst J until it was sodium-free. This cogel (12.4%  A catalyst
comprising 4.3 pbw cobalt and dry material) was used as the carrier for a
10.9 pbw molybdenum per 100 pbw alumina 50  catalyst comprising 2 pbw
nickel and 16 pbw   was prepared as follows: molybdenum per 100 pbw
silica-alumina. The    An aqueous solution containing 60.22 g  115 catalyst
was prepared as follows:          ammonium molybdate and 19.3 g 30%[err] A
quantity of 1008 g silica-alumina cogel  was mixed with an aqueous solution
of 63.7 g (=125 g dry material) was kneaded for 10  cobalt nitrate (Co
content: 20.25%w). After 55   minutes. Subsequently 7.87 g nickel formate
the mixture had been diluted with water to a 2 aq was added and the
material was again  volume of 240 ml, it was used to impregnate  120
kneaded for 5 minutes. A solution of 36.83 g   300 g alumina extrudates
obtained by extru- ammonium molybdate in a small amount of  sion of a
spray-dried alumina. After 20 min- water and [err] (molar ratio [err]/Mo:
0.25)  utes the impregnated material was dried at 60   was added and the
mixture kneaded for 1   120[err] C for 18 hours and calcined at 500[err] C
hour. The product was extruded to 1.2 mm   for 3 hours.
125 extrudates. The extrudates were dried at 120[err] C for 18 hours and
calcined at 500[err] C   Catalyst K for 3 hours.
A catalyst comprising 4.3 pbw nickel and    9
1,408,759                                        9 10.9 pbw molybdenum per
100 pbw alumina   had been calcined at 500[err] C were applied as was
prepared as follows:                   carrier for catalyst N. After 15
minutes the  65 An aqueous solution containing 30.1 g am-  impregnated
materials were dried at 120[err] C monium molybdate and 7.5 ml 30%  H202
for 18 hours and calcined at 500 C for 3 5  was mixed with an aqueous
solution of 31.9 g   hours. nickel nitrate 6 aq. After the mixture had 



been diluted with water to a volume of 200 ml  Catalyst 0 it was used to
impregnate 150 g spherical    A catalyst comprising 4.3 pbw nickel and   70
alumina particles obtained by means of the   10.9 pbw molybdenum per 100
pbw alumina 10  oil drop method. After 15 minutes the im-  was prepared as
follows: pregnated material was dried at 120[err] C for    An aqueous
solution of 12.0 g ammonium 18 hours and calcined at 500[err] C for 3
hours.  molybdate was mixed with an aqueous solu- The spherical alumina
particles had the fol-  tion of 8.1 g nickel formate 2 aq. After addi-  75
lowing properties:                          tion of 13.5 ml
monoethanolamine the mix- 15    pore volume: 0.80 ml/g,
ture was diluted with water to a volume of pore volume in pores with a
diameter  60 ml. This mixture was used to impregnate >0.7 x p and < 1.7 x
p: 0.58 ml/g,         60 g of the same steamed spherical alumina surface
area: 230 [err]/g,                  particles as those applied for the
preparation   80 % of the pore volume in pores with a di-  of catalyst M.
After 15 minutes the impreg- 20  ameter <0.7 x p: 18%,
nated material was dried at 120[err] C for 18 % of the pore volume in pores
with a di-  hours and calcined at 500[err] C for 3 hours. ameter > 1.7 x p:
10%, % of the pore volume in pores with a di-  Catalyst P ameter >100 nm:
2.7%,                         A quantity of 11600 g of an aqueous solu-  85
25    specific average pore diameter (p): 22.0  tion containing 2628 g
sodium silicate [err] un,                                         content:
26.5%w) was warmed up to 40[err] C. specific average particle diameter (d):
1.7   The pH of the solution was decreased from mm.
11.6 to 6 by the addition of 1160 ml 6 N HNO[err] in 30 minutes with
stirring. Gela-  90 Catalyst L                                 tion
occurred at pH= 10.5. The silica gel ob- 30    A catalyst comprising 4.3
pbw cobalt and   tained was aged for 140 hours at 40 C. A 10.9 pbw
molybdenum per 100 pbw alumina   quantity of 1224 g of an aqueous solution
con- was prepared as follows:                    taining 780 g [err] was
added to An aqueous solution containing 20.0 g am-   the mixture in 5
minutes with stirring. The   95 monium molybdate and 20 g 30% [err was   pH
of the mixture was increased to 4.8 by 35  mixed with an aqueous solution
of 21.2 g   the addition of 435 ml concentrated ammonia cobalt nitrate 6
aq. After the mixture had  in 20 minutes. After 20 minutes the pH of been
diluted with water to a volume of 110  the mixture was further increased to
5.5 by ml it was used to impregnate 100 g of the  the addition of 20 ml
concentrated ammonia. 100 same spherical alumina particles as those ap-
The silica-alumina cogel was isolated by cen- 40  plied for the preparation
of catalyst K. After  trifuging and washed six times, each time 15 minutes
the impregnated material was dried   with 15 1 water, until it was
sodium-free. The at 120[err] C for 18 hours and calcined at 500[err] C
gel was extruded to 1.5 mm extrudates. The for 3 hours.
extrudates were dried at 120[err] C for 18 hours 105 and calcined at
500[err] C for 3 hours. Catalysts M and N                             A
quantity of 377 g of this silica-alumina 45    Two catalysts comprising 4.3
pbw nickel  cogel was mixed with 3770 ml 0.1 molar and 10.9 pbw molybdenum
were prepared as   [err]. The pH of this mixture was in- follows:
creased from 4.6 to 7 by the addition of 7.8  110 An aqueous solution of
57.2 g ammonium    ml concentrated ammonia. After 2 hours the molybdate was
mixed with an aqueous solu-   silica-alumina was filtered off, washed with
50  tion 38.6 g nickel formate 2 aq. After addition   2 1 water and dried
at 100[err] C. of 65 ml monoethanolamine the mixture was     The
above-mentioned    silica-alumina diluted with water to a volume of 280 ml.
(94.5%w dry material) was used as the carrier 115 This mixture was divided
into two equal por-  for a catalyst comprising 2 pbw nickel and tions and
each of these portions was used to   16 pbw  molybdenum  per 100 pbw
silica- 55  impregnate 142.5 g spherical alumina particles   alumina. The
catalyst was prepared as fol- which had been steamed at 475[err] C and sub-
lows: sequently calcined either at 500[err] C or at     An aqueous solution
of 23 g nickel formate  120 700[err] C for 3 hours. The spherical alumina
2.aq was mixed with an aqueous solution of particles were the same as those
applied for   108 g ammonium molybdate. After addition 



60  the preparation of catalysts K and L. For   of 70 ml monoethanolamine
the mixture was the preparation of catalyst M  use was made   diluted with
water to a volume of 500 ml. of the alumina particles which had been cal-
This mixture was used to impregnate 386 g  125 cined at 700[err] C; the
alumina particles which   of the above-mentioned silica-alumina (365 g
10                                        1,408,759
10 dry material). After 15 minutes the impreg-  alumina cogel was isolated
by centrifuging nated material was dried at 120[err] C for 18  and washed
with water of 60[err] C until it was hours and calcined at 500[err] C for 3
hours:    sodium-free. A  quantity of 4.6 kg (14%w  dry ma-  65 Catalyst Q
terial) of this silica-alumina cogel was treated 5    A catalyst comprising
1 pbw nickel and 8   three times with 5 1 0.1 molar [err] pbw molybdenum
per 100 pbw silica-alumina   washed with water and filtered-off. was
prepared as follows:                     The    above-mentioned
silica-alumina An aqueous solution of 11.6 g nickel formate  (12.3%w dry
material) was used as the car- 2 aq was mixed with an aqueous solution of
rier for two catalysts each comprising 1 pbw 10  54.5 g ammonium molybdate.
After addition   nickel and 8 pbw molybdenum per 100 pbw of 45 ml
monoethanolamine the mixture was  silica-alumina. The catalysts were
prepared diluted with water to a volume of 500 ml.  as follows: This
mixture was used to impregnate 388 g    A quantity of 3661 g silica-alumina
cogel  75 of the same silica-alumina as that applied for   (=450 g dry
material) was kneaded for 10 15  the preparation of catalyst P. After 15
min-  minutes. Subsequently 14.15 g nickel formate utes the impregnated
material was dried at  2 aq was added and the material was again 120[err] C
for 18 hours and calcined at 500[err] C   kneaded for 5 minutes. An aqueous
solution for 3 hours.                               of 66.3 g ammonium
molybdate was added   80 and the mixture kneaded for 1 hour. From Catalyst
R                                 this product catalysts T and U were
obtained 20    A catalyst comprising 4.3 pbw cobalt and   by extrusion to
1.3 and 1.6 mm extrudates, 10.9 pbw molybdenum per 100 pbw alumina
respectively. The extrudates were dried at was prepared as follows:
100[err] C and calcined at 500[err] C for 3 hours.  85 An aqueous solution
containing 15.25 g molybdenum  as ammonium  molybdate and   Catalysts V and
W 25  0.5 mol [err] was mixed with an          Two catalysts comprising 3.8
pbw cobalt aqueous solution containing 6.02 g cobalt as  and 9.5 pbw
molybdenum per 100 pbw over cobalt nitrate. After the mixture had been
alumina was prepared as follows: diluted with water to a volume of 130 ml,
it    An aqueous solution of 876 g ammonium   90 was used to impregnate 140
g alumina. After  molybdate and 1000 ml 30% [err] was mixed 30  15 minutes
the impregnated material was dried   with an aqueous solution of 940 g
cobalt ni- at 120[err] C for 18 hours and calcined at 500[err] C   trate 6
aq. After the mixture had been diluted for 3 hours.
with water to a volume of 3500 ml, it was used to impregnate 5000 g 1.5 mm
alumina   95 Catalyst S                                 extrudates. After
30 minutes the impregnated A catalyst comprising 4.3 pbw nickel and
material was dried at 120[err] C for 18 hours and 35   10.9 pbw molybdenum
per 100 pbw alumina   calcined at 500[err] C for 3 hours. Part of this was
prepared as follows:                   catalyst V was crushed to prepare a
catalyst An aqueous solution of 8.8 g nickel formate   W having a d of 0.8
mm.               100 2 aq. and 15 ml monoethanolamine was mixed with an
aqueous solution of 13.0 g ammonium   Catalyst X 40   molybdate. After the
mixture had been diluted  A catalyst comprising 4.3 pbw nickel and with
water to a volume of 60 ml, it was used  10.9 pbw molybdenum per 100 pbw
alumina to impregnate 65 g alumina particles. After  was prepared as
follows: 15 minutes the impregnated material was dried  An aqueous solution
of 11.5 g nickel formate  105 at 120[err] C for 18 hours and calcined at
500e[err] C   2 aq. and 20 ml monoethanolamine was mixed 



45  for 3 hours.                                with an aqueous solution of
17.1 g ammonium molybdate. After the mixture had been diluted Catalyst T
and U                           with water to a volume of 80 ml, it was
used A quantity of 116.25 kg of an aqueous solu-  to impregnate 85 g
alumina particles. After 110 tion containing 26.25 kg sodium silicate [err]
15 minutes the impregnated material was dried content: 26.5%w) was warmed
up to 40[err] C.  at 120[err] C for 18 hours and calcined at 500[err] C 50
The pH of the solution was decreased to 6  for 3 hours. by the addition of
6 N [err] in 30 minutes with stirring. The silicagel obtained was aged
Catalyst Y for 140 hours at 40 C with stirring. A quan-    A catalyst
comprising 4.3 pbw nickel and  115 tity of 30 1 of an aqueous solution
containing   10.9 pbw molybdenum per 100 pbw alumina 55   7.66 kg [err] and
having a tem-  was prepared as follows: perature of 40 C was added to the
mixture    An aqueous solution of 2.01 kg ammonium in 5 minutes with
stirring. After another 10  molybdate was mixed with an aqueous solu-
minutes stirring the pH of the mixture was  tion of 2.13 kg nickel nitrate
6 aq. After addi-  120 increased to 4.8 by addition of 25%  am-  tion of 6
1 25%  ammonia the mixture was 60   monia. After 10 minutes the pH of the
mix-  diluted with water to a volume of 11 1. This ture was further
increased to 5.5. The silica-  mixture was used to impregnate 10 kg
alumina.    1,408,759                                        11 After 15
minutes the impregnated material  temperature of 420 C, a hydrogen partial
30 was dried at 120[err] C for 18 hours and calcined   pressure between 70
and 200 bar, an exit gas at 500 C for 3 hours.                       rate
of 250 N1/kg of fresh feed and a space velocity of 4.35 kg of oil/kg of
catalyst per Catalyst Z                                  hour. The
catalysts were applied in the form 5     A catalyst comprising 4.3 pbw
nickel and   of their sulphides.                         35 10.9 pbw
molybdenum per 100 pbw alumina        The performance of a catalyst for the
hy- was prepared as follows:                    drodesulphurization of
residual hydrocarbon An aqueous solution of 44.13 g ammonium    oils
without catalyst replenishment may be molybdate containing monoethanolamine
was   described with the aid of the catalyst life and 10   mixed with an
aqueous solution of 30.74 g   the average activity [err] which are de-  40
nickel formate 2 aq containing monoethanol-  fined as follows: amine. After
the mixture had been diluted      The catalyst life (expressed in kg
feed/kg with water to a volume of 190 ml, it was used   catalyst) is the
maximum amount of residual to impregnate 220 g alumina. After 15 min-   oil
which can be hydrodesulphurized over the 15   utes the impregnated material
was dried at  catalyst before the catalyst shows a rapid de-  45 120[err] C
for 18 hours and calcined at 500[err] C   activation. for 3 hours.
The average activity (expressed in kg feed/ kg catalyst.hour.(%w of removed
[err] is the Hydrodesulphurization experiments.      activity of the
catalyst at the point where half A residual hydrocarbon oil having a total
the catalyst life has been reached.         50 20  vanadium and nickel
content of 62 ppmw, a      The results of the hydrodesulphurization
[err]-asphaltenes content of 6.4%w and a sul-  experiments together with
the properties of phur content of 3.9%w, which oil had been   the catalysts
applied are given in Table 1. The obtained as a residue in the atmospheric
dis-  specific average pore diameter (p) of the tillation of a Middle-East
crude oil was cata-   catalysts was calculated from a complete pore  55 25
lytically hydrodesulphurized without catalyst  diameter distribution, which
had been deter- replenishment and with the use of catalysts   mined with
the aid of the nitrogen adsorp- A-Z. To this end the oil together with hy-
tion/desorption method in combination with drogen was passed through a
cylindrical fixed  the mercury penetration method, as mentioned catalyst
bed in the downward direction at a   hereinbefore.
60   
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15 The experiments 34-42 (in which the cata-  they show at least a good
performance (life  55 lysts have a life <3000 or a [err] <1.5)   >3000 and
[err]1.5) for residue hydro- are hydrodesulphurization experiments outside
desulphurization. Depending on the quotient the scope of the present
invention. In experi-  p/(d)" of these catalysts, a certain restricted 5
ments 34--40 the applied catalysts do not  Pl range exists, within the
large [err] range meet the requirement:                         2
2 given by the formula, where these catalysts  60 [err]
show an excellent performance (life >3500 2                             and
[err] >2.0) for residue hydrodesulphur- [err]   ization. As already
indicated in the description e[rr]    of this patent application these
restricted PH in experiment 40 the applied catalyst com-  ranges are as
follows:                     65 prises particles more than 10%  of the pore
10  volume of which is in pores with a diameter  80(PH <110 bar for
catalysts having above 100 nm. In experiments 41 and 42 the applied
catalysts comprise particles more than 10% of the pore volume of which is
in pores   110<Pn <135 bar for catalysts having with a diameter above 100
nm. 15    The influence of [err] on catalyst perform-   135  (180 bar for
catalysts having ance appears clearly when the following ex-        2
periments are compared: Experiments 4, 25 and 34 with catalyst C
Experiments 5, 26 and 35 with catalyst D     The preference for carrying
out the hydro-  70 20   Experiments 7 and 36 with catalyst F
desulphurization with these catalysts within a Experiments 15, 29, 30 and
37 with catalyst M    certain restricted PH range depending on the
Experiments 20 and 38 with catalyst R                        2 Catalysts C,
D and M which show an ex-  quotient p/(d)   of these catalysts becomes
cellent performance for residue hydrodesul-  more clear when the following
experiments 25  phurization at a PH of 150, 100 and 150 bar,  are compared:
75 Experiments 1 and 24 with catalyst A respectively (experiments 4, 5 and
15, re-  Experiments 4 and 25 with catalyst C spectively), and a good
performance at a [err]  Experiments 5 and 26 with catalyst D of 125, 125
and 125 as well as 100 bar, re-  Experiments 8 and 27 with catalyst G
spectively (experiments 25, 26, 29 and 30, re-  Experiments 9, 10 and 28
with catalyst H  80 30  spectively), are less suitable for this purpose
Experiments 15, 29 and 30 with catalyst M at a PH of 70, 200 and 80 bar,
respectively   Experiments 17 and 31 with catalyst 0 Catalysts C, M  and 0
with a p/(d) of (experiments 34, 35 and 37, respectively).  12.7, 14.1 and
15.9, respectively, show a good Catalysts F and R which show an excellent
performance (life >3000 and [err]   85 performance for residue
hydrodesulphurization  for residue hydrodesulphurization if applied 35  at
a e[rr] of 100 bar (experiments 7 and 20)   at a [err] of 125, 125 as well
as 100 and 100 



are less suitable for this purpose at a [err]   bar, respectively
(experiments 25, 29, 30 and of 150 bar (experiments 36 and 38).        31,
respectively, carried out outside the pre- The quotient p/(d)[err]of
Catalysts A-U   ferred [err] range: 135[err] (180 bar). These  90 2
2 meets the requirement 4.0<p/(d)[err]0.0;  catalysts show, however, an
excellent perform- 40  and catalysts A-U have a pore volume above  ance
(life >3500 and [err]>2.0) if ap- 0.45 ml/g with at least 0.4 ml/g of the
pore  plied at a  or 150 bar (experiments 4, 15 volume in pores with a
diameter of at least            2 0.7 x p and at most 1.7 x p, and they
have a  and 17 carried out within the preferred [err] sharp pore diameter
distribution.          range: 135 [err]180 bar).               2  95 45
Catalysts V-Z do not meet at least two of              2 the requirements
just stated for the catalysts    Catalyst D with a p/(d)  of 5.7 shows a
A-U. Catalysts Y and Z comprise particles  good performance if applied at a
PH of 125 having more than 10% of the pore volume in  bar (experiment 26
carried out outside the pores with a diameter larger than 100 nm.
preferred [err] range: [err] 50     The experiments 1-31 with the catalysts
2 A-U  demonstrate that if these catalysts are  this catalyst shows,
however, an excellent per- 100 applied within the PH  range given by the
formance if applied at a [err] of 100 bar (ex- formula:
periment 5 carried out within the preferred [err] 2
Catalyst A with a p/(d)[err] of 9.7 shows a [err]good performance if
applied at a [err] of 100  105    16
1,408,759                                      16 bar (experiment 24
carried out outside the               TABLE III. preferred [err] range:
[err] 2               2 this catalyst shows, however, an excellent per-
Catalyst II formance if applied at a [err] of 125 bar   pore radius, nm
% of the pore volume 5   periment 1 carried within the preferred range:
[err] bar).               2                              6.4          50
Catalysts G and H with a p/(d)[er]r of 8.9     2-3
7.2 and 8.7, respectively, show a good perform-    3-4
5.6 ance at a [err] of 150 bar (experiments 27 and    4-5
3.1 2                                   5-6                       3.1 10
28, respectively, carried out outside the pre-  6-7
7.9          55 ferred PH range: 80<P 2<135 bar); these      7.0-7.5
6.3 catalysts show, however, an excellent perform-  7.5-8.0
6.4 ance if applied at 130 and 125 as well as 100  8.0-8.5
6.4 bar, respectively (experiments 8, 9 and 10,  8.5-9.0
6.3 15  respectively, carried out at a [err] within the  9.0-9.5
5.6          60 9.5-10.0                   5.5 preferred [err] range: [err]
10-15                      7.9 The following additional information is pro-
15-20                    1.6 vided in order to facilitate understanding of
20-50                     3.2 the present invention:-
>50                      11.1 20     By means of the nitrogen
adsorption/de- sorption method combined with the mercury  pore volume: 0.63
ml/g penetration method a complete pore radius  surface    : 133 e[rr]/g
distribution of two Ni/Mo/e[rr] catalysts (catalysts I and II) was
determined. Tables 25  II and III show the percentage of the pore   Of the
catalysts I and II the average pore volume being present in pores with a
given  diameters were determined by three different 



pore radius.                               methods, each used as such in
practice.    70 Method 1: Calculated by means of the formula TABLE II. 4 x
pore volume Catalyst I.                  pore diameter=
[err] surface 30  pore radius, nm       % of the pore volume Method 2: Read
off from a graph composed 0-1                       9.9
by means of a complete pore 1-2                      9.3
radius distribution and in which   75 2-3                       7.0
for the pore diameter range of 3-4                       6.4
from 0 to 100 nm, for each pore 35       4-5                       5.7
volume increment smaller than or 5-6                       5.7
equal to 10% of the pore volume, 6-7                       5.1
the quotient of the pore volume  80 7-8                       5.1
increment and the corresponding 8-10                      7.0
pore diameter interval has been 40      10-15                      9.0
plotted as a function of the linear 15-20                     3.8
average pore diameter over the 20-50                      3.8
relevant pore diameter interval;  85 >50                     22.2
the pore diameter is read off at the point where the curve reaches pore
volume: 0.78 ml/g                               a maximum. 45  surface:
238 [err]/g                       Method 3: Read off from a graph composed
17                                      1,408,759
17 by means of a complete pore   By method 2: Undeterminable, since there
is radius distribution and in which               no distinct maximum  in
the for the pore diameter range from               curve. 0 to 100 nm, for
each pore volume   By method 3: 7.6 nm. 5             increment smaller
than or equal    For catalyst II the following average pore  25 to 10%  of
the pore volume, the   diameter values are found by the different quotient
of the pore volume in-   methods. crement and the corresponding   By method
1: 18.9 nm. pore diameter interval has been   By method 2: 16.0 nm. 10
cumulatively plotted as a function   By method 3: 13.6 nm.
30 of the linear average pore di-    It is seen that the different methods
for ameter over the relevant pore di-  determining the average pore
diameter of the ameter interval; the pore diameter  catalyst lead to widely
varying results. For de- is read off at the point correspond-  termining
the specific average pore diameter 15            ing to 50%  of the total
quotient  (p) in connection with the present invention  35 at 100 nm.
method 3 is used. A complete sieve analysis of a crushed For catalyst I the
following average pore   Ni/Mo/[err] catalyst having a particle di-
diameter values are found by the different  ameter between 0.115 and 1.10
was carried methods.                                    out. The results of
this sieve analysis are  40 20  By method 1: 13.1 nm.
shown in Table IV. TABLE IV Particle                       Average Sieve
No.     diameter                         particle     Cumulative (US mesh)
range, mm       % by weight    diam., mm      % by weight 16 - 18
1.00 - 1.19         1.0           1.10           100.0 18 - 20      0.84 -
1.00          2.3           0.92            99.0 



20 - 25      0.71 - 0.84          3.5           0.77            96.7 25 -
30      0.59 - 0.71          5.2           0.65            93.2 30 - 35
0.50 - 0.59          5.5           0.55            88.0 35 - 40      0.42 -
0.50          6.6           0.46            82.5 40 - 45      0.35 - 0.42
8.1           0.38            75.9 45 - 50     0.297 - 0.35          7.1
0.32            67.8 50 - 60     0.250 - 0.297         9.3           0.27
60.7 60 - 70     0.210 - 0.250         8.9           0.23            51.4
70 - 80     0.177 - 0.210         8.5           0.19            42.5 80 -
100    0.149 - 0.177         9.9           0.165           34.0 100 - 120
0.125 - 0.149        10.8           0.13            24.1 120 - 140    0.105
- 0.125        13.3           0.115           13.3 Of this catalyst the
average particle diameter     the particle diameter of the largest was
determined by two different methods               and the smallest particle
respec-  50 45  which are both used in practice.
tively. Method 1: Calculated as linear average by   Method 2: Read off from
a graph composed means of the  formula  particle  diameter             by
means of a complete sieve [err] in which [err] represent
analysis and in which for every successive sieve fraction the per-  55 2
centage by weight, based on the    18
l,408,759                                          18 total weight of the
catalyst sample,  (c) less than 10% of the pore volume in pores has been
plotted cumulatively as      with a diameter larger than 100 nm. a function
of the linear average    When the process of the present invention   65
diameter of the relevant sieve  is used for the catalytic
hydrodesulphuriza- 5             fraction; the particle diameter is  tion
at hydrogen partial pressures of at least read off at the point correspond-
110 but less than 135 bar without catalyst ing to 50% of the total weight.
replenishment of residual hydrocarbon oils For this catalyst the following
average   having a total vanadium  and nickel content  70 particle diameter
values are found by the dif-  of at least 30 and at most 120 ppmw and a 10
ferent methods.                              [err]-asphaltene content above
0.5%w, a cata- By method 1: 0.61 mm                        lyst may be
applied comprising 0.5-20 pbw By method 2: 0.225 mm
nickel and/or cobalt and 2.5-60 pbw molyb- It is seen that the different
methods for  denum and/or tungsten per 100 pbw carrier,  75 determining the
average particle diameter of  which catalyst comprises particles having
such 15  the catalyst lead to widely varying results. For  a p and d (as
hereinbefore defined) that the determining the specific average particle
di-  quotient p/(d)[err] meets  the  requirement ameter (d) in connection
with the present  [err] and said catalyst having invention method 2 is
used.                 a  pore  volume  above  0.5  ml/g, with   80 When the
process of the present invention   0.4-0.8 ml/g of the pore volume in pores
20  is used for the catalytic hydrodesulphurization   with a diameter of at
least 0.7 x p and at most without catalyst replenishment of residual hy-
1.7 x p and a sharp pore diameter distribution drocarbon oils having a
total vanadium  and   characterized by nickel content of at least 30 and at
most 120   (a) less than 20% of the pore volume in pores   85 ppmw  and a
-asphaltene content above          with a diameter smaller than 0.7 x p, 25
0.5 %w, a catalyst may be applied comprising   (b) less than 20% of the
pore volume in pores one or more metals having hydrogenating ac-      with
a diameter larger than 1.7 x p, and tivity on a carrier and which has a
pore  (c) less than 10% of the pore volume in pores volume above 0.30 ml/g,
said catalyst being      with a diameter larger than 100 nm.     90 in the
form either of particles less than 10%  When the process of the present
invention 30   of the pore volume of which is present in  is used for the
catalytic hydrodesulphurization pores with a diameter above 100 nm, said
at hydrogen partial pressures of at least 135 



particles having such a p and d (as herein-  and at most 180 bar without
catalyst replen- before defined) that the quotient p(d)   ishment of
residual hydrocarbon oils having   95 meets the requirement
a total vanadium and nickel content of at least 3 and at most 120 ppmw and
a []err]-asphal- 35   [err]  tene content above 0.5%w, a catalyst may be 2
applied comprising 0.5-20 pbw nickel and/or or of agglomerates having more
than 10%  of  cobalt and 2.5-60 pbw molybdenum and/or  100 their pore
volume in pores with a diameter  tungsten per 100 pbw carrier, which
catalyst above 100 nm., which agglomerates are formed comprises particles
having such a p and d (as from said particles.
hereinbefore defined that the quotient p/(d) 40     When the process of the
present invention   meets the requirement p[err] is used for the catalytic
hydrodesulphurization   and said catalyst having a pore volume above  105
at hydrogen partial pressures of at least 80   0.5 ml/g, with 0.4-0.8 ml/g
of the pore but less than 110 bar without catalyst re-   volume in pores
with a diameter of at least plenishment of residual hydrocarbon  oils  0.7
x p and at most 1.7 x p, and a sharp pore 45   having a total vanadium and
nickel content of  diameter distribution characterized by: at most 120
ppmw, a catalyst may be applied   (a) less than 20% of the pore volume in
pores 110 comprising 0.5-20 pbw nickel and/or cobalt       with a diameter
smaller than 0.7 x p, and 2.5-60 pbw molybdenum and/or tungs-  (b) less
than 20% of the pore volume in pores ten per 100 pbw carrier, which
catalyst com-     with a diameter larger than 1.7 x p, and 50   prises
particles having such a p and d (as   (c) less than 10% of the pore volume
in pores hereinbefore  defined)  that  the  quotient      with a diameter
larger than 100 nm.    115 p/(d)[err]  meets  the  requirement  4.0<
WHAT WE CLAIM  IS:- p/(d)9.0 and said catalyst having a pore    1. A
process for the catalytic hydrodesul- volume above 0.45 ml/g with 0.4-0.8
ml/g   phurization without catalyst replenishment of 55   of the pore
volume in pores with a diameter of  residual hydrocarbon  oils having  a
total at least 0.7 x p and at most 1.7 x p and a  vanadium and nickel
content of at most 120  120 sharp pore diameter distribution characterized
ppmw, in which process a catalyst is applied by:
comprising one or more metals having hy- (a) less than 20% of the pore
volume in pores   drogenating activity on a carrier and having 60
with a diameter smaller than 0.7 x p,    a pore volume above 0.30 ml/g,
said catalyst (b) less than 20% of the pore volume in pores  being in the
form either of particles less than  125 with a diameter larger than 1.7 x
p, and   10% of the pore volume of which is present    18
1,408,759                                         18 total weight of the
catalyst sample,  (c) less than 10% of the pore volume in pores has been
plotted cumulatively as     with a diameter larger than 100 nm. a function
of the linear average   When the process of the present invention   65
diameter of the relevant sieve  is used for the catalytic
hydrodesulphuriza- 5             fraction; the particle diameter is  tion
at hydrogen partial pressures of at least read off at the point correspond-
110 but less than 135 bar without catalyst ing to 50% of the total weight.
replenishment of residual hydrocarbon oils For this catalyst the following
average  having a total vanadium  and nickel content  70 particle diameter
values are found by the dif-  of at least 30 and at most 120 ppmw and a 10
ferent methods.                              C0-asphaltene content above
0.5%w, a cata- By method 1: 0.61 mm                        lyst may be
applied comprising 0.5-20 pbw By method 2: 0.225 mm
nickel and/or cobalt and 2.5-60 pbw molyb- It is seen that the different
methods for  denum and/or tungsten per 100 pbw carrier,  75 determining the
average particle diameter of  which catalyst comprises particles having
such 15  the catalyst lead to widely varying results. For  a p and d (as
hereinbefore defined) that the determining the specific average particle
di-  quotient p/(d)[err] meets  the  requirement ameter (d) in connection
with the present  [err] and said catalyst having invention method 2 is
used.                 a  pore  volume  above  0.5  ml/g, with   80 



When the process of the present invention   0.4-0.8 ml/g of the pore volume
in pores 20  is used for the catalytic hydrodesulphurization   with a
diameter of at least 0.7 x p and at most without catalyst replenishment of
residual hy-   1.7 x p and a sharp pore diameter distribution drocarbon
oils having a total vanadium  and   characterized by nickel content of at
least 30 and at most 120   (a) less than 20% of the pore volume in pores
85 ppmw  and a C,-asphaltene content above         with a diameter smaller
than 0.7 x p, 25   0.5%w, a catalyst may be applied comprising   (b) less
than 20% of the pore volume in pores one or more metals having
hydrogenating ac-     with a diameter larger than 1.7 x p, and tivity on a
carrier and which has a pore  (c) less than 10% of the pore volume in pores
volume above 0.30 ml/g, said catalyst being     with a diameter larger than
100 un.     90 in the form either of particles less than 10%  When the
process of the present invention 30   of the pore volume of which is
present in  is used for the catalytic hydrodesulphurization pores with a
diameter above 100 nm, said  at hydrogen partial pressures of at least 135
particles having such a p and d (as herein-  and at most 180 bar without
catalyst replen- before defined) that the quotient p(d)[err]  ishment of
residual hydrocarbon oils having   95 meets the requirement
a total vanadium and nickel content of at least 30 and at most 120 ppmw and
a [err]-asphal- 35   [err] tene content above 0.5%w, a catalyst may be
applied comprising 0.5-20 pbw nickel and/or or of agglomerates having more
than 10% of  cobalt and 2.5-60 pbw molybdenum and/or  100 their pore volume
in pores with a diameter  tungsten per 100 pbw carrier, which catalyst
above 100 nm., which agglomerates are formed   comprises particles having
such a p and d (as from said particles.                        hereinbefore
defined that the quotient p/(d) 40      When the process of the present
invention   meets the requirement [err] is used for the catalytic
hydrodesulphurization   and said catalyst having a pore volume above  105
at hydrogen partial pressures of at least 80   0.5 ml/g  with  0.4-0.8 ml/g
of the pore but less than 110 bar without catalyst re-  volume  in pores
with a diameter of at least plenishment of residual hydrocarbon oils 0.7 x
p and at most 1.7 x p. and a sharp pore 45   having a total vanadium and
nickel content of  diameter distribution characterized by at most 120 ppmw,
a catalyst may be applied   (a) less than 20% of the pore volume in pores
110 comprising 0.5-20 pbw nickel and/or cobalt     with a diameter smaller
than 0.7 x p, and  2.5-60  pbw molybdenum and/or tungs-  (b) less than 20%
of the pore volume in pores and 2.5-60 pbw molybdenum and or tungs     with
a diameter larger than 1.7 x p, and ten per 100 pbw carrier, which catalyst
com-   (c) less than 10% of the pore volume in pores 50   prises particles
having such a p and d (as      with a hereinbef ore  defined)  that  the
quotient           diameter larger than 100 nm.    115 p/(d)[err] meets
the  requirement  4.0       WHAT WE CLAIM  IS:- p/(d)'<9.0 and said
catalyst having a pore    1. A process for the catalytic hydrodesul- volume
above 0.45 ml/g with 0.4-0.8 ml/g  phurization without catalyst
replenishment of 55   of the pore volume in pores with a diameter of
residual hydrocarbon  oils having  a total at least 0.7 x p and at most 1.7
x p and a  vanadium and nickel content of at most 120  120 sharp pore
diameter distribution characterized   ppmw, in which process a catalyst is
applied by:                                         comprising one or more
metals having hy- (a) less than 20% of the pore volume in pores
drogenating activity on a carrier and having 60       with a diameter
smaller than 0.7 x p,   a pore volume above 0.30 ml/g, said catalyst (b)
less than 20% of the pore volume in pores  being in the form either of
particles less than  125 with a diameter larger than 1.7 x p, and   10% of
the pore volume of which is present    19
1,408,759            C   L   M   S             19 in pores with a diameter
larger than 100 nm,  (c) less than 10% of the pore volume in pores said
particles having such a specific average    with a diameter larger than 100
nm. pore diameter (p) as hereinbefore defined      7. A process for the
catalytic hydrodesul- and specific average particle diameter (d) as
phurization without catalyst replenishment of  55 



5   hereinbefore defined that the quotient p/(d)[err]  residual hydrocarbon
oils having  a  total meets the requirement                      vanadium
and nickel content of at least 30 and at most 120 ppmw and a
[err]-asphaltene catalyst being in the form either of particles in which
[ERR]is the hydrogen partial pressure  less than 10% of the pore volume of
which is present in pores with a diameter above 100  65 applied (p in NM d
in mm, PH in bar), or of  nm, said particles having such a p and d (as
agglomerates having more than 10%  of their  hereinbefore  defined)  that
the  quotient 10   pore volume in pores with a diameter above   p/(d)[err]
meets the requirement 100 nm., which agglomerates are formed from said
particles.                              [err] 2. A process as claimed in
claim 1, in which             2                       2 process a catalyst
is applied in which said  or of agglomerates having more than 10%  of  70
15   particles have such a p and d that the quotient  their pore volume in
pores with a diameter p/(d)[err] meets the requirement               above
100 nm, which agglomerates are formed from said particles. 3. A process as
claimed in claim 1 or claim   having a total vanadium and nickel content of
2, in which process a [err] is applied of at  at most 120 ppmw, in which
process a catalyst 2                   is applied comprising 0.5-20 pbw
nickel  80 20  least 80 but less than 110 bar and a catalyst  and/or cobalt
and 2.5-60 pbw molybdenum is applied in which said particles have such a
and/or tungsten per 100 pbw carrier, which p and d that the quotient p/(d)
meets the   catalyst comprises particles having such a p requirement [err]
and d (as hereinbefore defined) that the quo- 4. A process as claimed in
claim 1 or claim   tient  p/(d)[err]   meets  the  requirement  85 25   2,
in which process a [err] is applied of at least  [err] and said catalyst
having 110 but less than 135 bar and a catalyst is   a pore volume above
0.45 ml/g with 0.4-0.8 applied in which said particles have such a p   ml/g
of the pore volume in pores with a di- and d that the quotient p/(d)[err]
meets the   ameter of at least 0.7 x p and at most 1.7 x p requirement
[err] .             and a sharp pore diameter distribution charac-  90 30
5. A process as claimed in claim 1 or claim   terized by: 2, in which
process a [err] is applied of at least  (a) less than 20% of the pore
volume in pores 135 and at most 180 bar and a catalyst is ap-    with a
diameter smaller than 0.7 x p, plied in which said particles have such a p
and   (b) less than 20% of the pore volume in pores d that the quotient
p/(d) meets the re-        with a diameter larger than 1.7 x p, and   95 35
quirement [err]                 (c) less than 10% of the pore volume in
pores 6. A process as claimed in any one of claims   with a diameter larger
than 100 nm. 1-5, in which process a catalyst is applied comprising one or
more metals having hy-       9. A process for the catalytic hydrodesul-
drogenation activity on a carrier, which cata-   phurization at hydrogen
partial pressures of 40  lyst comprises particles having such a p and   at
least 110 but less than 135 bar without 100 d that the quotient [err] meets
the re-  catalyst replenishment of residual hydrocarbon quirement [err] and
said cata-   oils having a total vanadium and nickel con- lyst having a
pore volume above 0.45 ml/g   tent of at least 30 and at most 120 ppmw with
at least 0.4 ml/g of the pore volume in  and a [err]-asphaltene content
above 0.5%w, in 45   pores with a diameter of at least 0.7 x p and   which
process a catalyst is applied comprising  105 at most 1.7 x p and a sharp
pore diameter  0.5-20 pbw nickel and/or cobalt and 2.5-60 distribution
characterized by                pbw molybdenum  and/or tungsten per 100 pbw
carrier, which catalyst comprises particles (a) less than 20% of the pore
volume in pores   having such a p and d (as hereinbefore de- with a
diameter smaller than 0.7 x p,   fined) that the quotient p/(d)[err] meets
the  110 50   (b) less than 20% of the pore volume in pores  requirement
7.0<p/(d)[err]0.0  and  said with a diameter larger than 1.7 x p, and
catalyst having a pore volume above 0.5 ml/g,    



20                                         1 ,408,759 with 0.4-0.8 ml/g of
the pore volume in  bar, a space velocity of 0.1-10 pbw and pre- pores with
a diameter of at least 0.7 x p and   ferably 0.5-5 pbw of fresh feed per
pbv of  50 at most 1.7 x p and a sharp pore diameter  catalyst per hour and
a hydrogen/feed ratio distribution characterized by                of
150-2000 N1 and preferably 250-1000 5   (a) less than 20% of the pore
volume in pores   N1 H,/kg feed. with a diameter smaller than 0.7 x p,
13. A process as claimed in any one of (b) less than 20% of the pore volume
in pores  claims 1-12, in which the desulphurization 55 with a diameter
larger than 1.7 x p, and  is preceded by a demetallization. (c) less than
10% of the pore volume in pores  14. A process as claimed in claim  13, in
10       with a diameter larger than 100 nm.     which the demetallization
is carried out by 10. A process for the catalytic hydrodesul-  passing the
hydrocarbon oil at elevated tem- phurization at hydrogen partial pressures
of at  perature and pressure and in the presence of   60 least 135 and at
most 180 bar without catalyst  hydrogen in upward, downward or radial di-
replenishment of residual hydrocarbon oils  rection through one or more
vertically dis- 15   having a total vanadium and nickel content of  posed
reactors comprising a fixed or moving at least 30 and at most 120 ppmw  and
a  bed of suitable catalyst particles. [err]-asphaltene content above
0.5%w, in which    15. A process as claimed in claim  13 or  65 process a
catalyst is applied  comprising   14, in which the demetallization is
carried out 0.5-20 pbw nickel and/or cobalt and 2.5-   in bunker flow
operation or in fixed bed 20   60 pbw molybdenum and/or tungsten per 100
swing operation and the desulphurization is pbw carrier, which catalyst
comprises particles  carried out in conventional fixed bed opera- having
such a p and d (as hereinbefore dc-  tion.
70 fined) that the quotient p/(d)[err] meets the     16. A process as
claimed in claim  14 or requirement [err] and said  15, in which the
catalyst applied for demetal- 25   catalyst having a pore volume above 0.5
ml/g,  lization is a catalyst comprising one or more with 0.4-0.8 ml/g of
the pore volume in  metals having hydrogenation activity on a car- pores
with a diameter of at least 0.7 x p and  rier, which catalyst meets the
following re-   75 at most 1.7 x p, and a sharp pore diameter  quirements
distribution characterized by:               (1) the pore volume is larger
than 0.4 ml/g. 30   (a) less than 20% of the pore volume in pores  (2) the
percentage (v) of the pore volume with a diameter smaller than 0.7 x p,
that consists of pores with a diameter (b) less than 20% of the pore volume
in pores   above 100 nm is smaller than 50 and      80 with a diameter
larger than 1.7 x p, and   (3) the quotient of p and d is larger than (c)
less than 10% of the pore volume in pores   10-0.15 v . 35       with a
diameter larger than 100 nm.        17. A process for the catalytic
hydrodesul- 11. A process as claimed in any one of  phurization of residual
hydrocarbon oils as claims 1-10, which process is carried out by  claimed
in any one of the preceding claims   85 passing the hydrocarbon oil to be
desulphur-  and substantially as described hereinbefore ized at elevated
temperature and pressure and  with reference to any one of the experiments
40  in the presence of hydrogen in upward, down-  1-33. ward or radial
direction through one or more    18. Residual hydrocarbon oils which have
vertically disposed reactors comprising a fixed  been hydrodesulphurized
by a process as   90 catalyst bed.                               claimed in
any one of claims 1-17. 12. A process as claimed in any one of 45   claims
1-11, which process is carried out at            ROY  C. ROGERS, a
temperature of 300-475 C and preferably           Chartered Patent Agent,
of 350-445 C, a hydrogen partial pressure         Shell Centre, London,
S.E. 1, of 50-200 bar and preferably of 80-180               Agent for the
Applicants. Printed for Her Majesty's Stationery Office by the Courier
Press, Leamington Spa, 1975. Published by the Patent Office, 25 Southampton
Buildings, London, WC2A lAY, from which copies may be obtained.    


