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· OFF-SITE PRETREATMENT OF A HYDROCARBON TREATMENT CATALYST 

The present invention concerns a pretreatment or 

activation process for a hydrocarbon hydroconversion 

catalyst initially including off-site presulphuration of 

the catalyst. However, instead of being directly 

activated in hydrogen in the hydrocarbon conversion 

reactor, ~he catalyst is activated ex situ (off-site) in 

the.- presence of hydrogen, and then still ex situ (off­

si te) , air is .re-admitted before transport then loading 

into the hydrocarbon conversion reactor. 

thus consists of pretreating a 

pa ta f-site process comprising: 

a sulphuration agent into the 

of the catalyst at between 150°C 

and 100°c, 

re-admission of air into the catalyst. 

The catalysts of the invention can, for exa~ple, be 

constituted by an alumina or doped alumina support (doped 

with fluorine, chlorine, boron or silicon) or a different 

support based on at least one metal or metalloid oxide 

(magnesia, silica, silica-alumina, silica-magnesia, clay, 

charcoa-i, or mi="~tures thereof) these supports possibly 

being at least partially amo_rphous or crystallin:: 

(zeolite) and the catalyst further·containing 0.2% to 40 

of at least one active metal from groups VI, VIII o 
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others selected,. for example, from the group constituted 

by cobalt, molybdenum, nickel and tungsten. In general, 

a metal couple is used, for example cobalt-molybdenum, 

nickel-molybdenum, or nickel-tungsten. A precious metal 

from group· VIII of the platinum family: Pt, Pd, can also 

be used. 

In the prior art, before use the new or regenerated 

catalyst undergoes sulphuration (presulphuration) carried 

out in the hydrotreatment reactor. This sulphuration 

means that, for example, about 50% to 110% of the 

stoichiometric quantities of sulphur calculated from the 

quantities of sulphides with formulae {depending on the 

metals present) co9s 8 , Mos 2 , ws 2 and Ni 3s 2 can be 

included in the catalyst. The active phases of these 

catalysts are mixed sulphides while new 

catalysts contain oxides. 

i 
or regenerated 

In the prior art, sulphuration (presulphuration) is 

carried out at a temperature close to or higher than 

(i.e., above 1ao
0 c, in particular above 250°C) the 

reaction temperature selected for the hydro-

desulphuration, hydrocracking or hydrogenation reaction, . 
for several hours using a sulphur-containing compound 

mixture which is generally diluted with hydrogen. 

More and more often, catalysts are being regenerated 

by a catalyst regeneration specialist, sometimes far from 
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the industrial upit. It would appear to be reasonable to 

return a product to the refiner which was ready for use, 

as .is efficiently accomplished in our European patents 

EP-B-0 l30 850 and EP-B- O 181 254 in which a sulphur­

containing compound is .incorporated into the catalytic 

mass, the compound causing sulphuration or 

presulphuration of the catalyst when the catalyst is 

subsequently brought into contact with hydrogen in the 

reaction zone (feed treatment zone) or immediately 

proximate to the reaction zone, This sulphur­

containing compound can, of course, be incorporated near 

to the industrial unit or even at the catalyst treatment 

site; the incorporation process for the sulphur­

containing compound can also be carried out off-site on a 

new or regenerated catalyst, before use in the industrial 

unit. 

The refiner or any other user then activates the 

catalyst in the. hydrocarbon conversion reactor in the 

presence of hydrogen at a temperature, for example, of 

250°C to 350°C (for a desulphuration catalyst, for 

example, in order to react the sulphur with the metals 

contained and thus immediately start the hydrocarbon 

refining or conversion re~ction by injection of the feed 

to be treated) . 
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THIS SHEET HAS BEEN 
REPLACED 

The present, process improves the activation of the 

catalyst and is characterised by an off-site treatment of 

the catalyst in the presence of hydrogen followed by re-

admission of air to effect oxidizing passivation of the 

catalyst. After this stage, the catalyst is sent to the 

refiner. This sulphuration treatment can be carried:out 

on a new or regenerated catalyst. 

The invention thus concerns a process consisting of: 

a. off-site incorporation into the catalytic mass, for 

example into the pores, of at least one sulphuration 

agent, this agent being a sulphur-containing 

compound selected from the group constituted by 

elemental sulphur, organic polysulphides (described 

·in European patents EP-B-0 130 850 and EP-B-0 181 

254), hydrogen sulphide (H 2s), mercaptans, carbon 

disulphide CS 2 , sulphides, di sulphides, thiophenyl 

compounds or any other molecule containing sulphur 

which can decompose in hydrogen to produce mainly 

hydrogen sulphide (preferably,. sulphur, organic 

polysulphides, dimethyl sulphide (DMS) and 

dimethyldisulphide ( DMDS) ·are used. At least one 

solvent can. be used, for example a white spirit or a 

petrol which can be dearomatised or not (as 

described in EP-B-0 130 850) and EP-B-0 181 254), 

and/or at least one other suitable solvent, in 
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particular at least one constituent containing 

olefinic carbon bonds, for example a constituent as 

described in EP-A-0 564 317: by way of example, a 

mixture comprising o .1% to 99. 9% by weight of a 

white spirit or an equivalent solvent and 99.9% to 

O .1% of an olefinic compound or constitu.ent, 

preferably 2% to 98% of a white spirit or equivalent 

solvent and 2% to 98% of at least said olefinic 

compound. In general, the constituent which is used 

alone or as a mixture can be any hydrocarbon or 

hydrocarbon cut which contains double bonds. These 

may be olef ins (monolefins, diolef ins or 

polyolefins) or petroleum cuts which contain 

olefins, such as cuts from certain oil refining 
i 
processes, in particular visbreaking, ca~bonization 

or steam cracking. This constituent is preferably a 

triglyceride of unsaturated fatty acids such as 

vegetable oils. 

When the compound or constituent is a 

constituent of vegetable oils, it is preferably a 

fatty acid triglyceride. Examples of these oils are 

those derived from unsaturated fatty acids such as· 

ethylenic acids, for example myristoleic aci_d, 

palmitoleic acid, oleic acid, elaidic acid (a 

geometric isomer of oleic acid), gadoleic acid, 
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erucic ac~d, polyethylenic acids (polyethylenic 

acids of oils, for example linoleic acid and 

linolenic acid), these oils can also contain 

saturated fatty acids such as butyric acid, caproic 

acid, caprylic acid, capric acid, lauric acid, 

myristic acid, palmi tic acid, stearic acid . or 

arachidic acid. Thus the constituent used in 

formulating the mixture (mixture-solvent) can be 

based on an ester of a fatty acid, the acid 

containing 6 to 24 . carbon atoms and one, two or 

three olefinic bonds or being based on rapeseed, 

peanut, soya, corn, sunflower seed, safflower, palm 

or linseed oil, or animal fats from tallow or lard. 

As indicated above, pref erred oils are rapeseed, 

peanut, soya, corn, sunflower, safflower, palm and 

linseed oil. 

Introduction of the sulphuration agent is 

effected in temperature ranges of between 0°C and 

200°c (preferably J0°C - 200°C), for example. 

~he sulphuration agent is thus introduced into· 

the catalytic mass, depending on the selected 

temperatures as indicated above, either by melting 

and/or sublimation, or by dissolving, or in the form 

of a suspension, or by passage of the gaseous 

sulphuration agent, or partially using one of these 



techniques and partially using another of the 

techniques indicated· above. It can be introduced in 

the absence of a solvent or other additive. 

b. By optional ex situ (off-site) heat treatment of the 

catalyst in the absence of hydrogen at a temperature 

of more than l00°C, generally and preferably more 

than 120°c. This treatment is recommended in 

certain cases, in particular when the catalyst has 

been brought into contact with the. sulphuration 

agent and a liquid which optionally contains a white 

spirit solvent or a +elated solvent and an olefinic 

sol vent; the mixture obtained is then heat treated 

to eliminate the solvent, and start the combination 

reaction between sulphur and the double bonds of the 
j 

olef inic compound. Heat treatment is carried out at 

a temperature of ·more :than '100°c, preferably more 

than 120°c. If the sulphuration agent-is elemental 

sulphur, this then partially or completely combines 

as a polysulphide. This reaction is analogous to 

that known in a completely different technical 

field, that of the tyre ·industry where the process 

is known as vulcanisation. This process is used to 

improve the mechanical properties of natural rubber, 

and · is effected by adding elemental sulphur to 

natural rubber followed by heat treatment. The 
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sulphur reacts with the double bonds in the rubber,· 

which is a polyisoprene, to form mono- · or 

polysulphide bridges between the carbon chains. 

Off-site (ex situ) treatment of the catalyst is 

carried out in ~ure or diluted hydrogen (dilution of 

between 1~ and 50%, preferably between 2% and 20% of 

hydrogen), between 150°C and 700°C, pref er ably 

between 250°C and 600°C. Atmospheric pressure is 

generally employed, for several hours (for example 1 

to 10 hour:s). There is a great flexibility in the 

operating conditions. for this step: selecting the 

temperature, gas, dilution, nature of the catalytic 

bed (fixed, rotating, mobile, expanded, turbulent, 

fluid bed) means that maximum homogeneity can be 
i 

obtained in the distribution of the sulphuration 

agent in the catalytic bed at a temperature 'which is 

rigorously constant for all the grains in the bed. 

s~ep (c) can be carried out after steps (a) and (b). 

It can also be carried out simultaneously-with step 

--ca) I namely introduction Of the sulphuration agent 
' 

and the hydrogen treatment are simultaneous. In 

this case there is no step (b). 

The catalyst is cooled, optionally off-site 

(generally to ordinary temperature), for example in 
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an inert gas stream or by leaving the catalyst in an 

inert gas atmosphere (for example nitrogen). 

e. .Passivation ex situ (off-site). By way of exampl,e, 

this passivation is an oxidizing passivation, 

consisting of passing a stream of oxygen, preferably 

diluted (concentration by volume of less than 30%, 

preferably less than 10%, more preferably less than 

5%), and/or by passing a stream of air (re-admission 

of the atmosphere) 

step(s) partial 

over the catalyst, during which 

re-oxidation of the metallic 

sulphides incorporated in the catalytic mass occurs 

(oxidizing passivation). During this step; oxygen 

is· adsorbed by t?~ . catalyst. This step produces a 

catalyst with a higher activity than that observed 

with other cataly9ts in which the sulphuration agent 

is introduced using prior art methods. Contact or 

the catalyst with diluted oxygen (or any gas 

containing oxygen, for example molecular oxygen) can 

be made in two stages or several stages with a 

gradual increase in the oxygen concentration, for 

example about 1% then 5%. 

The invention is particularly suitable for 

incorporating a sulphuration agent into hydrotreatment 

cataly~ts when these are then loaded into a reactor in a 
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hydrotreatment zone then exposed again to hydrogen in the 

hydrotreatment zone. 

Other advantages of the process are as follows: 

after treatment, the catalyst is ready for use. It can 

be used in refining or the petrochemicals industry after 

a simple initiation procedure which consists of directly 

injecting the feed to be treated at low temperature, even 

at room temperature without risking lixiviation of the 

sulphur. There is a fundamental difference in the . 

. catalyst which is . chemically discernible on analysis: 

fallowing the hydrogen treatment, a sulphide phase is 

present; . if, for example,. the active elements are 

molybdenum, tungsten, cobalt or nickel, 

fallowing sulphide type ( s) are present: Mos2 

then the 

(here Mo4+ 

corresponds to one sulphur atom), co9 s 8 , ws2 , Ni3 s 2 . 

·The "sulphide"· phases in the treated catalyst of the 

invention at this stage of the preparation, i.e., after 

treatment with H2 , are clearly identified and 

identifiable by· electron spectroscopy (SPX) which can, 

for example, show that the molybdenum or tungsten are 

mainly (in general more than 70%) in oxidation state 4 

(Mos2 , ws2 ) while they are totally in oxidation state 6 

(Moo3 , wo 3 ) in a new or regenerated catalyst, . and also 

mostly_ ( > 50%) -·in oxidation state 6 in a presulphurated 
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catalyst using .the prior art processes, this latter 

catalyst containing oxysulphide phases. 

One very important conceptual difference between the 

invention and prior art processes is as follows: 

previously, the user loaded a hydrotreatment catalyst 

containing metals into the reactor, the catalyst being 

chemically in the oxide or oxysulphide state. They would 

not yet be catalytically active and sulphides would only 

be produced in the reactor. This delicate step, that of 

producing the active phase, could be poorly effected and 

was above all uncontrollable and not characterisable. 

The object of the present invention is to provide the 

user with a catalyst which is already active, ·with a 

catalytic activity which is characterisable prior to 

loading into the reactor. This· invention eliminates any 

risk of obtaining non-optimal ·catalytic activity in the 

reactor. 

The quantity of sulphur _incorporated into the 

catalytic mass during step (a) generally corresponds to 

50% to 150% of the stoichiometric quantity required for 

.presulphuration of the active elements of the catalyst, 

preferably between 80% and 110%, more particularly 

between 90% and 105% of this stoichiometric quantity. 

Ft!rther, passivation, for example oxidizing . 

passivation, also eliminates the pyrophoric tendency of 



- 12 

the sulphide ph~ses and thus facilitates transfer of the 

solid into metal drums or other containers. 

passivation 

activity. 

also positively affects the 

Oxidizing 

catalytic 

The following examples illustrate the invention: the 

comparative examples illustrate various prior art methods 

of presulphuration followed by activation in hydrogen of 

the catalyst in situ in the hydrocarbon conversion 

reactor. The examples illustrating the invention show 

the same prior art presulphuration methods but with ex 

situ (off-site) activation of the catalyst in hydrogen, 

then ex situ- (off-site) passage of diluted oxygen then 

air over the catalyst before transfer ·to a hydrocarbon 

conversion. reactor. 

EXAMPLE 1 (comparative) 

A CoMo dehydrodesulphuration catalyst in 1.2 mm 

diameter grains containing 19. 0%: by weight of Mo0 3 and 

4.3% by weight of coo was used. This was catalyst A of 

the following examples, and was presulphurated or 

sulphurated with sulphur contents corresponding to the 

theoretical stoichiometric value of sulphides Mos 2 and 

co9s 8 • A stoichiometry of 100% corresponded to 10.25% by 

weight of_ sulphur, expressed as its dry matter, corrected 

for the loss on ignition. 
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catalyst A (1000 g) was mixed with a 

tertiononylpolysulphide containing 37% by weight of 

sulphur and with a white spirit solvent, to fill the pore 

volume ( 550 ml) • The impregnated catalyst was left for 

one hour in a rotating flask in the cold then for 2 hours 

at iso 0 c to evaporate the hydrocarbons and fix the 

sulphur of the organic polysulphide. catalyst B was 

obtained which had the properties shown in the table. 

EXAMPLE 2 (comparative) 

.catalyst ·A ( 1000 g) was · impregnated with a 

suspension of 105 g of elemental s, 22 g of rapeseed oil 
. . 

and 330 ml of white spirit, th~n left for one hour in the 

cold and then heated for 2 · hours at 180 ° c. Catalyst c 

was thus obtained. 
i • 

EXAMPLE 3 (comparative) 

Catalyst A ( 1000 q) was impregnated with a 

suspension of 105 · g of elemental S and -55 ml of white 

spirit, then left for one hour in the cold then heated 

for two hours at 1B0°C. catalyst D was thus obtained. 

EXAMPLE 4 

Catalysts B, c and D prepared as . in the preceding 

examples were activated in hydrogen in a rotating tubular 

oven under the following conditions: te~perature: 400°C; 

time: 6 hours; gas: 5/95 hydrogen/nitrogen mixture; 

pressure: normal. Following the activation period, the 
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system was cool.ed, purged for 4 hours with nitrogen then 

a mixture of 1% of oxygen in nitrogen was passed for 2 

hours then 5% of oxygen was passed for 2 hours, then air 

for 2 hours. Catalysts E, F, G had thus been prepared 

from catalysts B, c, D. 

EXAMPLE 5 

Catalyst B was treated as in Example 4, except that 

the end of the activation step was only followed by a 

nitrogen purge and not by oxidizing passivation. The 

cataly$t was poured directly, in the absence of air, into 

a flask filled with white spirit. Solid H was thus 

obtained. 

EXAMPLE 6 

Sulphurated catalysts A to H were characterised 
i 

using ~ifferent methods: carbon and sulphur content, loss 
. 

on iqnition - at· soo 0 c, Differential Thermal Analysis (or 

Differential Scanning Calorimetry - DSC) in one bar of 

oxygen· and a temperature increase rate of 5°C/min, 

electron spectroscopic analysis (SPX), and a catalytic 

hydrodesulphuration test (HDS) using gasoil. 

The conditions for this test were as follows: feed: 

atmospheric gasoil with respective initial boiling point 

and cut points of 220°C and 370°C; sulphur content: 0.8% 

by we~ght and -~ content: 120 ppm by weight; pressure: 40 

bar; quantity of catalyst: 70 ml; feed flow rate: 140 
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ml/hour; temperature: 340°C. The starting procedure 

involved raising the temperature to 3 20 ° c at a rate of 

l00°C/hour, injection of the liquid test feed at l00°C, a 

stage of 2 hours at 320°C and heating to 340°C. 

The results of the characterisations are shown in 

the summarising table and are discussed below. 

Catalysts . B and C, not in accordance with the 

invention, employed presulphuration procedures analogous 

to those claimed in United States patents US-A-4 530 9·17, 

US-A-4 719 195 and French patent application 92/04051. 

The catalysts were 11presulphurated11 to form a metallic 

oxysulphide phase. The cplour of the catalysts went from 

blue to dark grey. The SPX spectra showed that the 

oxidation state of the molybdenum was still mainly +6, 
j 

even though substantial modification was noted compared 

with the spectrum of the fresh catalyst. The catalytic 

activities of catalysts Band c·were close to each other. 

Catalyst D, sulphurated simply with sulphur, 

remained blue: it produced a large DSC isotherm in 

hydrogen and had low catalytic activity. 

Catalysts E, F, and G, in accordance with the 

invention, were black in colour, and produced no 

exothermal signal on DSC in hydrogen (which is logical 

since _they had already been activated in hydrogen using 

the process of the invention) • Their SPX spectra were 
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characteristic .of Mos2 with an oxidation state of 4+. 

The catalytic activities were substantially higher than 

those measured for the catalysts prepared in accordance 

with prior art procedures. 

Catalyst H, a homologue of catalyst E but without 

the oxidizing passivation, was black with a Mo4+ nature. 

Its catalytic activity was nevertheless slightly lower . 

than that of its homologue H, showing the importance of 

the intermediate passivation procedure. 

A B c D E F G H 

Sulphur (wt %) I 8.49 8.41 9.31 7.7 8.0 7.9 7.0 

LoSs on ignition I 18.0 20.3 9.2 17.8 19.l 12.6 27.1 
(wt %) 

stoichiometry (t) I 101 103 100 j 92 96 88 94 

carbon (wt % ) I 8.2 12.0 0.1 5.8 7.9 . 0.1 I 
. . .. 

Colour 

DSC* ·-

SPX~* 

HDS (~) *** 

t DSC: 

**SPX: 

tHHDS: 

blue dark dark blue black black black black 
grey grey 

I + + + - - - I 

Ko 6+ Ho6+>50% Ko 4+ Ko 4+ Ko 4+ 

I 100 105 71 115 112 107 104 

+ means an exothermic peak noted at temperatures between 2oo·c and 300°C; 
- means tba:t no peak is detected in this zone, nor in the whole range of 50-
3500C. 

Ho6+ means the molybdenum was mainly i~ oxidation state 6+; 
Ho6+>50% neans that at most 50~ of the molybdenum was in oxidation state 6+; 
Ho4+ ne~.tbat the molybdenum was nainly in oxidation state 4+. 

The hydrodesulphuration actiYity of catalysts C to H was calculated w.lth 
reference to the activity of catalyst B (a=J.66, HDS=95.4%j. 
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* C L M s * 
CLAIMS 

1. A process for the off~site treatment of a catalyst, 

consisting of 

introduction of a sulphuration agent into the 

catalytic mass, 

treatment of the catalyst with hydrogen between 

150°C and 700°C, 

passivation of the catalyst. 

2. A process according to claim 1, consisting of: 

off-site incorporation of at least one 

sulphuration agent into the catalytic mass in 

the presence of at least one solvent and/or at 
I 

least one constituent containing olef inic 

carbon bonds at a temperature of betwe.en o and 

200°C, 

off-site treatment with pure or diluted 

hydrogen of the catalyst with the incorporated 

sulphuration agent, between 150°~ and 100°c, 

off-site, passing air or ·an oxygen-containing 

gas over the catalyst. 

3. A_ process according to claim 1 or claim 2, in which: 
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a. at le~st one sulphuration agent is incorporated 

off-site into the catalytic mass between 30°C 

and 200°C ·in the presence of at least one 

sol vent . and/or at least one constituent 

containing olefinic carbon bonds, 

b. off-site heat treatment of the catalyst is 

carried out in the absence of hydrogen, 

c. off-site treatment of the catalyst is carried 

out between 150°C and 700°C in the presence of 

pure or diluted hydrogen, 

d. the catalyst is cooled to room temperature and 

left in a stream of an inert gas, 

e. off-site, oxygen diluted to a concentration of 

less than about 10% (expressed as the volume of 

oxygen) then air is passed over the catalyst. 

4 ~ A process according to claim 1, in which the first 

two Steps I Of treatment With a SUlphurating agent 

and with hydrogen, are simultaneous. 

5. A process according to any one of claims 1 to 4 ,. in 

which the sulphuration agent is selected from the 

group constituted by elemental sulphur, organic 

polysulphides, hydrogen sulphide, mercaptans, carbon - -· 
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sulphide, :sulphides, di sulphides, and thiophenyl 

compounds. 

6. A process according to claim 5, in which the 

sulphuration agent is selected from the group 

constituted by 

polysulphides, 

dimethyldisulphide. 

elemental sulphur, organic 

dimethyl sulphide and 

7 ·• A process according to any one of claims 2 to 6, in 

which the solvent is a white spirit. 

8. A process according to any one of claims 2 to 6, in 

which the constituent is an olefinic hydrocarbon, in 

particular an oil derived from fatty acids. 

9. A process according to any one of claims 1 to B, in 

which the catalyst (into which a sulphuration agent 

has been incorporated) is treated off-site with pure 

or diluted hydrogen, at a temperature of between 

250°c and 600°c. 

10. The use of a catalyst treated in accordance with any 

one of clajms 1 to 9, for hydrotreatment. 


