HYDROPROCESSt NG GATALYST*AND USE THERECF The present invention relates to a
hydr opr ocessi ng catal yst, nore in particular to a catalyst suitable

for effecting sinmultaneous hydrodesul phurisation and hydrodenetaldisation.
of sul phur- and netals- 5 .containing feedstocks. The inven 'eq—f t her
relates to a process for use of this catalyst, and to a proc t he
preparation thereof. One of the steps in the preparation of ready-for-use
products from heavy oil fractions is the conplete or partial renoval of
inpurities. 10 Heavy feedstocks, such as feeds based on -atnospheric
residual oils, vacuumresidual oils, tar sand oils, and shale oils
generally contain - sul phur conponents and netallic conponents. These

i npurities can b&lYDRORROEHS SIWGCOATALYST Dt USE THERESFock with a

hydr opr ocessi ng catalyst at elevated tenperature and pressure in the
presence of hydroge This 15 wi |l cause the sul phur conpound to be
converted to H2ST ahpmenhewmmﬁsn predetes ttat @ hydroprocessiagy satajasti ohare. in

The catal ysts whltpﬁht §ako € fegt Sc%a!’ta?{ftfm%'uﬁ‘%l@ydf&de%\g'ﬁﬂwﬁéSaﬁ'ﬂ%té’r%us

hydr odenet al | i sati gn have to _sati e stringent requirenehts
On the one hand, NYAecdesH}RitEd 6 iy ﬁ%fbtho’éFPd&HGtﬂgbﬁaédl@?r@tfaﬂﬂlpgah Ghd metals-

activity of .the ‘é@h?dﬂ(ﬁhg sfeedb todle .NTHE, invbnd ien Ofurther Pbhettes tdia Wbééé’sStfor
shoul d have®a | on rov difficult to nd a ca h
Satistios all e YeRtims bRt aREs® v 18 HE Prdrdtiid etk
t hese denands are inconsistent anDng
One of the steps in the preparation of ready-for-use products from
heavy oil fractions is the complete or partial removal of impurities.
10 Heavy feedstocks, such ag‘feeds based on atmospheric residual oils,
vacuum residual oils, tar sand oils, and shale oils generally contain
. sulphur components -and metallic components. These impurities can -be
removed by contacting the feedstock with a hydroprocessing catalyst at
elevated temperature and pressure in the presence of hydrogen. This
will cause the éu]phur compound to be converted to HpS, while the
metals precipitate on the catalyst particles.

15

The cafa]ysts which are to effect this combined hydrodesulphurisation
‘and hydrodemetallisation have to satisfy quite stringent requirements.
20 “On the one hand,  the hydrodesulphurisation and hydrodemetallisation
activity of the catalyst should be high, while on the other, the
catalyst shod]d.haye a long life. It has proven difficult to find a
catalyst which satisfies all three demands simultaneously.
This is the more so because these demands are inconsistent among
o5 themselves. For exampie, if one improves the hydrodesulphurisation
activity by increasing the metals content of the catalyst, it turns
out that this measure 1is accompanied by a shorter catalyst life.
Alternatively, if one increases the average pore diameter of the
catalyst to increase its hydrodemetallisation activity, the resulting
30 Jower surface area will lead to- decreased hydrodesu]phdrisation
activity. ’



25 t hensel ves¥ For, exanple, if one inproves the ' ‘HﬂSSHEEThASBEEN
hydr odesul phuri sati on act|V|ty by increasing the netals cont gnt of REMACED

catalyst, it turns out that this measure is acconpani ed by a'-SHertet

catalyst life. Alternatively, if one increases the average pore dianeter of
the catalyst to increase its hydrodenetallisation activity, the resulting
30 | ower surface area wll lead to decreased

hydr odesul phurisation activity. 2 In the lijerature, several

hydr opr ocessi ng catal ysts which shoul d effect Sinultaneous

hydr odesul phuri sati-on and hydrodenetal | i sati on of hydrocarbon f eeds have
been proposed, al] of whjch have tried to find the conblnatlon

of  hydrodesul phlft i & i biteratiwe; V|5Fye‘"aﬂyd'fy(§'d'8Pr@{CSFN@atqa(ﬁﬁhéﬁﬁsl whigh  ahey

tcﬁt al ytstI i Ieb USefoe588s1m9t&m§u§ ' ﬁ*glﬂ&lﬁﬁhl&’ﬁsﬁB{@ I%h@blhﬁi‘g@ém&ﬁ?ﬁ%htf&w of
e catalys y sp el natj.on _pr.ocedure
3,931, 052 s OfgBarbon DFeeus Saver bieen profase a1 B USECHAS sried to find

hydr‘odesul phglri satheon aplkimbmdrorrbmbmahlonsatmbn \lmydmctesuhimwa—thynl ovactivity,
fﬁ;{ g_cgl 3;1.6% the, Bk a Pl s%io%hagfﬁ;ﬁyabér% Eﬂ%\ﬁ&?{%% del ta- and/or
US 4,588,709 has tried to solve this prob]em by prepar1ng the catalyst
by way of a spec1f1c double impregnation procedure.
Us 3,931,052  describes a catalyst for simultaneous
hydrodesulphurisation and pydrodemeta1lisation with a relatively low

10 surface area, the support of which preferably consists of delta-
and/or theta-alumina. . _
US 5,223,472  describes a catalyst for the simultaneous.
hydrodesulphurisation -and hydrodemetallisation of hydrocarbon feeds,
15 the support of which comprises at least 10 wt.% of delta-alumina and

the balance gamma-alumina.
However, it appears that none of these catalysts satisfies all the
requirements of  high hydrodesulphurisation  activity, high
hydrodemetallisation activity, and a long life. Hence, there-is still
20 need for a catalyst composition which combines high
hydrodesulphurisation activity with high hydrodemeta111sat1on activity
~and a long life. C

The catalyst according to the invention: ~

2 The present invention now provides a catalyst composition satisfying
this need. The catalyst composition according to the invention is
characterised in that:

a. it comprises a support at least 90 wt.% of which consists of

30 alumina, which alumina has an R value of 0.08-30, the R value

being defined as the ratio between the integrated intensity of the
X-ray diffraction peak at 2 e = 32° and the integrated intensity
of the X-ray diffraction peak at 2'e = 46°,

'b. it comprises 2-8 wt.% of Group VIB metal component, calculated as

metal, : — e
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US 5,223,472 describes a catalyst for the  sinmultaneous
hydr odesul phuri sati on and hydrodenetal | i sation of hydrocarbon feeds, the
support of which conprises at teast 10 wt. % of delta-alumna and the

bal ance gamma- al um na. However, it appears that none of these catalysts

satisfies all the requirenents of hi gh. hydrodesul phuri sation
activity, hi gh hydrodenetal lisation activity, and a long life. Hence,
there-is still 20 need for a cat aPyst conposition whi ch

conbi nes hi gh hydr odesul phuri sation activity wi th high
hydrodenetalllsatlon ct|V|t and te he.cat a ordin
the invention. - 55 Tfe éﬁ?slnge%%?g ov FERMP gy@%tgl g gmmnent

conposi tion satlsfylngluﬂm$ednseMenmhe catalyst conp05|t|on according to

the invention is ghar chﬁ&|3$d Pe t R3Le %gﬁﬂh%ufﬂﬂprééeﬁe iReP! b a“nkgﬁfgn

90 wt. % of which con5|sts ] whith alum na’. h
val ue of 0.08-0.30, tadeorptien w@tbﬁfmggdﬂfei field owing mequizementiset ween t he

integrated intensity (qgg ngtgﬁ]ar]ag{?,fga%{@ﬁqprb BERlH m/gz [err] = 32[err] and

t he |ntegrat§d i nt ensi raction peak'at 2 e = 460, b. it
conprises 2-8 wt.% of(1& &g ?\MeBagr%tP&F”ec@ﬁﬁ%ﬁ!nﬂs léamlﬂ“at ed as netal,

(1ii) of the pore volume of pores with a diameter below 60 nm at
least 40% is present in pores within a range of the average pore
diameter % 5 nm. ’

10 As will be e]uc1dated below, it s essential that the catalyst
accordlng to the 1nvent1on satisfy all above-mentioned requirements
a to d. If any one of these requirements is not met, the advantageous
effect of the catalyst according to the invention, that is, a
15 "~ . combination of high hydrodesulphurisation activity, high

hydrodemetallisation activity, and a long life, is not obtained.

The alumina R value is an indication of the crystal structure of the
alumina present in the catalyst according to the invention.

20 The alumina commonly used in the hydroprocessing catalysts of the
prior art 1is gamma-alumina. This product can be obtained by
calcination of an alumina hydrate, generally boehmite, at a
temperature over 500°C. At a temperature above 800°C conversion of the

- gamma-alumina. into delta-alumina will start to take place. At even

o5 higher calcination temperatures theta-alumina will be formed, and when

the calcination temperature reaches 1100°C, alpha-alumina is formed.

During the conversion of gamma-alumina into alpha-alumina, via delta-

and theta-alumina, the alumina's surface area is reduced, and the

surface hydration 1is changed. This 1is reflected in a chque in

catalytic properties. Where gamma-alumina is highly active and makes a

high distribution of the metal components possible, alpha-alumina is

substantially inert, and the incorporation of metal components into
this material is difficult.

30



3c. it cofprisés: 0.5-2.5 w.% of Goup VIII netal conponent,
calculated as netal; d. it has a pore size distribution as

determ ned by nitrogen adsorption.satisfying the follow ng requicrenents:
(i) the total pore volune is 0.5-1.0 m/g, (ii) the average pore dianeter
Is 18-30 nm (iii) of the pore volune of pores with a dianmeter bel ow 60 nm
at least 40%is present in pores wthin a range, of the average pore
diameter + 5 nm 10 As will be el ucidated belovﬂ it is essential that the
catal yst according to the invention satisfy all above-nentioned '

requirements a to,d. Jf a ne gf these reguirenents is n t

Lavant ageous. of f eAEediessntd sAV% et b dpaieg oD GRERL chistel o When tHE, arodyet
15 conbi nationis heéted to gthe requilreddecomveraionsbenpenatureacandi mixtures of -
hi gh hydr odenet al |, .0 VY d : i f i 140, | 1aqlh0e
alum na R val ue i g ?gﬁ&qsn&rgﬁqt\ént‘:ﬁ? ?ﬁe()tgtrabggglwstcrgﬁ%ﬂum% %PT]%? IFf(jangajtqutér]nc"n'{a}‘(%1(m
present in the cattdmgsandckesparaigires. t he i nvention. . :

5
In the present invention, at least 90 wt.% of the catalyst support
should consist of an alumina comprising a mixture of gamma-alumina and
delta- and/or thetd-alumina 1in which the various components are
present in a certain ratio. This composition is reflected in the
10 alumina R value, which should be in the range o.f 0.08-0.30. The R
value can be expressed in the formula
R = [I(2e)=32°]
[I(20)=46°]
15

in which [I(20)=32°] and [I(2e)=46°] stand for the integrated
intensity of the peak at a 2e angle of the X-ray diffraction spectrum
at 32° and 46°, respectively. In the present specification, use fis
made of an X-RAY DIFFRACTOMETER RINT-1100V, available . from Rigaku
20 International Co. The following measurement conditions and apparatus
were used: CuK alpha-ray .vessel, vessel voltage 50 kV, vessel current
40 mA, double axis vertical goniometer, scanning rate 2.000°/min,
emitting slit width 1°, scattering slit width, 1°, receiving slit
width 0.3 mm, 2e- angle 5°=2e=80°. '

25. The peak which appears at 2e=46° is due to gamma-alumina, while the
peak appearing at 2e=32°C is due to delta- and/or__ theta-alumina. At
this angle the latter two alumina types cannot be distinguished from
each other by way of X-ray diffraction. The two peaks at 2e=46° and

30 20=32° do not overlap and can therefore be readily integratec_i to

calculate the integrated intensity. In calculating the integrated
intensity, the background. intensity is not taken into account, as is
well known to the person skilled in the art.



20 The al'umi nd comonly used in the hydroprocessing catal ysts of the
prior art is gamm-alunmna. This product can be obtained by
calcination of an alumna HRhydrate, generally boehmte, at a
tenperature over 500[err]C. At a tenperature above 8000C conversion of the
gamma-alum na into delta-alumna will start to- take place. At. even 25

hi gher cal cination tenperatures theta-alumna will be forned, and when the
cal cination tenperature reaches 1100[err]C, alﬁha-alunina is formed. During
t he conversi on of ganma-al unina inhto al pha-alumna, via delta- and-:

t heta-alumna, the alum na' s surface area Jis.regduged,, and t urface .
hydration is chan gdl.tH i"&SPEL ré%l b%trlé’(ﬁe'i?nthétc nge"éﬂrll‘%@ho“HS E%t‘{ﬁ%ﬁf"l‘we‘j on
properties. Wer e thanmenil suppoat j onhiigithynaaetals ared predens.a hi gh

di stribution of the metal conponents possible, alpha-alumna is
substantially inert, and the incorporation of nmetal conponents into this
material is diffi &gl stated hefqred| Bhas R yakuey oft ther alumi naoprasenhintraribousatalyst
conversion when tRBecHrddgClo ithe NOREREI dnOsAdiFd "RA ggeoygaqueaﬁloqﬁg 9 934 Jhe

t enper at ur e, 2and qlxturﬁs of Xarlo s products can be obtdi ned by caref
sel ecting cal ci nat PY8r tthael vadues chepe gamna-alumina is present in the catalyst; .

the higher the R value, the more delta- and/or theta-alumina is
present. ' .

If the R value is be]éw 0.08, the percentage of gamma-alumina in the
suﬁport-becomes too high, which will lead to a catalyst with a highly

10 active surface and a good metals distribution on the one hand, but on
the other hand, and more importantly, this high activity will cause a
significant amount of the hydrodemetallisation reaction to take place
on the outside of the catalyst surface, which will result in blocking

15 of the catalyst pores by the contaminant metals precipitating on the

catalyst surface as a result of the hydrodemetallisation reaction.
This will result in a decreased catalyst 1ife,
Conversely, if the R value is above 0.30, the percentage of
delta-and/or theta-alumina present in the support material becomes too
20 high, and this will result in a catalyst in which the metal components
are poorly distributed over the catalyst surface, which will lead to
low hydfodesdlphurisation and low hydrodemetallisation activity.
Preferably, the R value is between 0.20 and 0.25.

In this respect it is noted that none of the references cited above

- describes a catalyst comprising alumina with an R value within the
specified range.
The alumina present in the catalyst of US 4,588,709 is never treated
at above 600°C, which temperature is not high enough to induce the
30 formation of delta- and/or theta-alumina. Thus, the alumina R value in

this reference is below the lower limit of the range of the present
invention.
On the other hand, it appears from the very high calcination



5 1n the preéént i‘'nvention, at least 90 w.% of the catal yst support should
consi st of an alum na conprising a m xture of gamma-al um na and delt a-
and/or theta-alumna in which the various conponents are present in a
certain ratio. This conposition is reflected in the 10 al um na R val ue,
whi ch should be in the range of 0.08-0.30. The R value can be expressed in
the formula R = [err] [err] 15 in which J[err]. and [l(2e)=46[err]]
stand for the integrated intensity of the pé%k at a 2e angle of the
X-ray diffraction spectrumat 32[err] and 46[err], respectively. In the
present specification | S Xz RAY, . DI FEFRACTOVETER . RINT-110QV,
avail able from Rit&@y&ra_%@?es ‘“Fﬁggir'ﬁé% fdéﬁthaéo.theﬂ‘?éu‘Pmal Bﬁﬁﬂ'fcrré%sﬁl}r\ge tlyst
condi ti ons and appdr this referenas edil1Cothtali pha-subytant szlelamovnts o detia-abening,
kV, vessel curren d uhl.e. axi. g, Xeridl (o[=Tat e} +aSGa
2.000[err]/mn, etr%h§€a| %umfsh%l Plrwa ?F‘hﬁ“}{g T‘tshlggﬂfér i?ﬁfgS gFft“F{ y&({dtgh?é]ilﬁgs{:' With an
receiving slit wRdvalug gbewg the-uppen Bimit|ef the omngeespsehfkiaghifen tepeatiadyst
at [err]‘is'gye tgcaﬁqﬁﬁ?a&y@hgmgnwyﬁﬁda.the peak appearing at [err] is due
to delta- and/or theta-alumna. A .
N §f§23,&52 é%scr%bes a catalyst of_ which it is stated that it
-comprises at Teast 10 wt.% of delta-alumina, as determined by X-ray
diffraction, and the balance gamma-alumina. It is unclear how these
values are determined, because a delta-alumina standard is not

available. In -any case, as can be seen from the calcination

10 -
temperatures employed in - this reference, the percentage of
delta-alumina of this reference will result in an R value of more than
0.30.

{5 The catalyst according to the invention comprises a Group VIB metal

component and a Group VIII metal component. The Group VIB metal
component is preferably selected from molybdenum and tungsten, and
most preferably is molybdenum. The Group VIII metal component is
preferably selected from cobalt and nickel, and most preferably is
20 nickel. _
The Group VIB metal component is present in an amount of 2-8 wt.%,
calculated as metal on the weight of the catalyst. If the Group VIB
metal content is below 2 wt.%, the catalytic activity of the catalyst,
more particularly its hydrodesulphurisation activity; is:insufficient. -
A Group VIB metal content above 8 wt.% causes the hydrodemetallisation

2 reaction to take place at the entrance of the catalyst pores, which
may lead to'pore plugging. The Group VIB metal preferably is present-
in an amount of 6-8 wt.%. _

The Group VIII metal component is preseat in an amount of 0.5-2 wt.%,

30 calculated as metal on the weight of the catalyst. If the Group VIII

metal content is below 0.5 wt.%, the hydrodesulphurisation activity of
the catalyst becomes too low. If the Group VIII metal content is above
2 wt.%, pore plugging by coke formation will be increasgd. The



this angle the latfter two al um na types cannot be distinguished from each
other by way of X-ray diffraction. The two peaks at 2e=46 and 30 [err]
do not overlap and can therefore be readily integrated to calculate the
integrated intensity. In calculating the i-ntegrated intensity, the
background intensity is not taken into account, as is well known to the
person skilled in the art. 51Inthis respect it is noted that the R

val ue shoul d be determ ned on the blank supportZ, on which no netals are
present. As stated before, the R walue of the alumna present in the

catal yst according to the invention should be in the range of 0.08 to 0.30. .
The lower the R vgm@, VIRE metad companeniturtinefienadlyr dsepresentt He cant admpgint of
the higher the R ya eyt dhe nore delta- and/or theta-alumna is
present. If the Rvalue is below 0.08, the percentage of gamm-alunmina in

t he 10 support becones too high, which will lead to a catalyst with a

highly active surfrage canglygtgosstorgij stéli Thei Gubemioan radye esHtaANGddPtitonal

on the other hand, and Honﬁllqﬁgtaqgly, this high activity will cause a

si gni ficant &mounfOBOUWAR HydP HFSAET% 1 i sation reaction to take place
For example, the catalyst support material may contain up to 10 wt.%
of other compounds, such "as silica, titania, zirconia, etc.
Preferably, the support material contains less than 5 wt.% of these
additional components, more preferably less than 2 wt.%. It is most

10 preferred for the support material to consist substantially of
alumina. '
If desired, it dis possible to incorporate additional catalytic
components into the catalyst composition. For example, it is possible-
to incorporate phosphorus into the catalyst composition to improve its
15 hydrodenitrogenation activity. If phosphorus is added, it is generally

present in an amount.up to .10 wt.%, based upon’ the weight of the
catalyst, calculated as P20s.

The pore size distribution of the catalyst strongly influences the
20 hydrodemetallisation activity of the catalyst. The pore size
distribution of the catalyst should be such that a sufficiently fast
~diffusion of the metal-containing asphaltene molecules in the catalyst
pores 1is obtained. Therefore, the pore size distribution of the
catalyst according to the invention should: .satisfy the following.
ot requirements.
The total pore volume of the catalyst according to the invention as
determined by nitrogen adsorption should be 1in the range of
0.5-1.0 ml/g. If the total -pore volume is below 0.5 ml/g, the catalyst
pores are soon filled with the contaminant metals which precipitate on
the catalyst as a result of the hydrodemetallisation reaction. As a
result, catalyst life decreases to an unacceptably low level. On the
other hand, if the total pore volume of the catalyst becomes too high,
the catalyst bulk density decreases to a level which causes the

30



on the outside of¢the catal yst surface, which will result in blocking 15

of the catalyst pores by the contam nant netals precipitating on the

catal yst surface as a result of the hydrodenetal lisation reaction. This
will result in a decreased catalyst life. Conversely, if the R value

is above ,0.30, the percentage of delta-and/or theta-alumna present in
the support material becones too 20 hi gh, and this will result in a
catalyst in which the metal conponents are poody distributed over the
catal yst surface, which will tead:‘to | ow hydrodesul phurisation and. |ow

hydr odenet al | i sation activity. Preferablg, the R value is between 0.20 and.
0.25. 25 I n t Hicddings deesitytof dhageagtemie braome ginsuftiGignkr ences cited

above describes a That aberalge CRSTRN UpdmedeRl ofitha vitahyan RcypdiR tht e ihb@tion
specified range. The %un1na present in the cat&t%st of %B 4,588,709 is
never treated at &5oAFtEHBINEAr B MITeden efsaretifne should: bRi gR diSudinge of

induce the 30 1BeB0ratn. oIn chhisledpeaifiadion, thetaveahgamipome diumeiet He defined
chumna R val ve | st B P SESRER S5 I 30U cht st SopL il 0o
cal ci nati on in pores with a diameter below saiJJpore diameter, and the other 50%
of the total pore volume is present in pores with a diameter above
that pore diameter. ° _
If the average pore diameter is below 18 nm, the catalyst pores are so

small that diffusion of the metals-containing asphaltene molecules in

10 the catalyst, and in consequence, the hydrodemetallisation activity of
the catalyst, is limited. The hydrodemetallisation activity of the
catalyst can be increased by 1ncreasing'its average pore diameter.
However, the average pore diameter should not be above 30 nm, because

15 an average pore diameter above this limit leads to a decrease of the

hydrodesulphurisation activity to an unacceptably low level. The
averagé pore diameter preferably is 24-30 nm.
The catalyst according to the invention should have at least 40% of
the pore volume of pores with a diameter below 60 nm present in pores
20 . within a range of the'average pore diameter * 5 nm. The pores present
in the range of + 5 nm of the average pore diameter are considered to
be the effective pores for the hydrodesulphurisation and
hydrodemetallisation reactions to be effected by the catalyst
according to the: invention. Preferably, .the percentage of  the pore
o5 volume of pores present in the specified range is as high as possible.

A catalyst according to the invention satisfying the above-mentioned
requirements with regard to its alumina R value, metals content, and
pore size distribution will be suitable for effecting simultaneous
hydrodesulphurisation and  hydrodemetallisation of  feedstocks
containing - sulphur and metals. However, it has been found that a
catalyst with an even better performance in such a process is obtained
when a certain percentage of the catalyst pore volume of pores with a

30



6 tenperatures in"US 3,931,052 that the alum na present in the catal yst of
this reference will contain a substantial anount of delta-al um na,
theta-alrumna or a mxture thereof. This leads to a catalyst with an R
val ue above the upper limt of the range specified for the catal yst
according to the invention. US 5,223,472 describes a catalyst of which it
Is stated that it conprises at |least 10 wt.% of delta-alum na, as
deternmined by X-ray diffraction, and the bal ande gamma-alumna. It is
uncl ear how these values are detern1ned because a delta-alum na
standard is not 10 ailagble.., In any. case, can e e '
from the calci ngf?%eﬁ'efe At atiMBs1S p@ﬁfﬁ'ﬁiéﬂ Poties wf‘tﬁ\ é 314"@?%'? é‘%cgg'so nm.
the percentage Ratiferdel thenal Wwing ohct’n»ies raf er tice wyddodesisiphtrisatdon R or
val ue of nore tha L | :
conprises a Goupﬂxf?@%rg}%?eﬁl rjr%—gﬁe g&uéc(ﬁst e@%ﬁ%ﬁvﬂgl Eﬁ%t&ﬁa%ﬁpg%ﬁéﬁ%mq‘h@
Group VIB netal céhedmngentiios, pdihef poreis| withdnethisdringenavmlagbdmedube dedeffective
t ungst en, and nmost s pPrzef fir I e

sPly ?951136nb31a‘€ﬂ ngfl QHE‘elm-Q?ﬁ ?B%n\iwe]a?@{aﬂlteﬁé%“p%erﬁs

is prefer abI sel ected fromco nost
ni ckel . The Groupsmr@gﬁe’mcecfﬁfp@ﬁeﬁmnsnﬁom@wﬁ tpnb %mea%w ot escwtaly/ét

cal cul ated as net Rbwevier] MheVpdr@@htdYe bhecheaperey sdiumef of PRréX Gibh \d Biameter in
this range should not be too high because this will detract from the
. percentage of the pore volume of effectwe pores. Preferably, 10-20%
10 of the catalyst pore volume of pores with a diameter below 50 nm is
present in pores with a diameter of 35-50 nm.

. The catalyst according to the invention generally has a surface area
as determined by way of nitrogen ad'sor'ption in the range of 100 to
220 m2/g, preferably between 130 and 160 m2/g A surface area below

15
100 m¢/g will 1ead to a low hydrodesu]phumsatmn activity. On the
other hand, a surface area above 220 m2/g cannot generally not be
- combined with the requirement that the average pore diameter should be
above 18 nm.
20

Process for preparing the catalyst according to the invention

The catalyst according to the invention can be prepared as follows. In

a first step, an alumina precursor such as alumina hydrate is
25 prepared, for example by pr‘ecipitatiqn of aluminium sulphate with
sodium aluminate. The alumina hydrate optionally is dried, for example
by spray-drying, and then shaped to form particles, for example by
extrusion. The thus obtained shaped particles are dried and
subsequently subjected to a calcination step to form an a]umi_pa which
contains gamma-alumina and delta- and/or theta-alumina in such a ratio
that the alumina R value is within the specified range. The alumina
hydrate can be converted into- an alumina with an R value in the
specified -range by subjecting it to a ca]cinatibn_ step at a.:

30



metal content i.s below 2 wt.% the catalytic activity of the catalyst, nore
particularly its hydrodesul phurisation. activity, is insufficient. 25 A
G oup VIB netal content above -8 wt.% causes the hydrodenetal |lisation '
reaction to take place at -the entrance of the catal yst pores, which may

| ead to pore plugging. The Goup VIB .netal preferably is present in an

anount of 6-8 w.% The Goup VIII netal conponent is present in an anount
of 0.5-2 wt.% 30 calculated as nmetal on t¥e weight of the catalyst. If
the Group VIIl netal content -is below 0.5 wt. % the hydrodesul phuri sation
activity of the catalyst becones too |low |f the Goup VIII netal content

i s above 2 wt.% pewperpturggefigtbyeasdk800°r.nke iobbaini hn alemimec wébls el RT¥edue in
7 Goup Vi1 met a{hecogﬂrveg@?%dt PRAIRT a0 Yol PESSENS | RiBn QTBHLioh Stép LwPn

W . % The catal yst acc e invention may contain_a ]
conpounds i f so déierably bSrC@fdﬁﬁI@t fhed cté["6¢'§i§t‘r%l.?§p§5q R8O i Jhe ruration

contain up to 10 gf theOfalc@hdMeion §@€ﬁ3wwsdepen§%6n @R c81dinadion ttleﬁ:ﬁé}*a%uge -
zireoni a, e e ARy AR 5 R R EraTa ke s n $RELANGR o BB0¢ NaNasoat, - fhe
desired R value can be achieved in three hours. The calcination step
can optionally be carried out in the presence of steam. The person
skilled in the art can determine the exact calcination time and
temperature needed to obtain the desired R value by routine
lb experimentation. _
If additional components, such as silica, titania, or zirconia, are to
be incorporated into the support, this can, for example, be effected
by mixing them with the aluminium hydrate after precipitation, or in
15 other ways known to the person skilled in the art. '
The thus obtained support particles are then impregnated in one or
more steps with a solution containing precursors of the metal
component. For the Group VIB metals, ammonium heptamolybdate, ammoniuim
20 dimolybdate, and ammonium tungstenate may be mentioned as suitable
precursors. For the Group VIII metals, nickel nitrate and cobalt
nitrate may be mentioned. The impregnating solution may contain a
phosphorus compound, such as phosphoric acid, to enhance the stability
of the solution. Other compounds the use of which is. known in the art,
25 “such as citric aciq, may also be present. '
After an optional drying step at a temperature in the range of
25°-200°C, the resulting material is calcined at a temperature in the
range of 350°-750°C to bring at least part, preferably all, of the
metal component precursors to the oxide form.
30 - .
Tt will be clear to the skilled man that there is a wide range of
variations on this method. Thus, it is possible to apply a plurality
of impregnating steps, the impregnating solutions to be used



addi ti onal conponents, nore preferably less than 2 wt.% It is nost 10
preferred for .the support material to consist substantially of
alumna. " If desired, it is possible to incorporate additional catalytic
conponents into the catal yst conposition. For exanple, it is possible to

i ncor porate phosphorus into the catalyst conposition to inprove its 15

hydr odeni t rogenati on activity. |If phosphorus is added, it is generally
present in an anount up to 10 wt.% based uponlk he meight of the catalyst,
cal cul ated as P205. The pore -size distribution of the catalyst strongly

I nfl uences the 20 .hydrodenetal | i satjon activit¥ the catal yst

The pore size dFSTY3IBIAY dieoPTt rare 2fal Yhe comaenes b@r%ﬂ{fﬁoffha‘%haé are to be

sufficiently fastdeidsfived,onrob pheriont heredfl ainytogd &ﬁphﬁ\bi‘@h@tfﬂl_j Q@@ﬂnﬂauw
t he catal yst poreﬁ | S obta%;(h gd Ther ef ore QJ\ pgre S|zg di st E on of

the catal yst accof A9t BEYRES s RPIAY 1T mERR €85Gt i By PR eS8l l}ggca'gg of
requirenents. Themdldtiple pimpeeymdtios, (Ihppihmg c@taLysdryan@cmrdh/ng ¢xcimmng may be

i nvention as dete Y adsorption should be in the
range of 0.5-1. 0{:51;1'1:,@Eil “]"&' 'P1 e{t{éé)a pore volunme is below 0.5 m/g, the

catal yst pores are soon filled with the contam nant nmetals which
precipitate on 301y cattH?ys‘%a‘pﬁw 1 §S|g® el hagy dilfgelbpdr Qﬁﬁﬂ%t a*r‘né S@fit e
reaction. As a result, catal | €creases to an unacce
level . On the shapes 1nc1ude cy11nders, spheres, rings, and symmetr1c and asymmetrlc
polylobes, for instance tri- or quadrulobes. The diameter usually
10 amounts to 1 to 10 mm, and_the length also amounts to 1 to 10 mm.
It is advisable to convert the catalyst, i.e., the metal components,
into the sulphidic form prior to its use in the hydroprocessing .of
sulphur- and metals-containing feedstocks. This may be done in an
otherwise conventional manner, e.g., by contacting the catalyst in the
reactor at increasing temperature with hydrogen and a sulphur-
containing feedstock, or with a mixture of hydrogen and hydrogen

sulphide.

15

20 Use of the catalyst according to the invention

The catalyst according to the invention is suitable for effecting
simultaneoys  hydrodesulphurisation and hydrodemetallisation of
' sulphur- and metals-containing feedstocks. Of course, the catalyst
o5 according to 'the invention may also be used in the treatment of
feedstocks which contain only one of these contaminants, but in such a
process the special properties of the catalyst according to the
invention are less pronounced. . Examples of  sulphur- and
metals-containing feedstocks which can be subjected to simu]faneous
hydrodesulphurisation and hydrodemetallisation with the catalyst
according to the invention are feeds containing atmospheric residues,
vacuum residues, residues blended with gas oils, particularly vacuum
gas oils, crudes, shale oils, and tar sand oils.

30 .



other hand, «if the total pore volune of the catal yst beconmes too high, the
catal yst bulk density decreases to a | evel which causes the 8 | oadi ng
density of the reactor to becone insufficient. The average pore di aneter of
the catal yst according to the invention as determined by nitrogen
adsorption should be in the range of 18-30 nm In this specification,
the average pore dianeter is defined as the pore dianeter at which 50% of
the total pore volune is present in pores wit hf2a di ameter bel ow said pore
di aneter, and the other 50@6of t he total pore volune is present in pores
with a dianmeter afove ore iamet er . t he .avera pore di aneter, i.s
bel ow 18 nm ¢ he GSASKRY 1 3855R0 of s gRraeRlls B Fudh FMebrat pgest
mﬁt alhsacogt ai ni lnlgmfsrﬂyalvbhmne lmllbcblords above H80tAL a‘hyslrlaitaadi lédiﬁ]dﬂglsmmwen
t he hydrodenet a islimte The
hydr odenet al | i sat tréﬂ}r@ é/dld?: ﬁ%qﬁaﬁéﬁai@ zc’f(an be increased by
increasing its avBreagelplwe cditbendt of . thdom'rewdan; gereral by apovedt.d ok Srendr will
shoul d not he aboy,eeq%@ £ b@%sﬂr%ﬁ ¢a@n average pore di aneter above

e

this limt |2ads to a de ‘rease of t h drodesul phurisation activity to_an
unaccept abl y | ow The/8fitrogea content is gener‘a]]y above 500 ppm and will frequently be

in the range of 500 to 4000 ppm.

The feedstock contains contaminant metals such as vanadium, nickel,
and iron, generally in amounts above 3 ppm, frequently in the range of
30 to 3500 ppm, and more frequently in the range of 100-1000 ppm,

10
calculated as metal.
Typical hydrotreatment process conditions include temperatures between
300° and 450°C, hydrogen pressures between 25 and 200 bar, Hp:0il
15 ‘ratios between 150 and 1500 N1/1, and space velocities (hr-l) between

0,1 and 5.
Example 1: Preparation of Catalyst 1 accordrng to the invention
20 Support preparation
60 1 of water were heated to a temperature of 89°C in a stainless
steel reaction vessel. 2 kg of -an aqueous aluminium nitrate solution

containing 5.4 wt.% of aluminium, calculated as Al203, were added
thereto. Subsequently, 2.5 kg of an aqueous sodium aluminate solution

% containing 9.2 wt.% of aluminium, calculated as Al203, were added, and
the mixture was stirred for 5 minutes. The pH of the mixture was 9.8.
Then, 2 kg of the above-mentioned aluminium nitrate solution were
added to the mixture, after which the mixture was again stirred for 5

30 minutes. The pH of the thus obtained mixture was 3.2. Two kg of the

above-mentioned sodium aluminate solution were added to the mixture,
which was again stirred for 5 minutes. The pH of the resulting mixture
was 5.2. The alternate addition of aluminium nitrate and sodium



average pore-<diameter preferably is 24-30 nm The catal yst according to the
i nvention should have at | east 40% of the pore volune of pores with a

di anmet er bel ow 60 nm present in pores 20 wi thin a range of the average
pore dianmeter 5 nm The pores present in the range of 5 nmof the average-
pore dianeter are considered to be t he effective por es for t he
hydr odesul phuri sati on and hydrodenetal lisation reactions to be
effected by the catalyst according to the irbdention. Preferably, the

per centage of- the pore 25 - vol'une of pores present in the specified
range is as high as_passjble. A catalyst accordi to . the invention _
sati sfying the abo®tTHBALS YR8 GREALET SiBhtidMGH Wr}gébawﬂcgoar\ pdumingnhydrate gel
val ue, netal s contgad ,ob8athedOr FheSigé® wisStisdlaved dy Wi ltralkeos wint alshed o remove

effecting sinultaneoH% 30 hydr odesul phuri sati on and
hydrodenetallisatiaﬁ * of f eedst ocks contai ning sul phur and netals.
However, it has been found that a catalyst with an even better

per formance jn suc ' SShleS al ﬁﬂﬁ“ t e e
cat al yst porebvol u?re@op Fgg’r%egh-dv?/i P ﬁ@é%&'%gu | a'rrg?derga%%e J&Vegoéa%%n\%%@pquﬁe)%ag%{'%or
in pores with a diemethenroffager s@snaddedatneadjust nthe waben mgntenicof vihe alymina
the  hydrodesul pheyd 38k i @ 65%0TThe water content was determined by placing a sample

of alumina hydrate in a muffle.furnace at 550°C for three hours, and

calculating the percentage of water using phe following formula:

10 : -
Water content (%) = Weight of wet sample - Weight of calcined sample
Weight of wet sample
The alumina hydrate was shaped by extrusion through a quadrulobe die
15 " with a long axis of 1.3 mm and a short axis of 1.1 mm. The extrudates

" were dried in air for 12 hours at 120°C. These extrudates were
indicated as Aluminium hydrate A.

A portion of the Aluminium hydrate A extrudates was heated to 800°C in

20 a period of three hours and held at that temperature for a further two
hours, all in air. The thus obtained calcined support was indicated as
Support A. One gram of Support A was ground in an agate mortar and
subjected to X-ray diffraction aha]ysis. This support was found to
have an R-value of 0.22.

25 '
. Catalyst preparation
An impregation solution was prepared as follows. 130 grams of
molybdenum trioxide (99.9 wt.% of MoO3) and 116 grams of nickel
30 nitrate (28.5 wt.% of Ni0) were dispersed in 300 ml of water with

intensive stirring. To the dispersion aqueous ammonia was added, with
stirring, until the metal components were complietely dissolved.
One kg of Support A was impregnated with an amount of impregnating



hydr odenet al ti satt on reactions effected by the catal yst according to the

i nvention, the pores within this range are assuned to be effective as a
diffusionr path for the netal-containing asphaltenes and as storage
space for contam nant netals to be deposited on the catal yst. However, the
percent age of the pore. volune of pores with a dianeter in this range should
not be too high because this will detract fromthe percentage of the pore
vol une of effective pores. Preferably, 10-20% 1D of the catal yst pore
vol une of pores with a dianeter below 50 nmis present in pores with a

di aneter of 35-50 nm The catal yst according to the invention generally has
a surface area assobtidon nddchy wesy sffficienbgdie afiddr ptheoncarriehne poaragerodtme

100 to 15 220 ; I 1 r r

bel ow 100 rr[err]/éﬂﬁ’f‘%‘,eﬁfe?ﬁtng%yﬁ'@%%ﬁ? o os, FaRuTkaR Mhirheqfy (" SBfif0LE! A

the other hand, ad&lgd ddeadf edt J28V6 Tor0 1Apheprsansihseqeandi | heatedt tee540°C in

oo 18 i 20 PrHe HEUPSIG KOBE il e TR BONE (h T HITHER WoChils. The
. ng to_the _

o ert o The-oat HEC oot EREAtysE T ontioht 08 KE BE I S5 2. Hb-% of N,

follows. In a firstlcflaped as mdtati nknepplysicsbprepattias ofl uhe tathlydbtasee igdven

25 prepared, . |l e by precipitation of alum nium sul phate with
sodiun1a|uninate.1#ﬁ%bz€3g$na hydrate optionally is dried, for exanple

- Example 2: Preparation of Catalyst 2 according to the invention

10 -

A portion of the Aluminium hydrate A extrudates prepared in Example 1

was heated to.900°C in a period of three hours and held at that

~ temperature for a further two hours, all in air. X-ray diffraction

analysis on a ground sample showed that the thus obtained calcined
15 support had an R value of 0.30.

A catalyst was prepared on the basis of the thus obtained support in a

manner analogous to the process described in Example 1. The thus

obtained Catalygt 2 contained 2.8 wt.%5 of Mo and 0.8 wt.% of Ni,

20 calculated as metal. The physical properties of the catalyst are given

in Table 1.

Example 3: Preparation of Catalyst 3 according to the invention

o5 An alumina hydrate filter cake was prepared in the same manner as
described in Example 1. The water content of the cake was adjusted to
69% without‘kneading. The mixture was extruded, and the extrudates
were dried and calcined in the same manner as described in Example 1.

A catalyst was prepared on the basis of the thus obtained support in a
manner analogous to the process described in Example 1. The thus
obtained Catalyst 3 contained 6.9 wt.% of Mo and 2.0 wt.% of Ni,
calculated as metal. The physical properties of the catalyst are given

30



by spray-drying, and then shaped to formparticles, for exanple by
extrusion. The thus obtained shaped particles are dried and
subsequent |y subjected to a calcination step to forman al um na which 30
contai ns ganme-al um na and delta- and/or theta-alumna in such a ratio that
the alumna R value is within the specified range. The al um na hydrate can
be converted into an alumna with an R value in the specified range by
subjecting it to a calcination step at a. 115 tenperature of at | east
800[err]C. To obtain an alum.na with an R value in the preferred range of
0.20 to 0.25, the calcination step will generally be carried out at a
tenperature of 850f deb]eds0[err]C. The duration of the calcination step ,
wi || depend upon iaat j t ns; akgl '

tenperature is iﬁﬁ?%e%?{§3§€o§p§3%ﬁg?r{ﬁﬁ%ﬁggﬁﬁggrf%PﬁFﬁek@% JrggﬁagSaPEéum
can be achi eved iRPrENVREMEOAF sPOTEReWEE] @i Ahamedar shedgwceth nBpwhishal s ypnesent in

carried out in theoresegrihce @fametennin The mepe s 36180 A 191 abbRe dhe Hr@dTFerred
determ ne the exact CaLFng%d(N1 time and tenperature needed to obtain

the desireds R YA9GE “outi ne 10 experimentation. If additional

conponents, such as silica, titania, or zirconia, are to
Example 4: Preparation of Catalyst 4 according to. the invention

An alumina hydrate filter cake was prepared in the same manner as
described in Example 1. To 5 kg of said cake 2 ml of a 10 wt.% nitric
acid solution were added. The mixture was extruded, and the extrudates
were dried and calcined in the same manner as described in Example 1.

10

A catalyst was prepared on the basis of the thus obtained subport in a
manner analogous to the process described in Example 1. The thus
obtained Catalyst 4 contained 6.9 wt.% of Mo and 2.0 wt.% of Ni,
calculated as metal. The physical properties of the catalyst are given
in Table 1.

This catalyst differs from Catalyst 1 in that the percentage of the

20 pore volume of pores with a diameter below 50 nm which is present in

pores with a diameter in the range of 35-50 nm is below the preferred
range of 10-20%.

15

Comparative Example 5: Preparation of Comparative Catalyst 5

25 ' -
A portion of the Aluminium hydrate A extrudates prepared in Example 1

was heated to 900°C in a period of three hours and held at that
temperature for a further seven hours, all in air. X-ray diffraction
analysis on a ground sample showed that the thus obtained calcined
30 support had an R value of 0.49.
A catalyst was prepared on the basis of the thus obtained support in a
manner analogous to the process described in Example 1. The thus



be incorporated:ifto the support, this can, for exanple, be effected by

m xing themw th the alum nium hydrate after precipitation, or in 15

ot her ways known to the person.skilled in the art. The thus obtai ned
support particles are then inpregnated i'n one or -nore steps with a solution
cont ai ning precursors of the metal conponent. For the G oup VIB netals,
amoni um hept anol ybdat e, anmmoni um 20 di nol ybdate, and anmmoni um
tungstenate may be nentioned as suitable precujgors. For the Goup VIl
metal s, nickel nitrate and cobalt nitrate may ge mentioned. The

| npregnating solution may contain a phosphorus conpound, such as phosphoric
acid, to enhance B?E%ﬁk@btérﬂfwaﬂfvet beaa9stty %nta@nb@re @ow’@wwsma hadus® qt.s

which is known in suc C|tr| al, so resen
After an optionaPf Nﬂylcﬁdcukﬁtéﬁ as fﬁﬁt@irrpgr‘eatﬂﬂ‘é‘cq npf rijenf 8? catatiyst
25[ err]-200[ err] Card hgvepsw Talile material is calcined at a tenperature in
the range of 350[err]-750[err]Cto bring at |east . part, preferably . all, of
the netal conponent precursors to the oxide form 30 It will be clear to
the skill ed -gan t Demparhétive Examplei 6le Prepamatdén wdr Carpaoatsi venCatail gstmét hod.
Thus, it is ggssible to apply a plurality of inpregnating steps, the
| npregnating solutions to be used ' _

A portion of the Aluminium hydrate A extrudates prepared in Example 1

was. heated to 700°C in a period of three hours and held at that
temperature for a further three hours, all in air. X-ray diffraction
analysis on a ground sample showed that the thus obtained calcined
support had an R value of 0.02.

10

A catalyst was prepared on the basis of the thus obtained support in a
manner analogous to the process described in Example 1. The thus
15 obtained Comparative Cata]yst 6 contained 6.9 wt.% of Mo and 2.0 wt.%

of Ni, calculated as metal. The physical properties of the cata]yst

are given in Table 1.

Comparative Example 7: Preparation of Comparative Catalysts 7, 8, 9,

20 and 10

Four catalysts with different metal contents were prepared on the
basis of Support A described in Exampie 1 in a manner analogous to the
catalyst preparation process described in Example 1. In this way,
Comparative Catalyst 7, comprising 1.5 wt.% of Mo and 2.0 wt.% of Ni,.

Comparative Catalyst 8, comprising 10.0 wt.% of Mo and 2.0 wt.% of Ni,
Comparative Catalyst 9, comprising 6.9 wt.% of Mo and 0.3 wt.% % of Ni,
and Comparative Catalyst 10, comprising 6.9 wt.% of Mo and 3.0 wt.% of .
Ni, were prepared. The physical properties of the catalysts are given
in Table 1. '

25

30



cont ai ni ng one or» nore of the conponent precursors that ate to be
deposited, or a portion thereof. |Instead of inpregnating techniques,

di ppi ng net hods, spraying nethods, etc. can be used. In the case of

mul tiple inpregnation, dipping, etc., drying and/or calcining may be
carried out in between. The catalyst particles may have many different
shapes. The suitabl e shapes include cylinders, spheres, rings, and
symmetric and asymretric pol yl obes, for |nstanﬁe tri- or quadrul obes: The
di anmeter usually 10 ampunts to 1 to 10 nm and the length also ambunts to
1to 10 nm It is advisable to convert the catalyst, i.e., the netal
conponents, into E{{@aw{i%' Bldmpf £740 Préirat for bf Gbﬁlﬁﬁ\"d’tﬂ/@e(tatl!ﬁ?s‘%pﬁ?cess' ng
of sul phur- and eedstocks. This y be done in an 15

ot herwi se conventional manner, e.g., by contacting the catalyst in the

reactor at i ncreashmgup@mepﬁpuf@tmt b'rdt\édﬁﬁ@ﬂ@sm@e@ 15nUE e P%&aﬁ'éb'eﬂged
feedstock, or with a g\ %{ghof h¥drog n an% PE,yghoge ?%HE Ug

of the catalyst attéP ﬁlf § EITANE 1% ath Fa"l“{}]ié @(grﬂ "HB"!‘S"t" rate
i nvention g sui wasblredtaed ¢6f Batinate .siThel stivedns timbyaftedeshd pldditioat bbnthe
and hydr odenet t' - , n nte §0

O course, the ?%40‘1? ﬂ@gnaf’ef Sﬁlég{rb | r‘{lgag @oﬂ:&h%&i—% en ?Vgn"ﬁ%n%é (11% Sg%eer
used in the t|'ea§un9nrt pfeparation process steps, including the shap1ng and heating

step, were carried out in exactly the same way as in Example 1.

u10 A catalyst was prepared on the basis of the thus obtained support in a

manner analogous to the process described in Example 1. The thus

obtained Comparative Catalyst 11 contained 6.9 wt.% of Mo and 2.0 wt.%

of Ni, calculated as metal. The physical properties of the catalyst-

are given in Table 1. '
15

Comparative Example 9: Preparation of Comparative Catalyst 12

An alumina hydrate filter cake was prepared in the same manner as
described in Example 1. 5 ml of a 10 wt.% nitric acid solution were

o0 added to 5 kg of said filter cake. The mixture was kneaded and
extruded to form extrudates in the same manner as described in Example
1. The extrudates were -subsequently dried and calcined in the same
manner as described in Example 1.

o5 A catalyst was prepared on the basis of the thus obtained support in a
manner analogous to the process described in Example 1. The thus
obtained Comparative Catalyst 12 contained 6.9 wt.% of Mo and 2.0 wt.%
of Ni, calculated as metal. The physical properties of the cata]yst
are given in Table 1. : '

30



f eedst ocks which «contain only one of these contam nant's, but in such a
process the special properties of the catalyst according to the invention
are | ess pr onounced. Exanpl es of sul phur - and net al s- cont ai ni ng
f eedst ocks which can be subjected to sinultaneous 30

hydr odesul phuri sation and hydrodenetallisation wth the catalyst
according to the invention are feeds containi ni8 at nospheri c residues,
vacuum r esi dues, residues blended with gas oils, parti cularly vacuum gas
oils, crudes, shale oils, and tar sandgoils |<l,¥; I e boi I'i ng
range of such feedstocks is such that =t IeaﬁwT‘B%hy*VD% boi |
above 450[err]C. The initial boiling point \/\H‘i’%%r%lq?cb@e’%[err] C,
frequently 350[err] C. The sul phur confent of the feed is generally above
0,1 wm.%and will 5 frequently be nore than 1 wt.% The nitrogen
content is generally above 500 ppm and wi&l frequently be in the range of

500 to 4000 ppm The feedstock contai i} cpnt am nant netals such as
vanadi um nigkel, and iron, generallydin & o ahpve c@mmaofcbequently in
t he range of 10 30 to 3500 ppm &id Hor€ requer'ﬁ\‘oy intRerange of
100- 1000 ppm B
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calculated as netal. Typical hydrotreatnment process conditions include
t enper at ures between 300 and 450[err]C, hydrogen pressures between 25 and

200 bar, -[err] 15 rati os between 150 and 1500 NI/1, and space
velocities (hr-[err]) between 0,1 and 5. Exanpl-e 1: Preparation of Catalyst
1 according to the invention 20 Support preparation 60 1 of water were

heated to a tenperature of 89[err]C in a stainless steel reaction vessel. 2
kg of an aqueous alum niumnitrate solution cojgaining 5 4 wt. % of
aluminium calculated as [err] were added 25 thereto. Subsequently, 2.5
kg of an aqueous sodi um al um nate sol ution containing 9.2 wt. % of

al um ni um cal cul g @slﬁlggga1y§@r&s@dﬁ@d and the mxture was stirred for
5 mnutes. The p xturé was 9.8. Then, 2 kg of the above-nentioned

alumniumnitrate solution were added to the m xture, after which the
m xture was agai nggéh rofedatallysds 30, 2, 3)mandt #sandTiempeitati vé Gathhystsobt thnoegh

e vas, 32, 1J0u0 aliEhe, ORNTOET QR S 45 AL UAR T A0 OBp pe

the resul ting nm xtestedwsss 3ngrodiked dinteraatactiodi ¢dlomn ofital aummmnemd‘iiame'r@reﬁ

and sodi um 20 mm and a length of 1300 mm. A feedstock with the properties given
in Table 2 was passed through the reaction column under the conditions
specified in Table 3.

10 Table 2: Feedstock propertiés
Density (15/4°C) _ 0.988
Viscosity (50°C) . 1.102 10-6 m2/s

15 Residual Carbon 18.1 wt.%

_ Asphaltene Amount _ 7.5 wt.%
Sulphur (as S) 4,14 wt.%
Vanadium and Nickel 44 + 17 ppm

20 Table 3: Test conditions

Reaction temperature 390°C

Hydrogen pressure 132 bar

LHSV 1.0 h-1
25 Hydrogen:feed ratio 800 N1/1

Density is determined using a II type float meter. Viscosity is
determined with a "Viscosimeter with water bath VB-2" manufactured by
Shibata Co., Ltd. Residual carbon 1is determined according to
ASTM-D 4530-93 using a. "Microcarbon Residue Tester* manufactured by -
Alcor Co.,-Ltd;'The asphaltene content is determined by measuring the
amount of feed which is insoluble in n-hexane. The sulphur content of
feedstock ‘and proddct was determined by way of X-ray fluorescence

30



13 alum nate was' repeated nine tines, after which an al um na hydrate gel

was .obt ai ned. The gel was isolated by filtration and washed to renove

salts. 5 kg of the thus obtained alumina hydrate filter cake were kneaded
for one hour. Water was added to adjust the water content ‘of the alum na
hydrate to 65% The water content was determ ned by placing a sanple of

alum na hydrate in a nuffle furnace at 5500C for three hours, and

cal cul ating the percentage of water using the 206l owing forrmula: 10 Water
content (9% = Weight of wet sanple - Weight of calcined sanpl e Wi ght of

wet sanple The al um na hydrate was shaped by extrusion through a quadrul obe
die 15 Wi th ausing ax|pturtig-Girh-Amal yaesheveikabile tfomlHorvha Cohe Ltd. The

wor e i nd cat ed as Tpanth o N & ¥ ?,Q%E\&SB‘??'E Rl product i BELEMHREER Ray of
extrudates was headt&aytdugpesdenee wsiing 2o "MESA-Z10e avati af e t FriomeHerghasCandltd.

held at that tenperature for a further two hours, all in air. The thus
obt ai ned cal ci ned ort was i ndicat as port A.. One gram of Support A
oms g ound i g an- ASIEE ASEF dieckha AL bt OB SRnvels 4P T BEarb AL panm e
This support was fwewadddteriined.aTheRrysllte fr Gad2catalyst are given in Table 1.

The HDS and HDM conversion after three weeks in Table 1 are defined as

follows.
10 ' -
HDS conv.% = Sulphur in.feed (wt.%) - Sulphur in product (wt.%)
Sulphur in feed. (wt.)
HOM conv.% = Ni+V in feed (ppm) - Ni+V in product (ppm)
15 Ni+V in feed (ppm)

After three weeks, the tested catalyst was removed from the reactor

vessel and washed with toluene to remove adhering feedstock. The

catalyst was dried at 50°C for one day under nitrogen flow. The
20 vanadium concentration over the cross-section of the catalyst particle
was analysed using an electron probe microanalyzer (EPMA).
It was found that all catalysts showed a concave vanadium profile,
with a higher concentration on the outside of the catalyst particle
and a lower concentration in the particle core, but that the
difference between the vanadium concentration on the outside and on

2 the inside of the catalyst particle varied for each catalyst. This can
be seen from the H index, which is defined as the ratio between the
vanadium concentration at the center of the catalyst particle and the
vanadium concentration at the catalyst particle rim. An H index close

30 to 1 implies that the vanadium is distributed uniformly through the

catalyst particle, and in consequence, pore plugging by vanadium will -
take place very slowly. On the other hand, when the H index is low,
the vanadium concentration on the outside of the catalyst particles is



25 Cat al yst p}epahation An i npregation solution was prepared as follows.
130 grans of nol ybdenumtrioxide (99.9 wt.% of MoQB8) and 116 grams of

ni ckel 30.

nitrate (28.5 wt.% of NiO were dispersed in 300 m of water

with intensive stirring. To the di spersion aqueous ammoni a was added, with

stirring, until

the netal conponents were conpletely dissolved. One kg of

Support A was inpregnated with an anmount of inpregnating 14 sol ution
which was sufficient to fill the <carrier 2lpore volune (incipient..
wet ness procedure). The resultant inpregnated support was dried in air at

120[err] C for

12 hours, subsequently heated to 5400C in two hours, and kept

at that tenperat urkighar and fparehelugaing hipurvanading takes pbace sedn Cateshlsinglin a
contained 6.9 wt. %&falw%%ﬁ‘éh% Qrkrep (ﬁfé\_li , calculated as netal. The
t

physi cal properties of

e catal'yst are given in Table 1. Exanple 2:

Preparation of Catalyst 2 according to the invention 10 A portion of the
Al um ni um hydrat e praaxtrapriaties tPegPaeedebn th4@MPAtRTIsts 1 and 2 according to the

5

10

15

20

25

30

invention show both a good hydrodesulphurisation and a good
hydrodemetallisation activity after . three weeks of wuse. All
comparative catalysts show either a Tlower hydrodesulphurisation
activity or a lower hydrodemetal]isgtion activity. Catalysts 3 and 4,
which are according to the invention but do not satisfy the preferred
embodiment where 10-20% of the pore volume of pores with a diameter
below 50 nm is present in pores with a diameter of 35-50 nm, show
better results than the comparative catalysts, but poorer results than
Catalysts 1 and 2, which do satisfy this requirement.



was heated t.0.900[err]Cin a period of three hours and held ctTﬁm&niITﬂAouh5
tenperature for a further two haurs, all in air. X-ray diffracti on aRaPysT®ED
on a ground sanpl e showed that +he thus obtained cal cined 15
had an R val ue of 0.30. A catalyst was prepared on the basis of the thus

obt ai ned support in a manner anal ogous to the process described—Ln____HB_ﬁ_*‘*‘

1. The thus obtained Catalyst 2 contained 2.8 wt.% of M and % of

Ni, 20 cal cul ated as netal. The physical pragperties of th ﬂl'“m”m
given in Table 1. Exanple 3: Preparation of Catalyst 3 accord| f”""
I nvention 25 An alum na hydrate filter cake was prepared in the sarfe

manner as described in Exanple 1. The water cOAldfit of the cake was
adjusted to 69% w t hout kneadi ng. The m xture was extruded, and the
extrudates were dried and calcined in the same manner as descri bed in
Exanmple 1. 30 B cét aptadysteaompesiddpechanaqtiesisndsin Rttt he t hus obt ai ned

support in a manner apal PQCEbﬁ) H%e’shs ﬂf 6?@3 a(ieif@afs&bgd WﬂW/EbﬁrWHﬁhlcorm%ts of
t hus obtained Catalyst 3 CQn al ned

cal cul ated asgnetal . The? i8R caniph o"ﬂé‘m"aeé‘aéf anﬁze Vég'feal%fspm@$'e°'ogl @gfh R value

15 being defined as the ratio between the integrated intensity of
| the X-ray diffraction peak at 2 e = 32° and the integrated
intensity of the X-ray diffraction peak at 2 e = 46°,
_ b. it comprises 2-8 wt.% of Group VIB metal component, calculated
10 as metal, _ .
c. it comprises 0.5-2.5 wt.% of Group VIII. metal component,
calculated as metal;
d. it has a pore size distribution as determined by nitrogen
adsorption satisfying the following requirements:
(i) the total pore volume is 0.5-1.0 ml/g,
(i1) the average pore diameter is 18-30 nm,
(iii) of the pore volume of pores with a diameter below 60 nm
at least 40% is present in pores within a range of the average
pore diameter * 5 nm.

15

20 .
2. A catalyst composition according to claim 1, characterised in that

the pore size distribution satisfies the additional requirement
(iv) that 10-20% of the pore volume of pores with a diameter below
50 nm is present in pores with a diameter of 35-50 nm.
25 -
"~ 3.. A catalyst composition according to claim’'l or 2, characterised in
that the Group VIB metal component 1is molybdenum and ‘the
Group VIII metal component is nickel.

4, A process for the simultaneous hydrodesulphurisation and
hydrodemetallisation of a feedstock containing metals and sulphur,
characterised in that the feedstock 1is contacted at elevated
temperature and pressure with a catalyst composition according to
any one of the preceeding claims. '

30
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in Table 1. ThiSt*catalyst differs fromCatalyst 1 in that the p We:o‘r """
t he pore vol une of pores with a di aneter below 50 nmwhich is p “’lgﬁ'n‘"_"‘“’bu
pores with a dianeter in the range of 35-50 nmis above the prefl' )
of 10-20% Exanple 4: Preparation of Catalyst 4 according to-the invention
An alunmi na hydrate filter cake was prepared in the same nanner as 10
described in Exanple 1. To 5 kg of said cake 2 ml of a 10 wt uu HUHIILI"JHH,””",
sol ution were added. The mi xture was extruded, 2zhd the extr

dried and cal cined in the sanme- manner as descrl bed in Exanple 1." A ‘caf'al yst
was prepared on the basis of the thus obtained support in a manner

anal ogous to the 5prdcdsacesssdorbpeparineargatalyst vaABpasitisorocsprdiag to any

Catal yst 4 contained §n@ #t t%OEIMsaP-Ch 2c9ar"é&t8/ﬁ1%d Nn teat Cdf'l' ﬁ’hﬁﬂnﬁs recursor
nmetal . The physical pr.operties of at al yst areﬁgl ven in

catal yst differs from‘éatpﬁF%'ie i E‘"‘Fﬁe AreFwser adé éﬁafﬂeﬁﬁ E‘b 0”“ p%PB‘“‘t

vol une of pores wth padtiresger thel OSMaﬁ@d NRupRIreh partPelasenird Nsameesedv th a

a di aneter |ntheraneof 5-50.nmi el ow_the preferred,range of 10-209%
Conpar at | ve. Eaanpl ¢ SEAH KBLIAT RRP YT iatT e ol dn, Slert ouingal 1R ffter
of the Al um ni um hydr gakcihatken tdat @bunpne preasedn i veEkeenphethe range of 0.08-0.30,

the calcined support particles are brought into contact with
precursors of the metal components to be incorporated into the
catalyst composition, and the metals-containing support particles
are dried and calcined to convert at least part of the meta]

10
component precursors into their oxide form.
15
nﬁlslliileltli{iilﬁilcl" i
20
25

30



was heated to 900ferr]C in.a period of three hours and held at UhmisHEETHASBEéN
tenperatufe for a further seven hours, all in air. X-ray diffracti omepLacen

anal ysi s on a ground sanpl e showed that the thus obtained cal

support had an R value of 0.49. A catalyst was prepared on the basis of the
t hus obtai ned support in a manner anal ogous to the process described in
Exanple 1. The thus 16 obtai ned Conparative Catalyst 5 contained 6.9. .
w.%of Mo and 2.0 wt.% of N, calculated as nm2al. The physical properties
of the catalyst are given in Table 1. 5 Conpar ati ve Exanple 6: _
Preparation of Conparative Catalyst 6 A portion of the Al um nium hydrate A
extrudates prepared in Exanple 1 was. heat edBS3RA0[err]C in a period of
three hours and held at that tenperature for a further three hours, all in
air. X-ray diffraction 10 . analysis_on a ground sanple showed that the
thus obtai ned cal dnReRresgphotnvenhiom rekates o éfcaiagwﬁowwygm skgable for

prepared on the baffecthgt Handltbfedust ﬁ&MeE&?ﬁQHsaﬁbrﬂ amanAgd rodemé R 9usattion
t he process descrihed i.n, Exanple 1, .The thus 15 thﬁlne%. nmparative .
Cat al yst 6 cantai f&d %‘.’Qh%.gﬁ f MRER Lon dCG T (inTy, Feedstocks which “shows ~ a~ high
' hydrodesulphurisation activity, a high .hydrodemetallisation activity,
and a long life. '

The catalyst according to the invention is characterised in that:

10 a. it comprises a suppoéi, at Tleast 90 wt.% of which consists of
alumina, which alumina has an R value of 0.08-30, the R value
being defined as the ratio between the integrated intensity of the
X-ray diffraction peak at 2 e = 32° and the integrated intensity

15 of the X-ray diffraction peak at 2 e = 46°, ’

b. it comprises 2-8 wt.% of Group VIB metal component, calculated as
‘metal, _

c. it comprises 0.5-2.5 wt.% of Group VIII metal component,
calculated as metal; ‘

20 d. it has a pore size distribution as determined by nitrogen

adsorption satisfying the following requirements:

(1) a pore volume of 0.5-1.0 mi/g,

(i1) an average pore diameter of 18;30 nm,

(i1i) of the pore volume of pores with a diameter below 60 nm at

least 40% is present in pores within a range of the average pore

25
diameter £ 5 nm.
The invention also relates to a process for use of this catalyst and
for its preparation.
30
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of Ni, calculated as metal. The physical =et=the=cat S ] —
given in Table 1. Conparative Exanple 7: %lséritchm-IP@‘B ar CL“\%ELR{)EMENT SHEE
Catalysts 7, 8, 9, 20 and 10 Four cat stsf"\’ﬁ'ﬁltﬁlc&ﬂffer%‘ MARIS%
contents were prepared on the basis of Support A—descr n Fixarmlé i

a manner anal ogous to the catal yst preparation process. described in Exarrpl e

1. In this way, 25 ~ Conparative Catalyst 7, conprising 1.5 wt.%of M-

and 2.0 wt. % of- Ni, Conparative Catalyst 8, orrpr|5|ng 10 0 m.%of M and

2.0 m.%of N, Oorrparatlve Cat al yst 9, r?ﬁrl sing 6. .% of M and 0.3
wt.% of Ni, and Conparative Catal yst 10, corrpr|5| ng 6 9 wt.%of Mo and 3.0

wt . % of..Ni., were prepared. The physical properties of the catalysts are

gi ven 30 in Table 1. 17 - Conmpar ati.ve Exanpl e 8: Preparation of
Conparative Catalyst 11 The Support preparation procedure described in

Exanpl e 1 was repeat ed, e addi ti-on of

al ug1pn| um nit ratg was redumhﬁ?c%g%mé&%g%h??pﬁgwgﬁsbgfter t he .

additi on of the sodi um aI um nate solutio intai ned at five m nutes.
Al l ot her &B&?ﬁl\@

The present invention relates to a catalyst composition suitable for effecting
simultaneous hydrodesulphurisation and hydrodemetallisation of sulphur and metals
containing feedstocks which shows high activity and a long life. The invention also
relates 10 a process for use of this catalyst and for its preparation -

The catalyst according to the invention comprises a support, at least 90 wt.% of which
consists of alumiria, which alumina has an R-value of 0.08-30. The catalyst comprises
2-8wt% of Group VIB metal component and 0.5-25wt% of Group Vill metal
component, both calculated as metal, it has a pore volume of 0.5-1.0 ml/g, an average
pore dxamete; of 18-30 nm, and at Ieast 40% of the pore volume of pores with a
- dismeter bequ'GQmm |s present in pores wnthm a range of the average pore diameter
o+ 5 nm. . 2 .

i



MOREED (D,
support preparation process steps, including the shaping and heating step,
were carried out in exactly the same way as in Exanple 1. A catal yst was

prepared .on the basis of the thus obtained support in a nannen~an§L9gggigig\‘\\
the process described in Exanple 1. The thus obtained Conparative

Catal yst 11 contained 6.9 wt.%of M and 2.0 wt.%of N, caIcuIéﬁGdMMﬂhsB&nRe

metal . The physical properties of the catalyst are given in Tabl lac
Conpar ative Exanple 9: Preparation of Conparative Catal yst 12 An ”UU’
hydrate filter cake was prepared in the same manner as described in

1. 5m of a 10 wt.%nitric acid sol ution were 202 added to 5 kg of

said filter cake. The mixture was kneaded and extruded to form
extrudates in the same nmanner as described in Exanple 1. The extrudates

were subsequently drlmdta@dlwérfarwﬁéi, i feverel sapdroprocessing chtatystsedvhioh should

Exanple 1. 25 { ; >
sugggrf i'n a manner 5? ygugﬁﬁangﬁgpﬁy§@§@§UEﬁ@g}%ﬁgﬁn%WdEﬁ§HBp§ﬁ¥S?%ﬁg@ﬁﬂlof
thus obtai ned Conpar hyinoeattamalfgeds have dieeai proposed, al1 %fokhidh hae 2riedmto%ind

ST vgin’ | ﬁa[rgg: 2t %d ggtﬁgt alopt it PPYESHERat PSP EShfrolddal SiRthASYSon?d” eac'c1v1ty,

hydrodemetallisation act1v1ty, and catalyst life.

US 4,588,709 has tried to_solve this problem by preparing the catalyst

by way of a specific double impregnation procedure.

us 3,931,052 describes  a catalyst for simul taneous
10 hydrodesulphurisation and pydrodemetallisatiqn with a relatively low

surface area, the support of which preferably consists of delta-

and/or theta-alumina.

Us 5,223,472 . describes a catalyst for the simultaneous

hydrodesulphurisation and hydrodemetallisation of hydrocarbon feeds,
15 the sqpport of which comprises at least 10 wt.%_of delta-alumina and

the balance gamma~-alumina.

However, it appears that none of these catalysts satisfies all the
requirements of high- hydrodesulphurisation  activity, high
hydrodemetall1sat1on act1v1ty, ‘and a long life. Hence, there: is st11]

20 need for a  catalyst composition which comblnes “high

hydrodesulphurisation activity with high hydrodemeta111sat1on act1v1ty_
‘and a long 1ife.

The catalyst according to the invention. ~

25
The present 1nvent1on now provides a catalyst compOSItion satisfyi:

this need. The catalyst comp051t10n accordlng to the invention i
characterised in that: '
a. it comprises a support at least 90 wt.% of which consists
30 alumina, which alumina has an R value of 0.08-0.30, theRveh:
being_defined as the ratio between the integrated intensity of
X-ray diffraction peak at 2 e = 32° and the integrated intens
“of the X-ray diffraction peak at 2 e = 46°,

b. it comprises 2-8 wt.% of Group VIB metal cohponent, calculate
metal,



18 [err] 19 Ex |l e 10: Catal yst testing Each of Catalysts 1, 2, 3, and
4 and Cbnparativeagmhhpeugh 12 was tested as follows: A sanple of

50 m of  the catal ysThiétShedoHastgégﬁ d, was introduced into.a reacti
with an inner dianete RE4 | ength of 1300 m*nuum it h _
the properties given _ passed through the r ﬁ zmﬁj J!,l _

i [} es

under the conditions spec able 3.,10 Table 2: Feedst oc

Density (15/4[err] Q) 0. 988V scosity (50[err] O
1.102 10-6 nR/s 15 Resi dual Car bon 18. 1 wt. % 15
Asphal t ene AmougiAIMS ' 7.5 w. % '

1. A catalyst composition characterised in that:

5 a. it comprises a support, at least 90 wt.% of which consiots of alumina, which
alumina has an R value of 0.08-0.30, the R value being defined as tha ratio
between the integrated intensity of the x-fay diffraction peak at 28= 32° and
the integrated intensity of the X-ray diffraction peak at 26 = 46°,

b. it comprises 2-8 wt.% of Group VIB metal component, calculated as metal,
10 ¢. it comprises 0.5-2.5 wt.% of Group Vill metal component, calculated as
metal; ' |
d. it has a pore size distribution as determined by nitrogen adsorption
satisfying the following requirements:
(@) the total pore volume is 0.5-1.0 ml/g,
16 (il) the average pore diameter is 18-30 nm,
(iii) of the pore volume of pores with a diameter below 60 nm at least 40% is
present in pores within a range of the average pore diameter & 5 nm.

2. A catalyst composition according to claim 1, characterised in that the pore
20 ~ size distribution satisfies the additional requirement (iv) that 10-20% of the
pore volume of pores with a diameter below 50 nm is present in pores with a

diameter of 35-50 nm.

3. A catalyst composition according to claim 1 or 2, characterised In that the
25 Group VIE metal -oomponent_- is molybdenum and the Group Vil metal
component is nickel. © - A

4 A process for the simuitaneous. hydrodesulphqﬂsaﬁoﬁ and
' hydrodemetallisation of a feedstock coritaining metals and sulphur,
30 characterised in that the feedstock is contacted at elevated temperature and
prassure with a catalyst composition according to any one of the preceding
claims.



Sul phur (as S) 4.14 wt. % Vanadi um and Ni ckel

44 + 17 ppm 20 Tabl e 3. Test conditions Reaction tenperature
3900C Hydr ogen pressure . 132 bar LHSV _—
1.0 h-1 25 Hydrogen:feed ratio 800 NI/I Density is

determned veina o 11, yoe st merer, i scest o cet AN gy gy

Residual carbon is determned accordin to 30 ASTM D 4530-%93 suskng
a. "Mcrocarbon Residue Tester" nmanufactured by Al cor. Co., Ltd. The '
asphal tene content is determ ned by neasuring the amount of feed which is

I nsol ubl e i n n-Rexa . : t
it or et by "B SRorofel Bt bbling 816t ShrpSAat 85l By U or e
" Sul phur-in- O | - Anatigins "1-4vehdrattersedr imthdbranbalufming preclrsorhie prepareds thé Ni
and V of feedstock d.product are_determ b f. X-ray.fluores ce
using-a "MESA-710 aslgmi’%) PEPeHsg 'ﬁ—ﬁgﬁ% %Jgrerg ﬂép&»ﬁﬁ'ﬁﬂaf'h‘ﬁ‘éémggé“?ﬁ@
HDS and HDMgonver spgrticle®fare aubjectatoto)s talcinativnestep which is carried out in such a
manner that after calcination the alumina has an R value in the range of 0.08-
0.30, the calcined support particles are brought into contact with precursors
of the m_etal components to be incorporated In_to the catalyst composition,
_ and the metals-containing 'supp'or_t particles aré dried and calcined to coni(ert ’
10 ~ atleast part of the metal component precursors into their oxide form.,
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were determ ned. The results for each catalyst are given in Table 1. The
HDS and HDM conversion after three weeks in. Jabl e 1 are defined as

follows. 10 HDS conv. % = Sul phur in feed (wW: - Sul phur in product (w.%
Sul phiur in feed (wt.) HDM conv.% = N+V in ThiSeSd;@ttH R lacedNi +V i n
product (ppm 15 eed (ppm

After three weeks, the tested catal yst was rem)vu" actor vessel
and washed with tol uene to renove adheri ng feedstock T e ca al yst was
dried at 500C for one day under nitrogen flow. The 20 vanadi um
concentration over the cross-section of the catalyst particle was anal ysed
usi ng an el ectron probe microanal yzer (EPM&). It was found that all
catal ysts showed a concave vanadi um profile, with a higher concentration on
the outside of the catalyst particle and a | ower concentration in the’
particle core, 'but that the 25 di fference between the-vanadi um
concentration on the outside and on the inside of the catal yst particle
vari ed for each catal yst H %‘;Hf m&’g ”—S[gn whi ch is.
defined as the ratio bet Wb hﬁﬁé (g ﬁ e center of
the catalyst particle and the vanadi um concentration at the cat al yst
particle rim An H index close 30 _t ABBTRAGT i es that the vanadiumis
distributed uniformy through the _
The present invention relates to a catalyst composition suitable for effecting
simultaneous hydrodesulphurisation and hydrodemetallisation of sulphur and metals
containing feedstocks which shows high actlvity and & long life. The invention also
relates to a process for use of this catalyst and for its preparation.

The catalyst according to the invention comprises a support, at least 90 wt.% of which
consists of alumiria, which alumina has an R-value 0f'0.08-0.30. - The catalyst covprises
2-8wt.% of GroupVIB metal component and 0.5-25wtL% of Group VIl metal
component, both calculated as metal. It has a pore volume of 0.5-1.0 ml/g, an average
pore diameter of 18-30 nm, and at least 40% of the pore volume of pores with a
diameter below 60 nm is present in pores within a range of the average pore diameter
= 5nm.



: f"m’
catal yst particle, and in consequence, pore plugging by vanadiun1mﬁllgﬂak@%ﬁ29
plrace very slowy. On the other hand, when the Hindex is |ow,_the vanadium —
concentration on the outside of the catalyst particles is lpBbghsrabdT sHEET
pore pluggi ng by vanadi umtakes place soon, resulting in a catlalyst wth a
shorter Tife. FromTable 1 it can be seen that Catalysts 1 an gga@quqgkﬂmu4gg1"
to the 5 I nvention show both a good hydrodesul phuri sat-ep—angd—a———
good hydrodenetal |l i sation activity after . three weeks of use. Al
conparative catal ysts show either a | ower hydrodesul phurisation activity or
a |l ower hydrodenetal lisation activity. Catalysés 3 and 4, which are -
according to the invention but do not satisfy the preferred 10
enbodi ment where 10-20% of the pore volune of pores with a dianeter bel ow
50 nmis present in pores with a dianmeter of 35-50 nm show better results
than the conpar atlitvdheatldtgeatairepusepersd erhydeepnocessinan caialysst whichashonld

which do satisty efrhect Is8fi {a9BM -hyliPodddudphurisation and hydrodemetallisation of
! hydrocarbon feeds have been proposed, all of which have tried to find
g the- optimum combination of hydrodesulphurisation activity,
hydrodemetallisation activity, and catalyst life.
US 4,588,709 has tried to_Sb]ve this prob]ém by preparing the catalyst
by way of a specific double impregnation procedure.
us 3,931,052 describes a catalyst for simultaneous
10 hydrodesulphurisation and pydrodemetallisatiqn with a relatively low
surface area, the support of which preferably consists of delta-
and/or theta-alumina.
Us 5,223,472  describes a  catalyst for the simultaneous
hydrodeSulphdrisation and hydrodemetallisation of hydrocarbon feeds,
15 the support of which comprises at least 10 wt.% of delta-alumina and
the balance gamma-alumina. '
However, it appears that none of these catalysts satisfies all the
requirements of  high, hydrodesulphurisation  activity, high-
hydrodemetallisation actiﬁ%ty,’and a long life. Hence, there-is still
20 need for a - catalyst compo§ition which  combines  high

hydrodesulphurisation activity with high hydrodemetallisation activity
‘and a long 1ife. ' '

The catalyst according to the invention. ~
25
The present invention now provides a catalyst composition satisfying
this. need. The catalyst composition according to “the invention is
characterised in that: T B
a. it comprises a support at least 90 wt.% of which consists of
30 alumina, which alumina has an R value of 0.08-0.30, the Rvahe
being defined as the ratio between the integrated intensity of the
X-ray diffraction peak at 2 e = 32° and the integrated intensity
“of the X-ray diffraction peak at 2 o = 46°,

b. it comprises 2-8 wt.% of Group VIB metal component, calculated as
metal,



30: . 1. A catalyst conposition characterised In that 5 ar—FE—— \“—é:;::“
conpri ses a support, at least 90 wt. % of which consists of al uhh‘ﬁ” LARIENERIT Brte

al um na has an R value of 0.08.0.30, the R value being definedias thle t JAN 1997
between the Integrated intensity of the X-ray diffraction peak \__EL2| err

32 and the integrated intensity of the X-ray diffraction peak &t 2[err
46[err], b. it conprises 2-8 wt. % of Grou@VIB met al con@enem ralculated
as netal, 10 c. it conprises 0.5-2.6 wt.%of Go nmet a
conponent , cal cul d as netal; d. It has a pore size dlim H l JE um
det erm ned by fr Uéen adsorptlon satisfying the foll ow

(I') the total pore volunme Is 0.5-1.0 m/g, 15 (i1 _ the average pore

dianeter is 18.30 nm (iii) of thepﬁore vol une of pores with a di ameter
bel ow 60 nm at 1.ead catelyst compasiien chanaciegsedingathi n a range of the average

Char act or [ s2d |-t Pt SOmpbedd bGpoct. aFiREBAD e A% GEACENdIAs bPafritd which
addi tional requir em!umme.haﬁ anR value 02@39339 39htberﬁavaiuqbamedaﬁne@@sélse fatich a
diameter bel ow 50 rygylerPiheifBhratdd MBSy Bf th Xaral} difFaitich p¥ak 3 2&% 38 and
' the integrated intensity of the X-ray diffraction peak at 26 = 46°,
b. it comprises 2-8 wt.% of Group VIB metal component, calculated as metal,
10 ¢. it comprises 0.5-2.6 wt.% of Group Vill metal component, calculated as
metal;
d. it has a pore size distribution as determined by nitmgen adsorption
satisfying the following requlrements
(D) the totat pore volume is 0.5-1.0 ml/g,
16 (i) the average pore diameter is 18-30 nm,
(il}) of the pore volume of pores with a diameter below 60 nm at least 40% is
present in pores within a range of the average pore diameter £ § nm.

2. A catalyst composition according to clalm 1, characterised in that the pore
20 size distribution satisfies the additional requirement (iv) that 10-20% of the
,pore volume of pores with a diameter below 50 nm is present In pores with a

diameter of 35-50 nm.

‘ 3. A i:atalyst composition according to claim 1 br 2, charactefised in that the
25 -Group VIB metal ccmponent is mnlybdenam and the Group Vill metal
~ component is nickel.

4 A process for the simultaneous hydrodesulphurisation  and
' . hydrodemetallisation of a feedstock contsining metals and sulphur,
30 characterised in that the feedstock is contacted at elevated temperature and
pressure with a catalyst composition accordmg to any one of the preceding
claims.
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3. :A'catal yst conposition according to claiml or 2, characteri EeldEmmdM*h S
the 25 G oup VIB netal conponent |s nol ybdenum and the G olp é

netal component |Is nickel. 4. A process for the si nmul tane“u:sa.e.......’....JAN..lgg
hydr odesul phuri sati on and hydrodenetal lisation of a f

OCk COTtar—+H
metal s and sul phur, 30 characterised In that the feedstock s

contacted at elevated tenperature and pressuzme vmth a cay Hﬂtﬂ,’ﬂ
according to any one of the preceding clains. ) "’ﬂ?"l]ﬂlﬂr
preparing a catalyst conposition according to any one of the‘clhint Is
characterised In that an alum na precursor is prepared, the alunm na

precursor |s shafed Aoprbeeu bﬂpmﬁn@area'tdya&‘mmmemahamddlnum)ﬂny ohe of the
parti des are subject | C h. s carried, out a
manner that after caf%%' e‘bng‘? ﬁﬁ‘f{]"ht‘mésa%r?? 'U%IRE%‘“‘WP t Hepﬁegﬂﬁgsgﬁe
0.08- 0. 30, ]E hehcal camminst prsvarsor wshapddEﬁb M Svp rﬁbﬁkomoma@éa
precursors of_ the meta onets t.o be orate e cat
conposi ti on, %nd t hePRR 'F@Frs? J&Fﬁf‘rfg %Gﬁ'ﬁ@?& §tep; "8'!"35 s carrieq P%ﬁl‘agﬂfa‘ a
cal cined to convert pfannerthat &fter'cBRimatioR tHe ﬂ&mfnh‘ha?ﬁhﬂ vali¥ A€ finge of 0.08-
precursors into their oxide form
0.30, the caleined support particies are brought into contact with precursors
of the metal components to be incorporated into the catalyst composition,
and the metais-containing support particies are dried and calcined to convert:

10 - at least part of the metal component precursors into thelr oxide form.
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HYDROPROCESSING CATALYST AND USE THEREOF
ABSTRACT

The present invention relates to a catalyst composition suitable for effecting
simultaneous hydrodesulphurisation and hydrodemetallisation of sulphur and metals
containing feedstocks which shows high activity and a long life. The invention also
relates to a process for use of this catalystand forits preparation.

The catalyst according to the invention comprises a support, at least 90 wt.% of which
consists of alumiria, which alumina has an R-value 0 0.08-0.30. The catalyst conprises
2-8wt% of GroupVIB metal component and 0.5-25wt.% of Group Vil metal
component, both calculated as metal, It has a pore volume of 0.5-1.0 ml/g, an average
pore diameter of 18-30 nm, and st least 40% of the pore volume of pores with a

diameter below 60 nm is present in pores within a range of the average pore diameter
= 5nm.
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