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A BULK CATALYST COMPRISING METAL OXIDIC PARTICLES OF GROUP VI ND VIII AND 

A PROCESS FOR THE MANUFACTURE THEROF 

The invention relates to a bulk catalyst comprising metal oxidic pa • ides comprising one or 

5 more Group VIB metals and one or more Group VIII met- s, to the corresponding. 

sulphided catalyst, to a process for the manufacture of said bu 	catalyst and to the use of 

said 	catalyst 	for 	the 	hydrotreatment, 	in 	particular the 	hydrodesulphurisation 	and 

hydrodenitrogenation of hydrocarbon feedstock. 

10 The bulk catalyst according to the invention usually is i 	the form of shaped particles, for 

example produced by extrusion of a composition corn • icing the metal oxidic particles and 

0 - 40 wt% (relative to the total weight of the bulk 	atalyst) of an additional material, in 

particular a binder material. A bulk catalyst is disti guished from a supported catalyst in 

that it does not comprise a preformed carrier mat,: al. The metal oxides are not deposited 

15 on the preformed carrier material, but are pr.:- ent as metal oxidic particles. The bulk 

catalyst is further distinguished from supp,  rted catalysts in that the bulk catalyst 

comprises at least 60 wt% of metal oxidic p- ides (wt% calculated on the basis of metal 

oxides relative to the total weight of the b 	catalyst) whereas supported catalysts have 

metal oxides deposited on a support ma - rial in amounts significantly less than 60 wt%. 

20 The metal oxidic particles typically co 	.rise one or more Group VIB metals, preferably 

tungsten or molybdenum, and one or 	ore Group VIII metals, preferably nickel or cobalt. 

The bulk catalysts generally have a very high activity in hydroprocessing. 

The term "hydroprocessing or hy. otreatment" in this context encompasses all processes 

25 in which a hydrocarbon feed *-- reacted with hydrogen at elevated temperature and 

elevated pressure, including 	ocesses such as hydrogenation, hydrodesulphurization, 

hydrodenitrogenation, 	hydro', emetallization, 	hydrodearomatization, 	hydroisomerization, 

hydrodewaxing, hydrocrack-  g, and hydrocracking under mild pressure conditions, which 

is commonly referred to a - mild hydrocracking. Hereafter, when referring to a high activity 

30 of the bulk catalyst ace.rding to the invention, in particular the hydrodesulphurization 

activity is implied unles 	otherwise indicated. 

WO 00/41810 des fribes bulk catalyst compositions comprising bulk catalyst particles 

comprising at lea• 	one group VIII metal and at least two group VIB metals (hereafter 
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referred to as trimetallic bulk catalysts), in particular nickel/molybden rn/tungsten based 

catalysts. The trimetallic bulk catalyst particles are prepared in a • ocess in which the 

metal components are combined in the presence of a protic liqui,  and wherein one or 

more metal components remains at least partly in the solid state d ring the entire process. 

5 The process wherein some of the compounds remain at least pa,  ly in the solid state while 

others are dissolved is referred to as the solid-solute proces- . The process wherein all 

group VIB and the group VIII metal components remain at le st partly in the solid state is 

referred to as the solid-solid process. The patent pub! ation also describes in the 

comparative examples a bulk catalyst comprising one gro • VIII metal and only one group 

10 VIB metal (hereafter referred to as bimetallic bulk catal, -t) prepared with the solid-solute 

process. 

Although WO 00/41810 describes wide ranges for t e metal molar ratio, in the examples it 

is described that increasing conversion of the 	starting compounds is obtained at 

15 increasing 	group VIII 	over group VIB metal molar ratio. 	In 	particular, 	acceptable 

conversions are achieved only at a metal m. ar ratio above 1.25. The inventors have 

further found that in this process at a met. 	molar ratio below 1 a completely different 

crystal structure was obtained that was n• 	active, possibly related to non- or partially 

reacted starting materials giving low surfs- e area phases with low activity. It appears that 

20 a relatively large molar excess of grow. VIII compound appears to be necessary in the 

process for the preparation of the cat lyst in order to obtain an active catalyst. From a 

theoretical point of view it is believe 	hat such large amounts group VIII metal, although 

advantageous or even necessary in he process of the preparation of the catalyst, may not 

or not fully be necessary in the = ctive sulphided bulk catalyst in hydrotreatment of a 

25 hydrocarbon feedstock. Further, the inventors believe that a too high metal molar ratio 

would only add useless weight 	nd reduces the activity per unit weight of the bulk catalyst. 

The object of the invention i• to provide a bulk catalyst having a higher catalytic activity. A 

further object of the invent •n is to provide a bulk catalyst having a high catalytic activity in 

30 particular so at reduced • oup VIII over group VIB metal molar ratio. 

According to the invention there is provided a bulk catalyst comprising metal oxidic 

particles comprisin 	one or more Group VIB metals and one or more Group VIII metals 

obtainable by a pr. ess comprising the steps of 
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i) 	combining in a reaction mixture one or more first compounds 	omprising one or 

more Group VIII metal and one or more second compound• comprising one or 

more Group VIB metals in the presence of a protic liquid, 	erein the Group VIII 

metal to Group VIB metal molar ratio is between 0.1 and 5 • d, 

5 	ii) 	reacting the compounds in hydrothermal conditions at a reaction temperature 

above the boiling temperature of the protic liquid to form 	etal oxidic particles. 

With boiling temperature is meant the bdiling temperature a atmospheric pressure. It was 

surprisingly found that the catalyst according to the inventi• 	has a much higher activity, in 

10 	particular 	in 	hydrodesulphurisation, 	compared 	to 	th • 	same 	catalyst 	prepared 	in 

atmospheric non-hydrothermal conditions and even at - lower metal molar ratio. The term 

"hydrothermal conditions" is meant to imply react•• 	conditions wherein the reaction 

temperature is above the boiling temperature of the , rotic liquid. Typically such conditions 

give rise to a pressure above atmospheric press 	e and then the reaction is preferably 

15 	performed in an autoclave, preferably under aut genic pressure, that is without applying 

additional pressure. An autoclave is a device c pable of withstanding pressure designed 

to heat liquids above their boiling temperature. 

US 2004/182749 describes in some ex• 	ples a preparation in an autoclave under 

20 	pressure at 80 °C, but not at a temperatu e above the boiling point of the protic liquid. It is 

further noted that prior art W000/41811 discloses broad temperature ranges from 0 to 

300 °C and mentions in general ter 	s a possibility to prepare catalysts at a pressure 

above atmospheric pressure and at 	reaction temperature above the boiling temperature 

of the protic liquid. W000/41810 	•wever mentions that generally the reaction is carried 

25 	out at atmospheric pressure and 	.s no examples or description of bulk catalyst according 

to the invention wherein 'the , etal compounds are actually reacted in hydrothermal 

conditions in an autoclave at a eaction pressure above atmospheric pressure and, in case 

of water as protic liquid, at - temperature above 100 "C to form metal oxidic particles. In 

particular, the relation be 	-en the metal molar ratio, the hydrothermal reaction process 

30 	and the improved catal 	c activity of the catalysts obtainable by said process are not 

described. 

In the bulk catalyst 	ccording to the invention, the group VIII to Group VIB metal molar 

ratio can in princ •le vary between wide ranges, for example between 0.1 and 5. 
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Generally good results can be obtained with a metal molar ratio betw- ,:. 	0.2 and 4. In this 

range two different sub-ranges were distinguished. In the metal molar atio range between 

0.2 and 1 it often appeared difficult if not impossible to obtain a g ,od catalyst when the 

first and second metal compounds are reacted in atmospheric pr: sure conditions (good 

5 and better in this context mean: a bulk catalysts with high or hig er hydrodesulphurisation 

or hydrodenitrogenation activity than the prior art). In this meta 	olar ratio range the XRD' 

pattern showed a large number of peaks, possibly origina ng from raw materials still 

present and/or unidentified compounds formed. A catalyst r aving such XRD pattern was 

found to be inactive. It was surprisingly found that, when 	e metal mole ratio is between 

10 0.2 and 1, a good bulk catalyst could nevertheless be ob : fined when the reaction between 

the first (Group VIII) and second (Group VIB) metal c• 	pounds takes place according to 

the invention in hydrothermal conditions at a pressure 	igher than 1 bar and at T > 100°C. 

When the Group VIII to Group VI metal molar rat • is above 1, an active catalyst can be 

15 prepared under atmospheric reaction condition 	however also in this metal molar ratio 

range the bulk catalyst according to the inven • n has a higher activity than the prior art 

bulk catalyst with the same metal molar rate . As described above it is not desirable to 

have a too high group VIII excess. Furthe 	it was found that in hydrothermal reaction 

conditions the additional effect of a high- 	metal molar ratio levels off, the metal molar 

20 ratio in hydrothermal conditions is preferably lower than 1.5, more preferably lower than 

1.25, even more preferably lower than 1 15 and most preferably below 1. 

The Group VIII to Group VI meta molar ratio can be chosen lower in hydrothermal 

conditions. Alternatively, the activi 	can be higher at the same metal molar ratio. The bulk 

25 catalyst according to the inventi , n preferably has an increase in hydrodesulphurisation 

activity, compared to a catalys 	'th the same composition but produced in atmospheric 

conditions, of at least 10%, p r -ferably at least 15%, more preferably at least 20%, even 

more preferably at least 25°/. and most preferably at least 30% (the hydrodesulphurisation 

activity as determined in 	e standard test described below in the description of the 

30 examples according to t' e invention). Alternatively, the bulk catalyst according to the 

invention preferably has ..t least 10%, more preferably at least 15%, even more preferably 

at least 20% and mos preferably at least 25% lower metal molar ratio whilst maintaining 

an equal or higher h drodesulphurisation activity level. Preferably, in view of achieving a 

high activity in thes,  hydrothermal conditions the group VIII to Group VIB metal molar ratio 



is more than 0.3, preferably more than 0.4, more preferably more t 1 n 0.5, even more 

preferably more than 0.6 and most preferably more than 0.7. 

For many reasons water is the best choice for the protic liqui• 	However, other protic 

5 liquids are not excluded and therefore the "hydrothermal re ction conditions" in this 

context is intended to also cover reaction conditions using a p, •tic liquid other than water 

at temperatures above the boiling temperature of the protic 	quid, typically at a pressure 

above atmospheric pressure. The reaction temperature pr erably is at least 10%, more 

preferably at least 25%, even more preferably at least 50'/o, and most preferably at least 

10 75% higher than the boiling temperature of the protic 	quid. The reaction is preferably 

done in water as the protic liquid at a reaction temper: ture of at least 110, preferably at 

least 125, even more preferably at least 150, an' 	most preferably at least 175 °C 

preferably in an autoclave preferably under autogen 	elevated pressure. Good results can 

be obtained at reaction temperatures between 110°C and 170°C. 	In a preferred 

15 embodiment of the invention the reaction mixt i re is heated with microwave radiation. 

Solute components in the reaction mixture m- 	increase the boiling temperature of the 

protic liquid. 

The reaction time is chosen sufficiently lo g to substantially complete the reaction. 	The 

20 reaction is complete when the x-ray diffr ctogram of the separated metal oxidic particles 

does not show reflections of the unrea • ed starting compounds. In any case, the reaction 

time is chosen such that the final bulk 	-talyst after drying, shaping and calcining does not 

show reflections of the unreacted st- 	ing compounds. Typically, the reaction is carried out 

for a time of at least 2 hours, pref= ably at least 4 hours, more preferably at least 6 hours 

25 and most preferably at least 8 ho rs. A particular advantage of the hydrothermal reaction 

process is that reaction speed .f the metal compounds is higher such that the reaction 

can be completed in a shorter eaction time. This is advantageous especially when a low 

Group VIII to Group VI meta molar ratio is wanted because a low metal ratio was found to 

reduce the reaction speed • uring the preparation. 

30 

The metal composition i 	the bulk catalyst according to the invention may in principle vary 

between wide range 	as described in the prior art for conventional hydrotreatment 

catalyst. In one emb. • iment, the bulk catalyst comprises metal oxidic particles comprising 

preferably only one group VIII metal, preferably cobalt or nickel, and substantially only 2 



group VIB metals, preferably tungsten and molybdenum (a trimetallic 	:talyst). In another 

embodiment, the bulk catalyst is a bimetallic catalyst comprising 	,nly one group VIB 

metal. 	Preferably, 	the 	bulk 	catalyst 	comprises 	metal 	oxidic 	particles 	comprising 

substantially only one group VIII metal, preferably nickel, and su istantially only 1 group 

5 VIB metal, preferably tungsten. A bimetallic bulk catalyst can .e distinguished from a 

trimetallic catalyst in that it comprises less than 10 mole % of : second group VIB metal 

(relative to the total amount of Group VIB metals) but preferably comprises substantially 

only one Group VIB metal. The term "substantially only one.: roup VIB or group VIII metal" 

implies that the catalyst most preferably has no other, •ut may have an insubstantial 

10 amount of another Group VIB or group VIII metal, prefer: bly less than 5, more preferably 

less than 3 and most preferably less than 1 mole % (r: ative to the total of the group VIB 

or group VIII metals). 

In an alternative embodiment, the bulk catalyst - ccording to the invention comprises a 

15 Group V metal, preferably Niobium. It was fou • that a significant activity improvement 

could be obtained even with relatively small amounts between 0.1 and 10. mole %, 

preferably between 0.1 and 9 mole %, mor6 .referably between 0.1 and 8 mole %, even 

more preferably between 0.1 and 7 mole % and most preferably between 0.1 and 5 mole 

%. 

20 

In the first step of the process for prep- ing the bulk catalyst according to the invention the 

reaction compounds are combined t . form a reaction mixture. This can be done in a.  

variety of different ways as for exa ple described in WO 00/41810, WO 99/03578, WO 

2004/073859, WO 2005/005582, r P2005/004265 (not prepublished) and WO 00/41811. 

25 The first and/or second compou • s can be soluble or at least partly insoluble in the protic 

liquid. It is possible to first pre r are a suspension or solution of a metal compound in the 

protic liquid and to add, sim 	aneously or one after the other, solution(s) and/or further 

suspension(s) comprising d'-solved and/or suspended metal compound(s) in the protic 

liquid. It is also possible ti first combine solutions either simultaneously or one after the 

30 other and to subseque 	ly add further suspension(s) and optionally solution(s) either 

simultaneously or one - er the other. 

The bulk catalyst a 	ording to the invention is preferably prepared in a process wherein 

the one or more first metal compounds and/or the one or more second metal compounds, 
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most preferably all first and second metal compounds, remain at lea 	partly in the solid 

state during the entire reaction. This process is relatively simple, h.. a high yield and is 

environmentally friendly, but most importantly the bulk catalyst obta 	able by said process 

was found to be highly active. The term "at least partly in the s. td state" means that at 

5 least part of the metal compound is present as a solid metal compound and, optionally, 

another part of the metal compound is present as a solution of 	is metal compound in the 

protic liquid. This process is referred to as the solid-solid process and is described in detail 

in WO 00/41810 as one of several possible preparation ro tes to prepare trimetallic bulk 

catalyst. 

10 

It was often observed that the bulk catalyst accordin• to this process has a metastable 

hexagonal structure. This metastable hexagonal st,  cture has, in case the group VIB 

metal is tungsten, an X-ray diffraction pattern 	h a reflection between 58 and 65 

(diffraction angle 2 theta) and main reflections ID: 	een 32 and 36 and between 50 and 

15 55°. In case the group VIB metal is Molybdenu 	, the X-ray diffraction pattern shows two 

reasonably well-resolved reflections, one be 	-en 33 and 35, the other between 58 en 

610. The presence of the metastable hexago al phase appeared to be indicative of a high 

catalytic activity of the oxidic bulk catalyst, :Ithough there is no strict quantitative relation 

found. Because the physical reasons for t e correlation are not fully understood or known 

20 and the inventors do not wish to be sound and limited by theory, the bulk catalyst 

according to the invention is claimed 	ithout reference to the described X-ray diffraction 

features relating to the presence of -: metastable hexagonal phase. It is preferred that 

reflections of other crystalline compounds are substantially absent in the X-ray diffraction 

pattern. It is considered that amo . hous phases may also be present. However, it was 

25 found that catalysts having a 	ood activity typically had full width at half maximum 

(FWHM) below 2.5 indicating t at amorphous phases and associated broad XRD peaks 

are not good for activity. 

It was found that the met- oxidic particles in the bulk catalyst according to the invention 

30 are particularly sensitivz to heat treatment. It is important that the bulk catalyst, in 

particular the metal o 'die particles in the bulk catalyst, have been heat treated at a 

temperature below a -mperature where transition to a crystalline structure occurs. When 

in this context refer- ce is made to "transition to a crystalline structure", a crystal structure 

other than the m- astable hexagonal phase is meant. This applies to any and all heat 
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treatment steps in the production process of the bulk catalyst. This a• •lies in particular 

also to heat treatment of shaped bulk catalyst particles after compo -iting and shaping. 

Preferably, the bulk catalyst is heat treated below 450 °C, more pre erably below 400°C, 

even more preferably below 375°C and most preferably below 350° . This applies also to 

5 drying and calcination. 

After the reaction step, the metal oxidic particles preferably h- e a median particle size in 

-the range of at least 0.5 gm, more preferably at least 1 gm, 	ost preferably at least 2 gm, 

but preferably not more than 5000 gm, more preferably , of more than 1000 gm, even 

10 more preferably not more than 500 pfn, and most prefer- •ly not more than 150 gr11. Even 

more preferably, the median particle diameter lies in ti e range of 1 - 150 gm and most 

preferably in the range of 2 - 150 gm. 	Preferably, t e median particle size of the metal 

oxidic particles remains substantially unchanged in t e bulk catalyst after compositing with 

a binder material and shaping (determined by Near orward Scattering). 

15 

The bulk catalyst comprises at least 60 wt% o' metal oxidic particles (wt% calculated on 

the basis of metal oxides relative to the total 	eight of the bulk catalyst) as distinguished 

from supported catalysts that have metal oxides deposited on a support material in_ 

amounts significantly less than 60 wt%. 	'referably, the bulk catalyst according to the 

20 invention comprises at least 70 wt%, 	ore preferably at least 75 wt%, even more 

preferably at least 80 wt% and most pr ferably at least 85 wt% metal oxidic particles, the 

remaining 0 to 40 wt% being one or more materials selected from the group of binder 

materials, conventional hydroproces - ing catalysts, acidic promoters such as phosphorus 

of fluorine and cracking compou ds. Typically, after compositing of the metal oxidic 

25 particles with a binder, the corn• osition is shaped, preferably extruded, to form shaped 

bulk catalyst particles. The I 	ention also relates to shaped bulk catalyst particles 

comprising the metal oxidic p rticles. Alternatively, the metal oxidic bulk catalyst particles 

can 	be 	used 	directly, 	th - 	is 	without substantial compositing 	and 	shaping, 	in 	a 

hydrotreatment process. T is process is referred to as a slurry hydrotreatment process. 

30 For this use, the part 	-s are preferably treated to obtain a narrower particle size 

distribution, for exampl: by sieving or agglomerating, but without substantial compositing 

and shaping. The inv: ntion also relates to the use of metal the catalyst according to the 

invention in a slurry hydrotreatment process, preferably using metal oxidic bulk catalyst 

particles without s •stantial compositing and shaping. 
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Preferably, the bulk catalyst according to the invention, preferably a er compositing and 

shaping, has a B. E. T. surface area of at least 10 m2/g, more pr ferably of at least 50 

m2/g, and most preferably of at least 80 m2/g, as measured via 	e B.E.T. method. The 

5 median pore diameter (50% of the pore volume is below said • iameter, the other 50% 

above it) of the bulk catalyst preferably is 3 - 25 nm, mr re preferably 5 - 15 nm 

(determined by N2 desorption). The total pore volume of the •ulk catalyst preferably is at 

least 0.05 ml/g and more preferably at least 0.1 ml/g, as det• rmined by N2 adsorption. 

10 It is desired that the pore size distribution of the bulk c. alyst according to the invention, 

preferably after compositing 	and 	shaping, 	is 	app,•ximately the same as that of 

conventional hydroprocessing catalysts. More in parti,  ular, the bulk catalyst preferably has 

(desorption) median pore diameter of 3 - 25 nm, a- determined by nitrogen adsorption, a 

pore volume of 0.05 - 5 mug, more preferably of #.1 - 4 ml/g, still more preferably of 0.1 - 

15 3 ml/g, and most preferably of 0.1 - 2 ml/g, as d- ermined by nitrogen desorption. 

Generally, the bulk catalyst according to the' vention after compositing and shaping has 

a mechanical strength, expressed as side 	ush strength (SCS), of at least 1 lbs/mm and 

preferably of at least 3 lbs/mm (measured. •n extrudates with a diameter of 1 - 2 mm). The 

20 SCS of the bulk catalyst can be adeq : tely increased by compositing the metal oxidic 

particles with a sufficient amount of bin,  er. 

To obtain catalyst compositions wit 	high mechanical strength, it may be desirable for the 

catalyst composition of the inven • n to have a low macroporosity. Preferably, less than 

25 30%, more preferably less than '0%of the pore volume of the catalyst composition is in 

pores with a diameter higher han 100 nm (determined by mercury intrusion, contact 

angle: 140°). 

The invention also relates o a sulphided bulk catalyst comprising a bulk catalyst according 

30 to the invention, which h. s been sulphided. The invention further also relates to the use of 

the 	bulk 	catalyst 	or 	sulphided 	bulk 	catalyst 	according 	to 	the 	invention 	for 	the 

hydrotreatment of a 	ydrocarbon feedstock. The term "hydroprocessing" in this context 

encompasses all processes in which a hydrocarbon feed is reacted with hydrogen at 

elevated temperat , re and elevated pressure, including processes such as hydrogenation, 
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hydrodesulphurization, hydrodenitrogenation, hydrodemetallization, hydrodearomatization, 

hydroisomerization, 	hydrodewaxing, 	hydrocracking, 	and 	hydrocr. king 	under 	mild 

pressure conditions, which is commonly referred to as mild hydroc acking. The catalyst 

composition 	of the 	invention 	is 	particularly suitable for hydr treating 	hydrocarbon 

5 feedstocks. 	Such 	hydrotreating 	processes 	comprise, 	e.g., 	hydrodesulphurization, 

hydrodenitrogenation, and hydrodearomatization of hydroca ion feedstocks. Suitable 

feedstocks are, e.g., middle distillates, kero, naphtha, vacu 	gas oils, and heavy gas 

oils. 	The 	bulk 	catalyst 	according 	to 	the 	invention 	. 	be 	used 	in 	virtually 	all 

hydroprocessing processes to treat a plurality of feed 	under wide-ranging reaction 

10 conditions, e.g., at temperatures in the range of 200° to - .0°C, hydrogen pressures in the 

range of 5 to 300 bar, and liquid hourly space velocities (LHSV) in the range of 0.05 to 10 

if" and H2/oil ratios in the range of 50-2000 NI/1. 

Apart from the hydrothermal conditions and the i 	plications regarding the Group VIII to 

15 Group VI metal molar ratio the bulk catalyst m ; nufacturing can be done according to 

processes known in the art. Suitable proce -es are for example described in WO 

00/41810, which is herewith incorporated by r- erence. 

The invention also relates to a process for he manufacture of the bulk catalyst according 

20 to the invention comprising metal oxidic p. rticles obtainable by the steps of; 

i) combining in a reaction mixtur 	one or more first compounds comprising one or 

more Group VIII metal and . e or more second compounds comprising one or 

more Group VIB metals in 	e presence of a protic liquid, wherein the Group VIII 

metal to Group VIB metal 	olar ratio is between 0.1 and 5 and 

25 ii) reacting the compound 	in hydrothermal conditions at a temperature above the 

boiling point of the pro c liquid, preferably in an autoclave at a reaction pressure 

above atmospheric p essure, to form metal oxidic particles, 

the process further optionally comprising one or more of the following process steps: 

30 

iii) separating the rnz al oxidic particles from the reaction mixture, 

iv) compositing th; metal oxidic particles with 0.1 to 40 wt% of one or more 

materials 	sele cted 	from 	the 	group 	of 	binder 	materials, 	conventional 

hydroproces- ng catalysts, cracking compounds, acidic additives or mixtures 

thereof be •re, during or after the combining and/or reacting of the metal 

compoun c s, 
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v) spray-drying, (flash) drying, milling, kneading, slurry-mixing, d, 	or wet mixing, or 

combinations thereof, 

vi) shaping, 

vii) drying and/or thermally treating, and 

5 viii) sulphiding. 

Further preferences and detail regarding the hydrothermal ca nditions and the Group VIII 

to. Group VI metal molar ratio are described above in the de 	nption of the bulk catalyst. 

10 Step (i) 

The protic liquid to be applied in the process of the p esent invention can be any protic 

liquid. Examples are water, carboxylic acids, and al • hots such as methanol, ethanol or 

mixtures thereof. As the protic liquid in the proces 	of the present invention preferably a 

liquid is used that comprises water, such as mixt a res of an alcohol and water and more 

15 preferably water. Also different protic liquids can • e applied simultaneously in the process 

of the invention. For instance, it is possible t. add a suspension or solution of a metal 

compound in ethanol to an aqueous suspe .ion/solution of another metal compound. If 

the protic liquid is water, the solubility of the Group VIII metal compounds and Group VIB 

metal compounds which are at least pa 	y in the solid state during the process of the 

20 invention generally is less than 0.05 moV 	00 ml water at 18°C). 

In the preferred process, both the firs and second metal compounds remain at least partly 

in the solid state during the entire r - action (the solid-solid process). If the protic liquid is 

water, suitable nickel compounds 	hich are at least partly in the solid state during the 

25 

30 

reaction 	comprise, 	and 	more 	preferably consist essentially of, 	oxalates, 	citrates, 

carbonates, hydroxy-carbonate• , hydroxides, molybdates, phosphates, tungstates, oxides, 

or mixtures thereof, with nick I hydroxy-carbonate, nickel hydroxide, nickel carbonate, or 

mixtures thereof being mo 	preferred. Generally, the molar ratio between the hydroxy 

groups and the carbonate 	roups in the nickel hydroxy-carbonate lies in the range of 0 - 4, 

preferably 0 — 2, more • eferably 0 - 1 and most preferably, 0.1 - 0.8. Suitable tungsten 

compounds which are 	least partly in the solid state during the process of the invention 

comprise water-insole ale tungsten compounds, such as tungsten di- and trioxide, tungsten 

sulphide (WS2  and 	S3), tungsten carbide, ortho-tungstic acid (H2W04*H20), tungsten 

nitride, aluminium ungstate (also meta- or polytungstate), ammonium phosphotungstate, 
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or mixtures thereof, with ortho-tungstic acid and tungsten di- and triox •e being preferred. 

Preferably, the reaction between the first and second metal comp,  and is an acid/base 

reaction and the first or second metal compound is a basic soli' 	and the other metal 

compound is an acidic solid compound. 

5 

In the most preferred embodiment of the process according t• the invention, the first and 

second solid metal compound are free from nitrogen atoms . d the protic liquid separated 

from the reacted metal oxidic particles in step iii) is re-u -d at least in part to form the 

-slurry in step i). 	Most preferably, in this process the f st metal compound is a nickel 

10 (hydroxy) carbonate and the second metal compound is ungstic oxide or acid. 

For several reasons, this process meets the highes' standard of environmentally friendly 

and economically optimal catalyst production. 	part from the fact that the metal 

compounds do not contain nitrogen atoms, also 	e reaction does not require addition of 

15 ammonia to the reaction mixture, as for exam. - in WO 2004/073859, so the process is 

entirely free of nitrogen atoms. There is no 	ccurnulation of alien ions like ammonium 

and/or nitrate in the protic liquid on repeated ecycling, there is no strict need for washing 

the obtained separated oxidic particles, le .s environmental hazard because of reduced 

loss of precious metals and there is no d. ger of explosions due to ammonium nitrate salt 

20 formation. 

In view of environmental issues, pr- ferably the catalyst is bimetallic, preferably Nickel 

tungsten; the chemistry in the reac on step is simpler, because there is only one group 

VIB metal there can be no comp• sition drift in the group VIB metals on recycling of the 

25 separated liquid after reaction. B - cause the compounds remain at least partly solid during 

the entire reaction the amount •f metals dissolved in the protic liquid is small and hence 

losses are smaller. Furtherrn ire, the spent bimetallic catalyst is easier to recycle to the 

constituent metals than the 	'metallic catalyst because there is no need to separate two 

group VIB metals, which 	very difficult. Conventional processes for the separation of 

30 nickel and tungsten ca 	be used. This is advantageous in terms of reduced recycling 

process complexity, co 	s and increased metal recovery yield. 

To obtain a final cat• yst composition with high catalytic activity, it is preferred that the first 

and second solid 	etal compound(s) are porous metal compounds. For the first metal 
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compound, preferably Ni hydroxy carbonate, the surface area (SA): 	A > 220 m2/g, the 

pore volume pV > 0.29 cm3/g (as measured by N adsorption), a . the median pore 

diameter MPD > 3.8 nm (as measured by N desorption)and f it the second metal 

compound, preferably tungstic acid, SA > 19 m2/g, pV > 0.04 c 	/g (as measured by N 

5 adsorption), desorption MPD > 6.1 nm (as measured by N des• rption). It is desired that 

the total pore volume and the pore size distribution of these m tal compounds are similar 

to those of conventional hydroprocessing catalysts. Preferabl , the pore volume is 0.05 - 5 

mVg, preferably of 0.05 - 4 ml/g, more preferably of 0.05 	3 mug, and most preferably 

0.05 - 2 -ml/g, as determined by mercury or water porosi 	etry. Further, the surface area 

10 preferably is at least 10 m2/g, more preferably of at leas 20 m2/g, and most preferably at 

least 30 m2/g, as determined via the B.E.T. method. 

The median particle diameter of the first and secon. solid metal compound(s) preferably is 

in the range of at least 0.5 pm, more preferably - 	least 1 pm, most preferably at least 2 

15 p111, but preferably not more than 5000 pm, mor: preferably not more than 1000 pm, even 

more preferably not more than 500 pm, and 	,st preferably not more than 150 µm. Even 

more preferably, the median particle diamet r lies in the range of . 1 - 150 pm and most 

preferably in the range of 2- 150 pm 	:s determined by near forward scattering). 

Generally, the smaller the particles s 	- 	of the metal compounds, the higher their 

20 reactivity. Therefore, metal compounds 	ith particle sizes below the preferred lower limits 

are in principle a preferred embodiment of the present invention. However, for health, 

safety, and environmental reasons, 	e handling of such small particles requires special 

precautions. 

25 Step (ii) 

During and/or after the additio f of the metal compounds, the slurry is kept at the reaction 

temperature for a certain pe od of time to allow the reaction between the compounds to 

take place. In general, the - ep of slurrying and combining the raw materials is not critical, 

providing that a sufficient • mount of solvent is present to ensure that the slurry can be well 

30 stirred. Moreover, in cas • of very reactive and/or partly soluble raw materials, it should be 

prevented that the ra 	materials react vigorously already during their addition. This can 

again be achieved by e.g. increasing the amount of solvent or by lowering the temperature 

at which the raw 	-terials are combined. A person skilled in the art should be able to 

choose suitable c• nditions. 
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Generally, the slurry is kept at its natural pH during the reaction step. 	owever, also basic 

material may be added to increase the pH, as described in WO 	004/073859, where 

ammonium is added. The pH preferably is in the range of 0 - 12, 	ore preferably in the 

range of 3 — 9, and even more preferably in the range of 5 - 8. 

5 

The parameters that are important for the performance of thz bulk catalyst according to 

the invention, in particular the reaction temperature and Ares• re, the Group VIII to Group 

VI metal molar ratio, the hydrothermal reaction conditio,  s and the reaction time are 

described above in more detail in the description of the •ulk catalyst. As described it is 

10 required in the process according to the invention that , hen the Group VIII to Group VI 

metal molar ratio is between 0.2 and 1, the reaction is.' one under hydrothermal conditions 

at a reaction temperature above 100 °C and a press 	e higher than 1 bar. When the metal 

mole ratio is above 1, the catalyst obtained can al o be advantageously produced under 

hydrothermal conditions in order to be able achi e e higher activity or to use lower nickel 

15 molar ratio or to react faster. 

Step (iii) 

After the reaction step, if necessary, the o• ained metal oxidic particles can be separated 

from the liquid, e.g., via filtration or spra 	drying. In one alternative embodiment, such a 

20 small amount of protic liquid is used that no liquid needs to be separated from the solid 

reaction 	product. 	The wet reaction product can directly be shaped 	after optional 

compositing with additional material 	s defined below and then dried. 	For the separation 

of the metal oxidic particles in prin• ple any solid-liquid separation technique can be used. 

The separation can be done befr,re or after being composited with additional materials. 

25 After solid-liquid separation, o• Tonally, a washing step can be included. Further, it is 

possible to thermally treat th= bulk catalyst after an optional solid-liquid separation and 

drying step and prior to its be 	g composited with the additional material. 

Step (iv) 

30 If so desired, an add' ional material selected from the -group of binder materials, 

conventional hydropro,  - ssing catalysts, cracking compounds, or mixtures thereof can be 

added during the ab• e-described preparation of the metal oxidic particles or to the metal 

oxidic particles aft- 	their preparation. Preferably, this additional material is added to the 

slurry after the pr -paration of the metal oxidic particles and prior to the separation step, 
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but in any case prior to the shaping step. It is mostly added after the s paration from the 

liquid in the mixing/kneading step. Examples of other additional m- erials that can be 

composited with the metal oxidic particles in the catalyst accordin• to the invention are 

described in WO 00/41810. 

5 

In all the above-described process alternatives, the term "co 	•ositing the bulk catalyst 

with a material" means that the material is added to the bulk c talyst or vice versa and the 

resulting composition is mixed. Mixing is preferably done in 	e presence of a liquid ("wet 

mixing"). This improves the mechanical strength of the final 	atalyst composition. 

10 

Compositing the metal oxidic particles with said additi'• nal material and/or incorporating 

the material during the preparation of the metal oxidi• particles leads to bulk catalysts of 

particularly high mechanical strength, in particular if he median particle size of the metal 

oxidic particles is in the range of at least 0.5 gm more preferably at least 1 gm, most 

15 preferably at least 2 gm, but preferably not more 	an 5000 gm, more preferably not more 

than 10001.1m, even more preferably not more t' an 500 gm, and most preferably not more 

than 150 gm. Even more preferably, the me• - n particle diameter lies in the range of 1 - 

150 gm and most preferably in the range of - 150 gm. 

20 The compositing of the metal oxidic p- 	ides with the material results in metal oxidic 

particles embedded in this material or 	ice versa. Normally, the morphology of the metal 

oxidic particles is essentially maintain; • in the resulting bulk catalyst. 

The binder materials to be applied 	ay be any materials conventionally applied as binders 

25 in hydroprocessing catalysts. 	: mples are silica, silica-alumina, such as conventional 

silica-alumina, 	silica-coated 	. 	mina 	and 	alumina-coated 	silica, 	alumina 	such 	as 

(pseudo)boehmite, or gibbsit: 	titania, titania-coated alumina, zirconia, cationic clays or 

anionic clays such as sap• ite, bentonite, kaolin, sepiolite or hydrotalcite, or mixtures 

thereof. 	Preferred 	binder. 	are 	silica, 	silica-alumina, 	alumina, 	titania, 	titania-coated 

30 alumina, zirconia, benton' e, or mixtures thereof. These binders may be applied as such or 

after peptization. 

Step(v) 
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The slurry, optionally comprising any of the above additional materials •=n be subjected to 

spray-drying, 	(flash) drying, 	milling, 	kneading, 	slurry-mixing, 	dry 	or wet mixing, 	or 

combinations thereof, with a combination of wet mixing and kneadi t or slurry mixing and 

spray-drying being preferred. These techniques can be applied e 	er before or after any 

5 of the above (further) materials are added (if at all), after solid-li. id separation, before or 

after a thermal treatment, and subsequent to re-wetting. 

Step(vi) 

If so desired, the metal oxidic particle optionally mixed w h any of the above additional 

10 materials may be shaped optionally after step (ii) having , een applied. Shaping comprises 

extrusion, pelletizing, beading and/or spray-drying. Any additives which are conventionally 

used to facilitate shaping can be added. These additives may comprise aluminium 

stearate, surfactants, graphite, starch, methyl cell 	ose, bentonite, polyethylene glycols, 

polyethylene oxides, or mixtures thereof. If the . haping comprises extrusion, beading 

15 and/or spray-drying, it is preferred that the shapi g step is carried out in the presence of a 

liquid, such as water. Preferably, for extrusion 	nd/or beading, the amount of liquid in the 

shaping mixture, expressed as loss of ignitio 	(L01), is in the range of 20 - 80% (L01 after 

1' hour at 600 °C). 

20 Step (vii) 

After an optional drying step, prefer- •ly above 100°C, the resulting shaped catalyst 

composition may be thermally treat- 	if desired. A thermal treatment, however, is not 

essential to the process of the Inv: tion. As described above, a bulk catalyst having a 

temperature sensitive metastabl: 	hexagonal phase which 	readily transforms to a 

25 crystalline structure, are preferably heat treated at a temperature below a temperature 

where such transition to a c 	-talline structure occurs, preferably below 450°C, more 

preferably below 400°C, even 	ore preferably below 375°C, most preferably even below 

350°C. 	This thermal 	treat' ent 	is typically done on the final 	bulk 	catalysts 	after 

compositing and shaping. 	he heat treating time can vary from 0.5 to 48 hours and is 

30 done in an inert gas suc 	as nitrogen, or in an oxygen-containing gas, such as air or pure 

oxygen. The thermal tre tment can be carried out in the presence of water steam. 

The process of t - 	present invention may further comprise a 	sulphidation step. 

Sulphidation gener: Ily is carried out by contacting the bulk catalyst, directly after the 
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preparation of the metal oxidic particles or after any one of the further 'rocess steps (iii) - 

(vii), most preferably after the shaping to a shaped bulk catalyst, with I sulphur-containing 

compound such as elementary sulphur, hydrogen sulphide, DMDS, ,,r inorganic or organic 

polysuiphides. The sulphidation can generally be carried out 	situ and/or ex situ. 

5 Preferably, the sulphidation is carried out ex situ, i.e. the sulph • ation is carried out in a 

separate reactor prior to the sulphided catalyst compositi,,n being loaded into the 

hydroprocessing unit. 	Furthermore, 	it 	is preferred that 	e catalyst composition is 

sulphided both ex situ and in situ. 

10 

15 

A preferred process of the present invention comprises he following successive process 

steps of preparing the bulk catalyst according to the in. - ntion; contacting and reacting the 

first and second compound in a slurry with protic liq 	d as described above, slurry mixing 

the obtained oxidic metal particles with, e.g., a bin• -r, isolating the particles via filtration, 

wet mixing the filter cake with a material, such - . a binder, kneading, extrusion, drying, 

calcining and sulphiding. 

The catalysts are characterized using the fo owing methods: 

20 1. Side crush strength SCS 

First, the length of, e.g., an extrudatz particle was measured, and then the extrudate 

particle was subjected to compressiv - loading (25 lbs in 8.6 sec.) by a movable piston. 

The force required to crush the pa 	e was measured. The procedure was repeated with 

at least 40 extrudate particles a • the average was calculated as force (Ibs) per unit 

25 length (mm). The method prefer= bly was applied to shaped particles with a length not 

exceeding 7 mm. 

2. Porosimetry 

The N2 adsorption meas 	ement was carried out as described in: Paul A. Webb and 

30 Clyde Orr, "Analytical 	-thods in Fine Particle Technology", Micromeritics Instrument 

Corporation, Norcross, GA, USA, 1977, ISBN 0-9656783-0-X. Where median pore 

diameter MPD is me,  boned, we refer to the pore size distribution extracted from the 

desorption branch • 	the nitrogen sorption isotherm according to the BJH method as 

published: P. Barr; 	L. G. Joyner, P. P. Halenda; The determination of pore volume and 
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area distributions in porous substances. I. Computations from nitrogen sotherms, J. Am. 

Chem. Soc. (1951), 73, 373-380. Total surface area is determined by 	e BET method: S. 

Brunauer, P.H. Emmett and E. Teller, Adsorption of gases in multim. ecular layers, J. Am. 

Chem. Soc. (1938), 60, 309-319. 

5 

Macropore volume determination, typically for pores having 60nr or higher pore diameter, 

was carried out by mercury (Hg) porosimetry as described in - g. Paul A. Webb and Clyde 

Orr, 	"Analytical 	Methods 	in 	Fine 	Particle 	Technology , 	Micromeritics 	instrument 

Corporation, Norcross, GA, USA, 1977, ISBN 0-965678 	0-X. The contact angle used 

10 was 140 degrees. 

3. Amount of added solid metal compounds 

Qualitative determination: The presence of solid me '-I compounds during the process of 

the invention can easily be detected by visual insp • ction at least if the metal compounds 

15 are present in the form of particles with a diame -r larger than the wavelength of visible 

light. Of course, methods such as quasi-elasti,  light scattering (QELS) or near-forward 

scattering, which are known to the skilled pe 	on, can also be used to verify that at no 

point in time during the process of the invention all metals will be in the solute state. 

Median particle size was also determined w h light scattering (near forward scattering). 

20 

25 

Quantitative determination: if the metal 	ompounds which are added at least partly in the 

solid state are added as suspension s), the amount of solid metal compounds added 

during the process of the invention c n be determined by filtration of the suspension(s) to 

be added under the conditions w ch are applied during the addition (temperature, pH, 

pressure, amount of liquid), in -uch a way that all solid material contained in the 

suspension(s) •is collected as so d filter cake. From the weight of the solid and dried filter 

cake, the weighf of the solid m: tal compounds can be determined by standard techniques. 

Of course, if apart from soli. metal compounds further solid compounds, such as a solid 

binder, are present in the 	lter cake, the weight of this solid and dried binder must be 

30 subtracted from the weig t of the solid and dried filter cake. The amount of solid metal 

compounds in the filter cake can also be determined by standard techniques such as 

atomic absorption spar roscopy (AAS), XRF, wet chemical analysis, or ICP. 
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If the metal compounds which are added at least partly in the solid stat: are added in the 

wetted or dry state, a filtration generally is not possible. In this case, th 	weight of the solid 

metal compounds is considered equal to the weight of the correspon• ng initially employed 

metal compounds, on a dry basis. The total weight of all metal co pounds is the amount 

5 of all metal compounds initially employed, on a dry basis, calculat: d as metal oxides. 

4. Characteristic full width at half maximum 

The characteristic full width at half maximum of the oxidic ca : lysts was determined on the 

main reflections in the X-ray diffraction pattern of the cat lyst (in terms of 20 scattering 

10 angle). 	For the determination of the X-ray diffracti• 	pattern, a standard powder 

diffractometer equipped with a graphite monochromato can be used. The measurement 

conditions can, e.g., be chosen as follows: X-ray ge,  erator settings: 40 kV and 40 rriA, 

wavelength: 1.5418 angstroms, divergence and an 	scatter slits: v20 (variable), detector 

slit: 0.6 mm, step size: 0.05 (°20), time/step: 2 se • ds, Instrument: Bruker D5000. 
.... 	 15 

The invention will be further illustrated by the 	xarnples described below. R3 means a 

reaction process wherein both the first and ' -cond metal compounds are at least partly 

solid during the reaction. CBD means corn ..cted bulk density of the catalyst. HT means 

hydrothermal reaction conditions. The di: sel hydroprocessing test results are given in 

20 Table 4 wherein RVA and RWA are relative volume activity and relative weight activity, 

respectively, 	based 	on the total c. alyst amount loaded 	in the 	reactor. 	HDN 	is 

hydrodenitrogenation and HDS is hydr• desulphurisation. 

The diesel test procedure was p- ormed using two different temperature and pressure 

25 test conditions 1 and 2. The pos ix 1 or 2 (as for example in RWA1 and RWA2) refer to 

the test condition 1 and 2 res. • ctively. The RWA HDN1 results are not shown because 

the nitrogen levels in the p.:ction product were all so low that the measurement is 

inaccurate and differences ,,etween the samples are too small to identify differences in 

catalytic activity between 	:mples. Further, the residual nitrogen and sulphur levels after 

30 the hydrotreatment were ietermined and given in. Table 6 under column S1, S2 and N2. In 

the tests different dies I test procedures were used indicated as D1, D2 and D3. The 

RWA/RVA values of 	e reference catalysts Cl in diesel test procedure D1 and D2 (C1.1 

and C1.2 in Table 	and C2 in diesel test procedure D3 were defined as 100. All other 

RWA/RVA values . re calculated relative to this reference catalyst. 
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Comparative Experiment C1.1 and C1.2 (Nil Mo0.5W0.5 R3) 

115.2 g of MoO3  (0.8 mole Mo, ex. Aldrich), 200 g of tungstic ad. H2W04  (0.8 mole W, 

ex. Aldrich) were slurried in 6400 ml of water (suspension A) and r eated to 90°C. 188 g of 

5 	nickel hydroxycarbonate 2NiCO3*3Ni(OH)2*4 H2O (1.6 mole •f Ni, ex. Aldrich) were 

suspended in 1600 ml of water and heated to 90°C (su 	ension B). 	The nickel 

hydroxycarbonate used in this and the other examples had a :. E. T. surface area of 239 

m2
/g. Suspension B was added to suspension A -in 10 min .tes, and the resulting mixture 

was maintained at 90°C for a period of 16 hours (overnigh 	with continuous stirring. At the 

10 	end of this time, the suspension was filtered. The yiel. was above 98 %. The obtained 

filter cake was dried overnight at 120°C. The obtainer filter cake was wet-mixed with 10 

wt% binder, extruded, dried, calcined and sulphided 	s described in Diesel test procedure 

D2 (results C1.2 in Table 6). The extrudates were rushed and 40-60 mesh fraction was 

isolated by sieving. The material was then sulph'. -d and tested using the procedure from 

15 	Diesel test procedure D1 (C1.1 in Table 6). 

Example El (Ni0.75W1 R3 HT) 

A catalyst having a NiAN molar ratio of 0.7" to 1 was prepared in a manner analogous to 

what is described in C1, except that the reaction was carried out under autogenic pressure 

20 	in an autoclave reactor heated with micrawave radiation at a reaction temperature of 150 

°C and that the reaction time was abo 	6 hours. 1.76 g of Ni carbonate (0.015 moles Ni) 

was added to 100cc of water along 	th 4.99 grams of tungstic acid (0.02 mole W). The 

suspension was put into a sealed 	eflonTm  vessel of 275cc total volume and heated at 

10°C/min to 150°C and held at th- temperature for 6 hours with continuous stirring. The 

25 	sample was cooled to room te' perature and the solid filtered and dried overnight at 

120°C. The obtained material 	as pelleted, the pellets were crushed and 40-60 mesh 

fraction was isolated by siev g. The material was then sulphided and tested using the 

procedure from Diesel test , ocedure Dl. Surprisingly, the performance of the bimetallic 

catalyst is improved as co 	pared to the trimetallic catalyst of C1.1 (Table 6) 

30 

Example E2 (Nil W1 R , NT) 

A catalyst was prepay-• as described in El, except that the Ni/W molar ratio was 1 to I 

and that the reacti. 	was carried out under autogenic pressure in an autoclave reactor 

heated with micrr 	ave radiation at a reaction temperature of 150°C. 2.35 g of Ni 
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carbonate (0.02 moles Ni) was added to 100cc of water along with 4.• • grams of tungstic 

acid (0.02 mole W). The suspension was put into a sealed WeflonTM  vessel of 275cc total 

volume and heated at 10°C/min to 150°C and held at that tempe ature for 6 hours with 

continuous stirring. The sample was cooled to room temperature =nd the solid filtered and 

5 dried overnight at 120°C. The obtained material was pelleted, 	he pellets were crushed 

and 40-60 mesh fraction was isolated by sieving. The mater I was then sulphided and 

tested using the procedure from Diesel test procedure Dl. ',urprisingly, the performance 

of the bimetallic material of E2 is improved as compared to 	a trimetallic C1.1. 

10 Example E3 (Ni0.5W1 R3 HI) 

A catalyst was prepared as described in El, except 	;t the Ni/VV molar ratio was 0.5 to 1 

and that the preparation was carried out on a larger scale. 	164.5 g of Ni carbonate (1.4 

mole Ni) was added to 14 liters of water along with .99.6 grams of tungstic acid (2.8 mole 

W). The suspension was put into a 5-gallon a 	octave, the autoclave was closed and 

15 heated at 10°C/min to 150°C and held at that emperature for 6 hours with continuous 

stirring. The sample was cooled to room te 	perature and the solid filtered and dried 

overnight at 120°C. The obtained material 	as wet mixed with 10 :wt% binder, extruded, 

dried, calcined and sulphided as describe. in Cl and tested using Diesel test procedure 

D2. 

20 

Example E4 (Ni0.5W0.975Nb0.025 R HI) 

A catalyst was prepared as describ' d in El, except that Nb was added to the reaction 

mixture, that the Ni to W to Nb 	olar ratio was 0.5 to 0.975 to 0.025, and that the 

preparation was carried out on a -rger scale. 	164.5 g of Ni carbonate (1.4 mole Ni) was 

25 added to 14 liters of water alo g with 682.5 grams of tungstic acid (2.73 mole W) and 

11.19 g of niobic acid (0.07 	oles Nb) (ex. CBBM Industries). The suspension was put 

into a 5-gallon autoclave, th- autoclave was closed and heated at 10°C/min to 150°C and 

held at that temperature f. 	6 hours with continuous stirring. The sample was cooled to 

room temperature and t e solid filtered and dried overnight at 120°C. The obtained 

30 material of combined • :rail& preparations were extruded (with 10 wt% binder), dried, 

calcined and sulphide• as described in Cl and tested using Diesel test procedure D2. 

Surprisingly, the pe •rmance of the Nb containing material is improved as compared to 

the bimetallic catalyst E3 and the trimetallic catalyst C1.2 (Table 6). 
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Example E5 (NilMo0.5W0.5 R3 HT) 	 . 
A catalyst was prepared with Ni to Mo to W molar ratio 1 to 0.5 	0.5. 	2.35 g of Ni 

carbonate (0.02 moles Ni) was added to 100cc of water along wit 	2.5 grams of tungstic 

acid (0.01 mole W) and 1.44 g of Mo03  (0.Q1 mole Mo). The s .pension was put into a 

5 sealed WeflonTM  vessel of 275cc total volume and heated w 	microwave radiation at 

10°C/min to 150°C and held at that temperature under autoge c pressure for 6 hours with 

continuous stirring. The sample was cooled to room tempera 	re and the solid filtered and 

dried overnight at 120°C. The obtained material was pall; ed, the pellets were crushed 

and 40-60 mesh fraction was isolated by sieving. The c- alyst was sulphided and tested 

10 using the Diesel test procedure D3. 

Comparative experiment C2 (Ni1W0.5Mo0.5 R3) 

188 g of nickel hydroxycarbonate 2NiCO3*3Ni( r+1)2*4 H2O (1.6 mole of Ni) were 

suspended in 8000 ml of water and the resulting - urry was heated to 60°C. Subsequently 

15 115.2 of MoO3  (0.8 mole Mo) and 200 g of tung - is acid H2W04. (0.8 mole W) were added 

and the resulting slurry was heated to 95°C : nd maintained at that temperature for a 

period of about 24 hours with continuous stir 'ng. At the end of this time, the suspension 

was filtered. The obtained filter cake was 	et-mixed with 10 wt% of a binder (based on 

the total weight of the catalyst compo 	ion). The water content of the mixture was 

20 adjusted in order to obtain an extrudable 	ix, and the mixture was subsequently extruded. 

The resulting solid was dried at 120°C or 16 hours (overnight) and calcined at 300 °C for 

1 hour. The extrudates were crushe.. and 40-60 mesh fraction was isolated by sieving. 

The material was then sulphided an. tested using the Diesel test procedure D3. 

25 Comparative experiment C3 (R Ni1W1, 90) 

50.0 g of tungstic acid H2W04  o .2 mole W) was slurried in one liter of water together with 

23.5 g of nickel hydroxycar ionate 2NiCO3*3Ni(OH)2*4 H20 (0.2 mole of Ni). 	The 

suspension of the 2 solids w s heated to 90°C and held at that temperature for a period of 

20 hours (overnight) with ..ntinuous stirring. At the end of this time, the suspension was 

30 filtered. The resulting soli' was dried at 120°C for 16 hours (overnight). The resulting solid 

was pelleted, the pellet- were crushed and 40-60 mesh and the fraction was isolated by 

sieving. The material 	as then calcined at 300 °C for 1 hour. The material was then 

sulphided and testes 	sing the Diesel test procedure D3. 
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Example E6 (Nil WI R3 HT126) 

The catalyst was prepared under autogenic pressure in an autoclav= reactor heated with 

microwave radiation at a reaction temperature of 125 °C and re- tion time of about 6 

hours. 235 g of Ni carbonate (0.02 moles Ni) was added to 100cc if water along with-4.99 

5 grams of tungstic acid (0.02 mole W). 	The suspension was p 	into a sealed WeflonTM  

vessel of 275cc total volume and heated with microwave radi- ion at 10°C/min to 125°C 

and held under autogenic pressure at that temperature f • 	6 hours with continuous 

stirring. 	The sample was cooled to room temperature a 4 the solid filtered and dried 

overnight at 120°C. The obtained material was pelleted, t - pellets were crushed and 40- 

10 60 mesh fraction was isolated by sieving. The material 	- s then calcined at 300 °C for 1 

hour. The material was then sutphided and tested using he Diesel test procedure D3. 

Example E7 (WW1 R3 liT150) 

The catalyst was prepared under autogenic press re in an autoclave reactor heated with 

15 microwave radiation at a reaction temperature 	f 150 °C and reaction time of about 6 

hours. 2.35 g of Ni carbonate (0.02 moles Ni) w .s added to 100cc of water along with 4.99 

grams of tungstic acid (0.02 mole W). 	The 	uspension was put into a sealed WeflonTM  

vessel of 275cc total volume and heated w h microwave radiation at 10°C/min to 150°C 

and held under autogenic pressure at 	at temperature for 6 hours with continuous 

20 stirring. 	The sample was cooled to ro• 	temperature and the solid filtered and dried 

overnight at 120°C. The obtained mate al was pelleted, the pellets were crushed and 40- 

60 mesh fraction was isolated by siev g. The material was then calcined at 300 °C for 1 

hour. The material was then sulphid- • and tested using the Diesel test procedure D3. 

25 Example E8 (Ni11/V1 R3 175) 

The catalyst was prepared und: 	autogenic pressure in an autoclave reactor heated with 

microwave radiation at a rea• ion temperature of 175 °C and reaction time of about 6 

hours. 2.35 g of Ni carbonat- (0.02 moles Ni) was added to 100cc of water along with 4.99 

grams of tungstic acid (0.1,  mole W). 	The suspension was put into a sealed WeflonTM 

30 vessel of 275cc total v )Iume and heated at 10°C/min to 175°C and held at that 

temperature for 6 hour. with continuous stirring. 	The sample was cooled to room 

temperature and the s• id filtered and dried overnight at 120°C. The obtained material was 

pelleted, the pellets 	ere crushed and 40-60 mesh fraction was isolated by sieving. The 

material was then 	lcined at 300 °C for 1 hour. The material was then sulphided and 
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tested using the Diesel test procedure D3. Examples E6 to E8 show that hydrothermal 

conditions result in a pronounced improvement of the activity co 	pared to reference 

catalyst C2 and to the same catalyst C3 not prepared under hydroth= rmal conditions. 

5 

Comparative experiment C4 (Nil Nb.025W.975 R3) 

48.7 g of tungstic acid H2W04 (0.195 mole W) was slurried ' 	one liter of water together 

with 23.5 g of nickel hydroxycarbonate 2NiCO3*3Ni(OH)2*4 	20 (0.2 mole of Ni) and 0.8 

grams of niobic acid (0.005 moles Nb). 	The suspensio 	of the 3 solids was heated to 

10 90°C and held at that temperature for a period of 20 	•urs (overnight) with continuous 

stirring. At the end of this time, the suspension was fil -red. The resulting solid was dried 

at 120°C for 16 hours (overnight). The resulting ..lid was pelleted, the pellets were 

crushed and 40-60 mesh and the fraction was isol- ed by sieving. The material was then 

calcined at 300 °C for 1 hour. The material was th: 	sulphided and tested using the Diesel 

15 test procedure D3. 

Comparative experiment C5 (Nil Nb.05W.9 R3) 

47.4 g of tungstic acid H2W04  (0.19 mole 	was slurried in one liter of water together 

with 23.5 g of nickel hydroxycarbonate 2 	CO3*3Ni(OH)2*4 H2O (0.2 mole of Ni) and 1.6 

20 grams of niobic acid (0.01 moles Nb). T e suspension of the 3 solids was heated to 90°C 

and held at that temperature for a peri,d of 20 hours (overnight) with continuous stirring. 

At the end of this time, the suspensio 	was filtered. The resulting solid was dried at 120°C 

for 16 hours (overnight). The resulti • solid was pelleted, the pellets were crushed and 40- 

60 mesh and the fraction was isol ted by sieving. The material was then calcined at 300 

25 °C for 1 hour. The material was tr en sulphided and tested using the Diesel test procedure 

D3.  

Comparative experiment 	6 (Nil Nb.075W.925 R3) 

30 46.2 g of tungstic acid H 	04  (0.185 mole W) was slurried in one liter of water together 

with 23.5 g of nickel by. roxycarbonate 2NiCO3*3Ni(OH)2*4 H2O (0.2 mole of Ni) and 2.4 

grams of niobic acid (f .015 moles. Nb). The suspension of the 3 solids was heated to 90°C 

and held at that to 	.erature for a period of 20 hours (overnight) with continuous stirring. 

At the end of this ti 	e, the suspension was filtered. The resulting solid was dried at 120°C 
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for 16 hours (overnight). The resulting solid was pelleted, the pellets wr- e crushed and 40- 

60 mesh and the fraction was isolated by sieving. The material was 	en calcined at 300 

°C for 1 hour. The material was then sulphided and tested using th- 'Diesel test procedure 

D3. 

5 

Example E9 (Nil Nb.025W.975 HT150) 

The catalyst was prepared under autogenic pressure in an - toclave reactor heated with 

microwave radiation at a reaction temperature of 150 °C z nd reaction time of about 6 

hours. 2.35 g of Ni carbonate (0.02 moles Ni) was added t, 100cc of water along with 4.87 

10 grams of tungstic acid (0.0195 mole W) and 0.080 gr. 	s of niobic acid (0.0005 moles 

Nb). The suspension was put into a sealed WeflonTM 	essel of 275cc total volume and 

heated at 10°C/min to 150°C and held at that tern. - rature for 6 hours with continuous 

stirring. 	The sample was cooled to room temper ture and the solid filtered and dried 

overnight at 120°C. The obtained material was pe eted, the pellets were crushed and 40- 

- 	 15 60 mesh fraction was isolated by sieving. The 	: terial was then calcined at 300 °C for 1 

hour. The material was then suiphided and test d using the Diesel test procedure D3. 

Example El° (Nil Nb0.05W0.95 R3 HT150 

The catalyst was prepared under autoge 	pressure in an autoclave reactor heated with 

20 microwave radiation at a reaction tern. • rature of 150 °C and reaction time of about 6 

hours. 2.35 g of Ni carbonate (0.02 mol .s Ni) was added to 100cc of water along with 4.74 

grams of tungstic acid (0.019 mole 	and 0.16 grams of niobic acid (0.001 moles Nb). 

The suspension was put into a seal •d WeflonTM  vessel of 275cc total volume and heated 

at 10°C/min to 150°C and held a that temperature for 6 hours with continuous stirring. 

25 The sample was cooled to room emperature and the solid filtered and dried overnight at 

120°C. The obtained material 	as pelleted, the pellets were crushed and 40-60 mesh 

fraction was isolated by sievi • . The material was then calcined at 300 °C for 1 hour. The 

material was then suiphided :nd tested using the Diesel test procedure D3. 

30 Example Ell (Nil Nb0.0 5W0.925 R3 HT150) 

The catalyst was prep- ed under autogenic pressure in an autoclave reactor heated with 

microwave radiation 	t a reaction temperature of 150 °C and reaction time of about 6 

hours. 2.35 g of Ni 	srbonate (0.02 moles Ni) was added to 100cc of water along with 4.62 

grams of tungstic . cid (0.0185 mole W) and 0.24 grams of niobic acid (0.0015 moles Nb). 
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The suspension was put into a sealed WeflonTM  vessel of 275cc total volume and heated 

at 10°C/min to 150°C and held at that temperature for 6 hours with continuous stirring. 

The sample was cooled to room temperature and the solid filtered - d dried overnight at 

120°C. The obtained material was pelleted, the pellets were cru .hed. and 40-60 mesh 

5 fraction was isolated by sieving. The material was then calcined . 	300 °C for 1 hour. The 

material was then suiphided and tested using the Diesel test pro edure D3. 

Examples E9 to El 1 show a Niobium containing cataly..t prepared in hydrothermal 

conditions not only has a significantly increased activity c. 	pared to non-hydrothermally 

10 prepared catalysts C4 to C6, but also a very pronoun, - d unexpected improvement of 

activity compared to a catalyst prepared in the same co dition without the small amount of 

Niobium. 

Comparative experiment C7 (Ni1W1 R3, 7 days) 

— 	 15 50.0 g of tungstic acid 1-12W04  (0.2 mole W) was 	lurried in one liter of water together with 

23.5 g of nickel hydroxycarbonate 2NiCO3* 	i(OH)2*4 H2O (0.2 mole of Ni). 	The 

suspension of the 2 solids was heated to 90° 	and held at that temperature for a period of .  

7 days with continuous stirring. At the end 	this time, the suspension was filtered. The 

resulting solid was dried at 120°C for 1 . hours (overnight). The resulting solid was 

20 pelleted, the pellets were crushed and 40-60 mesh and the fraction was isolated by 

sieving. The material was then calcin: d at 300 °C for 1 hour. The material was then 

sulphided and tested using the Die - test procedure D3. The results show that at very 

long reaction times an irnprovemen in activity could be obtained compared to 20 hours 

reaction time, but that this impro ement is very small compared to the improvement 

25 obtained by the hydrothermal cons itions. 

Example E12 (Ni1.5W1 R3 H 150) 

The catalyst was prepared 	der autogenic pressure in an autoclave reactor heated with 

microwave radiation at a r- action temperature of 150 °C and reaction time of about 6 

30 hours. 3.53 g of Ni carbo -te (0.03 moles Ni) was added to 100cc of water along with 4.99 

grams of tungstic acid '1.02 mole W). 	The suspension was put into a sealed WeflonTM  

vessel of 275cc tot- 	volume and heated at 10°C/min to 150°C and held at that 

temperature for 6 	ours with continuous stirring. 	The sample was cooled to room 

temperature and t - solid filtered and dried overnight at 120°C. The obtained material was 
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pelleted, the pellets were crushed and 40-60 mesh fraction was isola -d by sieving. The 

material was then calcined at 300 °C for 1 hour. The material wa - then sulphided and 

tested using the Diesel test procedure D3. The results show that in hydrothermal 

conditions very good results can be obtained at higher metal. mol. 	ratio, but that a higher 

5 metal molar ratio is not necessary or desirable. 

Comparative experiment C8 (Ni0.9W1 R1 90) 

49.2 g of ammonium metatungstate (0.2 mole W) were dis • Ived in 800 ml of water giving 

a solution of a pH of about 5.2. To this solution, 0.4 moles .f ammonium hydroxide (ca. 30 

10 ml) was added, resulting in a pH increase to about 9.8. 	his solution was heated to 90°C 

(solution A). A second solution was prepared by disso ing 52.4 g Ni nitrate hexahydrate 

(0.18 mole Ni) in 50 ml of water. The solution w. 	maintained at 90°C (solution B). 

Solution B was added dropwise to solution A at a 	-te of 7 ml/min. The suspension that 

formed was stirred for 30 minutes while the te 	•erature was maintained at 90°C. The 

15 material was filtered hot and dried in air at 120'C overnight. The obtained material was 

pelleted, the pellets were crushed and 40-60 	esh fraction was isolated by sieving. The 

material was then calcined at 300 °C for 1 	our. The material was then sulphided and 

tested using the Diesel test procedure D3. 

20 Example E13 (Ni0.9W1 R1 HT150) 

The catalyst was prepared under auto. - nic pressure in an autoclave reactor heated with 

microwave radiation at a reaction te 	eerature of 150 °C and reaction time of 30 minutes. 

To a solution of 10.48 g Ni nitrate 	exahydrate (0.036 mole Ni) in 100cc of water was 

added 	9.86 	g 	of 	ammonium 	metatungstate 	(0.04 	mole 	W) 	and 	6 	ml 	of 

25 ammoniumhydroxide. The susp nsion was put into a sealed WeflonTM  vessel of 275cc 

total volume and,heated at 10°, /min to 150°C and held at that temperature for 30 minutes 

with continuous stirring. 	Th: sample was cooled to room temperature and the solid 

filtered, washed and dried . ernight at 120°C. The obtained material was pelleted, the 

pellets were crushed and • i 60 mesh fraction was isolated by sieving. The material was 

30 then calcined at 300 °C fr r 1 hour. The material was then sulphided and tested using the 

Diesel test procedure D D. The results show that surprisingly also very good results can be 

obtained by reacting under hydrothermal conditions a reaction mixture wherein all 

components dissolv- i . 
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Comparative experiment C9 (Ni1W1 R2) 

5 49.2 g of ammonium metatungstate (NH4)6H2W12040  (0.2 mole 	were dissolved in 800 

ml water, giving a solution with a pH of about 5.2 at room to , perature. The solution was 

subsequently 	heated to 	90°C 	(solution 	A). 	23.5 	g 	af 	nickel 	hydroxycarbonate 

2NiCO3*3Ni(OH)2*4 H2O (0.2 mole Ni) were suspended n 200 ml of water, and this 

suspension was -heated to 90°C (suspension B). Then su • ension B was added to solution 

10 A in 10 minutes, and the resulting suspension was mai tained at 90°C for a period of 16 

hours with continuous stirring. The resulting solid 	as dried at 120°C for 16 hours 

(overnight). The resulting solid was pelleted, the p: lets were crushed and 40-60 mesh 

fraction was isolated by sieving. The material wa - then suiphided and tested using the 

Diesel test procedure D3. 

15 

Example E14 (Ni1W1 R2 HT150) 

The catalyst was prepared under autogenic , ressure in an autoclave reactor heated with 

microwave radiation at a reaction temper- ure of 150 °C and reaction time of about 6 

hours. 3.52 g of Ni carbonate (0.03 moles 	i) was added to 150cc of water along with 7.40 

20 g of ammonium metatungstate (0.03 	r ole W). The suspension was put into a sealed 

WeflonTM  vessel of 275cc total volume 	nd heated with microwave radiation at 10°C/min to 

150°C and held under autogenic pre- ure at that temperature for 6 hours with continuous 

stirring. 	The sample was cooled 	• room temperature and the solid filtered and dried 

overnight at 120°C. The obtained 	aterial was pelleted, the pellets were crushed and 40- 

25 60 mesh fraction was isolated b 	sieving. The material was then calcined at 300 °C for 1 

hour. The material was then s 	phided and tested using the Diesel test procedure D3. The 

results show that surprising! 	also very good results can be obtained by reacting under 

hydrothermal conditions a r - action mixture wherein one component is in solid form and 

the component is dissolve. 

30 

Diesel test • rocedur • D1 

The catalysts were .•-sted in a down-flow tubular reactor. Each reactor tube contained 10 

ml of catalyst mi -d with an equal amount of SIC particles and sandwiched between 
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5 

10 

15 

layers of 

dimethyl 

then tested 

1: 

The catalysts 

Diesel test 

phase presulphiding 

SiC particles. 

disulfide 

in the 

were 

Before being 

using the feed 

to a total sulfur content 

hydrotreating of a diesel 

tested the catalysts 

described in Table 

of 3.7 wt.%. 

feedstock 

Table 1 

were pre- 

1 which h d 

The presu .hided 

having the pfsperties 

Iphided 

been spiked 

catalysts 

shown 

via liquid 

with 

were 

in Table 

in the 1st 

GAS OIL FEEDSTOCK 
S (wt.%) .2  
N (ppmwt) 84 

total aromatics (wt.%) 27.8 
polynuclear aromatic (PNA) (wt.% 11.7 
mono-aromatics (wt.%) 16.5 
di-aromatics (wt.%) 10.8 
tri+-aromatics (wt.%) 0.8 

Simulated distillation ASTM-v 86 
Initial boiling point 184°C 
5 vol.% 218°C 
10 vol.% 	 • 231°C 
30 vol.% 265°C 
50 vol.% 287°C 
70 vol.% 310°C 
90 vol.% 345°C 
Final boiling point 374°C 

tested under the 	.o conditions shown 

Table 2 

in Table 2: 

Presulfiding Condition 1 Condition 2 
Temperature (°C) 320 330 340 
Pressure (bar) 40 40 20 
H2 to oil ratio (NI/I 300 300 300 
LHSV (1/h) 3.00 2.00 1.50 

procedure D 
•, 

in D1 except for another space velocity The catalysts were test d as described 

condition shown in Ta,,le 3: 
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Table 3: 

Presulfiding Condition 1 r ondition 2 
Temperature (°C) 320 330 4 '0 
Pressure (bar) 40 40 20 
H2.to oil ratio (NVI) 300 300 300 
LHSV (1/h) 3.00 1.50 1.50 

Diesel test procedure D3 

	

5 	The catalyst was loaded into the reactor in a manner an. ogous to what is described in 

D1. Before being tested the catalysts were presuiphid- i via liquid phase presulphiding 

using LGO feed described below in Table 5 which had keen spiked with dimethyl disulfide 

to a total sulfur content of 3.7 wt.%. The presulphid: • catalysts were then tested in the 

hydrotreating of a diesel feedstock having the prope ies shown in Table 4: 

	

10 	 Table 4 

— GAS OIL FEEDSTOCK 
S (wt. %) 1.1969 
N (ppmwt) 102 

total aromatics (wt.%) 28.3 
mono-aromatics (wt.% 16.5 
di-aromatics (wt.%) 11.0 
tri+-aromatics (wt.%) 0.8 

Simulated distillati. 	ASTM-D 86 
Initial boiling poin 178.4°C 
5 vol.% 211°C 
10 vol.% 224°C 
30 vol.% 261°C 
50 vol.% 283°C 
70 vol.% 309°C 
90 vol.% 348°C 
Final boili g point 372°C 

The catalysts were tested 	der the two conditions shown in Table 5: 

Table 5 

15 

Presulfiding Condition 1 Condition 2 
Temperat e (°C) 320 320 340 
Pressure •ar) 45 45 20 
H2 to oil atio (NI/1) 200 300 300 
LHSV ( /h) 3.00 3.00 1.50 
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The full width at half maximum (FWHM) was measured for all ex 	pies and was found to 

5 	be below 2.5 in all examples. The examples show that under 	drothermal conditions a 

highly active catalyst could be obtained even at group VIII to oup VIB metal molar ratio 

below 1 where at normal atmospheric conditions no active catalyst could be obtained. 



Table 6. Test results 

sample test test CBD S1 S2 N2 RVA RVA RWA RWA RVA RWA 
powder extrudates loaded ppm ppm ppm HOS1 HDS2 HDS1 HDS2 HDN2 HDN2 

C1.1 	NilMo0.5W0.5 R3 crushed D1 1.21 4 21 5 100 100 100 100 100 100 

El 	Ni0.75W1 R3 HT D1 1.63 3 13 3 114 126 85 93 115 86 

E2 	Ni1W1 R3 HT 01 1.73 3 8 2 113 155 79 108 130 91 

E5 	NiMo0.5W0.5 R3 HT D1 1.27 3 20 3 110 103 105 98 111 106 

C1.2 	Nil Mo0.5W0.5 R3 D2 1.17 9 75 12 100 100 100 100 100 100 

3 	Ni0.5W1 R3 HT D2 1.09 9 93 17 90 78 100 87 75 82 

E4 	Ni0.5W0.975Nb0.025 R3 HT D2 1.23 4 69 13 121 90 119 89 84 83 

C2 	N11Mo0. , • 5 	R3 D3 1.25 149 23 3.7 100 100 100 100 100 100 

C3 	Ni1W1 R3 90 D3 1.12 1591 206 29 26 36 31 44 38 46 

E6 	Ni1W1 R3 HT125 D3 1.64 16 9 1.3 279 147 216 114 125 97 

E7 	NMI R3 HT150 D3 1.72 9 9 1.4 347 151 259 113 130 97 

E8 	Ni1W1 R3 HT175 . • 1.75 6 8 1.2 420 150 311 111 127 94 

C4 	Nil Nb0.025W0.975 R3 D3 1.05 1256 148 21 31 42 36 50 47 56 

C5 	Ni1Nb0.05W0.95 R3 03 6 679 50 9 45 70 51 80 72 82 

C6 	Ni1Nb0.075W0.925 R3 D3 1.12 :84 74 13 38 59 44 68 62 72 

E9 	Ni1Nb0.025W0.975 R3 HT150 D3 1.67 5 • 1.4 456 149 363 118 129 :103 

E10 	Nil Nb0.05W0.95 R3 HT150 D3 1.63 5 9 1.5 455 149 365 119 128 102 

Ell 	Ni1Nb0.075W0.925 R3 HT150 03 1.72 9 11 1.3 346 137 270 106 133 103 

C7 	WW1 R3 90 7 days D3 1.51 67 17 2.9 148 1 	- 124 93 102 85 

E12 	Ni1.5W1 R3 HT150 03 1.63 64 20 3.7 148 107 - 83 100 77 

C8 	Ni0.9W1 R1 D3 2.5 851 86 8.1 40 54 21 73 38 

E13 	Ni0.9W1 R1 HT 150 D3 1.92. 15 14 2.3 287 119 192 79 09 73 

C9 	Nil W1 R2 D3 1.79 422 51 6.9 60 68 41 47 78 54 

E14 	WW1 R2 HT 150 03 1.6 110 23 3.3 118 97 94 77 99 7• 
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CLAIMS 

1. 	A bulk catalyst comprising metal oxidic particles comprisi,  g one or more 

Group VIB metals and one or more Group VIII metals obtaina9le by a process 

comprising the steps of: 

i) combining in a reaction mixture one or mare first compounds 

comprising one or more Group VIII met Is and one or more 

second compounds comprising one or m ire Group VIB metals in 

the presence of a protic liquid, wherei 	the Group VIII metals to 

Group VIB metals molar ratio is below 1, and 

ii) reacting the compounds under hy i rothermal conditions at a 

reaction temperature above the I),  iling temperature of the protic 

liquid and at a reaction pressure above atmospheric pressure to 

form metal oxidic particles. 

2. 	The bulk catalyst according to claim 	, wherein the protic liquid is water 

and the reaction is done in hydrothermal conditions at a reaction temperature 

above 100°C and a reaction pressure hig -r than 1 bar. 

3. 	The bulk catalyst accordin• to claim 1, wherein the one or more 

first metal compounds and the one • r more second metal compounds remain at 

least partly in the solid state during 	e entire reaction. 

4. 	The bulk catalyst accordi g to claim 1, wherein the metal oxidic particles 

are dried and/or heat treated at - temperature below 375°C. 

5. 	The bulk catalyst a cording to claim 1, wherein ,the reaction mixture 

comprises a Group V met- . 

6. 	The bulk catalys 	according to claim 1, wherein the metal oxidic particles 

comprise essentially o - Group VIII metal, and essentially 2 Group VIB metals. 
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7. 	The bulk catalyst according to claim 1, wherein the metal o 	dic particles 

comprise essentially one Group VIII metal, and essentially one Group 	B metal. 

8. 	A sulphided 	bulk catalyst characterized 	in that it is 	a 	bulk catalyst 

according to claim 1 that has been sulphided. 

9. 	A process for the manufacture of the bulk catalyst 	,ccording to claim 1, 

comprising metal oxidic particles obtainable by the steps of: 

i) combining 	in 	a 	reaction 	mixture one 	• 	more first compounds 

comprising one or more Group VIII meta 	and one or more second 

compounds comprising one or mot.: Group VIB metals in the 

presence of a protic liquid, wherein the 	roup VIII metals to Group VIB 

metals molar ratio is below 1.5, and 

ii) reacting the compounds under hy• othermal conditions at a reaction 

temperature above the boiling .t mperature of the protic liquid at a 

reaction pressure above atmo • heric pressure, to form metal oxidic 

particles, 

the process further optionally comprising on- or more of the following process steps: 

iii) separating the metal oxidi 	particles from the reaction mixture, 

iv) compositing the metal •xidic particles with 0.1 	to 40 wt% of one 

or more materials 	- elected 	from 	the 	group 	of 	binder 

materials, 	cony,  ntional 	hydroprocessing 	catalysts, 	cracking 

compounds, acidic • romoters or mixtures thereof before, during or 

after the combin.  g and/or reacting of the metal compounds, 

v) spray-drying, (fl — h) drying, milling, kneading, slurry-mixing, dry or wet 

mixing, or com ',mations thereof, 

vi) shaping, 

vii) drying and/ '-r thermally treating, and 

viii) sulphidin•.  

10. 	The process .: ccording to claim 9, wherein both the first and second 

metal compounds rz 	ain at least partly in the solid state during the entire reaction. 
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11. The process according to claim 9, wherein both the first 	nd second 

metal compounds are free from nitrogen atoms and wherein protic li uid separated 

from the obtained metal oxidic particles after the reaction (step iii) is r -used at least in 

part to form the reaction mixture in step i). 

12. The use of the bulk catalyst or sulphided bulk cataly 	according to claim 

1 for the hydrotreatment of a hydrocarbon feedstock. 

13. A bulk catalyst comprising metal oxidic particles comprising one or more 

Group VIB metals and one or more Group VIII meta , wherein the Group VIII 

metals to Group VIB metals molar ratio is less than 1. 

14. The bulk catalyst of claim 13 consisting es entially of only one Group VIB 

metal and only one Group VIII metal. 
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This application claims the benefit of -Li_ S. Provisional 
.Applicatio.n. NT(D. 60/730,911, filed Oct. 26, 2005. 

The invention relates to a bulk catalyst comprising metal 
oxidic particles comprising one or more  Group V113 metals 
arid one or More Group VIII metals, to the correspondinc,- 
sulphided catalyst, to a process for the manufacture of said. 
bulk catalyst and to the use of said catalyst fipr the hydrotreat- 
merit, in particular the hydrodesulphurisation and hydrodeni- 
trogenation of hydrocarb (Dia feedstock_ 

The bulk. catalyst according to the invention. usually is in 
the form of shaped particles, for example produced by extru- 
sion of a composition comprising the metal oxidic particles 
arid 0-40 wt % (relative to the total weight ofthe bulk catalyst) 
of an. additional material, in particular a. binder material. A 
bulk catalyst is distinguisne,d from a supported catalyst in that 
it does not comprise a preformed. carrier material. The metal 
oxides are not deposited on the pre11rmed  carrier material, 
but are present as metal oxidic particles. The bulk catalyst is 
further distinguished from supported catalysts in that the bulk 
catalyst comprises at least 60 wt (),//o of metal oxidic particles 
(wt <?Zo calculated on the basis of metal oxides relative to the 
total weight of the bulk catalyst) whereas supported catalysts 
have metal oxides deposited on a support material in amounts 
significantly less than. 60 wt -(N). 'The metal oxidic particles 
typically comprise  one or more Group VIII metals, preferably 
tungsten. or molybdenum., and one or more Group VIII metals, 
preferably nickel or cobalt. The bulk catalysts generally  have 
a very high activity in. hydroprocessing. 

The term "hydroprocessing or hydrotreatment" in this con- 
text em.cornpasses all processes in. which. a hydrocarbon :feed. is 
reacted. with hydrogen at elevated temperature arid elevated. 
pressure, in.c 1 la cliaag 	processes 	such 	as 	:hydrogenation., 

hydrodenitrogenati cm, hydrodemet - hydrodesulphurization, 
all ization„ 	by d ro el earorna ti z a ti c.).n., 	hydrcri sorneri zati on, 
hydrodewaxing, hydroc ra c kincD-, and hydroc racking under 
mild-pressure conditions, which is commonly referred tea as 
mild hydrocracking. hereafter,  when referring to a high activ- 
ity ofthe bulk catalyst accordi lag, to the invention, in particular 
the hydrodesulphuri zati on. activity is implied unless other- 
wise indicated_ 

WC) 00/41810 describes bulk catalyst compositions com- 
prising bulk catalyst particles comprising at least one group 
VIII metal and at least two group V113 metals (hereafter 
referred to as trimetallic bulk catalysts), in particular nickel/ 
molybderuirnitungsten based catalysts. The bimetallic bulk 
catalyst particles are prepared. in. a process in which the metal 
components are combined in the presence of a protic liquid 
and wherein one or more metal components remains at least 
partly in the solid state during the entire process. The process 
wherein some of the compounds remain at least partly in the 
solid state while others are dissolved. is referred to as the 
solid-solute process. The process wherein al:1 group VII3 .Ar.i.el 
the group VIII metal components rernain at least partly in the 
solid state is referred to as the solid-solid process. The patent 
publication also describes in the comparative examples a bulk 
catalyst cc.).r.nprisirw one group VIII metal arid only one.. group 
VII3 metal (hereafter referred to as bimetallic bulk catalyst) 
prepared with the solid-solute process_ 

AlthoutTh. WC) 00/41810 describes wide ranges for the 
metal molar ratio, in the c.xa.mples it is described that increas- 

p  ing conversion of the starting compounds is obtained at 

1 



increasing group VIII ewer group V113 metal molar ratio_ In 
particular, acceptable- conversions are achieved only at a 
metal molar ratio above 1.25. 71The inventors have further 
found that in this process at a metal molar ratio below 1 a 
completely different crystal structurewas obtained that was 
not active, possibly related to non- or partially reacted startinc,-
materials giving low surface; area phases with low activity. It 
appears that a relatively large molar excess of group VIII 
Compound appears to be necessary in. the process for the 
preparation of 	catalyst in. order to obtain an. active catalyst. 
P1701171 a theoretical point of view it is believed. that such large 
amounts group VIII metal, although advantageous or even 
necessary in the process of the preparation of the catalyst., 
may not or riot fully be necessary in the active sulphided bulk 
catalyst in hydrotreatment of a hydrocarbon feedstock_ Fur-
ther, the inventors believe that a too high metal molar ratio 
would only add. useless weight and reduces the activity per 
unit weight of the bulk catalyst. 

The object of the invention. is to provide a bulk catalyst 
having a higher catalytic activity. A. further Object of the 
invention is to provide a bulk catalyst having a high catalytic 
activity in particular so at reduced group VIII over group VII3 
metal molar ratio_ 

According to the invention there is provided a bulk catalyst 
comprising metal oxidic .particles comprising one or .more  
Group V113 metals and one or more Group VIII metals obtain-
able by a process comprising the steps of 
i) combining in. a reaction mixture one or more first com-

pounds comprising one or. more Caro-up VIII rrietal and one:. 
or more second compounds comprising one or more Group 
V133 metals in the presence of a protic liquid, wherein_ the 
Group VIII metal to Group VII3 .rnetal tri.c.)lar ratio is 
between 0.1 and 5 and, 

ii) reacting the compounds in hydrothetmal conditions at a 
reaction. temperature above the boiling temperature of the 
protic liquid to form metal oxidic particles_ 
With boiling temperature .is meant the boiling temperature 

at atmospheric pressure_ It was surprisingly found that the 
catalyst according to the invention has a much higher activity, 
in. particular in. hydrodesulphurisation, compared to the same 
catalyst prepared in atmospheric non-laydrothe--rmal condi-
tions and even. at a lower metal molar ratio. The term "hydro-
thermal conditions" is meant to imply reaction conditions 
wherein the rez-tc-tion temperature is above th.e boiling tem-
perature of the protic liquid. Typically such conditions give 
rise to a pressure above atmospheric pressure arid then the 
reaction is preferably performed in an autoclave, preferably 
under autogenic pressure, that is without applying additional 
pressure. _An. autoclave is a device capable of withstanding 
pressure designed to heat liquids above their boiling tempera-
lure- 

-LIS 2004/182749 describes in some examples a preparation. 
in an. autoclave 'under pressure at 80' C-_, but riot at a tempera-
ture above the boiling point of the protic liquid. It is further 
noted that prior art: WC...)00/41810 discloses broad temperature 
ranges from 0 to 300" C.7. and. mentions in. general terms a 
possibility to prepare catalysts at a pressure above atmo-
spheric pressure and at a reaction temperature above the boil - 
iri<>-  temperature of the protic liquid. WC700/41810 however 
mentions that generally the reaction is carried out at atmo-
spheric pressure and has no examples or description. of bulk 
catalyst according to the invention wherein. the metal corn-
pounds are actually reacted in hydrothermal conditions in an 
autoclave at a reaction pressure above atmospheric pressure 
and, in case of water as protic liquid, at a to 	above. 
100' C17_ to form metal oxidic particles_ In particular, the 
relation between the metal molar ratio, the hydrothermal 

2 



reactian process and the. improved catalytic activity of the 
catalysts obtainable by said process are not described.. 

In the bulk catalyst according to the invention, the group 
VIII to Group V113 metal rn.olar ratio can in. principle vary 
between. wide ranges, for example between. 0.1 and 5_ Gen-
erally good results can be obtained with a metal molar ratio 
between_ 0.2 and 4. In this range two different snb-ranges were  
distinguished.. In the metal molar ratio range between. 0.2 and 
1 it often appeared difficult if not impossible to obtain a good 
catalyst when the first and second metal compounds are 
reacted in. atmospheric pressure conditions (good arid better 
in this context mean.: a bulk catalysts with high or higher 
hydro de sulp huri s at i a n. or hydro deni tro g ena ti on. activity than 
the prior art). In this metal molar ratio range the X12.3-  pattern 
showed a large number of peaks, possibly originating from 
raw :materials still present a.nd/cir unidentified compow..ds 
formed. A catalyst having such X12.1=> pattern was found to be 
inactive_ It was surprisingly found that, when the metal mole 
ratio is between 0.2 and 1, a good. bulk catalyst could never-

theless be obtained when. the reaction between the first 
(Group VIII) and second (Group VIF3) metal c c)rripc.rur.x.ds 
takes place according to the invention in. hydrothermal con-
ditions at a pressure higher than. 1 bar arid at Th-100' C. 

When. the Group VIII to Group VI metal molar ratio .is 
above 1 , an. active catalyst caret be prepared under atmospheric 
reactian conditions, however also in. this metal rn.c.,:lar ratio 
range the bulk catalyst according to the invention has a higher 
activity than. the prior art bulk catalyst with the same metal 
1711 C) lar ratio 	described above it is not desirable to have a too ...A..s 
hicYh. group VIII excess_ Further, it was found that in hydro-
thermal reaction conditions the additional effect of a higher 
metal inc.)lar ratio levels off', the metal 1:171C)1ar ratio in hydro- 
thermal 	 is 	 lower than 1.5, more conditions 	preferably 	 prefer- 
ably lawer than 1 .25, • even. .more preferably lower than. 1.15 
and mast preferably below 1 . 

The Caroup VIII to Group VI metal molar ratio can be 
chosen lower in. hydrothermal conditions. .Alterrx.atively, the 
activity can be higher at the same metal molar ratio. The bulk 
catalyst according to the invention preflarably has an increase 
in hydradesu 1plittrisatian activity, compared to a catalyst with 
the same composition but produced in atmospheric condi-
tions, of at least 109/0, preferably at least 1 5(Yo, more prefer-
ably at least 20(Vo, even. more preferably at least 25(X) and most 
preferably at least 30°4> (the hydrode.sulphurisation. activity as 
determined in. the standard. test described below in. the 
description of the example-s according to the ix-we-a-16am). 
Alternatively, the bulk catalyst ac carding to the invention 
preferably has at least 1094), more preferably at least 15(X), 
even more preferably at least 20° and most preferably at least 
259,0 lower metal molar ratio whilst maintaining an. equal or 
higher hydradesulphurisation activity level. Preferably, in. 
-view of achieving a high activity in. these hydrothermal c an-
dit jams the group VIII to Group VI13 metal molar ratio is mare 
than 0.3, preferably more than. 0.4, more preferably more than 
0.5, even more preferably more than 0.6 and most preferably 
more than. 0.7. 

For many reasons water is the best choice for the protic 
liquid.. However, other protic liquids are not excluded and. 
therefore the "hydrothermal reactian conditions" in this con-
text is intended to also cover reaction. conditiariF, using a. 
protic liquid ather than water at temperatures above the bail-
ing temperature of the protic liquid, typically at a pressure 
above atmospheric pressure_ The reacticm. tem.pemture pref-
erably is at least 10c.%), mare preferably at least 25(),4>, even 
more pr-ferably  at least 50°A), • and mast preferably at least 
75(N) higher than the boiling temperature of the protic liquid.. 
The reaction is preferably done in. water as the protic liquid at 
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a reaction temperature of at least 110, preferably at least 125, 
even more preferably at least 150, and most preferably at least 
175' C. preferably in. an. autoclave preferably -under auto geni c 
elevated pressure. Good results can be obtained at reaction 
temperatures between. 110' C. and 170' C:. In a preferred 
embodiment of the invention the, reaction mixture is heated 
with microwave radiation. Solute components in the reaction 
mixture may increase the boiling temperature of the protic 
liquid. 

The rea.ction. time is chosen. stiffic iently long to si_bstan-
tially complete the reaction_ The reaction. is complete when 
the x-ray diffractc>gram of the separated metal oxidic particles 
does not show reflections of the mareacted. starting com-
pounds. In any case, the reaction time is chosen such that the 
final bulk catalyst after drying, shaping and calcining does not 
show reflections o:f the. mireacted. startinc:,  c orripounds . 'Typi-
cally, the reaction is carried out for a time of at least 2 hours, 
preferably at least 4 hours, more preferably at least 6- hours 
and most preferably at least 8 hours_ A particular advantage of 
the hydrothermal reaction process is that reaction speed ofthe 
metal compounds is higher such that the reaction. can be 
completed. in a shorter reaction time. This is advantageous 
especially when. a low Group VIII to Group VI .metal molar 
ratio is wanted because a low metal ratio was fc.w..n.d. to reduce 
the reaction speed during the preparation. 

The metal composition in the bulk catalyst acc ording to the 
invention may in. principle -vary between wide ranges as 
described in. the prior art for conventional hydrotreatment 
catalyst. In one embodiment, the bulk. catalyst comprises 
inc--tal oxidic particles comprising preferably only one group 
VIII metal, preferably cobalt or nickel, and sub stanti ally only 
2 group VII3 metals, preferably tungsten and molybden-urn (a 
trimetallic catalyst). In another embodiment, the bulk catalyst 
i-s a 'bimetallic -catalyst comprising only cn-te group VIES metal_ 
Preferably, 'the bulk catalyst comprises metal oxidic particles 
comprising substantially only one group VIII metal, prefer-
ably nickel, and substantially only 1 group V113 metal, pref-
erably tungsten. A bimetallic bulk catalyst can be distin-
guished from. a trimetallic catalyst in that it c c->rnprises less 
than. 10 mole <N> of a second_ group V1113 metal (relative to the 
total amount of Group VII3 metals) but preferably comprises 
snbstantially only one Group V113 metal_ The term "substan-
tially only one group VII3 or group VIII metal" implies that 
the catalyst most preferably has .n.c> other, but rnay have an. 
insubstantial amount of another Group V113 or group VIII 
metal, preferably less than 5, more preferably less than 3 and 
most preferably less than 1 mole <V0 (relative to the total of the 
group Vin or group VIII metals). 

In an. alternative embodiment, the bulk. catalyst according 
to the invention comprises a. Group V metal, preferably NIic)- 
b inn)._ It was found that a significant activity .improvement 
could be Obtained e-,,, n with relatively small amounts 
between_ 0.1 and 10 mole c/o, preferably between. 0_1 and 9 
mole OA>, more preferably between 0.1 and 8 mole OVO, even 
more preferably between 0.1 and 7 mole ",4-> and most prefer-
ably between. 0.1 and 5 inole <X>. 

In the first step ofthe process for preparing the bulk eatalyst 
according to the invention the reaction compounds are com-
bined. to form a reaction mixture. This can be aerie in a variety 
of different ways as for example described in WC) 00/41810, 
WC) 	99/03578, 	WE) 	2004/073859, 	WC) 	2005/005582, 
EP2005/004265 (not prepnbli shc--d) and WC) 00/418111. "The 
first and/or second. compounds can be soluble or at least partly 
insoluble in the protic liquid. It is possible to first prepare a 
snspension or solution of a metal compound in the protic 
liquid and to add, simultaneously or one after the other, S CP Ill - 
ticm(s) and/or further suspension(s) comprising dissolved 
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and/or suspended. metal cc,ritpormad(s) in the priptic liquid. It is 
also possible to first combine solutions either simultaneously 
or one after the other arid to subsequently add furth.er suspen-
sion(s) and. optionally solution(s) either simultaneously or 
one after t:he other. 

The bulk catalyst according to the invention is preferably 
prepared in a process wherein the one or more first metal 
c C,17171pcyurtas and/or the one or incire secoria metal compounds, 
most preferably all first and second metal c ompourids , remain. 
at least partly in, the solid state during the entire reaction..17.-.his 

is relatively simple, has a high yield anal is etwirc›.11-process 
rrical_Lally ft-iettaly, but most importantly the bulk catalyst 
obtainable by said process was found to be highly active. The 
term "at least partly in the solid state" means that at least part 
of the metal compound is present as a solid metal compound 
arid, optionally, another part of-the metal e-clltapcarind is present 
as a solution. k.-.):f this metal compound in the protic liquid. This  _ 

is 	 t.o as the solid-solid process arid is process 	referred. 
described in. detail in WC) 00/41810 as one of several possible 
preparation.. routes to pre--pare trimetallic bulk catalyst. 

It was often observed that the bulk catalyst according to this 
process has a metastable hexagonal structure. This metastable 
hexagonal structure has, in. case the group -\7I13 metal is tunc,:- 
sten, an. X-ray diffraction. pattern. with a reflection between. 58 
and. 65 (diffraction angle 	2 theta) and main. reflections 
between 32 and 36 arid between 50 arid 55'. In. case the group 
7\71E3 metal is Molybdenum., the X-ray diffraction pattern 
shows two reasonably well-resolved reflections, c_-)ric.-:-. between 
33 arid 35, the other between 58 en 61" _ The presence of the-
ineta.stable hexagonal phase appeared to be indicative of a 
high catalytic activity of the oxidic bulk catalyst, although 
there is no strict quantitative relation. found. 173(..--cause the 
physical reasons for the correlation are not fully understood 

known 	the inventors do not -wish to be bound and or 	 and 
limited by theory, the bulk catalyst according to the invention. 
is claimed without reference to the described X-ray diffrac-
tion features relating to the presence of a metastable iltexacTo-
nal phase. It is preferred that reflections of other crystalline 

are substantially absent in. the X-ray diffraction compounds 
pattern. It is considered that a mc)rpticytis phases may also be 
pre-,sent. However, it was found that catalysts having a good 
activity typically had full width at half maximum (F.W1-11\-4) 
below 2_5 indicating that amorphons -phases and associated. 
broad X.8.17 peaks are not good for activity. 

It was found that the metal oxidic particles in. the bulk 
catalyst according to the invention are particularly sensitive to 
heat treatment_ It is important that the bulk catalyst, in. par-
ticular the metal oxidic particles in the bulk catalyst, have 
been heat treated at a temperature below a temperature where 
transition to a crystalline structure occurs. When in this con-
text re:le:re-lace- is .17.17.1.el ac., to "transition to a crystalline structure", 
a crystal structure other than the metastable hexagonal phase 
is meant. This applies to any and all heat treatment steps in the 
production process of the bulk catalyst. "This applies in par-
ticular also to heat treatment of shaped bulk catalyst particles 
after compositing and shaping. Preferably, the bulk catalyst is 
heat treated below 450' C7., more preferably below 400' C7., 
cven more preferably below 375" C. and most preferably 
below 350' C.:. This applies also to drying and calcination. 

After the reaction step, the metal oxidic particles prefer-
ably have a median particle size in the range of at least 0.5 vim, 
more preferably at least 1 fini, most preferably at: least 2µn., 
but preferably not more than 5000 vim, more preferably not 
more than 1000 pm, even more preferably not more than 500 
vim, and rite->st preferably riot more than 150 vim. Even more 
preferably, the median particle diameter lies in the range of 
1 -1 50 pin and most preferably in the range or 2-150 pm_ 
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Preferably, the median particle size of the metal oxidic par-
ticles remains substantially unchanged in the bulk catalyst 
after compositing with a. binder material and shaping (deter-
mined by Near Forward Scattering). 

The bulk catalyst comprises at least 60 wt €,Vc, of metal 
oxidic particles (wt "zb calculated. on the basis of metal oxides 
relative to the total weight of the bulk catalyst) as distin-
guished from supported. catalysts that have metal oxides 
deposited on a support material in amounts significantly less 
than 60 wt ("Vo_ Preferably, the bulk catalyst according to the 
invention comprises at least 70 wt (ND, more preferably at least 
75 wt (N>, even more preferably at least 80 wt (Y0 arid most 
preferably at least 85 wt (N> metal oxidic particles, the remain-
ing 0 to 40 wt tYc. being one or more materials selected from the 
group of binder materials, conventional hydroprocessing 
catalysts, acidic prorrx.ot ers such as phosphorus o f :nu c)rine. and 
cracking compounds. Typically, after compositing of the 
metal oxidic particles with a binder, the composition is 
shaped, 

	

	 extruded, to fc.).rin shaped bulk. catalyst preferably 
particles. Thc.- invention also relates to shaped bulk catalyst 
particles comprising the metal oxidic particles Alternatively, 
the metal oxidic bulk catalyst -particles can be used directly, 
that is without substantial compositing and shaping, in a 
hydrcitreatment process. This process is referred to as a Slurry 
hydrotreatment process_ For this use, the particles are prefer-
ably treated to obtain a narrower particle size distribution, :for 
example by sieving or agglomerating, but without substantial 
c orrip o siti rig and. shaping_ The inventiorl. also relates to the use 
of metal the catalyst according to the invention in a slurry 
hydrotre,-atrrient process, preferably using .metal oxidic bulk 
catalyst particles without substantial compositing and shap- 
ing. 

- Preferably, the 'bulk catalyst according to - the invention, 
preferably after c ompositing and sh..aping, has a 13.E.T_ stir- 
-Thee area of at least 10 nn /g, more preferably of at least 50 
ril-z/g, and :most preferably of at least 80 in'/g, as measured via 
the 13.E.-r. .metir.D,Da_ The median pore diameter (50°70 of the 
pore volume is below said diameter, the other 50°,0 above it) 
of the bulk catalyst preferably is 3-25 rim, more preferably 
5-15 rim (determined by I`st2 desorption). The total pore vol-
ume of the bulk catalyst preferably is at least 0.05 rill/g and 
more preferably at least 0.1 mill/g, as determined by .NT2 
adsorption_ 

It is desired that the pore size distribution. of the bulk 
catalyst according to the invention, preferably after compos-
iting arid shaping, is approximately the saria.e-- as that. of con-
ventional bydroprocessing catalysts. More in particular, the 
bulk catalyst preferably has (desorption) median pore diam-
eter of 3-25 nm, as determined by nitrogen_ adsorption, a pore 
volume of 0.05-5 ml/g, :..ore preferably of 0.1-4 ml/g, still 
more preferably of 0.1-3 ml/g, and most preferably of 0.1-2 
rril/g, as determined by nitrogen desorption_ 

Cienerally, the bulk catalyst according to the invention after 
c ciriapo siting 	aria 	shaping 	Has 	a 	inechaniC al 	strength, 
expressed as side crush strength (SC:S), of at least Ii lbstnarra 
and preferably of at least 3 lbs/mm (measured on. extruclates 
with a diameter of 1-2 Minn). The SC:S of the bulk catalyst: can 
be adequately increased. by compositing the metal oxidic 
particles with a sufficient amount of binder. 

To obtain catalyst compositions with high mechanical 
strength, it may be desirable for the catalyst composition_ of 
the invention to have a low macroporosity. Preferably, less 
than 30(1/4., more preferably less than 20"Zo of the pore volume 
of -the catalyst composition is in pores with a diameter higher 
than 100 lam (determined by mercury intrusion., contact angle: 
140'). 

6 



The invention also relates to a sulph.ided bulk catalyst 
comprising a bulk catalyst according to the invention, which 
:has been sulphided_ 'The invention. further also relates to the 
use of the bulk catalyst or sulphided bulk catalyst according to 
the invention 1-<.--.):r the hydrotreatment of a hydrocarbon. feed-
stock_ "l: he term "hyd.roprocessing" in. this context encom-
passes all processes in. which a hydrocarbon. feed is reacted 
with. :hydrogen. at elevated ternperattlre and elevated pressure, 
including processes such as hydrogenation., hydrode--sulphur- 
ixation, 	hydrc.-)donitrog,erration, 	hydrodemetalliz:atitDrl, 
h y aro de aroma ti z..a ti on., hy dm i s orn e_-..ri .7.-.at.i. ()yr, hy d ro dew ax i ng, 
hydrocracking, and hydrocracking under mild pressure con-
ditions, which is commonly referred to as mild hyd.rocrack-
hag_ The catalyst composition of the invention is particularly 
suitable for hydrotreZ-Iting hydrocarbon feedstocks _ Such 
Eydrotreating processes comprise, e.g., hydrodesulph.uriza.- 
tion, hydro derri tro <3: ena ti on. , and hydro de a ro in at i x a ti o la of 
hydrocarbon :feedstocks. Suitable feedstocks are, e.g., middle 
distillates, kero, naphtha, vacuum gas oils, and heavy gas oils_ 
The bulk catalyst according to the invention can. be,  used in 
virtually all laydroprocessing processes to treat a plurality of 
feeds under wide-rangincY, reaction. col:id-it:1 C)I1S , e.., - g - , at tem-
peratures in the range of 200° to 450' C2., hydrogen pressures 
in. the range of 5 to 300 bar, and liquid hourly space velocities 
(1-I-ISV") in the, range of 0.05 to 10 1-1-3-  and I-1-,/oil ratios in the 
range of 50-2000 1s4I/I. 

Apart from the hydrothermal conditions and the implica-
tions regardinti7.  the Group VIII to Group -\71 metal molar ratio 
the bulk catalyst _manufacturing can. be  dc-me according to 
processes known_ in the art_ Suitable processes are for 
example described in Wt-_7 00/41810, which is herewith incor-
porated by reference_ 

lhe invention also relates to a process for the manufacture 
of the bulk catalyst -  according to the invention comprising 
metal oxidic particles obtainable by the steps of; 
i) combining in a reaction mixture (Dine or more first com-

pounds comprising one or more Ciroup :VIII metal and. one 
or more second compounds c orn.prising one or more Group 
VII3 metals in the presence of a protic liquid, wherein.the 
Ciro-up VIII metal to Group ti1113 metal molar ratio is 
between 0.1 and. 5 arid. 

ii) reacting the compounds in :hydrothermal cc.).n.ditic,n.s at a 
temperature above the boiling point of the protic liquid, 
preferably in an autoclave at a reaction pressure above 
atmospheric pressure, to Ibrin rrietal oxidic particles, 

the process further optionally comprising one or more of the  
followirx.g process  steps: 
iii) separating the .mrietal oxidic particles from the reaction 

mixture, 
iv) compc->siting the metal oxidic particles with. 0.1 to 40 wt <N) 

of one or more materials selected from the group of binder 
materials, corivc_.,ntionz-ll hydroprocessinc).-  catalysts, crack- 
ing cornp CYLIrla S , 	acidic additives or mixtures thereof 
before,  during or after the combining and/or reacting of the 
imetal comp C7,11. rid S , 

v) spray-drying, (flash) drying, milling, kneading, slurry-
mixing, dry or wet mixing, or combinations thereof, 

vi) shaping, 
vii) drying and/or thermally treating, and 
viii) s-ulphiding,. 

Further preferences and detail regarding the hydrothermal 
conditions and the Group VIII to Group -\71 metal molar ratio 
are described above in. the description. of the bulk catalyst_ 
Step (i) 

7Fhe protic liquid to be applied in the process of the present 
invention can be any protic liquid._ Examples are water, car-
boxylic acids, and alcohols such as methanol, ethanol or 
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mixtures thereof. As the protic liquid. in. the process o:f the 
present invention preferably a liquid is used that comprises 
water, such as rnixturc--s of an alcohol arid water and more 
preferably water. Also different protic liquids can be applied 
simultaneously in the process of the invention. For instance, it 
is possible to add a suspension or solution. c_-.,:f a metal com-
pound in. ethanol to an aqueous suspension/solution. of 

another metal compound.  If the protic liquid is water, the 
solubility of the Ciroup VIII metal compounds and Group V-113 
metal compounds which are at least partly in. the solid state 
during the process ofthe invention generally is less than. 0.05 
mol/(100 ml water at 18" C.7.). 

In. th.c_--. preferred process, both. the first and second metal 
compounds remain at least partly in. the solid state during the 
entire reaction (the solid-solid process)_ If the protic liquid is 
water, suitable nickel compounds which are at least partly in 
the solid state during the reaction comprise, and more pref-
erably consist essentially of, oxalates, citrates, carbonates, 
hydroxy-carbonates, hydroxides, molybdates, phosphates, 
tungstates, oxides, or mixtures thereof, with nickel hydroxy-
carbonate, nickel hydroxide, nickel carbonate, or mixtures 
thereof being rnos-t preferred._ CiertertAlly, the molar ratio 
between the hydroxy groups and the carbonate groups in the 
nickel hydroxy-carbonate lies in. the range of 0-4, preferably 
0-2, more preferably 0-1 and most preferably 0_1-0_8. Suit-
able tungsten. compounds which are at least partly in. the solid 
state during the process of the invention comprise water-
insoluble tungsten. compounds, such as tungsten. di- and tri-
oxide, tungsten sulphide (WS, and WS,), tungsten carbide, 
ortho-tungstic acid (1-1,WC.),.'1̀ 1-420), tungsten nitride, alu- 
minium tuit‹,-  state (also meta- or polytungstate), ammonium 
phosphotungstate, or mixtures thereof, with ortho-tunc-Fstic 
acid and tungsten di- and trioxide being preferred.. Preferably, 

between. 	first -and 	 is 	 the reaction 	 the 	 second:metal compound 
air acid/base reaction and the first or second metal compound 
is a basic solid. and the other metal compound is an acidic 
solid compound.. 

In. the most preferred erribodiment of the process    according 
to the invention,  the first and second solid. metal compound 
a.re free front nitrogen. atoms and. the protic liquid. separated 
from the reacted metal oxidic particles in_ step iii) is re-used at 
least in part t.o fi.-.).r.rn the slurry in. step i)_1\4.c-"st preferably, in. 
this process the first metal compound is a nickel (hydroxy) 
carbonate and the second metal compound is tu.ngstic oxide 
or acid.. 

For several reasons, this process meets the highest standard 
o:f c._--nvirorimerrially friendly an.l e-c. ortorni c ally optimal cata- 
lyst production 

	

	from the :fact that the metal compounds .A..part. 
do not contain. nitroc,:en atoms, also the reaction. does not 
require addition of ainnat.-.).r.da t.o the reaction. .rnixture, as f.1_->r 
example in WC) 2004/073859, so the process is entirely free 
of nitrogen atoms. "1: here is no accumulation of alien ions like 
ammonium. and/or nitrate in. the protic liquid on. repeated 
recyclincY. , there is no strict need  for washing the obtained 
separated oxidic particles, less environmental hazard because 
of reduced. loss of 	metals and there is no danger of 
explosions due to ammonium nitrate salt fc.3x-mation. 

In -view of erivironm.k..,-,ntal issues, preferably the catalyst is 
bimetallic, preferably Nickel  tungsten; the chemistry in. the 
reaction step is simpler, because there is only one group VII3 
meta.] there can be no c Qmpo siti on. drift in. the group V.II3 
metals on. recycling of the separated liquid after reaction. 
Because the cornpound.s remain, at least partly solid. during the 
entire reaction the amount of metals dissc,i-yea in. the protic 
liquid is small and hence losses are smaller. Furthermore, the 
spent bimetallic catalyst is easier to recycle to the constituent 
metals than the trimet a 11 1C---  catalyst because there is no need. to 

8 



separate two group V113 metals, which is very difficult. (17c-)ri.- 
-ventional processes for the separation of nickel and tungsten 
can be used_ This is advantageous in terms of reduced recy-
cling process complexity,  costs and increased metal recovery 

yield. 
'To obtain a final catalyst composition. with high catalytic 

activity, it is preferred that the first and second solid metal 
compomad(s) are porous metal compounds_ For the first metal 
eel-11pound., 

	

	 Ni hydroxy carbonate, the surface area preferably 
(SA): SA>220 n12/g, the pore volume pV>0.29 crri3/g, (as 
measured by 1NT-  adsorption), and the median pore diameter 
IVIP11.3 	mu (as naea.sured by 1'4 desorption) and. -for the _8 
second metal compound, preferably turigstic acid, SA-2------19 
ri12/g, pV.--------- -0.04 cm3/g (as measured by TNT adsorption), desorp-
tion I\1.PL)-6 1 mu (as measured bylV-  desorption). It is desired 
that the total pore voltnne and the pore size distribution of- 
these metal compounds are similar to those of conventional 
hydroproc.::essiric,: catalysts_ Preferably, -the pore volume is 
0.05-5 ml/g, preferably of 0.05-4 ml/g, more preferably of 
0.05-3 ml/g, and most preferably 0.05-2 ml/g, as determined 
by mercury or water porosimetry. Further, the surface area 
preferably is at least 10 m2/g, more preferably of at least 20 
n12/g, arid most preferably at least 30 m2/g, as determined. via 
the E3.E.717. method.. 

The median. particle diameter of the first and second solid. 
metal c orripound(s) preferably is in the range of at least 0.5 
vim, more preferably at least 1 vim, most preferably at least 2 
1Am, but preferably not more than 5000 tun, more preferably 
riot more than 1000 pmnL, even. more preferably not more than. 
500 um, and most preferably not more than. 150 luta._ Even 
more preferably, the median. particle diameterlies in the range 
of 1 -1 50 tun and most preferably in. the range of 2-150 vim (as 
determined by near forward. scattering). Generally, the 
-smaller the-particles size of the metal corx-ipo-uncls„ the higher 
their reactivity. 'Therefore, metal compounds with particle 
sizes below the preferred lower limits are in principle a pre-
ferred embodiment of the present invention_ However, for 
health, safety, and. environmental reasons, the handling of 
such small particles requires special precautions. 
Step (ii) 

L--)uring arid/or after the addition. of the metal compounds, 
the slurry is kept at the reaction temperature for a certain 
period of time to allow the reaction between the compounds 
to take place. In general, the step of slurrying arid combining 
the raw materials is not critical, providing that a sufficient 
amount of solvent is present to ensure that the slurry can be 
well stirred_ Moreover,  in case of very reactive and/or partly 
soluble raw materials, it should. be  prevented that the raw 
materials react vigorously already during their addition. This 
can again be achieved by e.._g . increasing the amount of solvent 
Or by lowering the temperature at which the raw materials are 
combined. A person skilled in the art should be able to choose 
suitable conditions. 

Generally, th.e slurry is kept. at its natural pH during the 
reaction  step_ However, also basic material may be added to 
increase the pH, as described in. WC.) 2004/073859, where 
ammonium is added._ The pH preferably is hi the range of 
0-12, more preferably in the range of 3-9, and even more 
preferably in the range of 5-8_ 

'The parameters that are important for the performance of 
the bulk catalyst according to the invention, in. particular the 
reaction  temperature and_ pressure, the Group VIII to Group 
VI ria etal molar ratio,the hydrothermal re ac ti on c t..-i rid i tions 
and the reaction time are described above in. more detail in the 
description of the bulk catalyst. As described. it is required in 
th.e process according to the  invention. that when. the Ciroup 
VIII to Group VI metal molar ratio is between 0.2 arid 1, the 
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reaction is done under hydrothermal conditions at a reaction 
temperature above 100' C. and a pressure higher than 1 bar. 
When the metal mole ratio is above 1, the catalyst obtained 
can also be advarxtageously produced under hydrothermal 
conditions in order to be able achieve higher activity or to use 
lower nickel molar ratio or to react faster. 
Step (iii) 

After the reaction step, if necessary, the obtained. metal 
oxidic particles can. be  separated from the liquid, e.g., via 
filtration or spray drying_ In one alternative embodiment, 
such a small amount: of protic liquid is used that no liquid 
needs to be separated from the solid reaction product. The wet 
reaction product cam directly be shaped after optional com-
positimg with additional material as defined below and then 
dried_ For the separation of the metal oxidic particles in prin-
ciple any solid-liquid separation technique can be used. 'The 
separation can be done before or after being composited with 
additiomalmaterials_ After solid-liquid separation, optionally, 
a washing step can be included. Further, it is possible to 
thermally treat the bulk catalyst after an optional solid-liquid 

and drying step and prior to its being conapcpsited separation 
with the additional material. 
Step (iv-) 

If so desired, an additiortal material selected from the group 
of 'binder materials, conventional hydroprocessing catalysts, 
cracking c orripound.s , or mixturk..--s thereof c an. be added during 
the above-described preparation of the metal oxidic particles 
or to the rric.-.tal oxidic particles after their preparation. Pref-
erably, this additional material is added to the slurry after the 
preparation of the metal oxidic particles and prior 'to the 
separation step, but in any case prior to the shaping step. It is 

after the separation from the liquid. in the mix-mostly added 
ing/kneading step_ Examples of other additional materials 
that-cam be composited. with the metal oxidic particles- in. the - 
catalyst according to the invention are described in WCD 
00/41810. 

In all the above-described process alternatives, the term. 
"compositimg the bulk catalyst with a material" means that the 
mmterial is added to the brilk. catalyst • or -vice versa and the 
resulting composition is mixed. Mixing is preferably done in 
the presence of a liquid ("wet mixing"). This improves the 
mechanical strength of the final catalyst compositiom. 

C7orripositimg the metal oxidic particles with said additional 
triate-rial and/or incorporating the material durificx the prep-pa- 
ration of the metal oxidic particles leads to bulk catalysts of 
particularly high mechanical strength, in particular if the 
median particle size of the metal oxidic particles is in the 
range of at least 0_51-1-111, more preferably at: least 1 vim, most 
preferably at least 2 imi, but preferably .not more than 5000 
pun, more preferably not more than. :1000 vim., even more 
preferably not more  than 500 l_un., and most preferably  not 
more than 150 j_tm_ Even:II1C):M preferably, the median particle 
diameter lies in the range ofl -150 p.m and most preferably in 
the range of 2-150 pm. 

"The compo siting of the metal oxidic particles with the 
material results in metal c_-)x.idic particles embedded in this 
material or -vice versa. Normally, the morphology ofthe metal 
oxidic particles is essentially maintained. in the resulting bulk 
catalyst_  

The binder materials to be applied may be any materials 
conventionally applied as binders .in hydroprocessimg cata-
lysts. Examples are silica, silica-alumima, such as conven-
tional silk:- a -al minima , silica-coated al rani ma arid alumina - 
coated silica, alumina such as (pserido)boehrnite, or gibbsite, 
titania, titania-coated alumina, zirconia, cationic clays or 
anionic clays such as saponite, beritomit -e, kaolin, sepiolite or 
hydrotalcite, or mixtures thereof. Preferred binders are silica, 
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silica-alumina, aturnina, titania, titania-coated alumina, zir-
c (="ilia, be--ritorrite, or. 17.171 i X ttlres th‹.--recif. Titiese binders may be 
applied as such or after peptiz,atic.m. 
Step (v) 

The slurry, optionally comprising any of the above addi-
tional materials can be subjected to spray-drying, (flash) dry-
ing, mining, kneading, slurry-mixing, dry or -wet mixing, or 
combinations thereof, with a combination of wet mixing: and 
:kneading or slurry mixing arid spray-drying being preferred. 
These techniques can be applied either before or after any of 
the above (further) materials are added (if at all), after solid- 
liquid separation, before or after a thermal treatment, arid 
sub s i...---q-u exit to re-wetting _ 
Step(vi) 

If so desired, the metal oxidic particle optionally mixed 
with any of the above a.dditional materials may be shaped 
optionally after step (ii) having been applied. Shaping com-
prises extrusion,  pelletizing, beading and/or. spray-drying. 
Any additives -which are conventionally used to facilitate 
shaping can be added. These additives may comprise alu-
minium ste..---arate, surfactants, graphite, starch, methyl cellu- 
lose, beritc.--mite.---, polyethylene glycols, polye---tlaylerie oxides, or 
mixtures thereof. If-the shaping comprises extrusion, be..adiric): 
and/or spray-drying, it is preferred. that the shaping step is 
carried out in the presence of a liquid, such - as water. Prefer-
ably, for extrusion and/or beading, the amount of liquid. in the 
shaping mixture, expressed, as loss of ignition (WI), is in the 
range of 20-80°A> (f...,(1)1 after .1 honr. at 600' C.). 
Step (vii) 

After an optional drying step, preferably above 100' C., the 
resulting shaped catalyst composition may be thermally 
treated if desired. A thermal treatment, however, is not essen-
tialto the process of tri ,  invention_ As described above, a bulk 
catalyst having a temperature sensitive metastable hexagonal 
phase which readily transforms to a crystalline structure, are 
preferably heat treated at a. temperature below a. temperature 
where such transition to a crystalline- structure occurs, pref-
erably below 450" C., more preferably below 400' C_, even 
more preferably below 37 5 " C7 . , most preferably even below 
3 5 0" C'_. This thermal treatment is typically acme on the final 
bulk catalysts after compositinvx and shaping,. "l he heat treat-
ing time can -vary from 0.5 to 48 hours and is done in an inert 
gas such as nitrogen, or in an oxygen-containing gas, such as 
air or pure oxygen. The th.c.--r-mal treatment can be carried out 
in, the presence of water steam_ 

The process of th.e present invention may further comprise 
a sulphidation step_ Sulphidation generally is carried out by 
contacting the. bulk. catalyst, directly after th.e preparation of 
the metal oxidic particles or after any one of the further 
process steps (iii)-(vii), most preferably after the Shaping to a 
shaped bulk catalyst, with a sulphur-containing compound 
such. as elementary sulphur, hydrogen. sulphide, r)mr...)s, or 
inorganic or organic polysulpliides. The sulphidation can 
generally be carried out iri situ and/or ex situ_ Preferably, the 
sulpiridation is carried out ex situ, i.e. the sulphidation is 
carried out in a separate reactor prior to the sulph.ided catalyst 
composition being  loaded into the hydroprocessin<Y unit. 17-u r- 
tiaixi.ic)re, it is preferred that the catalyst composition is sul-
phided both ex situ and in situ. 

A preferred process of the present invention comprises the 
following successive process steps of-preparing the bulk cata-
lyst according to the invention; contactincx, and reacting the 
first and second compound in a slurry with protic liquid as 
described above, slurry mixing the obtained. oxidic metal 
particles with, e.g., a binder, isolating the particles via filtra-
tion, wet mixing the filter cake with a material, such as a 
binder, kneading, extrusion, drying, calcining and sulphiding_ 
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The catalysts are characterized rising the following meth-
ods: 
1 . Side Crush. Strength SC.-.7S 

First, the length of, e_g., air extrudate particle was mea-
sured, and then the extrudate particle was subjected to com-
pressive loadin‹).  (25 lbs in 8.6 sec.) by a _movable piston. The 
force required to Crush. the particle was .r.ncasuirc---cl. "The pro-
cedure was repeated with at least 40 extrudate particles and 
the average was calculated as force (1 bs) per -unit length (.mm). 
The method preferably was applied to shaped particles with a 
lcmg,th riot exceeding 7 nun_ 
2_ Porosimetry 

The N2 adsorption measurement wa.s carried cut as 
described in.: Paul A_ Webb arid Clyde C>irr, "_Axialytical Meth-
ods in Fine Particle Technology", Micromeritics Instrument 
C.::: o rp orati on, No rcro s s, Cria., T__TS A, 1977, ISBN 0-9656783-0- 
X_ Where median pore diameter M.P1D is mentioned,  we refer 
to the pore size distribution extracted from the desorption 
branch of the nitrogen sorption isotherm according to the lE3J1-1 
methc,d as published.: P. 13arrett, E. G. Joyner, P. P. Halerida; 
The dk.--terinination of pore volume and area distributions in. 
porous substances_ I. Computations from nitrogen. isotherms, 
J. Am_ C.7heria. Soc. (1951), 73, 373-380. 'Total surface area is 
determined. by the BET method: S. 13runaner, P. H. Emmett 
and E. 'Teller, Adsorption. of gases in. multimolecular layers, J. 
Am. Chem_ Soc . (1938), 60, 309-319. 

Miz-.-Acropore -volume determination, typically for pores hav-
ing 60 run or higher pore diameter, was carried out by mer-
cury (Fig) porosimetry a.s described in e.g. Pau.l A. Webb and. 
Clyde Orr, "Analytical Methods in Fine Particle Technol-
ogy", Mi cromeriti c s Instrument Corporation, Norcross, Ga. , 
'LJSA, 1977, ISDN 0-9656783-0-X. 'The contact angle used 
was 140 degrees. 
3-. Amount of Added Solid Metal Compounds 

Qualitative determination: 'The presence of solid metal 
compoimas during the process of the invention can easily be 
detected by visual inspection at least if the metal compounds 
are present in the fermi of partic les with a diameter larger than. 
the wavelength of visible light. Of course, methods such as 
quasi-elastic light scattering (QIES) or near-forward scatter-
ing, which are known. to the skilled person., car. also be used tc, 
verify that at no point in time during the process of the 
invention all metals will be in the solute state. M.edian. particle 
size was also determined. with light scattering (near forward. 
scattering,-). 

Quantitative determination.: :if the metal compounds which 
are added at least partly in the solid state are added as sus-
pension(s), the amount of solid metal compounds added dur-
ing -the process of 'the invention can be determined by filtra-
tion of the suspension(s) to be' added -under the conditions 
which are applied during the addition (temperature, p11„ pres-
sure, amount of liquid), in. such a way that all solid material 
contained in the susperision(s) is collected as solid filter cake. 
From the weight of the solid and dried filter cake, the weight 
o:f the solid metal cc.)nipourids can be determined by standard 
techniques. Cl.)f course, if apart from solid. inc..-ta I compounds 
further solid compounds, such as a solid binder, are present in 
the filter cake, the weight of this solid and dried binder must 
be subtracted from the weight o:f the solid and dried filter 
c ake.7The amount of solid metal compounds in the filter cake 
cart also be determined by standard techniques such as atomic 
absorption spectroscopy (A.A.S), X.R..F, wet chemical analysis, 
or IC7P.. 

If the metal compounds which are added. at least part.ly in 
the solid state are added in the wetted or dry state, a filtration 
generally is not possible..In this case, the weight of -the solid 
metal compounds is considered equal to the weight of the 
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corresponding initially employed metal compounds, on a dry 
basis. The total weight of all metal compounds is the amount 
of all metal compounds initially employed, on. a dry basis, 
calculated as metal oxides. 
4_ Characteristic Full Width at Half.  Maximum 

'The characteristic full width at 1.1.A.1 -f maximum of- the oxidic 
catalysts was determined on. the main reflections in. the X-ray 
diffraction pattern of the catalyst (in terms of 20 scattering 
angle)_ For the determination of the X-ray diffraction pattern., 
a standard. powder diffra.c.-torneter equipped with a graphite 
monochromator can be used. The measurement conditions 
can, e.g., be chosen. as =follows: X-ray generator settings: 40 
kV and 40 mA., wavelength: 1.5418 angstroms, divergence 
and anti-scatter slits: v20 (variable), detector slit: 0.6 mna, 
step size: 0.05 ("20), time/step: 2 seconds, Instrument: E3ruker 
11)5000. 

The invention will be further illustrated by the Examples 
described. below_ R3 means a reaction. process wherein. both 
the first and second. metal compounds are at least partly solid. 
duri.rig the reaction. 0131) means compacted. bulk density of 
the catalyst_ 1-IT means hydrothermal reaction conditions. 
The diesel hydroprocessing test results are given in 'Table 4 
wherein Rs.v../s., and R-vv-A. are relative volume activity arid rela- 
tive weight activity, respectively, based. on the total catalyst 
amount loaded in. the reactor. I317/".1" is hydrodenitrocY:enation 
arid I-117)S is hy dm de sti 1p buri s at i on.. 

'The dies&I test procedure was performed. using two differ-
ent temperature and pressure test conditions 1 and 2. The 
post:fix. 1 or 2 (as for example in. RWA.1. anal RIVV.A.2) refer to the 
test condition 1. and 2 respectively. The RysTA. FIT)Isql. results 
are riot shown. because the nitrogen levels in the reaction. 
product were all so low that the measurement is inaccurate--
and differences between the samples are too small to identify 
differences in. catalytic activity between samples. Further, the 
residual nitrocY:en and sulphur levels alter the hydrotreatment 
were determined and given. in. Table 6 under column Sl, S2 
and N2. In the tests different diesel te.-----st procedures were used. 
indicated  as 11)1, 11)2 and L>3. The RWA/RVA values of the 
reference catalysts (7.1 in. diesel test procedure 11)1 and 172. 
(Cl _1 and. Cl .2 in Table 4) and C2 in. diesel test procedure 173 
were defined as 100. All other RWA/RV.A. values are calcu-
lated. relative to this reference catalyst. 

c.c)mpARJ:\.-rI v-E: EXPERIMENT Cl .1 and (.7. 1 _2 

Nil Mo0.5W0.5 R3 

115.2 g C3 1: MoC2), (0.8 mole Mo, ex. Aldrich), 200 g of 
tung,stic acid ta,w-c.:), (0.8 mole W, ex. _Aldrich) were slurried 
in 6400 ml of water (snspension. A.) arid. heated to 90" C. 188 
g ofnickel hydroxycarboriate 2I•sliC.(1)„'"31•Zi(C)1.4),,'"41-12(D (1 .6 
mole of Ni, ex. Aldrich) were suspended in 1600 ml of water 
and heated to 90" C. (suspension 13)_ The nickel hydroxycar-
bonate used in this and the other examples had a 13.E.--
surface area of 239 tr.i/g. Suspension II was ackle:d to suspen-
sion A_ in, 10 minutes, arid the resulting mixture was main-
tained at 90' C. for a period of 16 hours (overnight) with 
continuous stirring. At the end of this time, the suspension 
was filtered. The yield was above 98"/"0. -The obtained filter 
cake was dried overnight at 120" C. The obtained filter cake 
was wet-mixe,d. -with 1 0 wt oz. binder, extruded, dried, calcined 
and sullphidc,-d as described in. li)iesel test procedure 172 (re-
sults C.21 .2 in 'Table 6). 'The extrudatcs were crushed and 40-60 
mesh fraction was isolated by sieving. The material was then 
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sulphid.c.-d and tested -using the procedure from 1:7ic_.-s‹.-...1 test 
procedure D.1 (C'1 .1 in "Table 6). 

EX_AJVIPI....E. El. 

T.,Ti0.75W1 R3 :Err 

.../s, catalyst having a 1•4i/W molar ratio of 0.75 to 1 was 
prepared in a manner analogous to what is described in. C2-1, 
except that the react:if:a.n was carried out Under au-pDgertic pres- 
sure in an autoclave reactor heated. with microwave radiation 
at a reactien tcmaperature of 150' C. and that the reactiQn time 
was about 6 hours. 1_76 g of Ni carbonate (0.015 .moles Ni). 
was added to 100 cc of water along with 4.99 grams of 
tungstic acid (0.02 mole W). The suspension. was put into  a 
sealed WellenTrivt vessel of 275 cc total volume and heated at 
10' CT:./rnin. to 150' C. and held at that temperature for 6 hours 
with. continuous stirring. The sample was cooled to room 
temperature and the solid filtered and. dried overnight at 120' 
C. The obtained. material was pelleted, the pellets were 
crushed and 40-60 mesh fraction was iselated by sieving_ 'The 
material was then sulphided and tested using the procedure 
from r)icsci test procedure 17)1 . Surprisingly, the per:fern:lance 
of the bimetallic catalyst is improved as compared to the 
trill:net:ail:lie catalyst ef C: 1. . 1 (Table 6) 

EX.A.IN/1P11.,E, E2 

Ni 1 W1 R.3 Err 

.../-s„ catalyst was prepared as described in. El, except that the 
l's7d/W molar ratio was 1 to 1 and that the reaction wa.s carried 
out under aratc)(xe.-nic pressure in. an autoclave .reactor heated 
with microwave radiation at a reaction temperature of 150' C:. 
2.35 g eflNli carbonate (0.02 melesINTi) was added to :too cc Q-17-
water along with 4.99 grams of turigstic acid (0.02 mole. W)_ 
The suspension was put into a sealed Wellenrm vessel of 275 
cc total volume and heated at 10' C._irrrin. to 150' C7._ and held 
at that temperature fer 6 hours with continuous stirring. rrhc 
sample was cooled to reem. temperature and the solid filtered 
and dried overnight at 120' C7. The obtained. material was 
pellete.-.d, the pellets were crushed_ and 40-60 mesh fraction 
was isolated by sieving_ alac materia.l was then sulphided and. 
tested usirig, the procedure from Eriesc.-1 test procedure L)1 _ 
Surprisingly, the performance of the bimetallic material of E2 
is impreved as compared to the trimetallic C.'1 _1. 

EXAMPLE E3 

/s.li0.5W1 R.3 TIT 

A. catalyst was prepared as described in El, except that the, 
Nrii-vv molar ratio was 0.5 to 1 and that the preparation wa.s 
carried out on a larger scale_ 1 64.5 g el Ni carbonate (1.4 mole 
Ni) was added to 14 liters of water along with 699.6 grams of 
tungstic acid (2_8 mole W). 'The suspension was put into a 
5-gallon autoclave, the autoclave was closed and heated at 
10" C7 _Anita to 1 50' C.!_ and held at that temperature for 6 hours 
with continuous stirring. The sample was cooled to room 
temperature and the solid filtered and dried overnight at 120' 
C2. -rhc obtained material was wet-mixed with 10 wt (Vo binder, 
extruded., dried, calcined and sulphided as described in (.7.1 
amid tested  using LT)iesel test procedure L72_ 

ls'i-X A_MPL,EL E4 

Nit) . 5 'V/ 0.97 51'41,0 . 02 5 R3 HT 

A. catalyst was prepared as described in El , except that Nb 
was added to the reaction mixture, that the Ni to W to Nb 
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rrx(7)1a.r ratio was 0.5 to 0.975 to 0.025, and that the preparation 
was carried out on a larger scale. 164.5 g ofT\Ti carbonate (1.4 
mole Ni) was added to 14 liters of water along with 682.5 
grams Of tungstic acid (2.73 mole W) and 11_19 g of riiobic 
acid (0.07 moles Nb) (ex.. C1313M Industries). -The suspension 
was put into a 5-gallcyri autoclave, the autoclave was closed 
arid heated at 10' C./nain. to 150' C. and. held at that tempera-
ture for 6 hours with. continuous stirring. The sample was 
cooled to roorn temperature and the solid filtered a:tid dried 
overnight at 1.20' C. 'The obtaltiea. material of cornbin.ed par-
allel preparations were extruded (with 10 wt (3 binder), dried, 
calcined. and. sulphid.ed as described. in CI and tested using 
Diesel test procedure 17.2. Surprisingly, the performance of 
the Nb containing material is improved. as compared to the 
bimetallic catalyst E3 and the trirnetallic catalyst. C1 _2 (Table 

' 

6). 

EXAMPLE E5 

Nil Mo0.5W0.5 R3 ETT 

A catalyst was prepared with Ni to Mo to W molar ratio 1 
to 0.5 to 0.5. 2.35 g ofNi carbonate (0.02 moles Ni) was added 
to 100 cc of water along with 2.5 grams of tungstic acid. (0.01 
mole w) and 1 _44 g of MoC), (0.01 mole Mo). -The suspension 
was put into a sealed. NV-et-Ion-1-m -vessel of 275 cc total volume 
and heated. with microwave radiation at 10' C./min. to 1150' C. 
and held at that temperature under autogenic pressure for 6 
hours with continuous stirring. The sample was cooled to 
room temperature and the solid filtered and dried overtrig„lat at 
120' C_ The obtained material was pelleted, the pellets were 
crushed and 40-60 mesh fraction was isolated by sieving_ -The 
catalyst was sulphided and tested using the Diesel test proce- .... 	.. 	_ 

- clure -1D3 - 

CC_7MPARATINTE EXPERIMEN-T C2 

Nii -W 0.5Mo0.5 R3 

188 	g 	of 	nickel 	lay dm xy c arb Q na te 	21\TiC.C93  '"31\ti 
(C)F1)2 4'4:1-120 (1 _6 mole of Ni) were suspended in 8000 ml of" 
water and the resultirig slurry was heated_ to 60' C. Subse-
quently 115.2 of MOO., (0.8 mole Mc)) and 200 g of tungstic-
ac id. :El, vv(7),, (0.8 mole W) were added aria the resulti nc,-  slurry 
was heated to 95" C. and maintained at 	that temperature for a. 
period of about 24 hours with continuous stirring_ At the end. 
of this time, the suspension was filtered. 'The obtained filter 
cake was wet-mixed with 10 wt or° of a binder (based <1.)171 the 

total weight of the catalyst composition). The water content 
of the mixture was adjusted in order to obtain an extrudable 
mix, and the mixture was s'ubsequerit:ly extruded. -The result- 
-n-1g solid was dried at 120' C. for 16 hours (overnight) and 
calcinc_-_(1. at 300' C. for 1 hour_ -The extrudates were crushed 
and 40-60 mesh fraction was isolated by sieving_ The material 
was then sulphided and. tested using the T.)iesel test procedure 
17.)3. 

CITC.)N4T'AR_ -}vrtv-E3F-'...:X.PERIME/\T-T C.3 

R.3 Ni 1 W1 , 90 

50.0 g oftmagstio acid FI„WC.),, (0.2 mole W) was slurried in 
one liter of water together with 23.5 g of nickel hydrox year- 
-bona-le 21\ i CC), 4'31'4i (C)EI) , '1` 411 ,C) (0.2 .r.n.ole ofl\Ti). -The sus-
pension of the 2 solids was heated to 90' C. and held at that 
temperature:T(7,r a period of 20 hours (overnight) with c on-
tirtuous stirring. At the end of this time, the suspension was 
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filtered. The resulting solid was dried at 120' C. :for 16 hours 
(overnight). The resulting solid was pelleted, the pellets wore 
crushed and 40-60 .mesh. and the fraction was isolated by 
sieving. "The material was then calcined  at 300' C. for 1 hour. 
The material was then sulphided and tested using the Diesel 
test procedure T)3. 

E7.-X__A.MPIL,E E6 

Nil W-1 123 Iii-125 

"The catalyst was prepared under autog-enic pressure in an 
autoclave reactor heated with microwave radiation at a reac-
tion temperature of 125" C. and reaction time of about 6 
hours. 2.35 g of Ni carbonate (0.02 moles Ni) was added to 
100 cc of water along with 4.99 grams of rungs-tic acid (0.02 
mole W). The suspension was put into a sealed WeflonTM 
vessel of 275 cc total volume and heated with. microwave 
radiation at 10' C./min to 125' C. and held under autog€aric 
pressure at that temperature for 6 hours with continuous stir-
ring. The sample was cooled to room temperature and the 
solid filtered arid dried crverrright at 120' C. 'The obtainc„-d 
material was pelleted, the pellets were crushed and 40-60 
mesh fraction was isolated by sieving_ The material was then 
calcined at 300' C. for 1. hour. 'The matc--rial was then sill-
plaided and tested using the Diesel test procedure f)3. 

EXAMPLE E7 

Nri1 Wl. R.3 F1T150 

The catalyst was prepared mader antogenic pressure in an. 
autoclave reactor heated with microwave radiation at a reac-
tion• temperature of 1-50' C. and reaction time of about 6 
hours. 2.35 g of Ni carbonate (0.02 moles Ni) was added to 
100 cc of water along with 4.99 grams of tung,stic acid (0.02 
mole W). The suspension was put into a sealed Wetlorirm 
vessel of 275 cc total volume arid heated with microwave 
radiation at 10' C./min to 150' C. and held under autogenic 
pressure at that  temperature for 6 hours with continuous stir-
ring. The sample was cc,c,lc,d, to room temperathre and the 
solid filtered and dried overnight at 120' C. 'The obtained 
material was pelleted, the pellets were crushed. and 40-60 
mesh fraction was isolated by sieving. "The material was then 
calcined at 300' C. for 1 hour. -The material was then sul-
plaided and tested using the Diesel  test procedure 11-)3. 

EXAMPLE ES 

.INTi 1 Wi R.3 175 

The catalyst was prepared under antoc):enic pressure in an 
autoclave reactor hearted with microwave radiation at a reac-
tion temperature of 175' C. and. reaction time of about 6 
hours_ 2.35 g of Ni carbonate (0.02 moles Ni) was added to 
100 cc of water along with 4.99 grams of tungstic acid (0.02 
mole W). me suspension  was put into a sealed Weflotirm 
vessel of 275 cc total -volume and heated at 10" C./nrin to 175' 
C. arid i_ald at that temperature for 6 hours with continuous 
stirrin<=. -The sample was cooled to room -temperature an 	the  
solid filtered and dried. overnight at 120" C. -The obtained 
material was pelleted., the pellets were crushed. and 40-60 
mesh fraction was isolated. by sieving. 'The material was then 
calcined at 300' C7-. for 1 hour. 'The _material was then sul-
phide:a and tested using the Diesel test procedure L)3. 
Examples E6 to E8 show that hydrothermal c ondit ions result 
in a. pronounced improvement of the activity compared t:o 
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reference catalyst C2 anal to the same catalyst. C3 not prepared 
under hy dre tla c.,-rrn al c mid i ti o ri s . 

COMPARATIVE EXPIERIME,,  WI: C4 

Nil Isqb.025W.975 123 

48.7 g oftungstic ac id I-1-,W(7).4  (0.195 mole W) was slurried 
in one liter of water together with 23.5 g of nickel hydroxy-
c arbonate 21•NTiCCD3'''31•NTi(C__)E3)2'''41-1,,C...) (0.2 mole of-IM) and 0.8 
grarn.s ofniobic acid (0.005 ./7171.Q1C% s r•Th). The suspension. (.--.):f the 
3 solids was heated to 90' C. and held at that temperature for 
a period of 20 hours (overnight) with continuous stirring. .A.t 
the end of-this time, the suspension. was filtered. The resulting 
solid was dried at 120' C. for 16 hours (overnight). The:

solid was pelleted, the pellets were crushed and 
40-60 mesh and the fraction was isolated by sievinc,:. The 
material was then calcined at 300" C. for 1 hour. The material 
was then sulphided arid tested using the IDiesel test procedure 
lD3_ 

COmp..A.R_,6,--rw-E, EXPERIMENT CS 

Nil 1`‘Tb.05W.95 R3 

47.4 g of tungstic ac id F1,--wc...),, (0_19 mole W) was slurried 
in one liter of water together with 23.5 g of 	hydroxy- 
c arbonate .21ssli CC), 4`31'.••li(C)E1.) 2  "` 4.E1.2.C.) (0.2 rraole of7NTi) and 1_6 
grams of ni obi c acid (0.01 moles 1‘,Tb) . The suspension of the 
3 solids was heated to 90' C. and held at that temperature for 
a period. of 20 hours (overnight) with continuous stirring. At 
the end of this time, the suspension was filtered_ The resulting 
solid was dried at 120 C. finr. 16 hours (overnight) The 
resulting solid was pelleted, the-  pellets -  were  - crushed and 
40-60 mesh. and. the fraction was isolated by sieving. The 
material was then calcined at 300" C. for 1 hour_ The material 
was then sulplaided and tested -using the Diesel test procedure. 
11)3. 

CC..)11\4-PAI2ATINTE B.X:1>BIZIMENTIF C6 

Nil iN1b.075W.925 R3 

46.2 g of tungstic acid 1:12WC).,. (0.185 mole W) was slurried 
in. one litter of water together with 23.5 g of nickel hydroxy-
carbonate 21‘sTiC(2),'''31`•Ti(C_I-1)-, 4`4I320 (0.2 mole ofWO and 2.4 
grams ofniobic acid. (0.01 5 moles 'Nib). The suspension of- the 
3 solids was heated to 90" C.17. and be-la at that temperature for 
a period. c--,:f 20 hours (overnight) with continuous stirrincx. _At 
the .31.-Td of this time, the suspension was filtered. "The resulting 
solid, was dried at 120" C. for 16 hours (overnight). The 
resulting solid_ was pelleted, the pellets were crushed and 
40-60 mesh and the fraction was isolated. by sieving_ The 
material was then calcined a.t 300" C. for 1 hour. The material 
was then sulphided and tested  using the Diesel test procedure 
1D3. 

1731.X../k1\41PI-E P9 

l's4i1 Nrb_025W.975 FM 50 

"The catalyst was prepared under iLlUI t 0 cx enic pressure in an 
autoclave reactor heated with microwave radiation at a reac-
tion temperature of 150" C. and reaction time of about 6 
hours. 2.35 g of Ni carbonate (0.02 moles Ni) was added to 
100 cc of water along with 4.87 grams of tungstic acid 
(0.0195 mole W) and 0.080 grams of triobic. acid (0.0005 
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moles Nb). The suspension was put iritc) a sealed .Well(Dn-rm 
vessel of275 cc total volume and heated at 10' C./min tc, 150' 
C. and hold a.t that temperature for 6 hours with continuous 
stirrinc,:. The sample was cooled to room temperature and the 
solid filtered and dried. overnight at 120' C. The obtained. 
material was pelleted, the pellets were crushed arid 40-60 
i-mesh fraction was isolated_ by sieving. The material was then 
calcined. at. 300' C. for 1 hour. The material was theta sul-
phided and tested. -using the IDiesel test procedure 11)3. 

EXAMPLE E 10 

Nil Nb0.05W-0. 95 123 EIT150 

The catalyst was prepared. under autogenic pressure in an 
autoclave reactor heated with microwave radiation at a reac-
tion temperature of 150' C. and reaction time of about 6 
hours_ 2.35 g of Ni carbonate (0.02 moles Ni) was added to 
100 cc of water along with 4.74 grams of tungstic ac id (0_019 
mole W) and 0.16 grams ofificibic acid (0.001 moles -P.M)). 'The 
suspension was put into a sealed -Well orrrm vessel of 275 cc 
total volume and heated at 10° C./min to 150° C. and held at 
that temperature for 6 hours with continuous stirring. The 
sample was cooled to room. temperature and. the solid filtered. 
and. dried. overnight at 120' C.. The obtained. material was 
pelleted, the pellets were crushed and 40-60 mesh fraction 
was isolated. by sievinc>-. The material was then calcified at 
300' C. for 1 hour. 'The material wa.s then. sulphided and tested 
using the Diesel test procedure 11)3. 

EX,N1\417'1_,E, Ell 

Iss•Ti1Nb 0 _075 -VVO _925 R3 HT 150 
- 	 ___ 	..... 

The - catalyst wa.s prepared under autogenic pressure in an 
autoclave reactor heated with microwave radiation at a reac-
tion temperature of 150' C. and reaction time of about 6 
hours. 2.35 g of Ni carbonate (0.02 moles Ni) was added to 
100 cc of water along with 4.62 grams of tunlgstic acid. 
(0.01 85 mole -W) arid 0.24 grams ofnio-bic acid (0.0015 moles 
NT-b)_ The suspension was put into a sealed. Wc.--flo firm vessel of 
275 cc total volume and. heated at 1 0° C../min to 150' C. arid 
held at that temperature -for 6 hours with continuous stirring. 
-The sample wa.s cooled. to room temperature arid. the solid. 
filtered and dried overnight at 120' C_ The obtained material 
was pelleted., the pellets were crushed- arid 40-60 mesh frac-
tion was isolated. by sieving. -The material was then calcined at 
300° C_ for 1 hour. The material was then sulphided and tested. 
using the IL)iesel test procedure 1)3. 

Examples E9 to Ell. show a Niobium .containing catalyst 
prepared in hydrothermal conditions not only has a signifi-
cantly increased activity CC.)rripared to non:-bydrotherrnall y 
prepared catalysts C4 to C6, but also a very pronounced 
unex.pected. irn .. . rcrvernent of activity compared to a catalyst 
prepared in the same condition without the small amount of 
NT i ob in. in . 

C. C.) M P.A. P_Acri-v-F-3 EXPERIMENT      C7 

Ni1W- 1 R3, 7 days 

50.0 g c"fttmastic acid ri,vv-c.),,„ (0.2 mole W) was slurried in 
on. 	liter, of water together with 23.5 g of nickel ihydrc)x year- 
-box:late 2-N-iCC.),"'3Nfi(C.-)I-1.),4`411-,C) (0.2 mole of Ni). The sus-
pension of the 2 solids was heated to 90° C. and held at that 
temperature [Or a period  (Dr- 7 days with continuous stirrill.a. At 
the end of-this titiac, the suspension was filtered. The resulting 
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solid was dried at 120' C. fc7).r 16 hours (overnight). The 
resulting solid was pelleted, the pellets were crushed and 
40-60 mesh and the fraction was isolated by sieving. The 
material was then calcined. at 300' <7. for 1 hour. The material 
was then sulphided and tested. using the 'Diesel test procedure 
I73. The results show that at very long reaction times an. 
improvement in activity could be obtained compared. to 20 
hours reaction. time, but that this improvement is very small 
c(..-mapared to the improvement obtained by the :hydrothermal 
conditions. 

EX...AMPL.,E F3,12 

Is4i 1 .5W1 12.3 Err 150 

The catalyst was prepared under autog-c--rfic pressure in an. 
autoclave reactor heated with microwave radiation at a re.--.ac - 
tion temperature of 150' C. and reaction time of about 6 
hours. 3.53 g of Ni- 	carbonate (0.03 moles Ni) was added to 
100 cc <3:17water along with 4.99 grams cp:ftungstic acid (0.02 
.m.c-.)le W). The, suspension. was put into a sealed. WefloriTIN4  

• vessel of 275 cc total volume and heated at 10' C::./min to 150' 
C. and held at that temperature for 6 hours with. continuous 
stirring. The sample was cooled to r.-.)on.. temperature and. the 
solid filtered and dried overnight at 120' (7. The obtained 
material was pelleted, the pellets were crushed and 40-60 
mesh. fraction. was isolated. by sieving. The material was then 
calcined  at 300" (7. for 1 hour_ The material was then. sni- 
p:hided and tested lAsific,  the :I-Diesel test procedure T.)3 	The 
results Show that in hydrothermal conditions very good 
results can be obtained at higher metal molar ratio, but 	that a 
higher metal molar ratio :is .not necessary or desirable_ 

CC)MPAR__ATIVE, EX.:PIER_IMEINTT CS 

l'qi0.9VV-1 'al 90 

49.2 g (.-,:f arrmac-.)nium rfic--tatungstate (0.2 mole W) were 
dissolved in 800 ml ofwater giving a solution ofa p1-i of about 
5.2_ To this solution, 0.4 moles of ammonium hydroxide (ca. 
30 ml) was added., resulting in a pH-  increase to about 9.8. This 
solution was heated to 90" <7_ (solution A). A second solution 
was prepared by dissolving 52.4 g Ni nitrate hexahydrate 
(0_18 mole .Nli) in 50 ml of water. The solution was maintained. 
at 90' C. (solution 13). Solution 13 was added dropwise., to 
solution A at a rate of 7 nal/min_ The suspension that formed 
wa.s stirred. for 30 minutes while the temperature wa.s main-
tained at 90" C. The material was filtered hot and dried in air 
at 120" Cl. overnight. The obtained material was pelleted, the 
pellets were crushed and 40-60 rrik- sh. fraction was isolated by 
sievincY. The material  was then calcined at 300' (7. for 1 hour. 
-The material was then sulphide.,---d and tested. using the Diesel 
test procedure 11)3. 

-13LX.A.MPIL,IE.: F313 

N1i0,9W-1 121 -Err 150 

The catalyst was prepared under antog,enic pressure in an. 
autoclave reactor heated with microwave  radiation at a reac-
tion temperature (-A- 150' C. and reaction time of 30 minutes. 
"TO a solution of 10.48 g Ni nitrate hexz.--thydrate (0.036 mole 
Ni) in 100 cc (...-)17 water was added 9.86 g of ammonium 
me tarn n gstate (0.04 mole W) and. 6 nil of anarnoniunthydrox-
ide:. -rhc suspension was put into a sealed. -Weflortm4  vessel of 
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275 cc total -volume arid heated at 10' C.../rmill. to 150' (7.7. and. 
held at that te.-imperature for 30 mil-lutes with c--oritimmons stir-
ring. Th.t...- sample was cooled to room temperature arid the 
solid filtered, washed and dried overnight at 120' C. The 
obtained material was pelleted,  the pellets were crushed and 
40-60 mesh fraction was isolated by sievirig. The rilate-rial 

was them calcined. at 300' C. for 1 hour. The _material was then 
sulphided arid tested using the }Diesel test procedmrelD3_ The 
results Show that surprisingly also very good results can be 
obtained  by reacting under hydrothermal. conditions a reac- 
tion mixture wherein all components aissQl-ve.cl. 

c7cm4f---A.B__A.--rw-E, EXPERIMENT C9 

Ni 1 W1 R2 

49.2 g of arrimomium me tart-mg state (/"-II.I.,.),FI,,W i  -,C..),,,„ (0.2 
mole: W) were aissc)lved. :Jr" 800 nil water, giving a solution 
with a pi-I of about 5.2 at roC)1Triterriperature. The solution was 
subsequently heated to 90" C. (solution _A:). 23.5 g of nickel 
hydroxyc.-arborrate 21'ssTiCC)3'''3Ni(0I1)2'''41-1,C0 (0.2 mole Ni) 
were suspended .in. 200 ml of water, and this stispen.sit.-.>m was 
heated to 90' C. (smspemsion. 13). Them suspension. 13 was 
added. to - solution. A in 10 minutes, arid the resulting suspem- 
siom was maim-tanned at 90' C. for a period of16 hours with. 
continuous stirrincx. The resulting solid was dried at 120" C. 
for 16 hours (overnight). The resulting solid was pelleted, the 
pellets were crushed. aria 40-60 .mesh fraction. was isolated by 
sievimcv. . The material was them sulphided and tested 'using the 
Diesel test procedure 11)3. 

EXAMPLE E 14 

Nil W1 122 II-1'150 

The catalyst was prepared under autogenic pressure in an 
autoclave reactor heated with microwave radiation. at a. reac-
tion temperature of 150' C. arid reactiom tirrie of about 6 
hours. 3.52 g of Ni. car. bomate (0.03 .rrioles Ni) was added to 
150 cc of water along with 7.40 g of ammomium metatung- 
state (0.03 mole W). The suspemsion was put into a sealed 
Weflomm vessel of 275 cc total volume arid heated with 
microwave radiation. at 10" C./min to 150' C. and held under 
antogemic pressure at that temperature for 6 hours with con.-
timuous stirring_ 'The sample was cooled to room temperature 
and. the solid filtered and dried overnight at 120' C. The 
obtained material was pelleted, the pellets were crushed and. 
40-60 mesh fraction was isolated by sieving_ The material 
was then calcined.  at 300' C. for 1 hour_ 'The material was then 
sulphided  and tested -using the Diesel test procedure D3. The 
results show that surprisingly also -very good results can be 
obtained by reacting under hydrothermal conditions a reac-
tion mixture wherein. one component is in solid form and the 
c ormporic.---mt is dissolved_ 
L)iesel "fest Procedure D1 

The catalysts were tested in a. down-flow tubular reactor. 
Each reactor tube contained 10 tril of catalyst mixed with am 
equal amount of SiC particles and sandwiched. between layers 
of SiCs.: particles_ 13efore being tested the catalysts were pre-
sulphided via liquid phase presulphiding using the feed 
described in Table 1 which had. been spiked with dimethyl 
disulfide to a total sulfur content of 3.7 wt. (i/i>. -The pre 
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sulphided catalysts were then tested in the hydrotreating of a 
diesel feedstock having the properties shown inn "fable 1: 

"17/1/233I-E. 1 

-....A.:3 oil_ EEEr)s-rocx. 

S (wt. Qz0) 	 1_2 
1,4 (pprrlwt) 	 84 
total aromatics (wt. 9r0) 	 27.8 
polynncl ear aromatic (PI-.T.A..) (wt. clzO) 	 11.7 
it ono-arornatics (wt. 9,0) 	 16.5 
di-aromatics (wt. QZ0) 	 10.8 
tri-i---atornatics (wt. 9-'0) 	 0.8 
Sit-mita-Led distillation -A_S-1-1\4-17 86 

Initial boiling point 	 1.84° C. 
5 -vol. 'K. 	 218° C. 

10 -vol. 94., 	 231' C. 
30 -vol. 9-"o 	 265° C. 
5C) vol. 9/6 	 287° C- 
70 -vol. 94, 	 310° C. 
90 vol. 9". 	 3-45° C. 
Final boiling point 	 374' C. 

The catalysts were tested under the, two conditions shown 
in Table 2: 

7FALF31....JE 2 

Prcsulfiding 	Condition 1 	Condition 2 

"forraperaturc (`" C.) 	 32C) 	 330 	 340 
Press-Lire (bar) 	 .40 	 40 	 20 
I-I2 to oil ratio (NI/I) 	 300 	 300 	 300 
1_,ITI-S-V (1/11) 	 3.00 	 2.0C) 	 1.50 

1)iesel Test Procedure 1172 

717he catalysts were tested. as described in f....)1. except for 
another space velocity in. the 1st condition_ shown_ in. -fable 3: 

"I:A.M__,E,' 3 

Presulfiding 	Condition 1 	Condition 2 

"Temperature (" C_) 	 320 	 330 	 34-0 
Pressure (bar) 	 40 	 4C) 	 20 
1-12 to oil ratio (1NTI/I) 	 300 	 300 	 300 
1_,I-IS-V (1/h) 	 3.00 	 1.50 	 1.50 
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Diesel Test Procedure 1)3 
The catalyst was loaded into the reactor in a manner analo-

gous to what is described. in D1. 13efore being tested t:he 
catalysts were presulphided via liquid phase presulphiding 
using 11_,G(Jfeci. described below in. 'Table 5 which had been 
spiked with dimeth.y1 disulfide to a total sulfur content of 3.7 
wt. (-1,43. --rh.e presulphided catalysts were then tested in. the 
hydrotreating of a diesel feedstock -Having the properties 
shown in. 'Table 4: 

"TA...1311.,E, 4 
GAS C)I1_, PE;13:1)S-rc)c:KI 

S (wt. 300 	 1.1969 
:NT (pprriwt) 	 102 
total aromatics (wt. 9,0 	 28.3 
mono-aromatics (wt_ '34,) 	 16_5 
di-arornatios (wt_ PV0) 	 1 1 _0 
tri-F-aroxnatios (wt. 9/0) 	 0.8 
Sinnalatod distillation _As-n..4-1-, 86 

Initial boiling point 	 178.40  C. 
5 -vol. 94. 	 211" C. 

10 vol. 94, 	 224° C. 
30 -vol. 9,,, 	 261" C. 
50 vol. 0 	 283° C. 
70 vol. rVo 	 309' C. 
90 vol. 9/0 	 348° C. 
Final boiling point 	 372° C. 

The catalysts were tested under the two conditions shown. 
in. "Table 5: 

71TA.1311..,E, 5 

Pre.snlfiding 	Condition 1 	Condition 2 

Tre--triporature. (' C-) 	 320 	 32C) 	 340 
Pressure (bar) 	 45 	 45 	 20 
1-12 to oil ratio (3,41/I) 	 200 	 300 	 300 
LEISV.  (1 /h) 	 3.00 	 3.00 	 1.50 

'The: full width at half maximum (17W171.1VI) was measured 
for all examples and was found to be below 2.5 in all 
€,-xarnples. 'The examples show that under hydroth.c.-rrnal con.- 
ditions a highly active catalyst could be obtained even at 
group N7111 to group V113 metal molar ratio below 1 where at 
normal atmospheric conditions no active catalyst conld be 
obtained.. 
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TABLE 6 

Test results 

test test CBD 	S I S2 N2 RVA RVA RWA RWA RNA RWA 
sample powder extrudates loaded 	ppm ppm ppm HDS1 HDS2 HDS1 HDS2 HDN2 HDN2 

C1.1 	Nil Mo0.5W0.5 R3 crushed Dl 1.21 	4 21 5 100 100 100 100 100 100 
El 	Ni0.75W1 R3 HT DI 1.63 	3 13 3 114 126 85 93 115 86 
E2 	Ni1W1 R3 HT Dl 1.73 	3 8 2 113 155 79 108 130 91 
E5 	NiMo0.5W0.5 1t3 HT Dl 1.27 	3 20 3 110 103 105 98 111 106 
C1.2 	NilMo0.5W0.5 R3 D2 1.17 	9 75 12 100 100 100 100 100 100 
E3 	Ni0.5W1 R3 HT D2 1.09 	9 93 17 90 78 100 87 75 82 
E4 	Ni0.5W0.975Nb0.025 -R3 HT D2 1.23 	4 69 13 121 90 119 89 84 83 
C2 	NilMo0.5W0.5 R3 D3 1.25 	149 23 3.7 100 1Ck 100 100 100 100 
C3 	Ni1W1 R3 90 D3 1.12 	1591 206 29 26 36 31 44 38 46 
E6 	Ni1W1 R3 HT125 D3 1.64 	16 9 1.3 279 147 216 114 125 97 
E7 	Ni1W1 R3 HT150 D3 1.72 	9 9 1.4 347 151 259 113 130 97 
E8 	Ni1W1 R3 HT175 D3 1.75 	6 8 1.2 420 150 311 111 127 94 
C4 	Ni1N10.025W0.975 R3 D3 1.05 	1256 148 21 31 42 36 50 47 56 
C5 	Nil Nb0.05W0.95 13 D3 1.16 	679 50 9 45 70 51 80 72 82 
C6 	Ni1Nb0.075W0.925 R3 D3 1.12 	884 74 13 38 59 44 68 62 72 
E9 	Ni1Nb0.025W0.975 R3 D3 1.67 	5 9 1.4 456 149 363 118 129 103 

HT150 

E10 	Ni1Nb0.05W0.95 R3 HT150 D3 1.63 	5 9 1.5 455 149 365 119 128 102 
Ell 	Ni1Nb0.075W0.925 R3 D3 1.72 	9 11 1.3 346 137 270 106 133 103 

HT150 
C7 	NilWl R3 90 7 days D3 1.51 	67 17 2.9 148 112 124 93 102 85 
E12 	Ni1.5W1 R3 HT150 D3 1.63 	64 20 3.7 148 107 115 83 100 77 
C8 	Ni0.9W1 R1 -- D3 -2.5 	851--  86 8.1 40 ' 54 21-  28 - .73 38 
E13 	Ni0.9W1 RI 11T 150 D3 1.92 	15 14 2.3 287 119 192 79 109 73 
C9 	Ni1W1 R2 D3 1.79 	422 51 6.9 60 68 41 47 78 54 
E14 	Ni1W1 R2 HT 150 D3 1.6 	110 23 3.3 118 97 94 77 99 79 
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The invention claimed is: 
1. A bulk catalyst comprising metal oxidic particles com-

prising on.e or more Group VI B metals and one or more Group 
VIII metals obtainable by a process comprising the steps of 

i) combining in a. reaction mixture one or more first com-
pounds comprising one or more Group VIII metals and 
one or more second compounds comprising one or more 
Group VIP metals in the presence of a protic liquid, 
wherein the Group VIII metals to Group VIP metals 
molar ratio .is below 1, and 

ii) reacting the compounds under hydrothermal conditions 
at a reaction temperature above the boiling temperature 
of the protic liquid to form metal oxidic particles. 

2. the bulk catalyst according to claim 1, wherein the 
reaction pressure is above atmospheric pressure. 

3. .1.'he bulk catalyst according to claim 1, wherein the 
protic liquid is water and the reaction is done in hydrothermal 
conditions at a reaction temperature above 1 000  C. and a 
reaction. pressure higher than I bar. 

4. The bulk catalyst-according to claim 1, wherein the one 
or more first metal compounds and the one or more second 
metal compounds remain at least partly in the solid state 
during the entire :reaction. 

5. The bulk catalyst according to claim. 1, wherein the metal 
oxidic particles are dried and/or heat treated at a. temperature 
below 3750  C. 

6. the bulk catalyst according to claim 1, wherein the 
reaction mixture comprises a Group V metal. 

7. The bulk catalyst according to claim 1, wherein the metal 
oxidic particles comprise essentially one Group VIII metal, 
and essentially 2 Group VIB metals. 

8. The bulk catalyst according to claim 1, wherein the metal 
oxidic particles comprise essentially one Group VIII metal, 
and, essentially one Group VIB metal. 

9. A sulphided. bulk catalyst characterized in that it is a bulk 
catalyst according to claim 1 that has been sulphided. 

10_ A process comprising reacting a hydrocarbon feed-
stock in the presence of hydrogen at elevated temperatures 
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and elevated pressures with the bulk catalyst or sullphided 
bulk. catalyst according to claim 1. 

11. A process for the manufacture of the bulk catalyst 
according to claim 1, comprising metal oxidic particles 
obtainable by the steps of: 

i) combining in a reaction mixture one or more first com-
pounds comprising one or more Group VIII metals and 
one or more second compounds comprising one or more 
Group VIES metals in the presence of a protic liquid., 
wherein the Group VIII metals to Group VIB metals 
molar ratio is below 1, and 

ii) reacting the compounds under hydrothermal conditions 
at a reaction temperature above the boiling temperature 
of the protic liquid at a reaction pressure above atmo-
spheric pressure, to form metal oxidic particles, 

the process further optionally comprising one or more of the 
following process steps: 

iii) separating the metal oxidic particles from the reaction 
mixture, 

iv) compositing the metal oxidic particles with 0.1 to 40 wt 
tY0 of one or more materials selected from the group of 
binder materials, conventional hydroprocessing cata-
lysts, cracking compounds, acidic promoters or mix-
tures thereof before, during or after the combining and/ 
or reacting of the metal compounds, 

v) spray-drying, (flash) drying, milling, kneading, slurry-
mixing, dry or wet mixing, or combinations thereof, 

vi) shaping, 
vii) drying and/or thermally treating, and 
viii) sulphiding. 
12. The process according to claim 11, wherein both the 

first and second metal compounds remain at least partly in the 
solid. state during the entire reaction. 

13. The process according to claim 12, wherein both the 
first and second metal compounds are free from. nitrogen. 
atoms and wherein protic liquid. separated from the obtained. 
metal oxidic particles after the reaction (step iii) is re-used at 
least in part to foim the reaction mixture in step i). 
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