. 267 August 2003 t PRECARBONI SATI ON OF A HYDROTREATMENT CATALYST

Hydr otreat nent catal ysts generally conprising an anorphous ggrAﬁu\é@@j?,l i ne
oxi de support such as an alumna, a silica, a silica-alumna or a zeolite
on which at | east one elenent fromgroups VIII and VI of the periodic

.table or a conbination of several elenments fromthese sanme groups is

deposi ted, such as solids designated Col\b/ A1203, N Mo/ Al 203 or NI W Al 233,
must first be sul phurised to endow themw th catal ytic performances for all

-hydrot reat ment react ipRga ¢t sASo e RdesIRopREL hamtr OArALYST

hydrodeni trogenation, denetallisation and I 0 ti Q! ions.
This sul phuri sS4 OFEREL P Er gelﬂ%ralé’a?oglp?g?%%tra%% P a%:ég(% ‘%g&glg% ??gég%g%hi n

di fferent BNRGE ShntE dich St silFRRANAa ok BOYMNeash WhlciSiitlebsSaik plRiert Si@tn @oupsi
characterized by the fact that the catalyst in its oxide formis charged
into the hyiiradafhdmecerivie sbierer raambiortionof sgvefabeleemtpen 1§t LHAH STOHEY @i n.

The second manner, known as of f-si re-suj, i sati d i in a
vari ety ofdepasaedagel anptlids dgsign séWﬁggﬁu@R’g#éfé bé’f gxﬁr‘%}[m%%q;pf%%ﬁgg%& R
US- A-5 .3973 %I?GriseaE F)r ﬁrﬂg\g%&?‘%ﬂtcaﬁﬁc&‘p&mﬁgécg?%} all 1o fr@mdnt @arttdae s&h_@@edl ng
manner in tRat su phurisation or pre-sul phurisation of the catalyst is
carried oyhrobduiBhuiedtioh Chyld AderitRddenant, clemetallighition iand tcerfairo hpdrdgenahgrd regeticeat ment

reactor. European patent application EP-Al-0 745 6_60,6}%escri bes a coking
step carr i B solphurisition step HeCr Qe PIIRFEAR B RO SO FHESE™S whi ch are

both carried oyt Ln situ, i.e. .. i0»}S] : h ALYy 1ROAMEES iR hGaCt Or .
That process fgh?-é}rétsT@E%k}fnﬁgné%%néﬁ/ésu gml%sg?onh%gp%%réati r%(gt gasol i ne o s from
catal yti ¢ ighackidfag Wik AG &8 hyddtirbe0ednaérsibm gaconfren fidsipanrdiatoh elfidraii. ¢

- conpounds descri bes sel ective poisoning of active. hydrogenating sites

whi ch, whi Tie se@nd tnainei, kepvtors offysds reeWpHUBRAIPT. 95 ARCritsd SheyarFg of f Appligant’s
catalyst; limt hydrogenati f flns nsi Oknt 0 d-3ne
nunber of KR (U&gegéltﬁ%ﬁé’%t.em 'Rﬁ}%gg?fﬁeAgrgzZ%gPﬁg%ﬁ ?t%ﬁEFsﬁbts ggljgar 5r]'y out
pre- sul phugisaf | KinE SRRl S siiphutiifon A RSaNgRrialiotyfdicagansancimat

| east one %ﬁ?ﬁg{?uh&?%@jreﬁeali %imng cgrrpoan%huv\hi cnh may be hydrogen sul phide " or
any ot her suhipdparticalaninitivhichgs duingdiemdhaltyiltotreataent grapier-at e hydr ogen sul phi de

. by hydrogenol ysis, characterized_jin.t A order to.inprove.the ytic
- Aanas sheSelg 8 D RECHE L R &R B

per f or mances i r?“f%éml‘ﬁﬁf%%ﬂp}é?i{‘% ; _ S
pre-car bon(':a%a?cé% ?%—s%ﬁ?utrgatﬂg%ﬂ&ht wiiQ bE tear Ladi dit thenPE emsifd tHeN9deadimhyst ,

the maj or poVr on sal d ‘carbon being non | eachabl e. The process of the

i nvention igvafiomadabibCUlTRdt pagipdsi foapdsomoking catalysts for hydrotreating gasoline cuts from
catalytic cracking containing sulphur-containing compounds and olefinic -compounds describes
selective poisonin'g of active.hydrogenéting sites which, while maintaining the hydrodesulphurising
properties of ke Gatalyst; Hmit hydrogenation of the olefins responsible for the octane number of such
gaéolidnes.

The aim of the present invention is to carry out pre-sulphurisation of the catal"j'_fSt m the
presence of hydrogen and at least one sulphur-containing compound which may be hydrogen sulphide
or any other sulphur-containing compound which can generate hydrdgen sulphide by hydrogenolysis,
characterized in that in order to improve the catalyti; performances in the hydrotreatment reactions,
the catalyst is pre-carbonised so as to deposit solid carbon in the ﬁores of the catalyst, the major

portion of said carbon being non leachable. The process of the invention is of particular application

to pre-sulphurisation carried out off-site.



~ to"pre-sul phurisation carried out off-site. 26 August 2003 2 The present
i nvention, characterized by carrying out pre-carbonisationnggﬂ¥gp%iﬁwe t he
hydr odesul phuri sing and hydrogenating properties of the catalyst. Further,
it has been shown that this pre-carbonisation can reduce the initial
.selectivity for the cracking product and for.isonmerisation. One
expl anation may be that this drop in selectivity for cracking and for
i somerisation.is due to the PO e 3t SRUAIoRE REcAGgIty vef the
Support . Cat ale FrEEadTElY SRRLRRARPOR e At SUAMGRGRCAh Pty 8l
i ncr easesy  RusufpaiRARiasd@hj@ebetaing bopaats dfelt atlysprFuthet @ tfehéeen shown that
pr e-sul phurisation pﬁase or sinultaneousl W th said pre- ﬁrbonisalion
step, or tisere-tefoosaionant: rsduse the apEbisry ‘FW”§5FH“%PE@§EFEﬁ FEYRTFER™ st ep.
VWhen pre-carbonisation is carried out .pri Lprer sulphuel sati an Qhndt he
cat al yst QF?@@F?%P“Pﬁﬁﬁeiﬁf’sﬁg’Hﬁf%ﬁ%&“ﬁﬁgﬁ&ggﬁaﬁgpoéit Solid carbon in a:
mai nly no |, et A RNLidhOSMBEREHHS | Gatdlyst ddactivatar @s thof be feducedibral yst
may be sup¥%ﬁqggﬁgﬁcﬁlagadry Eﬁ%regnat?ﬁﬁ or chernisorption, both conbined
wi th healtis deriatiferimireasdsor i npregnation carried out at anbient tenperature,
the |iquid carbon-containing conpound. is_introduced.in t he.: t he
catal yst wi t hdiie-caseansaon R §e FaFqd] i PR SO His He %lcﬂ%ﬁﬁ%u% %l}%%ee&gsé@qa}ﬁrsg%sw
conpl etel y.. Thus the I at i Qb DR AR siniltRRbsiyadithysaidi pd-gtbhlirathatsween 10%
and 100@6¥%P5 %'ﬁﬁlgm%%ﬂ&ﬁﬁﬁ’réhge 26@6t8 90% Sgitable car bon- cont ai ni ng
SOUr CeS C ek Qreslvekitatioh fsr amepanafprdrne pre-sulpbysisttioe rof sheaertilyst offbilep g P&
hydrocarbons, and al so from organic oxygen-c?nta%nkgglcgggoug%%usug . as
al cohol s, tdchtionedichspridaryaiesolid eripant & maRlygen epcipbly fut 44d Mamoe-gegdt Bih%
oils. These conpounds ar char actieriized, By fiah Rilden PR YombinOWith
exanpl e b@?ﬁ%@ﬁﬁTg Sﬁﬁi%ﬁﬁﬁ%?qgﬁggéﬁébﬁ§ %@éf’zﬁoc. ?ﬂenquantity of carbon
deposi t ed pak i kigegnd of the inpregnation step is in the range 2% to 30% by
wei ght with respect to the mass of oxide cataléét._Fol omﬁng.the
i mpregnat i on sk pppragrhéait catried qutrié AEDIYE ESFIPPTaNIFfe g daud GArbquRontaiping £opgoRad nent
step being carried out in pitrogen n e ke 8 hEMRR)At ure
in the rafg8FaBeERe Hig REREes OPBlF(S%%%?lség%ou?ﬁe%%%%ﬁ%gn eth?’,g%%v?o £00C or in air
Al 2 1 eTPIRBUMES Eﬁhskﬁb‘%mﬁégﬁﬁom&ﬁeqs HO0G; filepEefearaabllgvsand B0V ppRradlylr e of
| ess than C. "The aimof "this subsequent heat treatnent, or pyégjysis,
pr ef er abl ythe aangd @tbsotat 90°h afuitelie carbepagontajningt speicey gan b seeqst from L EGe

function of re-adjustin : - ,
naphthenic ajncb’or alip}%tic hydrocarbons, and also from organic oxygen-contatning compounds such

és alcohols, ketones, aldehydes, organic acids, fatty acids and vegetable oils. These compounds are
characterized by high boiling po{nts, for example between 150°C and 500°C, preferably over 200°C.
The qﬁantity of carbon deposited at the end of the impregnation step is in the range 2% to 30% by
weight with respect to the mass of oxide catalyst.

Following the impregnation step, a heat treatment step is necessary, this heat treatment step
being carried out in nitrogen or another in.ert gas, at a temperature in the range 150°C to 650°C,
preferably in the range 300°C to 500°C or in air at a temperature in the range 50°C to 400°C,
preferably at a temperature of less than 350°C. The aim of this subse_quer;t. heat treatment, or

* pyrolysis, preferably carried out in an inert gas, is twofold. Firstly it has the function of re-adjusting
the amount of carbon to between 2% and 10% by weight, preferably in the range 3% to 7% by

weight with respect to the oxide matrix, and secondly to transform the hydrocarbons, which may or



. the anount of carbon to between 2% and 10% by wei ght, preferably - in the
range 3%to 7%by weight with respect to the oxide matrix,, RAesqpdly to
transformthe hydrocarbons, which may or 26 August 2003 3 may rnot contain
oxygen, introduced during the inpregnation step, such that the residual
..carbon. in an anount in the range 2% by wei ght to 10% by wei ght and
preferably in the range 3% by weight to 7% by weight with respect to the
oxide, is.g gﬁ%bggﬁbxﬁa{ mea&@ma@fngth@gnTﬁ@gmw@Qp,tsh@l 4B LAY ref@at da@0n. & an Whi Ch
-i's not |eachable in r&fluxed tol uehe. The maj or portion of the residual

car bon- coamainninnie rame TpEcykighstondts Hyewmehadnd @refanabliyaf thexede 6 Yl weveaht th 7%, , t he
degree of leaching is less than 40%. preferably .less th 30% and nore

or of or abl P PEgE YHHFPS08 PROEtE it bk Er BT CEATE SHTRL e T PRl

direct 1 ealh N RTLNRSA il Nl ofeANIT: miYIEAREH BOMe GOMRA bonbbuding .
possi bl e to use a conpoun ich 1s quickto polynerise, such as olefins
or di ol ef icBspcahd @ néraspRbR iefuxed toliege, [.aNBEd2RE T lpachf G lesCeri €%, patfirdly can
-al so be carried out sinmultaneously with the catal yst sul phurisation step,.
the gasedssthoaitfoimnd oo rehiably e ¥d being introduced into the gas phase
simul taneously_with the sul phosreducin ], Xt ur.e t by Ay gen
and hydr ogen SIUF';S?{F%. m@ufatna% % b%é:rg%[g&n-og%? ﬁrgh{tnﬁ%ﬁg%r#ﬁ%%gghef }'(;OrhE a'ft;l’linoas

pr e- car bon|&adaieA c&ﬁédﬁ%ﬂ ari8 pERIRAY e 2 WhhflindivRick W @lickt @ foRymeer fusileasuch
as olefins or diolefins. For this catal yst pre-carbonisation nmethod which
i's sinult akbous disefis 3pr empeakphrin thsaango?0°Cth¥0ar boni sati on gas can be

i ntroduced intg the gas ase vi.a,an injection.pqint ich. is either
dentioal  to GrocIHRBRERE AT EhAE kit iR el el BhoP g

m xture. 'ggsegilecalbaﬁ.t:&&aﬁﬁ@&;mpam HeQk intRNARB ko WREASs YRdsO GinltdnSSudl Wi the
cylindrical furnace, this displacement of the carbonisation m xture

i nt r oduct isolphopeiurtng witttre caspeet by bydrdzen sndl hpdrogenadpi il Surtibly wrbenicontaimatuct i on
point can be radial or axial. It is preferab4£y carried out such that the
car boni satPBrPUptEEhis SrecRFOPIgRion FEtPh s CORRRHE é‘fhﬂf%ém U8 PHRTER® 162 Fower

t han t he H’%‘%’&l&e‘ﬂke"h“” sation tenperature. The pre-carboni sed catal yst
sul phurisation step can be carried out at atnospheric pressure in a

react or heat edrdrGhibetagepre-2006aisatsh HHING, whinhéd emaltahgous with he-snipngieatiBQ0KE t 0.
500C, in the presence of a sul pho-reducing gas m.xture. Mre particularly,
the met hodadpnisaien sangasrieiiFpdpesd i ihe Ezsbasevy agfirectian paint SYHCH AN Atentisal

whi ch can t(l)J eor %girell:einte on? IEat %Eed% qg{rc;[dgcgap tﬁg %&Iﬁ”ﬁgsing B.{xtu%(.alfxpkh% !ﬁEer %%EP&E%W es ._ ‘

of
" example when using a rotating cylindrical furnace, this displacement of the carbonisation mixture

introduiction point with respect to the sulpho-reducing mixture introduction point can be radial or
axial. It is préfe;rably carried out such that the carbonisation phase is carried out in a temperafure
range which is lower fhan the maximum sulphurisation temperature.

Thé pre-carbonjsed catalyst sulphurisation step can be carried out at atmospheric pressure in a
reactor heated to between 200°C and 600°C, preferably in the range 200°C to 500°C, in the presence
of a sulpho-reducing gas mixture. More particularly, the method bf the invention is applicable to off-
site sulphurisations which can be carried out at hjgh temperature, for example at temperatures of

- more than 400°C. The reactor used can be a fixed bed type reactor or a system using moving bed
technology such as a rotating bed, a fluidised bed or a sinking bed. The sulpho-reducing gaseous

" mixture is constituted by hfdrogen and hydrogen sulphide, with a hydrogen sulphide partial pressure



.. not'e than 400C. The reactor used can be a fixed bed type reactor or a
system usi ng novi ng bed technol ogy such as a rotating bed, hel-sed
bed or a sinking bed. The sul pho-reduci ng gaseous m xture %@‘@ﬁ%‘?ﬁt ed
by hydrogen and hydrogen sul phide, with a hydrogen sul phide parti al
_pressure 26 August 2003 4 | in the range 5000 to 71000 Pascal s. The
hydr ogen sul phide is either generated in the reaction chanber by

hydr 0genol,yisil $u1@f sGocSkl PloUs PERAL AiThE RGHSRAROKRAG: isMihherRERSENE Bre Qfachdr 0gen
~(nascent hydrogen sul phide), such as thiols, organic sul phides, organic
di sul phi desmberdy drdragrnclygodfiiesulpphricdesiping oempontd oducpesesiemilhydngo sdsgenai t h
t he hydrogen. In the case where mgving.ped technol gy i s used, _
pre-sul p h%idf%éé‘% FUtiide) siechag thigls, BE2To 5‘"&‘%?‘@% rESaff thHBh‘%ﬁ Iab‘ﬁ%}rg?‘%‘jcl%ﬁhl@h‘iiﬁs,xt ure
s 10t rodREedodibed MRIGALALY Shn ik B EGlch Ofh ROLAL wr@0fhalibe bet S@hGoL0s e,
counter-current if the gaseous mxture is introduced at the catalyst ' exit -
poi nt. EXAWRLIFhulis{tion BRaid a6 be/@)cudednyfdicoduphataiaditg miatuad iy fitrotend &ithi AgydB. 2%
by wei ght of nolybdenum oxide and 3.8% by weight of cobalt oxide deposited
on an al uimepipnappend it i seid tabd wpye-upe ifftheasigry Bikkrelp sgodeedatipy gilysias:
sul phuri se\glt at  at nospheric pressure wi-th a sul pho-reducing m xture
. cont ai ni ng"™% by volune of hydrogen sul phide (H2S) and 85% by vol une of
‘hydrogen (H2). The catal yst wagxawmaiwi (@e@aiafive) W0 steps: the first was a
control l'ed tenperature rise step (5C/ mn); the second a constant
t enper at ur e stfagsirdtestmengcahlisotentsinge 18RE by weiht of molybddnsmtaxisn anépB%riat ur e

sel ected. The final .sul phurisation.tenperatuyre was ei.ther 400C_or 0C.
AT ter  sui PAGRICS B3 FEOR B YoT SRR i < P EhT BT e Bgen 1 o
anbi ent t OPSLALHEL At Mhodphire plSIREKRE 4hfpho ReBRS fnf?cfhr@f:onﬁaﬁl’ﬁnglsﬁb/mi%!?dh&%d
catal yst was transferred under a nitrogen atnosphere to anal yse its degree

of sul phubf iyatoeensulphide (F1S¢ ami $3tiery whsnetaf Apddgen (8. Theleatalysheas apbugsedidhi t | ons
to the reactors of two catalyti& test units usi n8°& . qodel feed

(hydr odes T pHERS skt fish "6 % FNOPIFEHEmBRtYe it§ pYidr c Wi}"g’lr) eﬁ‘?COFS’Se"’sﬁPr“émand
hydrogenal, g&gmf@; b LAY QRADNE R BRE UBHRka Y ALRARRLPI SR Chmne Fighy t hESE

two of f-sit u uti sat fon nodes a varitation 1n the final treatnent
t enper at uagyhuridatien le@pathitus Wae EitHeh@ 0t gr 5965, 0hftes wligHutisatisg theantalysti v coadedt he
test are shown in the table below The degree of sul phurisation is defined
as t he rath q)st@@pm@ﬁrogﬁetoeaﬂg@pq tﬁ@pﬂ‘aétpre.sﬁ(t @Bskmerature, a portion of the sulphurised

catalyst was transferred under a nitrogen atmosphere to analyse its degree of sulphurisation. The

1

remainder was transferred under the same conditions to the reactors of two cafalytic test umits using a
model feed (hydrodesulphurisation of thiophene at atmospheric hydrogen pressuré and hydrogenation
of tetrahydronaphthalene under hydrogen pressure).

For these two off-site sulphurisation modes (with a variation in the final .treatment
temperature), the results for the degrees of sulphurisation prior to the test are shown in the table
below. The degree of sulphurisation is defined as the ratio between the experimental S/(Co+Mo)
mole ratio and theoretical S/(Co+Mo) mole ratio. In the pfesent case this theoretical ratio,
corresponding to total transformation of molybdenum oxide MoQ; and cobalt oxide CoO to the
respective'sulpﬁides MoS; and CogSs, was: [S/(Co+M0) )i, = 1.64. |

These catalysts are hereinafter termed “reference catalysts”.



. hol'e ratio and theoretical SI(Co+Md) nole ratio. In the present case this
theoretical ratio, corresponding to total transformation cg‘alﬁ%%pﬂﬁgum

oxi de MD)03 and cobalt oxide Coo to the respective sul phides an

Co9S8, was: [S/(Co+tMd)],. = 1.64. These catalysts are hereinafter terned
_"reference catal ysts". 26 August 2003 $ | S/ (Co+M) Degree of sul phurisation
('"%) H S-H (15185) sul phurisation at 400C1,70104° 0 H2S-H2 (15/85)
sul phur{sation at 500C11.70104% | rh Spi@patlbel to t hdsares ol yyBuFiEHION 61
~char act eRlSTl QS/36Y sudbuhdonst 4e@°Gullphari sation prodé®s, the sane oxide
cat al ystv@g, GRAREPEFritE@nlahsoor@adtian of a gas oill10#gdr odesul phur i satli on
test unit——operating under hydrogen pressure and in the |iquid phase. Prior
to measuring the activity, that catalyst was sul phurised (in situ node)

with a sul pho-reducing m xtyre constitut.ed 5% : r.pgen
sul phi de and D59gbt t?\gl?.ﬁs% A g‘&fjaéﬁe{lsym? ?g?réé{%f?%egy@ hggtﬁg%p) rrmgf%é grteﬂg

(5C min) an{eog%ideaE‘}?JJ,?éPRm% QRREAY G (r2RE} drCa 38061 hiirb@tulphudanst &nt unit
tenperatire stage of 1 hours at 380C, the - catal yst was cool ed to anbient
t enper at p&atind uddes thyraganiresnire aayerthe Tvids phastle PEoT iOUnSpINE S8t 15BHY, MRhown as
"in situ" sul phurisation, did not permt analysis of the o

sul phur i saialisdmapfulphpesed @n gy gRde) BF*F%%“IPB‘B'f?dFQ@“%E%’ﬁE{F? f‘i}‘“?‘été‘?ﬁ%% %ﬁ%g‘g‘é‘?‘? vities

of these R"'&%ﬁ%? %1 gﬁp ﬁdg%@&%'E!?lébﬁ!r@él@Bfﬁﬂﬁlfﬁﬁ%isﬁ@ttﬁ@@mfera“““’ (5°C/min}) from

t et r ahydro rogemation,” gas oil hydrodesul phurisation) were

subsequent b Ysfate IBE) 16 S§ECende. 2 dXMPtdmpRratuRy gagewpi blypvestat 680°C, the

conparative The same catal yst as that used i n Exa lﬁél \r/i\as i regnat ed to
s mort gt vy

, . np
90% of | tegtalyspvae goritd OAMPSIUIREPHREN HA SEFEFOYIHEISR Toi |

with an initial bojling, point and en oj Nt . pe QG Refone the
sul phuri S88YHA t1 &t nsé‘ﬂ‘f“f“s%tmﬁbr%{aingﬁ p%F'Rt ggssmg{)fl %é%%reflenso%d o anal yse the

total quac%lgﬁér'&f 1o H{EREBE 8k € drne aghmias of Tige Graandstst(shiaphene dydoaiesyiphesein, on t he
. pre-inpregnat d'solid was 28% by wei ght, corresponding to a nole ratio
C/ ( Co+Mb)tetarhydtorhpitialendhydeogehasian gan gil hysiedesdpbrrisation) wierensubsayensk ‘f?@‘f totiene,
t he amount of residual carbon (non extractible) present on the
pre- car bdAFSEE solid, was 0.2% by weight, corresponding to a nole ratio

C/ (Co+Mp) of 0.48, represeliipig 22 pregipe&nadtin | @aghatdageof 99.3% After
charging. into the off-site sul phurisation reactor, this catal yst was
The same catalyst as that used in Example 1 was impregnated to 90% of its impregnation

volume with an atmospheric distillation gas oil with an iritial boiling point and end point of 250°C

and 350°C. Before the sulphurisation treatment, a portion of the solid was removed to analyse the

total quantity of impregnated carbon. | The quantity of carbon present on the pre-impregnated solid

was 28% by weight, corresponding to a mole ratio C/(Co+Mo) of 11.71. After leaching in a so:_chlet

with refluxing toluene, the amount of residual carbon (non ext}‘actible) present on the pre-carbonised

solid, was 0.2% by weight, corresponding to a mole ratio C/(C0+Mo) of 0.43, representing a degree

of leaching of 99.3%. After charging. into the off-site sulphurisation reactor, this catalyst was

suiphuriséd as described in Example 1, at 400°C and at 500°C. After these sulphurisation treatments,

a portion of the sample wﬁs removed under nitrogen to analyse the degree of sulphurisation and the

residual carbon. The results of the analyses, expressed.in the form of the mole ratios C/(Co+Mo) and

S/ C0+Mo) before and after the sulphurisation treatment, are shown in the table below.
- C/(Co+Mo) before After sulphurisation treatment
sulphurisation ‘
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lightly hydrogenated carbon residue on the catalyst which is largely non leachable in hot toluene,

the catalyst was cooled to ambient temperature keeping it under nitrogen. Before the sulphurisation

treatment, a portion of the solid was removed to analyse the quantity of carbon remaining on the

ing a
&¢ri bed

oxide catalyst after the pyrolysis treatment. The quantity of carbon present on the pre-carbonised

solid was 4.9% by weight, corresponding to a C/{Co+Mo) mole ratio of 2.31. After leaching, in a

soxhlet with toluene under reflux, the residual carbon content (non extractible) present on the pre-

carbonised solid was 4.3% by weight, corresponding to a C/(Co+Mo) mole ratio of 2.02,

representing a degree of leaching of 12.2%.' After sulphurising this catalyst as described in Example

| at 400°C and at 500°C and cooling in nitrogen, a portion of the sample was removed under nitrogen

to analyse the degree of sulphurisation and the residual carbon. The results of the analyses expressed

in the form of the mole ratios C/(Cot+Mo) and S/(Co-i-Mé) before and after the sulphurisation

| treatment are shown in the table below. These catalysts are hereinafter termed “pre-carbonised

catalysts”. . :
C/(Co+Mo) before . After sulphurisation treatment
sulphurisation
C/(Co+Mo) | S/(Co+Mo) Degree of
sulphurisation

(%)




.| at 400C and at 500C and cooling in nitrogen, a portion of the sanple was
removed under nitrogen to analyse the degree of sul phurisalQpuanshdshe
resi dual carbon. The results of the anal yses expressed in the formof the
nole ratios C (Co+Mb) and S/ (Co+Md) before and after the sul phurisation
_treatnment are shown in the table bel ow, These catalysts are hereinafter
termed "pre-carboni sed catal sts" C/ (Co+lvlio) before . After sul phurisation
treat mentd.sw. husiesgti on C/ (CotMd) S/ ( CotrMd)l-7TDegriee o3 sul phuri®ation | 26
~August 2QQphufisaddS- b | (15185) 2. 311. 721. 6899 o suijphurisatijon at 400C H, S-H,
(15/85) 2.48¢¢. 581. 69103 sul phurisation at 500C Sul phurisation in the gas oil
hydr odes,plmyr i gaikpn test unist was cartiedsgut lon tikse prie- cdphBeni sed
oxi de undgphutif@osane) conditions as those described for Exanple 1. EXAMPLE
4. A funtsh@rc pre-carponi sati on nmethod The catal yst used ijn Exanple 1 was

i npregnated to 90% of its inpregnation volume wth a mneral oil (150
Neutral Solvent) wth a density of 0.875 glcnB. After pyrolysis treatnent
in a stream of nitro en at 35 portion of the splid was -
renoved to an%{'llfﬂ}%‘ﬁsafl n, 13 At © @%y%g‘ieﬁ@?}mnﬁé?d egt SROaY PR SRR R th
toluene %H&ﬁ&ﬁsepﬁ{xh%der BEsahe SoHldtSnOds tﬁofs\@de@@ibapﬂargﬁh@rem nation before  and
after the l'eaching treatment, expressed with respect to the pre-carbonised
catal yst, were respectEprMyLE40.%fvamh1er4ar&€ttrbqrmatlerspoﬂhdd ng respecti veI y to -

nol e rati os ¢ (Co+Ylo) of 2.49 and 1. 94, eprese egr ee of. | eachi ng.
of 185 Aft er TS b el ot Seseinaie S R SCsoRre Bt oS T o 1 o

400C and 000 ido SN Svdel) olin'a @ERP of @s@%ﬂwﬁﬁ&fpﬁmg SSUHRLE i edne MOV €d

of nitrogen at 350°C for 4 hours, a portion of the solid was removed to analyse the amount of carbon
before and after leaching with toluene under reflux. The results of the carbon determination before
and after the leaching treatment, expressed with respect to the pre-carbonised catalyst, were
respectively 5.0% and 4.1%, corresponding respectively to mole ratios C/(Co+Mo) of 2.49 and 1.94,
representing a degree of leaching of 18%. After sulphurisation of. this cé.talyst as described in
Example 1 z{t 400°C and 500°C and cooling in nitrogen, a portion of the sample was removed under
nitrogen to analyse the degree of sulphurisation and the residual carbon. The results of the analyses,
expressed in the form of the mole ratios C/(Co+tMo) and S/(Co+Mo) before and after sulphurisation

treatment, are shown in the table below.
' C/(Co+Mo) before After sulphurisation treatment
sulphurisation

C/{Cot+Mo) | S/(Co+Vlo) Degree of
. . sulphurisation

(%)
H,S-H, (15/85) 2.49 1.16 1.66 101%
su[phurisé.tion at
1 400°C - : o
H,S-H, (15/85) 2.49 1.08 1.69 103%

sulphurisation at
500°C .




. nitrogen to anal yse the degree of sul phurisation and the residual carbon.

The results of the analyses, expressed in the formof the Jg0lguE@ido8s

C/ (Co+Md) and S/ (Co+Mo) before and after sul phurisation treatnmént, are

shown in the table below C (Co+M) beforeAfter sul phurisation treatnent

.. sul hurisati-on C (Co+M) S/ (Co+M) Degree of sul phurisation (%9 H2S H2
(15/85)2.491. 161. 66101% sul phuri sati om at 400C H2S- H2

(15/85) 2. 491. 081. 69103% sul phurisation at 500C . 26 August 2003 8 EXAMPLE

-5 Activity results and goReiE PR cdlydRABwandyshcngiesul phuri sation activity
in 0.1 MPa of hydrogen in the gas phase After charging,, under nitrogen,

the reactor faodnbe: iiaphgneridbs: caivigl iyt oW Pe of fdraser Wi e shBaseof t he

sul phuri sed catal ysts descri bed above (Ex les | '3 inLr | ng the
reactant ni xtafiee chacg'brraaé%détimHPge&ﬁ“Z@g%%f(f%ﬁ%pEﬂm ﬁ?&rcg?galgﬁp%ﬁdﬂ B v@&?%

volunme of thigphene, th o uad tnyroliime easesttdbiltra) t o

300C. Af Pé?hei@&HBffﬁéza%lV&g’s@eggﬁﬁ g%ﬁ@%%&%%@? sanpl es \%vere renoved from

the gaseqys,£id lruenisyyantinrnghyiseen uei xRy grsoluhy offtiopigradin/ e HEasEs e t he

resi dual anpount of thiophene to give the degree .of .conversiqn. .Th
act i vity geddusipemidaied (S5émi) &7 38eh ASEE A PoYTS %g\ét%bllgsﬁ’il%TtaJt% éqgf f afnéprlﬁst‘ﬁeée degree.

of conversion of the reactant, i - f &oabd thheadpsEe afiddahe
cat al yst eREGEM B PRL® ng%ta%&r %M%E%E%E%? af(%}@‘\h/%ﬂ%cg i \E}lﬁr tty s defined as the

rati o betwee | filCthe 8208 Q8 coMRasHH. Efhe factivity hesppeifts-speadind pach eafalyst
cat al ystsa%\é‘ﬁé’%ﬁgﬁ%g%aﬁd f%r@t&ﬁe reference cat aloﬁts (Exanple 1 gtlﬂl
huri sed afestheilaarmn weperatairevetheokbsuptant.dieddd JaK [h21HE PEBPE bel ow.

- catalyst charged into the reactor. The relative -activity is defined as the ratio between the specific
=]
speeds measured for the pre-carbonised catalysts (Example 3) and for the reference catalysts

(Example 1) sulphurised at the same temperature. The results are shown in the table below.

Catalyst Sulphurisation Spefs:iﬂc spe‘_ald B Relative activity
temperature (°C) (10°.mole.g" .5 ) (%)

Reference 400°C - . 1.6 IOOZA

Pre-carbonised | 400°C 2.5 _ 156%

Reference | 500°C 1.6 - 100%

Pre-carbonised 500°C ' 2.7 169%

Tetrahydronaphthalene hydrogenation activily in 4.5 MPa of hydrogen in the gas phase

After charging, after nitrogen, the reactor of the catalytic test unit with one of the sulphurised
cataljsts déscribed above (Examples 1 to 3) and introducing the reactant mixture, at a totgl pressure
of 4.5 MPa, c'omp-osed of 99.84% by volume of. hydrogen, 0.13% by volume of
tetrahydronaphthalene and 0.03% by volume of hydrogen sulphide, the temperature was gradually
increased (5°C/min) to 300°C. After 10 hours of stabilisation at 306°C, samples were removed from
.the gaseous effluents and analysed using gas chromatography to measure the residual amount of _
tetrahydronaphthalene to give the degree of conversion, The activity or specific speed of each
catalyst was calculated from the degree of conversion of the reactant, its molar flow rate and the |

i lati ivity i i ween the
mass of the catalyst charged into the reactor. The relative activity is defined as the ratio bet



. at” Catal yst Sul phuri sation Specific speed Re tenperature (O

(10-.nmole.g' .s'")

% Ref er ence400C 1.6 100 Pre-car boni sed400Geaaqyudbidss

Ref er ence500C 1.6 100% Pr e- car boni sed500C 2.7 169% Tet r ahydr onapht hal ene

hydr ogenati on activity in 4.5 MPa of hydrogen in the gas phase

After

.charging, after nitrogen, the reactor ogf the catalytic test unit with one
of the sul phurised catal ysts descri bed above (Exanples | to 3) and

s and

. the

introducing the reactant mxture, at a total pressure of 4.5 IvTa,
.conposed ofcilxpgulemmisasusze fariee ro¢-carbppeehepeatysts CEXpamiey) aybion e reffrence catalysts
t et r ahydr gnapht hal epe. and .0. 03% by vol u of . hydr.ogen &ul pi dle t he

t enper at | a the.s femderapur, £ LeSults 4are s g belgy.
stabi | i shEM8WStat 300C, §AMRRRESACR o r enoRpSHIF FRSES Lt he g ?"Bﬁesacélfﬂ uent
anal ysed|-usi-ng—gas—chropaith RO e lesi o)

tetrahydf t ¢ *8%%e the degree-bf —conversi-en—IiHe—activity
speci fi c| REsalontedagch [4E0Sl yst

conver si pRefeiencehe react 48P%°Cits molar flblurate and thel%iss of the
cat al yst | Blegeerdseiint o t h6%9°Bact or The retative activity4i’s defined a
ratio between the vi t i veac | y t 26 August 2003 9 specific speeds

measured for the pre-carbonised catalysts (Exanple 3) and for the reference
cat al ySt,SSelectivity for cracking products and isomerisation products for hydrogenation of

tetrahydronaphthalene in 4.5 MPa of hydrogen in the gas phase.

After 10 hours of stabilisation at a temperature of 300°C in fche preceding test, the
temperature of the catalytic test unit was adjusted to obtain a tetrahydronaphthalene conversion of
the order of 7%. Analyses carried out using gas chromatqgraphy in the gaseous effluents enabled the
cracking products (alkylbenzene, benzene and alkylcyclohexane) and the isomerisation products
(methyl-1- or —2-indane and perhydro-indane) to be quantified. The séi_ectivity results for the

untreated catalysts (Example 1) and pre-carbonised products (Example 3) are shown in the table

below,
Catalyst Sulphurisation  C/(Co+Mo) before C/(Co+Mo) Selectivity
temperature (°C) tetrahydronaphthalene after (%) cracking
test tetrahydronaph and
-thalene test isomerisation
Reference 400°C 0 1.46 10%
| Pre-carbonised | 400°C. 1.72 1.72 4%
Reference 500°C 0 162 10%
Pre-carbonised | 500°C 1.58 1.58 4%

Hydrodesulphurisation activity of a gas oil in 3 MPa of hydrogen in the liquid phase

The solids termed referencé'and pre-carbonised solids wére sulphurised in the gas oil HDS
test unit as described in Example 1. At the end of the sulphurisation phase, the unit was pressurised
with 3 MPa (30 bars) of hydrogen. The test gas oil (initial point 229°C and end point 383°C) with a

specific density of 0.850 containing 1.32% by weight of sulphur was introduced at an hourly space



. (Exampl e 1) sul phurised at the sane tenperature, The results are shown in
the table bel ow. CatalystSul phurisation Specific speed Rel alg Migyuactdos ty
tenperature Cl0-7.nole. -1.s-1(% Reference400Cl. 8100%

Pr e- car boni sed400C2. 0111% Ref er ence500C1. 7100% Pr e- car boni sed500C2. 4141%

..Selectivity for cracking products and jgsonerisation products for
hydr ogenation of tetrahydronaphthalene in 4.5 MPa of hydrogen in the gas
phase. After 10 hours of stabilisation at a tenperature of 300C in the

.precedi ngvetosist (HSVhef 8 e nyierdiling éheomit aifbsiebAsiaE (hei e drogt Prespiie. smBH St ed to
obtain a tetrah ron@qpt hal ene conversion of the order of 7% Anal yses
carried ot "l?geia%gtogja thr omat ogr aphy in the gaseous effluents enabl ed the
cracki ng produgtss GahkrRepEans ulensgngingrendaldey ldestalzomnexane kimard: tHae
i sonerisation products (nethyl-I- or -2-indane and perhydro-indane) to be
quant i fi edtalyfthethshd fect ramipley of ewidl eflneftpwere hellectah pYes aPeEPdcdtl A hgws © Joyxanpl e

1) and pre-carboni sed producgts (Exanple r 0 int abl e el ow.
O ( Cosnb) e epb e o BETRE ) Sl y sy & Sk oS O
tet rahydr gpapit haleneyaftbefhed Ulcutlac kind Gelki@aRaR R} gﬁreaw&) [b@ptstaetdeay dieonaph .
and -thal ene testisonerisation Reference400C01. 4610% _

ratio between the activities “k” measured using reference and pre-carbonised catalysts and the initial

© activity (k) measured at the initial time on the reference catalyst. The evolution with time of the

activities k and RWA of each cdtalyst are shown in the following table:

Time in oil* (hour) +0h +6h +16h
Catalyst | k RWA k RWA | k RWA
Reference | 4.6 (k) 100% 4.2 91% 3.8 33%
Pre-carbonised 6.0 130% | . 5.2 113% 5.1 111%
Conclusions

Pre-carbonisation produced a large gain in activity with respect to conventional sulphurisation

of an oxide in H;S-H; in the gas‘phasé, the gain being all the more notable when sulphurisation was
- carried out ét high temperature.

Pre-carbonisation could reduce the selectivity for ‘cracking products and isomerisation

products probably by neutralising the acid sites of the support. The degree of coking of the pre-

carbonised products was much lower than with untreated oxides.



~ Pr'e-carboni sed400C. 1. 721. 724% Ref er ence500C01, 6210%
Pre- car boni sed500CL. 581. 584% Hydr odesul phuri sation activitypeHugas@fmszoi | in
3 MPa of hydrogen in the liquid phase The solids terned reference and
pre-carboni sed solids were sul phurised in the gas oil HDS test unit as
-.described in Exanple 1. At the end of #he sul phuri sati on phase, the unit
was pressurised with 3 MPa (30 bars) -d hydr ogen. The test gas oil (initial
poi nt 229C and end point 383C) with a specific density of 0.850 containing
~-1.32% by wei ght of sul phur was intr634d¥d at an hourly space 26 August 2003

to velocity (HSV) of 8 h-". After tjlling . the unit a bi | i sl e
hydr ogenlpr ed's grosess fePre-gHpiErsie,f gydr%égboﬁ REJr}%Céjg‘éer Kfno&gaz&%é:% t:&% £ fae'?éage %our s of
stabilisation under t oD LG RAGE Lo RRen s efd iRk dtintal the tatadfst & hls®pre-or t he
catal yst w t_hmy?rﬁéenfagée)gﬁgagtéjﬁp%e@ of Iiqui 1ol effluents were collected over a
period of 18 h@ufisedls astoakyse a cirbe-toeginig abmpuhd thermajgesrpegivp obytush i pgp
fluorescence. The activity gk) of the order of 2.17, expressed as 10-" g
1"" mmol e 1. 1cheble, indke rorre AT B&FESat ed. The rel ative activity (or RWA [9%)

is defined as,the ratio betwe 3 AC bl b 8SiioK s ARAS WiE durths i thdpre- :
fef erencé andA;?FOé-eséa?ﬁ%ﬁli"%tg’d&\%rgpéltl@?{l@g nd the initial activity (Ilf;e) -

measured at thenifbddndleatiefte On the reference catalyst. The evolution with -
time of the activities k and RM of each catal yst are shown in tthe

fol | owi Ng. t abh erocds agoidms et $laim(1Hs glaim 26! Which nee-Faripnie#Iof ISAHTIE YW ORORNAA ¢

RWAk RWA Reference4.6 k;) 100%t. 2 9193.8 83% Pre-carboni sed6. 0 1309%. 2
11396. 1 111% THREIBEIHE™ B e- car boni sati on produced a large gain in

activity mith,respect. .t g conugNbionaaissllpBLE, iis athich pretaramisaion dempiised-2 S- H2
in the gas phase, the-gain being all the nore notable when sul phurisation
was ‘bringing the catalyst into contact with a hydrocarbon-containing compound at a temperature

in the range 20°C to 400°C.

5. A process according-to any one of claims 1 to 4, in which pre-carbonisation comprises
bringing the catalyst into contact with a hydrocarbon-containing compound followed by heat
treatment.

6. A process according to claim 5, in which the heat treatment is carried out in an inert gas at a
temperature in the range 150°C to 650°C. |

7. A process according to claim 5, in which the heat treatment is carﬁed out in air at a
temperature in the range 50°C to 400°C.

8. A process according to any one of claims 1 to 7, carried out ex situ.

9. A 'pre—éulphurised and pre-carbonised catalyst produced in accordance with the process of any
one of claims 1 to 8.

10. A catalyst according to claim 9, comprising 2% to 10% by weight of carbon the major portion

of which is non leachable.



carried out at high tenperature. Pre-carbonisation could reduce the
selectivity for cracking products and isonerisation products probably by
neutralising the acid sites of the support. The degree of ég?&@gigkméhe
pre- carboni sed products was nuch |ower than with untreate B V%6
August 2003 CLAIMS 1. A process for pre-sul phurising a hydrocarbon
hydr oconversi on catal yst in the presence of hydrogen and at | east one
sul phuri sed conpound, characterized in that the catalyst is also pre-
carboni sed so as to deposit a carbon-contai ning conpound, the ngjor portion
of which is non |eachable, in the pores of the catalyst. 2. A process
according to claim1, in which pre-carbddfisation is carried out during the
pre- sul phurisation treatnent. 3. A process according to claim1 or claim
2, in which pre-carbonisation is carried out before the sul phurisation
treatnment. 4. A process according to any one of clains 1 to 3, in which
pre-carboni sation conprises bringing the catalyst into contact with a
hydr ocar bon- cont ai ni ng conpound at a tenperature in the range 20C to 400C.
5. A process according.to any one of clains 1 to 4, in which -
pr e- car boni sall.on doepracsssiccdadinggi ¢lgint hevieatimthy SteatinehOtemptrated isiht h a
hydr ocar bon- cthetraigaicfig0®Cnpsenia. f ol | oned by heat treatnent. 6. A process
according to claim5, in which the heat treatnent is carried out in an
inert gas at m. teTpepbescididibhe Elange RS bad 8AGst chmpfish D% eSS
accordi ng to ptabiweight &f kiogh the heat treatnent is carried out in air at
a tenperature in the range 50C to 400C. 8. A process according to any one
of clains 1 ty.7, Aapie@d RUbrdp & Chimt & PFEsuttuRbHE i S8YdRdBHbon
pre- car boni seg,¢atigh WatalRl R UEHetdAcACE AYAARLE alM bh IR QifRSIsQ] any one
of claim 1 tQrBoudd- compfidha! polar@rGaldLNg LAnGl BLAL theC QIR Hhiith 2% t0 10%
by wei ght of (AFRAR af HGedlBd:Hurd R b PngeOdr HIFE R, 163020, LEAFRGRE

carbon-containing compound, the major portion of said carbon- being non-

[eachable, in .the pores of the catalyst and presulphurising the precarbonized

catalyst.

14. A process according to claim 1 for pre-sulphurising a hydrocarbon
conversion catalyst in the presence of hydrogen and at least one sulphurised
compound, consisting essentially of precarbonising said catalyst before the
sulphurization treatment at a temperature in the range of 150°C to 650°C so as to
deposit a carbon-containing compound, the major portion of said carbon being
non-leachable, in the pores of the catalyst and presulphurising the precarbonized
catalyst.



. 26" August 2003 1lla 11. The process according to claim1l, wherein the.
treatment tenperature is in the range of 300C to 500C. 12.4T, uggﬂﬁ%ss
according to claim1l, wherein said catalyst conprises 2% to 10% by wei ght
of carbon. 13. A process according to claim1 for pre-sul phurising a

..hydrocarbon conversion catalyst in the_presence of hydrogen and at | east
one sul phurised conpound, conpri sing p?ecarbonising said -catal yst before
the sul phurization treatnment at a tenperature in the range of 150C to 650C

-S0 as to 'deposit a carbon-containing conpound, the major portion of said
carbon bei ng non- | eachable, in.the pores of the catal yst and
presul phuri sing the precarbonized catalyst. 14. A process according to
claiml for pre-sul phurising a hydrocarbon conversion catalyst in the
presence of hydrogen and at |east one sul phurised conpound, consisting
essentially of precarbonising said catalyst before the sul phurization
treatnent at a teﬁﬁ@ﬁé@ﬁK@ﬂﬁgTFW§QEﬂa OHEEQTM@NﬁﬁﬁgékYgg to deposit a
car bon-cont ai ni ng conmpound, the nmajor portion of said carbon being C
non-| eachable, in the pores of the catal yst and presul phurising the -
precarboni zed catalyst. 26 August 2003 12 PRECARBONI SATION OF A - !
HYDROTREATMENT CATALYST ABSTRACT The present invention concerns a process .
for sul phurising a hydrocarbon hydrotreatnent catalyst in the presence of
hydrogen and at | east one sul phur-contai ning conpound. The process is
characterized in that the catal yst conprises a carbon-containing conpound
the major portion of which is noty geprhable deposited in its pores. The
invention is of particular applicatton to sul phurisation carried out
off-site. The present invention concemns a process for sulphurising a hydrocarbon hydrotreatment

catalyst in the presence of hydrogen and at least one sulphur-containing compound. The process is
characterized in that the catalyst comprises a carbon-containing compound the major portion of

which is not leachable deposited in its pores. The invention is of particular application to

sulphurisation carried out off-site.



