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CATALYSTS, PROCESS IN WHICH THEY 

CAN BE USED AND PROCESS FOR PREPARING THEM 

The present invention relates to catalysts containing a 

refractory oxide carrier and as catalytically active metals one or 

more metals of Group VI-B and one or more metals of Group VIII, to a 
... .,. 

process comprising contacting a hydrocarbon feedstock containing 

aromatic compounds in the presence of hydrogen and at elevated 

temperature and p·ressure with ·such catalysts, and to a process for 

preparing such catalyst. 

In US patent specification 3,491,019 a catalyst has been 

described for use in selective hydrogenation of aromat~c 

hydrocarbons which have more unsaturation than present in a single 

benzene nucleus. The catalyst comprises a metal of Group VI-B, 

preferably tungsten, and a metal of Group VIII, preferably nickel, 

deposited on a silica-alwnina composite comprising from about 35 

weight percent to about 65 weight percent silica. 

The present invention relates to catalysts whic;h show improved . '. 

hydrogenation activity when used in a process in whicp hydrocarbons 

containing aromatic com~ounds are contacted with the~atalyst in the 

presence of hydrogen and at elevated temperature and pressure, mot'et ~"'" · 

specifically when used in hydrotreating of hydrocarbon fractions 

containing aromatic compounds and compounds containin~: sulphur 

and/or·nitrogen. At the moment, such hydrocarbon fractions are 
'•. ..-,q,,~. 

usually subjected to a two-stage process in order to reduce~}ie 

amount of aromatic compounds. In such two-stage process the\ 

hydrocarbon fraction is subjected to a first stage in which mainly 

the amount of sulphur and/or nitrogen containing compounds p.r:esent 
' ';'}'!'. 

in the fraction is brought down, and subsequently to a second.\tage 

in which mainly the amount of aromatic compounds is reduced. Such 

two-stage process is necessary as conventional hydrogenation 

catalysts ,for reducing the aromatics content show poor hydrogenation 

activity in the presence of substantial amounts of sulphur and/or 
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nitrogen containing compounds. The catalysts according to the 

present invention have a very good hydrogenation activity, even in 

the presence of relatively large amounts of sulphur and/or nitrogen 

containing compounds. Further, these catalysts have a good 

desulphurization and/or denitrogenation activity. This makes that 

the amount of both aromatic compounds and sulphur and/or nitrogen 

containing compounds, can be reduced in a single stage process. 

The process of the present invention is especially advantageous 

for hydrotreating gas oil. Gas oils usually contain a relatively 

large amount of both aroinatic compounds and sulphur and/or nitrogen 

containing compounds. The amount of both kinds of compounds present 

in the gas oil, must usually be reduced in view of environmental 

regulations. The process of the present invention can be used for 

attaining the required reduction in a single stage. With the help of 

the present process, the requirements for automotive gas oil can be 

met. It has been found that the catalysts of the present invention 

are especially active in reducing the amount of mono-aromatics of 

the final product. 

The present invention relates to catalysts containing a 

refractory oxide carrier and as catalyti~ally active metals between 

2 and 15% by weight of platinum and/or palladium and between 5 and 

40% by weight of molybdenum and/or tungsten, said weight percentages 

indicating the amount of metal based on the weight of carrier, which 

molybdenum and/or tungsten are mainly present in the form of their 

sulphides. 

Further, the present invention relates to a process for the 

hydroconversion of hydrocarbons comprising contacting a hydrocarbon 

feedstock containing aromatic compounds at elevated temperature and 

pressure and in the presence of hydrogen with a catalyst according 

to the present invention. 

In US patent spec~fication 3,109,814 a cogelled catalyst has 

been described for use in a combined hydrofining-hydrocracking 

process. The cogelled catalyst comprises a crystalline zeolitic 

molecular sieve containing from 0.1 to 2.0 weight percent of 

palladium, and a gel matrix comprising silica/alumina and nickel or 
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cobalt and further molybdenum or tungsten. 

In US patent specification' 4,324,645 catalysts have been 

described for upgrading residual oil fractions by seiectively 

removing CCR while the hydrogen consumption for other functions such 

as desulphurization and aromatics saturation, is limited. The 

catalysts comprise a metal f~nction deposited on a porous refractory 

inorganic support, and have more than about 50% of their pore volume 

contribution in pores having diameters in the range of about 100 to 

200 A. 
The present invention relates to a process in which aromatic 

compounds are hydrogenated, more specifically to a process in which 

aromatic compounds are hydrogenated and simultaneously sulphur 

and/or nitrogen containing compound~ are removed. This technical 

field is fundamentally different from the technical fields to which 

US patent specifications 3,709,814 and 4,324,645 relate. 

The molybdenum and/or tungsten present on the catalyst of the 

present invention are mainly present in the form of their sulphides. 

The word "mainly" as used in this connection means that at least 70% 

of the total amount of molybdenum and/or tungsten present on the 

catalyst, is present in the form of molybdenum and/or tungsten 

sulphide. Usually, more than 95% will be present in the form of 

molybdenum and/or tungsten sulphide during normal operation. The 

catalytic activity of metals in the form of their sulphides differs 

fundamentally from the catalytic activity of the same metals when 

present in other forms, such as in the form of oxides or in the 

elemental form. 

In catalyst preparation, the catalysts are usually in the final 

step subjected to calcination in air, whereby the metals are brought 

in the form of their oxides. To bring molybdenum and/or tungsten in 

the form·of their sulphides, the catalyst can be presulphided prior 

to contact with the feedstock. Presulphidation can be carried out in 

many ways, as is known from the prior art. 

A typical method for presulphiding the catalyst of the present 

invention would comprise contacting the catalyst with a sulphiding 

mixture such as a hydrocarbon oil containing a substantial amount of 
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sulphur-containing compounds at a temperature which is gradually 

increased from ambient temperature to a temperature of between 150 

and 250 °c. The catalyst. is to be maintained at this temperature for 

between 10 and 20 hours. Subsequently, the temperature is to be 

raised gradually to the operating temperature. 

In many cases presulphiding is not necessary. This can be the 

case when molybdenum and/or tungsten are converted to their 

sulphides by contacting-the catalyst at process conditions with a 

feedstock which contains a substantial amount of sulphur containing 

compounds. Typically, presulphiding is not necessary if the 

hydrocarbon feedstock comprises at least 0.5% by weight.of sulphur 

containing compounds, said weight percentage indicating the amount 

of elemental sulphur based on total weight of feedstock. It will be 

understood that this is advantageous, as presulphiding would take up 

time during which the reactor cannot be operated. 

The catalyst according to the present invention comprises as 

catalytically active metals between 2 and 15% by weight of platinum 

and/or palladium and between 5 and 40% by weight of molybdenum 

and/or tungsten, both weight percentages indicating the amount of 

metals based on weight of carrier. It has been found that if the 

catalytically active metals are present in lower amounts than 

indicated, the activity of the catalyst becomes too low to be 

commercially attractive>If, on the other hand, the amount of 

catalytically active metals ··.is higher, the further increase in 

catalytic activity does not warrant the costs of the extra amount of 

metal. This applie·s especially for platinum and/or palladium. Good 

results can be obtained with catalysts comprising between 2.5 and 

12% by weight of platinum and/or palladium and between 8 and 35% by 

weight of molybdenum and/or tungsten. Preferably, between 3 and 10% 

by weight of platinum and/or palladium and between 10 and 30% by 

weight of tungsten and/or mo_lybdenum is present. 

It has been found that not only the amount of each of the 

catalytically active metals influences the activity of the catalyst, 

but also the molar ratio of platinum and/or palladium on the one 

hand to tungsten and/or molybdenum on the other hand. Molar ratios 
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of platinum and/ot palladium to tungsten and/or molybdenum which 

have been found to give very good hydrogenation activity, are 

between 0.10 and 1.20, preferably between 0.15 and 1.10. Especially 

good results have been obtained with the help of a catalyst having a 

ratio of between 0.20 and 0.50. 

The performance of the catalyst will in many cases be further 

improved by incorporating in the catalyst not only platinum and/or 

palladium and tungsten and/or molybdenum, but also cobalt and/or 

nickel. Without wishing to be bound by any theory, it is thought 

that the presence of nickel and/or cobalt_improves the distribution 

of the tungsten and/or molybdenum compound. In order to fully 

benefit from the presence of the nickel and/or cobalt compo~nd, it 

is preferred to deposit the nickel and/or cobalt compound on the 

carrier at the same time as the tungsten and/or molybdenum compound. 

Typical amounts of cobalt and/or nickel compounds -if present 

at all- have been found to be between 0.5 and 5% by weight, 

indicating the amount of metal based on the weight of carrier. 

Preferably, the amount of cobalt and/or nickel is between 1 and 4% 

by weight. 

The catalyst according to the present inven~ion comprises 

platinum and/or palladium and tungsten and/or molybdenum, and 

optionally .cobalt and/or nickel. Of the combinations of metals which 

are possible, a catalyst containing palladium and tungsten and 

optionally nickel will in most cases give the best results. 

It has been found that the carrier on which the catalytically 

active metals are present, influences the activity of the catalyst. 

Carriers giving good catalytic activity comprise alumina, 

fluorinated alwtiina, amorphous silica-alumina, siliconalumino­

phosphate, zeolite and/or clay. 

Further, the catalysts according to the present invention will 

have a surface area which is such that it gives the catalyst a 

sufficiently high activity. Typically, the surface area of the 

catalyst will be at least 80 m2/g, measured according to the BET 

nitrogen adsorption method. Preferably, the surface area of the 

catalyst is at least 120 m2/g. · 
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The catalysts of the present invention are typically prepared 

by incorporating the desired amount of metal(s) into the carrier by 

means of impregnation or ion-exchange techniques followed by drying 

and calcining. A preferred method of impregnating the carrier is the 

so-called pore volume impregnation, which comprises treating a 

carrier with a volume of impregnating solution which is 

substantially equal to the pore volume of the carrier. In this way, 

full use is made of the impregnating solution. Further, it has been 

found that the catalysts according to the present invention which 

have been prepared in this way show an especially good performance. 

Metal compounds which can be used for preparing the catalysts 

according to the present invention, are well known in the art. 

Typical tungsten compounds comprise ammonium metatungstate, sodium 

tungstate and tungstic acid. Typical molybdenum compounds comprise 

ammonium molybdate, ammonium paramolybdate and molybdic acid. The 

nickel and cobalt compounds which can be used comprise nickel 

nitrate, nickel chloride, cobalt nitrate and cobalt chloride. 

Typical palladium compounds for use in an impregnating solution are. 

H2PdCl4, palladium nitrate, palladium(II)chloride and its amine 

complex. The use of H2PdCl4 is preferred. Typical platinum compounds 

for use in the solution are hexachloroplatinic acid, optionally in 

the presence of hydrochloric acid, pla~inum amine hydroxide and the 

appropriate platinum amine complexes. 

It has been found that catalysts having especially good 

catalytic activity can be prepared by impregnating the refractory 

oxide carrier with a solution containing a tungsten and/or 

molybdenum compound and optionally a nickel and/or cobalt compound, 

subsequently further impregnating the carrier with a solution 

containing a platinum and/or palladium compound, and drying and 

calcining the thus impregnated carrier at a temperature of between 

250 and 400 °c. A process which has been found to give catalysts of 

improved activity further comprises drying and calcining the carrier 

which has been impregnated with the solution containing a tungsten 

and/or molybdenum compound and optionally a nickel and/or cobalt 

compound at a temperature of between 400 and 650 °c, and subsequently 
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further impregnating the carrier obtained with a solution containing 

a platinum and/or palladium compound. 

It has been found that a carrier which gives especially good 

results comprises fluorinated alumina. However, in the impregnation 

of fluorinated alumina with the appropriate metal salts, the problem 

of crystallisation of metal oxides is prone to occur. A preparation 

process in which this problem can be prevented, has been found to 

co~rise impregnating a refractory oxide carrier comprising alumina 

with a solution containing a tungsten and/or molybdenum compound and 

optionally a nickel and/or cobalt compound, drying and calcining the 

impregnated carrier at a temperature of between 400 and 650 °c, 
subsequently fluorinating the calcined carrier and drying and 

calcining the fluorinated carrier at a temperature of between 350 

and 550 °C, and subsequently further impregnating the fluorinated 

carrier with a solution containing a platinum and/or palladium 

compound, and drying and calcining the thus impregnated carrier at a 

temperature of between 250 and 400 °C, in which process each 

calcination is carried out at a lower temperature than the preceding 

calcination. 

Th~ catalysts according to the present invention can be applied 

in a large range of processes for conversion of hydrocarbon 

feedstocks containing aromatic compounds, more specifically 

hydrocarbon feedstocks containing both aromatic compounds and 

sulphur and/or nitrogen containing compounds. Examples of such 

processes are hydrocracking, ·lub oil hydroisomerization and 

hydrotreating. 

If the catalyst is to be applied in a hydrocracking process, 

the carrier will usually comprise a zeolite and silica and/or 

alumina as a binder. A carrier which is preferably used comprises 

zeolite Y and alumina. A hydrocracking process typically comprises 

contacting a hydrocarbon feedstock boiling between 100 and 500 °c, 
with a catalyst at a temperature of between 300 and 450 °c and a 

pressure of between 50 and 150 bar in the presence of hydrogen. 

In lub oil hydroisomerization, sulphur and/or nitrogen 

containing contaminants are removed from a lub oil feedstock, 



.. 
' .. 

'(; 

s 

10 

lS 

20 

25 

- 35 

- e -

aromatic compounds are hydrogenated and straight chain or slightly 

branched hydrocarbons are isomerized into further branched 

hydrocarbons. For application in such lub oil hydroisomerization 

process, the catalyst according to the present invention will 

preferably comprise a carrier comprising alumina, silica/alumina, 

siliconaluminophosphate or zeolite with silica and/or alumina as 

binder. A zeolite which can typically be used consists of silica and 

alumina and further a small amount of boron. A siliconalumino­

phosphate which can typically be used is SAP0-11 as described by 

Union Carbide or SM-3 as described by Chevron. A lub oil process 

typically comprises contacting a lub oil feedstock at a temperature 

of between 200 and 450 °C and a pressure up to 100 bar with a 

catalyst in the presence of hydrogen. 

The catalyst has been found to give especially good results 

when used for hydrotreating of a gas oil. A gas oil is a hydrocarbon 

fraction comprising at least 70% by weight hydroc~rbons boiling 

between 150 and 450 °c, more specifically between 200 and 450 °c. 

More specifically, it is advantageous to use the present process in 

hydrotreating straight run gas oil and light gas oil. With straight 

run gas oil is meant a gas oil which has not yet been subject~d to 

another conversion process. A typical light gas oil comprises at 

least 80% by weight of hydrocarbons boiling in the range of between 

150 and 450 °C. It has been found that in such process especially 

good hydrogenation activity is observed for catalysts comprising a 

carrier containing amorphous silica-alumina or fluorinated alumina. 

A hydrotreating process according to the present invention is 

typically carried out at a temperature of between 200 and 400 °c, 

preferably between 210 and 350 °C, and a total. pressure of between 20 

and 200 bar, preferably between 25 and 100 bar. Such process is 

typically carried out _in a set-up as ·described in European patent 

applications Nos. 0,553,920 and 0,611,816. 

The hydroconversion process according to the present invention 

is carried out at such process conditions that the product obtained 

has a boiling point range which is such that at least 2% by weight, 

preferably at least 5% by weight, of the product obtained has a 
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boiling point between the 90% by weight boiling point of the 

feedstock and the final boiling point of the feedstock. The 

hydroconversion process is preferably carried out at. such operating 

conditions that the hydrocarbon product obtained comprises less than 

20% by volume of aromatic compounds and less than 0.05% by weight of 

elemental sulphur, based on total weight of product. 

The catalyst according to the present invention will usually 

slowly deactivate during use in a hydroconversion process. If the 

activity of the catalyst becomes too low, the catalyst can be 

regenerated. Methods which can be typically used, have been 

described in the prior art. In some cases, the catalyst will not be 

regenerated. In those cases, the cat.lytically a.ctive metals will 

usually be recovered before dispos;ng of the catalyst. Recovery of 

the metals can be carried out in the usual way. Such recovery 

methods have been described in the art. 

A typical method for recovering the catalytically active metals 

comprises removing the deactivated catalyst from the reactor, 

washing the catalyst to remove the hydrocarbons, burning off the 

coke, and subsequently recovering the platinum and/or palladium, 

molybdenum and/or tungsten and nickel and/or cobalt compounds. 

The present invention will hereinafter be further illustrated 

by some examples. 

EXAMPLES 

Experiment 1 

A silica/alumina extrudate of 1.6 mm was prepared from 

silica/alumina (MS 13-110 ex Grace) which was extruded with the help 

of a Haake Rheocard_90 and subsequently dried for 16 hours at 120 °C 

and calcined for 2 hours at 600 °C. The carrier obtained contained 

13% by weight of alumina and 81% by weight of silica, and had a 

surface area of 344 m2/g and a pore volume of 0.11 ml/g. This 

carrier was impregnated with an aqueous solution containing ammonium 

metatungstate and a small amount of nickel nitrate, the volume of 

the solution being about the same as the pore volume of the catalyst 

carrier (so-called pore volume impregnation). The impregnated 

carrier was subsequently dried and calcined for 2 hours at 500 °C in 
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air. Subsequently the carrier was impregnated by pore volume 

impregnation with an aqueous solution containing H2PdCl4. The 

catalyst obtained compri~ed 0.8% by weight of nickel, 24% by weight 

of tungsten and 4.3% by weight of palladium, all percentages 

indicating the amount of metal based on the weight of carrier. This 

catalyst was calcined for 2 hours at 350 °C under air. 

The reactor was loaded with 20 cm3 of catalyst mixed with 

80 cm3 of silicon carbide particles of 0.2 mm. The reactor was 

brought on a total pressure of 50 bar with the help of hydrogen at a 

gas rate of 500 Nl/kg and a weight hourly space velocity (WHSV) of 

1 kg/l.h. The temperature was raised from ambient temperature to 

230 °c at a rate of 25 °C/h. The introduction of feed into the 

reactor was started at 120 °c. The temperature of 230 °c was 

maintained for 16 hours, after which the temperature was raised 

further to the operating temperature at a rate of 15 °C/h. 

Subsequently the experiment was carried out at a total pressure 

of SO bar, a gas rate of 500 Nl/kg, a WHSV of 1 kg/l.h and a reactor 

temperature which was varied from 330 to 370 °c. Due to the sulphur 

containing compounds present in the feed, the tungsten present on 

the catalyst was ma~nly in the form of tungsten sulphide. 

The feed which was used in the experiment was an atmospheric 

Arabian Light gas oil having the characteristics described in 

Table 1. 
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Table 1 

Initial boiling point 160 oc 

10% by weight 231 oc 

50% by weight 283 oc 

90% by weight 351 oc 

Final boiling point 399 oc 

elemental sulphur Q.94 %wt 

elemental nitrogen 0.0056 %wt 

benzenes 74 mmol/100 g feed 

naphthalenes 35 mrnol/100 g feed 

phenanthrenes 5 mmol/100 g feed 

chrysenes 1 mmol/100 g feed 

tetraphenes 1 mmol/100 g feed 

In Figure·1 the amount of monoaromatics in the product is 

shown. Of the product obtained at an operating temperature of 370 °c, 
more than 5% by weight of the product had a boiling point between 

the temperature at which 90% by weight of the feedstock boiled and 

the final boiling point of the feedstock. 

At an operating temperature of 360 °c, the amount of sulphur in 

the product obtained was 0.0011 %wt. 

Comparative experiment 

A silica/alumina extrudate of 1.6 mm was prepared from 

silica/alumina (MS 13-110 ex Grace) which was extruded with the help 

of a Haake Rheocord 90 a~d subsequently dried for 16 hours at 120 °c 
and calcined for 2 hours at 600 °C. The carrier obtained was 

impregnated by pore volume impregnation with an aqueous solution of 

ammonium metatungstate and a small amount of nickel nitrate 

hexahydrate, followed by drying and calcination for 2 hours at 500 °c 
in air. Subsequently the carrier was impregnated by pore volume 

impregnation with an aqueous solution containing nickel nitrate in 

an ammonia solution. The catalyst obtained comprised 24% by weight 

of tungsten and 5.1% by weight of nickel, both indicati_ng the amount 

"---········ 
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of metal based on the weight of carrier. This catalyst was calcined 

for 2 hours at 550 °c under air. 

The reactor was loaded with 20· cm3 of catalyst mixed with 

80 cm3 of silicon carbide particles of 0.2 mm. The reactor was 

brought on a total pressure of SO bar with the help of hydrogen at a 

gas rate of 500 Nl/kg and a weight hourly space velocity of (WHSV) 

of 1 kg/l.h. The temperature was raised from ambient temperature to 

260 °C at a rate of 25 °C/h. The introduction of feed into the 

reactor, which feed has been described in Table 1, was started at 

120 °c. The temperature of 260 °c was maintained for 16 hours, after 

which the temperature was raised further to the operating 

temperature at a rate of 15 °C/h. 

The results obtained have been shown in Figure 1. Of the 

product obtained with the help of the comparative catalysts at an 

operating temperature of 380 °C, about 4% by weight of the product 

boiled between the temperature at which 90% by weight of the 

feedstock boiled and the final boiling point of the feedstock. 

At an operating temperature of 360 °C, the amount of sulphur in 

the product obtained was 0.0014 %wt. 

Experiment 2 

Alumina Catapal Al 3900 P from Harshaw was kneaded with acetic 

acid (1% by weight) and water. The dough was extruded using a. Haake 

Rheocord 90. The extrudates-having a diameter of 1.6 mm were dried 

for 16 hours at 120 °c and subsequently calcined for 2 hours at 600 ° 

c. 
The extrudates obtained were impregnated by pore volume 

impregnation with an aqueous solution containing ammonium 

metatungstate and a small amount of nickel nitrate hexahydrate. The 

partially prepared catalyst was dried for 2 hours at 200 °c and 

calcined for 2 hours at 500 °c. 

Subsequently, the partially prepared catalyst was fluorinated 

with the help of an aqueous solution of ammonium difluoride followed 

by drying for 2 hours at 200 °c and calcining for 4 hours at 480 °c. 

Finally, the partially prepared catalyst was impregnated by 

pore volume impregnation with an aqueous solution containing 

B n.eplaced 
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H2Pdcl4, followed by drying for 2 hours at 200 °C and calcination for 

2 hours at 3SO 0 c. 

The final catalyst obtained comprised 1.6% by weight of nickel, 

24% by weight of tungsten and 4.3% by weight of palladium, all 

amount of metal on weight of carrier, and 2.9% by weight of 

fluorine. The surface area of the catalyst obtained was· 143 m2/g. 

The reactor was loaded with 20 cm3 of catalyst mixed with 

100 cm3 of silicon carbide particles of 0.2 mm. 

The feedstock which was used has been described in Table 2. 

Table 2 

Initial boiling point 141 oc 

10% by weight 229 oc 

SO% by weight 290 oc 

90% by weight 377 oc 

Final boiling point 431 oc 

elemental sulphur 3.1 %wt 

elemental nitrogen 0.070 %wt 

benzene ·114 mmol/100 g feed 

naphthalene 144 mmol/100 g feed 

phenanthrene SS mmol/100 g feed 

chrysene 4 mmol/100 g feed 

tetraphene 5 mmol/100 g feed 

The process was carried out at a total pressure of 100 bar, a 

gas rate of 1000 Nl/kg, a weight hourly space velocity of (WHSV) of 

1 kg/l.h and a temperature which was gradually increased from 310 to 

430 °c. Due to the sulphur containing compounds present in the feed, 

the tungsten present on the catalyst was mainly in the form of 

tungsten sulphide. 

At an operating temperature of 370 °c, a product was obtained 

having an initial boiling point of 84 °C and a final boiling point of 

431 °c. More than 5% by weight of the product had a boiling point 



• 
)· 

- 14 -

between the 90 %wt boiling point of the feedstock and the final 

boiling point of the feedstock. Further features of the product have 

been described in Table 3. 

Table 3 

monoaromatics 128 mmol/100 g feed 

(of which: benzene 107 mmol/100 g feed) 

naphthalene 4 mmol/100 g feed 

phenanthrene 0.4 mmol/100 g feed 

chrysene 0.1 mmol/100 g feed 

tetraphene 0.4 mmol/100 g feed 
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CLAIMS 

1. Catalyst containing a refractory oxide carrier and as 

catalytically active metals between 2 and 15% by weight of platinum 

and/or palladium, and between 5 and 40% by weight of molybdenum 

and/or tungsten, said weight percentages indicating the amount of 

metal based on the weight of carrier, which molybdenum and/or 

tungsten are mainly present in the form of their sulphides. 

2. Catalyst according to claim 1, which catalyst further comprises 

as catalytically active metal between 0.5 and 5% by weight of cobalt 

and/or nickel, indicating the amou~t of metal based on the weight 

of carrier. 

3. Catalyst according.to claim 1 and/or 2, which catalyst 

comprises between 3 and 10% by weight of platinum and/or palladium, 

and further between 10 and 30% by weight of tungsten and/or 

molybdenum. 

4. Catalyst according to any one of claims 1-3, in which catalyst 

the molar ratio of platinum and/or palladium to tungsten and/or 

molybdenum is between 0.10 and 1.20. 

5. Catalyst according to any one of claims 1-4, in which the 

catalyst comprises palladium and tungsten, and optionally nickel. 

6. Catalyst according to any one of claims 1-5, in which the 

ref~actory oxide carrier comprises alumina, fluorinated alumina, 

amorphous silica-alumina, siliconaluminophosphate, zeolite and/or 

clay. 

7. Catalyst according to any one of claims 1-6, in which the 

refractory oxide carrier comprises amorphous silica-alumina or 

fluorinated alumina. 

8. Catalysts according to any one of claims 1-5, in which the 

catalyst has a surface area of at least 80 m2/g. 

9. Process for preparing a catalyst according to any one of claims 

1-8, which process comprises impregnating the refractory oxide 

carrier with a solution containing a tungsten and/or molybdenum 
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* 
compound and optionally a nickel and/or cobalt compound, 

subsequently further impregnating the carrier with a solution 

containing a platinum and/or palladium compound, and drying and 

calcining the thus impregnated carrier at a temperature of between 

250 and 400 °c. 
10. Process according to claim 9, which process further comprises 

drying and calcining the carrier which has been impregnated with the 

solution containing a tungsten and/or molybdenum compound, and 

optionally a nickel and/or cobalt compound, at a temperature of 

between 400 and 650 °C and subsequently further impregnating the 

carrier obtained with a solution containing a platinum and/or 

palladium compound. 

11. Proce~s according to claim 10, which process comprises 

impregnating a refractory oxide carrier comprising alumina with a 

solution containing a tungsten and/or molybdenum compound and 

optionally a nickel and/or cobalt compound, drying and calcining the 

impregnated carrier at a temperature of between 400 and 650 °c, 
subsequently fluorinating the calcined carrier and drying and 

calcining the fluorinated carrier at a temperature of between 350 

and 550 °c, and subsequently further impregn~~ing the fluorinated 

carrier with a solution containing a platinum and/or palladium 

compound, and drying and calcining the thus impregnated carrier at a 

temperature of between 250 and 400 °C, in which process each 

calcination is carried out at a lower temperature than the preceding 

calcination. 

12. Process for hydroconversion of hydrocarbons comprising 

contacting a hydrocarbon feedstock containing aromat~c compounds at 

elevated temperature and pressure and in the presence of hydrogen 

with a catalyst according to any one of claims 1-8. 

13. Process according to claim 12, in which process the hydrocarbon 

feedstock comprises aromatic compounds and sulphur and/or nitrogen 

containing compounds. 

14. Process according to claim 13, which process is a lub oil 

hydroisomerization process. 

15. Process according to claim 13, which process is a hydrocracking 

/ 11ii 
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process. 

16. Process according to claim 13, which process is a hydrotreating 

process which is carried out at a temperature of between 200 and 

400 °c and a total pressure of between 20 and 

200 bar. 

17. Process according to claim 16, in which process the feedstock 

is a gas oil. 

18. Process according to any one of claims 13 to 17, in which 

process the hydrocarbon feedstock comprises at least 0.5% by weight 

of sulphur containing compounds, indicating the amount of elemental 

sulphur based on total weight of feedstock. 

19. Process according to any one of claims 13 to 18, in which 

process the hydrocarbon product obtained comprises less than 20% by 

volume of aromatic compounds and less than 0.05% by weight of 

elemental sulphur based on total weight of product. 

20. Catalyst obtainable by a process according to any one of claims 

9 to 11. 

Vl3/T6161FF 
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T 6161 

ABSTRACT 

CATALYSTS, PROCESS IN WHICH THEY 

CAN BE USED .AND PROCESS FOR PREPARING THEM 

The present invention relates to catalyst containing a 

refractory oxide carrier and as catalytically active metals between 

2 and. 15% by weight of platinum and/or palladium, between 5 and 40% 

by weight of molybdenum: and/or tungsten and optionally between 0.5 

and 5% by weight of cobalt and/or nickel, which molybdenum and/or 

tungsten are mainly present in the form of their sulphides. Further, 

the invention relates to a process comprising contacting a 

hydrocarbon feedstock containing aromatic compounds with such 

catalyst in the presence of hydrogen, and to a process for preparing 

such catalyst. 

(Figure 1) 
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T 6161 SIN 

CATALYSTS, PROCESS IN WHICH THEY 
CAN BE USED AND PROCESS FOR PREPARING THEM 

The present invention relates to catalysts containing 
a refractory oxide carrier and as catalytically active 
metals one or more metals of Group VI-B and one or more 
metals of Group VIII, to a process comprising contacting 
a hydrocarbon feedstoc,k containing aromatic comp~unds in 
the presence of hydrogen and at elevated temperature and 
pressure with such catalysts, and to a process for 
preparing such catalyst. 

In US patent specification 3,491,019 a catalyst has 
been described for use in selective hydrogenation of 
aromatic hydrocarbons which have more unsaturation than 
present in a single benzene nu·cleus. The catalyst 
comprises a metal of Group VI-B, preferably tungsten, and 
a metal of Group VIII, preferably nickel, deposited on a 
silica-alumina composite comprising from about 35 weight 
percent to about 65 weight percent silica. 

The present invention relates to catalysts which show 
improved hydrogenation activity when used in a process in 
which hydrocarbons containing aromatic compounds are 
contacted with the catalyst in the presence of hydrogen 
and at elevated temperature and pressure, more 
specifically when used in hydrotreating of hydrocarbon 
fractions containing aromatic compounds and compounds 
containing sulphur and/or nitrogen. At the moment, s.uch 
hydrocarbon fractions are usually subjected to a two­
stage process in order to reduce the amount of aromatic 
compounds. In such two-stage process the hydrocarbon 
fraction is subjected to a first stage in which mainly 
the amount of sulphur and/or nitrogen conta~ning 
compounds present in the fraction is brought down, and 
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subsequently to a second stage in which mainly the amount 

of aromatic compounds is reduced. Such two-stage process 

is necessary as conventional hydrogenation catalysts for 

reducing the aromatics content show poor hydrogenation 

activity in the presence of substantial amounts of 

sulphur and/or nitrogen containing compounds. The 

catalysts according to the present invention have a very 

good hydrogenation activity, even in the presence of 

relatively large amounts of sulphur and/or nitrogen 

containing compounds. Further, these catalysts have a 

good desulphurization and/or denitrogenation activ~ty. 

This makes that the amount of both aromatic compounds and 

sulphur and/or nitrogen containing compounds, can be 

reduced in a single stage process. 

The process of the pr~sent invention is especially 

advantageous for hydrotreating gas oil. Gas oils usually 

contain a relatively large amount of both aromatic 

compounds and sulphur and/or nitrogen containing 

compounds. The amount of both kinds of compounds present 

in the gas oil, must usually be reduced in view of 

environmental regulations. The process of the present 

invention can be used for attaining the required 

reduction in a single stage. With the help of the present 

process, the requirements for automotive gas oil can be 

met. It has been found that the catalysts of the present 

invention are especially active in reducing the amount of 

mono-aromatics of the final product. 

The present invention relates to catalysts containing 

a refractory oxide carrier and as catalytically active 

metals between 2 ~nd.15% by weight of platinum and/or 

palladium and between 5 and 40% by weight of molybdenum 

and/or tungsten, said weight percentages indicating the 

amount of metal based on the weight of carrier, which 

~ molybdenum and/or tungsten are mainly present in the form 

of their sulphides . 
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Further, the present invention relates to a process 
for the hydroconversion of hydrocarbons comprising 
contacting a hydrocarbon feedstock containing aromatic 
compounds at elevated temp~rature and pressure and in the 
presence of hydrogen with a catalyst according to the 
present invention. 

In US patent specification 3,709,814 a cogelled 
catalyst has been described for use in a combined 
hydrofining-hydrocracking process. The cogelled catalyst 
comprises a crystalline zeolitic molecular sieve 
containing from 0.1 to 2.0 weight percent of palladium, 
and a gel matrix comprising silica/alumina and nickel or 
cobalt and further molybdenum or tungsten. 

In US patent specification 4,324,645 catalysts have 
been described for upgrading residual oil fractions by 
selectively removing CCR while the hydrogen consumption 
for other functions sucn as desulphurization and 
aromatics saturation, is limited. The catalysts comprise 
a metal function deposited on a porous refractory 
inorganic support, and have more than about 50% of their 
pore volume contribution in pores having diameters in the 
range of about 100 to 200 A. 

The present invention relates to a process in which 
aromatic compounds are hydrogenated, more specifically to 
a process in which aromatic compounds are hydrogenated 
and simultaneously sulphur and/or nitrogen containing 
compounds are removed. This technical field is 
fundamentally different from the technical fields to 
which US patent specifications 3,709,814 and 4,324,645 
relate. 

The molybdenum and/or tungsten present on the 
catalyst of the present invention are mainly present in 
the form of their sulphides. The word "mainly" as used in 
this connec~ion means that at least 70% of the total 
amount of molybdenum and/or tungsten present on the 
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'-----------~~~~~, is present in the form of molybdenum: and/or 
tungsten sulphide. Usually, more than 95% will be present 
in the form of molybdenum and/or tungsten sulphide during 
normal operation. The catalytic activity of metals in the 
form of their sulphides differs fundamentally from the 
catalytic activity of the same metals when present in 

other forms, such as in the form of oxides or in the 
elemental form. 

In catalyst preparation, the catalysts are usually in 
the final step subjected to calcination in air, whereby 
the metals are brought in the form of their oxides. To 
bring molybdenum and/or tungsten in the form of their 
sulphides, the catalyst can be presulphided prior to 
contact with the feedstock. Presulphidation can be 
carried out in many ways, as is known from the prior art. 

A typical method for presulphiding the catalyst of 
the present invention would comprise contacting the 
catalyst with a sulphiding mixture·such as a hydrocarbon 
oil containing a substantial amount of sulphur-containing 
compounds at a temperature which is gradually increased 
from ambient temperature to a temperature of between 150 
and 250 °C. The catalyst is to be maintained at this 
temperature for between 10 and 20 hours. Subsequently, 
the temperature is to be raised gradually to the 
operating temperature. 

In many cases presulphiding is not necessary. This 
can be the case when molybdenum and/or tungsten are 
converted to their sulphides by contacting the catalyst 
at process conditions with a feedstock which contains a 
substantial amount of sulphur containing compounds. 
Typically, presulphiding is not necessary if the 
hydrocarbon feedstock comprises at least 0.5% by weight 
of sulphur containing compounds, said weight percentage 

indicating the amount of elemental sulphur based on total 
weight of feedstock. It will be understood that this is 



REPLACEMENT SHEET 

1OAUG1996 Substitute sheet - 7 August 1996 

- 5 -

L-----_.;..--~a;;:r:v~a~n~ta~geous, as presulphiding would take up time during 

which the reactor cannot be operated. 

The catalyst according to the present invention 

comprises as catalytically active metals between 2 and. 

15% by weight of platinum and/or palladium and between 5 

and 40% by weight of molybdenum and/or tungsten, both 

weight percentages indicating the amount of metals based 

on weight of carrier. It has been found that if the 

catalytically active metals are present in lower amounts 

than indicated, the activity of the catalyst becomes too 

low to be commercially attractive. If, on the other hand, 

the amount of catalytically active metals is higher, the 

further increase in catalytic activity does not warrant 

the costs of the extra amount of metal. This applies 

especially for platinum and/or palladium. Good results 

can be obtained with catalysts comprising between 2.5 and 

12% by weight of platinum and/or palladium and between 8 

and 35% by weight of molybdenum and/or tungsten. 

Preferably, between 3 and 10% by weight of platinum 

and/or palladium and between 10 and 30% by weight of 

tungsten and/or molybdenum is present. 

It has been found that not only the amount of each of 

the catalytically active metals influences the activity 

of the catalyst, but also the molar ratio of platinum 

and/or palladium on the one hand to tungsten and/or 

molybdenum on the other hand. Molar ratios of platinum 

and/or palladium to tungsten and/or molybdenum which have 

been found to give very good hydrogenation activity, are 

between 0.10 and 1.20, preferably between 0.15 and 1.10. 

Especially good results have been obtained with the help 

of a catalyst having a ratio of between 0.20 and 0.50. 

The performance of the catalyst will in many cases be 

further improved by incorporating in the catalyst not 

only platinum and/or palladium and tungsten and/or 

molybdenum, but also cobalt and/or nickel. Without 
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wishing to be bound by any theory, it is thought that the 

presence of nickel and/or cobalt improves the 

distribution of the tungsten and/or molybdenum compound. 

In order to fully benefit from the presence of the nickel 

and/or cobalt compound, it is preferred to deposit the 

nickel and/or cobalt compound on the carrier at the same 

time as the tungsten and/or molybdenum compound. 

Typical amounts of cobalt and/or nickel compounds -if 

present at all- have been found to be between 0.5 and 5% 

by weight, indicating the amount of metal based on the 

weight of carrier. Preferably, the amount of cobalt 

and/or nickel is between l and 4% by weight. 

The catalyst according to the present invention 

comprises platinum and/or palladium and tungsten and/or 

molybdenum, and optionally cobalt and/or nickel. Of the 

combinations of metals which are possible, a catalyst 

containing palladium and tungsten and optionally nickel 

will in most cases give the best results. 

It has been found that the carrier on which the 

catalytically active metals are present, influences the 

activity of the catalyst. Carriers giving good catalytic 

activity comprise alumina, fluorinated alumina, amorphous 

silica-alumina, siliconaluminophosphate, zeolite and/or 

clay. 
Further, the catalysts according to the present 

invention will have a surface area which is such that it 

gives the catalyst a·sufficiently high activity. 

Typically, the surface area of the catalyst will be at 

least 80 m2/g, measured according to the BET nitrogen 

adsorption method. Preferably, the surface area of the 

catalyst is at least 120 m2/g. 

The catalysts of the present invention are typically 

prepared by incorporating the desired amount of metal(s) 

into the carrier by means of impregnation or ion-exchange 

techniques followed by drying and calcining. A preferred 
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method of impregnating the carrier is the so-called pore 

volume impregnation, which comprises treating a carrier 

with a volume of impregnating solution which is 

substantially equal to the pore volume of the carrier. In 

this way, full use is made of the impregnating solution. 

Further, it has been found that the catalysts according 

to the present invention which have been prepared in this 

way show an especially good performance. 

Metal compounds which can be used for preparing the 

catalysts according to the present invention, are well 

known in the art. Typical tungsten compounds comprise 

ammonium metatungstate, sodium tungstate and tungstic 

acid. Typical molybdenum compounds comprise ammonium 

molybdate, ammonium paramolybdate and molybdic acid. The 

nickel and cobalt compow:ids which can be used comprise 

nickel nitrate, nickel chloride, cobalt nitrate and 

cobalt chloride. Typical palladium compounds for use in 

an impregnating solution are H2PdCl4, palladium nitrate, 

palladium.(II)chloride and its amine complex. The use of 

H2PdCl4 is preferred. Typical platinum compounds for use 

in the solution are hexachloroplatinic acid, optionally 

in the presence of hydrochloric acid, platinum amine 

hydroxide and the appropriate platinum amine complexes. 

It has been found that catalysts having especially 

good catalytic activity can be prepared by impregnating 

the refractory oxide carrier with a solution containing a 

tungsten and/or molybdenum compound and optionally a 

nickel and/or cobalt compound, subsequently further 

impregnating the carrier with a solution containing a 

platinum and/or palladitim compound, and drying and 

calcining the thus impregnated carrier at a temperature 

of between 250 and 400 °C. A process which_ has been found 

to give catalysts of improved activity further comprises 

drying and calcining the carrier which has been 

impregnated with the solution containing a tungsten 
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and/or molybdenum compound and optionally a nickel and/or 

cobalt compound at a temperature of between 400 and 

650 °C, and subsequently further impregnating the carrier 

obtained with a solution containing a platinum and/or · 

palladium compound. 
It has been found that a carrier which gives 

especially good results comprises fluorinated alumina. 

However, in the impregnation of fluorinated alumina with 

the appropriate metal salts, the problem of 

crystallisation of metal oxides is prone to occur. A 

preparation process in which this problem can be 

prevented, has been found to comprise impregnating a 

refractory oxide carrier comprising alumina with a 

solution containing a tungsten and/or molybdenum compound 

and optionally a nickel and/or cobalt compound, drying 

and calcining the impregnated carrier at a temperature of 

between 400 and 650 °C, subsequently fluorinating the 

calcined carrier and drying and calcining the fluorinated 

carrier at a temperature of between 350 and 550 °C, and 

subsequently further impregnating the fluorinated carrier 

with a solution containing a platinum and/or palladium 

compound, and drying and calcining the thus impregnated 

carrier at a temperature of between 250 and 400 °C, in 

which process each calcination is carried out at a lower 

temperature than the preceding calcination. 
The catalysts according to the present invention can 

be applied in a large range of processes for conversion 

of hydrocarbon feedstocks containing aromatic compounds, 

more specifically hydrocarbon feedstocks containing both 

aromatic compounds and sulphur and/or nitrogen containing 

compounds. Examples of such processes are hydrocracking, 

lub oil hydroisomerization and hydrotreating. 

If the catalyst is to be applied in a hydrocracking 

process, the carrier will usually comprise a zeolite and 

silica and/or alumina as a binder~ A carrier which is 
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preferably used comprises zeolite Y and alumina. A 
hydrocracking process typically comprises contacting a 
hydrocarbon feedstock boiling between 100 and 500 °C, 
with a catalyst at a temperature of between 300 and 
450 °C and a pressure of between 50 and 150 bar in the 
presence of hydrogen. 

In lub oil hydroisomerization, sulphur and/or 
nitrogen containing contaminants are removed from a lub 
oil feedstock, aromatic compounds are hydrogenated and 
straight chain or slightly branched hydrocarbons are 
isomerized into further branched hydrocarbons. For 
application in such lub oil hydroisomerization process, 
the catalyst according to the present invention will 
preferably comprise a carrier comprising alumina, 
silica/alumina, siliconaluminophosphate or zeolite with 
silica and/or alumina as binder. A zeolite which can 
typically be used consists of silica and alumina and 
further a small amount of boron. A siliconalumino­
phosphate which can typically be used is SAPO..;ll as 
described by Union Carbide or SM-3 as described by 
Chevron. A lub oil process typically comprises contacting 
a lub oil feedstock at a temperature of between 200 and 
450 °C and a pressure up to 100 bar with a catalyst in 
the presence of hydrogen. 

The catalyst has been found to give especially·good 
results when used for hydrotreating of a gas oil. A gas 
oil is a hydrocarbon fraction comprising at least 70% by 
weight hydrocarbons boiling between 150 and 450 °C, more 
specifically between 200 and 450 °C. More specifically, 
it is advantageous to use the present process in 
hydrotreating straight run gas oil and light gas oil. 
With straight run gas oil is meant a gas oil which has 
not yet been subjected to another conversion process. A 
typical light gas oil comprises at least.80% by weight of 
hydrocarbons boiling in the range of between 150 and 
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.___,_4~-,;.,--"""M--+~~een found that in such process especially 

good hydrogenation activity is observed for catalysts 

comprising a carrier containinq amorphous silica-alumina 

or fluorinated alumina. 
A hydrotreating process according to the present 

invention is typically carried out at a temperature of 

between 200 and 400 °C, preferably between 210 and 350 °C, 
and a total pressure of between 20 and 200 bar, 
preferably between 25 and 100 bar. Such process is 
typically carried out in a set-up as described in 
European patent applications Nos. 0,553,920 and 
0,611,816. 

The hydroconversion process according to the present 

invention is carried out at such process conditions that 

the product obtained has ~ boiling point range which is 
such that at least 2% by weight, preferably at least 5% 

by weight, of the product obtained has a boiling point 
between the 90% by weight boiling point of the feedstock 

and the final boiling point of the feedstock. The 
hydroconversion process is preferably carried out at such 

operating·conditions that the hydrocarbon product 

obtained comprises less than 20% by volume of aromatic 

compounds and less than 0.05% by weight of elemental 
sulphur, based on total weight of product. 

The catalyst according to the present invention will 
usually slowly deactivate during use in a hydroconversion 
process. If the activity of the catalyst becomes too low, 

the catalyst can be regenerated. Methods which can be 

typically used, have been described in the prior art. In 
some cases, the catalyst will not be regenerated. In 

those cases, the catalytically active metals will usually 
be recovered before disposing of the catalyst. Recovery 

of the metals can be carried out in the usual way. Such 
recovery methods have been described in the art. 

A typical method for recovering the catalytically 
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active metals comprises removing the deactivated catalyst 

from the reactor, washing the catalyst to remove the 

hydrocarbons, burning off the coke, and subsequently 

recovering the platinum and/or palladium, molybdenum 

and/or tungsten and nickel and/or cobalt compounds. 

The present invention will hereinafter be further 

illustrated by some examples. 

EXAMPLES 
Experiment 1 

A silica/alumina extrudate of 1.6 .. mm was prepared 

from silica/alumina (MS 13-110 ex Grace) which was 

extruded with the help of a Haake Rheocard 90 and 

subsequently dried.for 16 hours at 120 °C and calcined 

for 2 hours at 600 °C. The carrier obtained contained 13% 

by weight of alumina and 87% by weight of silica, and had 

a surface area of 344 m2/g and a pore volume of 0.77 

ml/g. This carrier was impregnated with an aqueous 

solution containing ammonium metatungstate and a small 

amount of nickel nitrate, the volume of the solution 

being about the same as the pore volume of the catalyst 

carrier (so-called pore volume impregnation). The 

impregnated carrier was subsequently dried and calcined 

for 2 hours at ··soo °C in air. Subsequently the carrier 

was impregnate~ by pore volume impregnation with an 

aqueous solution containing H2PdCl4. The catalyst 

obtained comprised 0.8% by weight of nickel, 24% by 

weight of tungsten and 4.3% by weight of palladium, all 

percentages indicating the amount of metal based on the 

weight of carrier. This catalyst was calcined for 2 hours 

at 350 °C under air. 
The reactor was loaded with 20 cm3 of catalyst mixed. 

with 80 cm3 of silicon carbide particles of 0.2 mm. The 

reactor was brought on a total pressu~e of 50 bar with 

the help of hydrogen at a gas rate of 500 Nl/kg and a 

.. weight hourly space velocity (WHSV) of 1 kg/l.h._ The 
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temperature was raised from ambient temperature to.230 °C 
at a rate of 25 °C/h. The introduction of feed into the 
reactor was started at 120 °C. The temperature of 230 °C 
was maintained for 16 hours, after which the temperature 
was raised further to the operating temperature at a rate 
of 15 °C/h. 

Subsequently the experiment was carried out at a 
total pressure of 50 bar, a gas rate of 500 Nl/kg, a WHSV 
of 1 kg/l.h and a reactor temperature which was varied 
from 330 to 370 °C. Due to the sulphur containing 
compounds present in the feed, the tungsten present on 
the catalyst was mainly in the form of tungsten sulphide. 

The feed which was used in the experiment was an 
atmospheric Arabian Light gas oil having the 
characteristics described in Table 1. 

Table 1 

Initial boiling point 160 oc 
10% by weight 231 oc 
50% by weight 283 oc 
90% by weight 351 oc 
Final boiling point 399 oc 
elemental sulphur· 0.94 %wt 
elemental nitrogen 0.0056 %wt 

benzenes 74 mmol/100 g feed 
naphthalenes 35 mmol/100 g feed 
phenanthrenes 5 mmol/10·0 g feed 
chrysenes l mmol/100 g feed 
tetraphenes 1 mmol/100 q feed 

In Figure 1 the amount of monoaromatics in the 
product is shown. Of ·the product obtained at an operating 
temperature of 370 °C, more than 5% by weight of the 
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product had a boiling point between the temperature at 
which 90% by weight of the feedstock boiled and the final 
boiling point of the feedstock. 

At an operating temperature of 360 °C, the amount of 
sulphur in the product obtained was 0.0011 %wt. 
Comparative experiment 

A silica/alumina extrudate of 1.6 mm was prepared 
from silica/alumina {MS 13-110 ex Grace) which was 
extruded with the help of a Haake Rheocord 90 and 
subsequently dried for 16 hours at 120 °C and calcined 
for 2 hours at 600· 0 c. The carrier obtained was 
impregnated by pore volume impregnation with an aqueous 
solution of ammonium metatungstate and a small amount of 
nickel nitrate hexahydrate, followed by drying and 
calcination for 2 hours at 500 °C in air. Subsequently 
the carrier was impregnated by pore volume impregnation 
with an aqueous solution containing nickel nitrate in an 
ammonia solution. The catalyst obtained comprised 24% by 
weight of tungsten and 5.1% by weight of nickel, both 
indicating the amount of metal based on the weight of 
carrier. This catalyst was calcined for 2 hours at 550 °C 
under air. 

The reactor was loaded with 20 cm3 of catalyst mixed 
with 80 cm3 of silicon carbide particles of 0.2 mm. The 
reactor was brought on a total pressure of 50 bar with 
the help of hydrogen at a gas rate of 500 Nl/kg and a 
weight hourly space velocity of (WHSV} of 1 kg/l.h. The 
temperature was raised from ambient temperature to 260 °C 
at a rate of 25 °C/h. The introduction of feed into the 
reactor, which feed has been described in Table l, was 
started at 120 °C. The temperature of 260 °C was 
maintained for 16 hours, after which the temperature was 
raised further to the operating temperature at a rate of 
15 °C/h. 

The results obtained have been shown in Figure 1. Of 
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the product obtained with the help of the comparative 

catalysts at an operating temperature of 380 °C, about 4% 

by weight of the product boiled between the temperature 

at which 90% by weight of the feedstock boiled and the 

final boiling point of the feedstock. 

At an operating temperature of 360 °C, the amount of 

sulphur in the product obtained was 0.0014 %wt. 

Experiment 2 
Alumina Catapal Al 3900 P from Harshaw was kneaded 

with acetic acid (1% by weight) and water. The dough was 

extruded using a Haake Rheocord.90. The. extrudates having 

a diameter of 1.6 mm were dried for 16 hours at 120 °C 

and subsequently calcined for 2 hours at 600 .°C. 

The extrudates obtained were impregnated by pore 

volume impregnation with an aqueous solution containing 

ammonium metatungstate and a small amount of nickel 

nitrate hexahydrate. The partially prepared catalyst was 

dried for 2 hours at 200 °C and calcined for 2 hours at 

500 °C. 
Subsequently, the partially prepared catalyst was 

fluorinated with the help of an aqueous solution of 

ammonium difluoride .followed by drying for 2 hours at· 

200 °C and calcining for 4 hours at 480 °C.· 

Finally, the partially prepared catalyst was 

impregnated by pore volume impregnation with an aqueous 

solution containing H2PdCl4, followed by drying for 

2 hours at 200 °C and calcination for 2 hours at 350 °C. 

The final catalyst obtained comprised 1.6% by weight 

.of nickel, 24% by weight of tungsten and 4.3% by weight 

of palladium, all amount of metal on weight of carrier, 

and 2.9% by weight of fluorine. The surface area of the 

catalyst obtained was 143 m2/g. 

The reactor was loaded with 20 cm3 of catalyst mixed 

with 100 cm3 of silicon carbide particles of 0.2 mni.. 
The feedstock which was used has been described in 



Table 2. 

Initial boiling point 
10% by weight 

50% by weight 

90% by weight 

Final boiling point 
elemental sulphur 

elemental nitrogen 

benzene 

naphthalene 

phenanthrene 

chrysene 

tetraphene 
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Table 2 

141 oc 
229 oc 
290 oc 
377 oc 
431 oc 
3.1 %wt 

0.070 %wt 

114 nunol/100 g feed 

144 nunol/100 g feed 

55 nunol/100 q feed 

4 nunol/100 g feed 

5 nunol/100 q feed 

The process was carried out at a total pressure of 
100 bar, a gas rate of 1000 Nl/kg, a weight hourly space 
velocity of (WHSV) of 1 kq/l.h and a temperature which 
was gr-adually increased from 310 to 430 °C. Due to the 
sulphur containing compounds p_resent in the feed, the 
tungsten present on the catalyst was mainly in the form 
of tungsten sulphide. 

At an operating t~mperature of 370 °c,· a product was 
. obtained having an initial boiling point of 84 °C and a 
final boiling point of 431 °C. More than 5% by weight of 
the product had a boi~ing point between the 90 %wt 
boiling point of the f eedst~ck and the final boiling 
point of the feedstock. Further features of the· product 
have been described in Table 3. 
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monoaromatics 

(of which: 

benzene 

naphthalene 

phenanthrene 

chrysene 

tetraphene 
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Table 3 

128 mmol/100 g feed 

107 mmol/100 g feed) 

4 mmol/100 g feed 

0.4 mmol/100 g feed 

0.1 mmol/100 g feed 

0.4 mmol/100 g feed 

~------~~-~---
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THIS SHEET HAS BEEN 
REPLACED 

1. Catalyst containing a refractory oxide carrier and as 

catalytically active metals between 2 and 15% by weight 

of platinum and/or palladium, and between 5 and 40% by 
weight of molybdenum and/or tungsten, said weight 
percentages indicating the amount of metal based on the 
weight of carrier, which molybdenum and/or tungsten are 
mainly present in the form of their sulphides. 
2. Catalyst according to claim 1, which catalyst further 
comprises as catalytically active metal between 0.5 and 

5% by weight of cobalt and/or nickel, indicating the 
amount of metal based on the weight of carrier. 
3. Catalyst according to claim 1 and/or 2, which 
catalyst comprises between 3 and 10% by weight of 
platinum and/or palladium, and further between 10 and 30% 

by weight of tungsten and/or molybdenum. 
4. Catalyst according, _to any one of claims 1-3, in which 
catalyst the molar ratio of platinum· and/or palladium to 

tungsten and/or molybdenum is between 0.10 and 1.20. 

5. Catalyst according to any one of claims 1-4, in which 

the catalyst comprises palladium and tungsten,·and 
optionally nickel. 
6. Catalyst according to any one of claims 1-5, in which 
the refractory oxide carrier comprises alumina, 
fluorinated alumina, amorphous silica-alumina, 
siliconaluminophosphate, zeolite and/or clay. 
7. Catalyst according to any one of claims 1-6, in which 

the refractory oxide carrier comprises amorphous silica­

alumina or fluorinated alumina. 
8. Catalysts according to any one of claims 1-5, in 
which the catalyst has a surface area of at least 
80 m2/g. 

REPL~CEMENI_ SHEET 

10AUG1996 



THIS SHEET l-\ .\~ 1 · 
RBPLACtJ.J 

\ \\\\\ ~\\ \\\ '\\' \\\ · .. 

.,. 

Substitute sheet - 7 August 1 996 

- 18 -
9. Process for preparing a catalyst according to any one 

of claims 1-8, which process comprises impregnating the 

refractory oxide carrier with a solution containing a 

tungsten and/or molybdenum compound and optionally a 

nickel and/or cobalt compound, subsequently further 

impregnating the carrier with a solution containing a 

platinum and/or palladium compound, and drying and 

calcining the thus impregnated carrier at a temperature 

of between 250 and 400 °c. 
10. Process according to claim 9, which process furt~er 

comprises drying and calcining the carrier which has been 

impregnated with the solution containing a tungsten 

and/or molybd.enum compound, and optionally a nickel 

and/or cobalt compound, at a temperature of between 400 

and 650 °C and subsequently further impregnating the 

carrier obtained with a solution containing a platinum. 

and/or palladium compound. 
11. Process according to claim 10, which process 

comprises impregnating a refractory oxide carrier 

comprising alumina with a solution containing a tungsten 

and/or molybdenum compound and optionally a nickel and/or 

cobalt compound, drying and calcining the impregnated 

carrier at a temperature of between 400 and 650 °C, 

subsequently fluorinating the calcined carrier and drying 

and calcining the fluorinated carrier at a temperature of 

between 350 and 550 °C, and subsequently further 

impregnating the fluorinated carrier with a solution 

containing a platinum. and/or palladium compound, and 

drying and calcining the thus impregnated carrier at a 

temperature of between 250 and 400 °C, in which process 

each calcination is carried out at a lower temperature 

than the preceding calcination. 

12. Process for hydroconversion of hydrocarbons 

comprising contacting a hydrocarbon feedstock containing 

aromatic compounds at elevated temperature and pre·ssure 
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and in the presence of hydrogen with a catalyst according 
to any one of claims 1-8. 
13. Process according to claim 12, in which process the 
hydrocarbon feedstock comprises aromatic compounds and 
sulphur and/or nitrogen containing compounds •. 
14. Process according to claim 13, which process is a lub 
oil hydroisomerization process. 
15. Process according to claim 13, which process is a 
hydrocracking process. 
16. Process according to claim 13, which process is a 
hydrotreating process which is carried out at a 
temperature of between 200 and 400 _°C and a total 
pressure of between 20 and 200 bar. 
17. Process according to claim 16, in which process the 
feedstock is a gas oil. 
18. Process according to any one of claims 13 to 17, in 
which process the hydrocarbon feedstock comprises at 
least 0.5% by weight of sulphur containing compounds, 
indicating the amount of elemental sulphur based on total 
weight of feedstock. 
19. Process according to any one of claims 13 to 18, in 
which process the hydrocarbon product obtained comprises 
less than 20% by volume of aromatic compounds and less 
than 0.05% by weight of elemental sulphur based on total 
weight of product. 
20. Catalyst obtainable by a process according to any one 
of claims 9 to 11. 
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.AB S T RAC T 

CATALYSTS, PROCESS IN WHICH THEY 

CAN BE USED AND PROCESS FOR PREPARING THEM 

The present invention relates to catalyst containing 

a refractory oxide carrier and as catalytically active 

metals between 2 and 15% by weight of platinum. and/or 

palladium., between 5 and 40% by weight of molybdenum. 

and/or tungsten and optionally between 0.5 and 5% by 

weight of cobalt and/or nickel, which molybdenum and/or 

tungsten are mainly present in the form of their 

sulphides. Further, the invention relates to a process 

comprising contacting a hydrocarbon feedstock containing 

aromatic compounds with such catalyst in the presence of 

hydrogen, and to a process for preparing such catalyst. 

(Figure 1) 
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1. Catalyst containing a refractory oxide carrier which comprises fluorinated 

alumina, amorphous silica-alumina, siliconaluminophosphate, zeolite and/or clay 

and as catalytically active metals between 2 and 15% by weight of palladium, 

and between 5 and 40% by weight of tungsten, said weight percentages 

indicating the amount of metal based on the weight of carrier, in which at least 

70% of the total tungsten present is in the form of tungsten sulphide. 

2. Catalyst according to claim 1, which catalyst further comprises as 

catalytically active metal between 0.5 and 5% by weight of cobalt and/or nickel, 

indicating the amount of metal based on the weight of carrier. 

3. Catalyst according to claim 1 and/or 2, which catalyst comprises between 3 

and 10% by weight of palladium, and further between 10 and 30% by weight of 

tungsten. 

4. Catalyst according to any one of claims 1 to 3, in which catalyst the molar 

ratio of palladium to tungsten is between 0.1 O and 1.20. 

5. Catalyst according to any one of claims 1 to 4, in which the catalyst 

comprises palladium, tungsten and nickel. 

6. Catalyst according to claim 1, in which the refractory oxide carrier comprises 

amorphous silica-alumina or fluorinated alumina. 

7. Catalyst according to any one of claims 1 to 6, in which the catalyst has a 
.. 

surface area of at least 80m2/g. 

8. Process for preparing a catalyst, which process comprises impregnating a 

refractory oxide carrier with a solution containing a tungsten compound and 

optionally a nickel and/or cobalt compound, subsequently further impregnating 
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the carrier with a solution containing a palladium compound, and drying and 

calcining the thus impregnated carrier at a temperature of between 250 and 

400°C, to provide a catalyst precursor which is further treated by conversion of 

the refractory oxide ca.rrier and by presulphidation as necessary, to give a 

catalyst as claimed in any one of claims 1 to 7. 

9. Process according to claim 8, which process further comprises drying and 

calcining the carrier which has been impregnated with the solution containing a 

tungsten compound, and optionally a nickel and/or cobalt compound, at a 

temperature of between 400 and 650°C. 

10. Process according to claim 9, which process comprises impregnating a 

refractory oxide carrier comprising alumina with a solution containing a tungsten 

compound and optionally a nickel and/or cobalt compound, drying and calcining 

the impregnated carrier at a temperature of between 400 and 650°C, 

subsequently fluorinating the calcined carrier and drying and calcining the 

fluorinated carrier at a temperature of between 350 and 550°C, and subsequently 

further impregnating the fluorinated carrier with a solution containing a palladium 

compound, and drying and calcining the thus impregnated carrier at a 

temperature of between 250 and 400°C, in which process each calcination is 

carried out at a lower temperature than the preceding calcination. 

11. Process for hydroconversion of hydrocarbons comprising contacting a 

hydrocarbon feedstock containing aromatic compounds at elevated temperature 

and pressure and in the presence of hydrogen with a catalyst according to any 

one of claims 1 to 7. 
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12. Process according to claim 11, in which process the hydrocarbon feedstock 

comprises aromatic compounds and sulphur and/or nitrogen containing 

compounds. 

13. Process according to claim 12, which process is a lub oil hydroisomerization 

process. 

14. Process according to claim 12, which process is a hydrocracking 

process.15. Process according to claim 12, which process is a hydrotreating 

process which is carried out at a temperature of between 200 and 400°C and a 

total pressure of between 20 and 200 bar. 

16. Process according to claim 15, in which process the feedstock is a gas oil. 

17. Process according to any one of claims 12 to 16, in which process the 

hydrocarbon feedstock comprises at least 0.5% by weight of sulphur containing 

compounds, indicating the amount of elemental sulphur based on total weight of 

feedstock. 

18. Process according to any one of claims 12 to 17, in which process_ the 

hydrocarbon product obtained comprises less than 20% by volume of aromatic 

compounds and less than 0.05% by weight of elemental sulphur based on total 

weight of product. 

19. Catalyst obtainable by a process according to any one of claims 8 to 10. 
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1. Catalyst containing a refractory oxide carrier which comprises fluorinated 

alumina, amorphous silica-alumina, siliconaluminophosphate, zeolite and/or clay 

and as catalytically active metals between 2 and 15% by weight of palladium, 

and between 5 and 40% by weight· of tungsten, said weight percentages 

indicating the amount of metal based on the weight of carrier, in which at least 

70% of the total tungsten present is in the form of tungsten sulphide. 

2. Catalyst acoording to claim 1, which catalyst further comprises as 

catalytically active metal between 0.5 and 5% by weight of cobalt and/or nickel, 

indicating the amount of metal based on the weight of carrier. 

3. Catalyst according to claim 1 and/or 2, which catalyst comprises between 3 

and 10% by weight of palladium, and further between 10 and 30% by weight of 

tungsten. 

4. Catalyst according to any one of claims 1 to 3, in which catalyst the molar 

ratio of palladium to tungsten is between 0.10 and 1.20. 

5. Catalyst according to any one of claims 1 to 4, in which the catalyst 

comprises palladium, tungsten and nickel. 

6. Catalyst according to claim 1, in which the refractory oxide carrier comprises 

amorphous silica-alumina or fluorinated alumina. 

7. Catalyst according to any one of claims 1 to 6, in which the catalyst has a 

surface area of at least 80m2/g. 

8. Process for preparing a catalyst, which process comprises impregnating a 

refractory oxide carrier with a solution containing a tungsten compound and 

optionally a nickel and/or cobalt compound, subsequently further impregnating 
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calcining the thus impregnated carrier _at a temperature of between 250 and 

400°C, to provide a catalyst precursor which is further treated by conversion of 

the refractory oxide carrier and by presulphidation as necessary, to give a 

catalyst as claimed in any one of claims 1 to 7. 

9. Process according to claim 8, which process further comprises drying and 

calcining the carrier which has been impregnated with the solution containing a 

tungsten compound, and optionally a nickel and/or cobalt compound, at a 

temperature of between 400 and 650°C. 

10. Process according to claim 9, which process comprises impregnating a 

refractory oxide carrier comprising alumina with a solution containing a tungsten 

compound and optionally a nickel and/or cobalt compound, drying and calcining 

the impregnated carrier at a temperature of between 400 and 650°C, 

subsequently fluorinating the calcined carrier and drying and calcining the 

fluorinated carrier at a temperature of between 350 and 550°C, and subsequently 

i . further impregnating the fluorinated carrier with a solution containing a palladium 
\....! 

compound, and drying and calcining the thus impregnated carrier at a 

temperature of between 250 and 400°C, in which process each calcination is 

carried out at a lower temperature than the preceding calcination. 

11. Process for hydroconversion of hydrocarbons comprising contacting a 

hydrocarbon feedstock containing aromatic compounds at elevated temperature 

and pressure and in the presence of hydrogen with a catalyst· according to any 

one of claims 1 to 7. 
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" 12. Process according t6 claim 11, in which process the hydrocarbon feedstock 

~· 

comprises · aromatic compounds and sulphur and/or nitrogen containing 

compounds. 

13. Process according to claim 12, which process is a lub oil hydroisomerization 

process. 

14. Process according to claim 12, which process is a hydrocracking 

process.15. Process according to claim 12, which process is a hydrotreating 

process which is carried out at a temperature of between 200 and 400°C and a 

total pressure of between 20 and 200 bar. 

16. Process according to claim 15, in which process the feedstock is a gas oil. 

17. Process according to any one of claims 12 to 16, in which process the 

hydrocarbon feedstock comprises at least 0.5% by weight of sulphur containing 

compounds, indicating the amount of elemental sulphur based on total weight of 

feedstock. 

18. Process according to any one of claims 12 to 17, in which process the 

hydrocarbon product obtained comprises less than 20% by volume of aromatic 

compounds and less than 0.05% by weight of elemental sulphur based on total 

weight of product. 

19. Catalyst obtainable by a process according to any one of claims 8 to 10. 
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