. 26" 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 el ement s fromthese sane groups is
deposited, such as solids designated CoMb/ A1203, N Md/ Al 203 or N W Al 2C3,
must first be sul phurised to endow themw th catal ytic performances for all

-~hydr ot reat ment react i;QRS SRR s AEroNYWE RASSIKOPREL hERirl ONTALYST

hydrodeni trogenation, denetallisation and I 0 ti Q! ions.
This sul phuri sS4 OFEREL P Er gelﬂ%ralé’a?oglp?g?%%yra%% 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%&?‘hﬁﬂtcaﬁﬁc&‘p&oﬁgécg?@)} 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 o Ln situ, i.e.. .Iinsj - h i ctor.
That process fghg-éfétsrf‘%“&%k}fn ﬁg“é%&“é@és” gmésggonhiég&%%%gﬁ%géﬁggggﬁia? F\%Qgtﬁl % 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 semndhtainei, kpvices offysde présepiupBRtPT. 95 Atporibs dherariPy ot (e Appfigant's
catalyst; limt_hydrogenati f flns nsi Oknt ne
nunbe)r/ of RFEH (U&gegéltﬁ%ﬁé’%t.em 'R‘eﬁ }%Bg?fméA"grjgz Z%%%@%? ?t%ﬁ ElPstfe g&g%%?y out
pre-sul phu&iﬁ?%{f?'rnqge @'fecehi_lﬂg maeAin ek siiphutifiBon G Rsangariatiodidicaganstanerit
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| east one su ur-contail ning conpound whi ch nmay be hydrogen sul phi de " 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
per f or mances i r?“f%éafWHPb%ﬂp}écé{‘%ﬁ#‘gﬁl@%% P%ﬂg‘?“’&iﬁ% RS fPsCtarrlleg 6 &Rt e

pre-carbonised sq Etywma] b vedr RaRd dut thenDQE hmsigd tHeh@d@adidhny st ,
the maj or Ca?)ac%’r% ?%ar?%§¥utr§%?g%§§r%’b\gn bei ng non | eachabl e. Th(sa1 process of the

invention igvafioadabibCUlTRdt pagipdsi foapdsonokitgocaivets Sorl ajvioutiestée gorplivapyts Eamout

of f-site. 26 August 2003 2 . ' ) .
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.



- The present invention, characterized by carrying out pre-carbonisation, can
i nprove the hydrodesul phurising and hydrogenating propert iZ%SAﬁHusfﬂﬁ)a
catalyst. Further, it has been shown that this pre-carbonisation can
reduce the initial selectivity for the cracking product and

.for.isonerisation. One explanation may: be that this drop in selectivity
for cracking and for isonerisation is due to the carbon deposit
attenuating t acidity of th rd.. { al LiMahi @R igaRvd s be
-reduced and iPre§’éeiswée"ePthfiédl?aﬁ%{réggege%. Cag?%fcogfggﬁk??gt i on can bgﬂcarri ed
out prior iR dtdBnstr Sl Pjtdsdetaihg propatiase ter casiveul Furheo istay beenishhrsgitd
pre-carbori sation step, or even before and sinultaneously th said
pr e- sul phtiisipsataronissioepan redire Hie il el £ Ate TG PrOYT ia%#oblﬁ‘fmeﬁllszf“(?fl‘ to

pre-sul phurisation of the catalyst off-side £0. ARY isohEGH AU g inEh can
deposit sBRf &PlEEBBA2Y h‘e §‘a‘n§’|sﬁf%’9 lﬁée(r?lec{% cfra%?&éﬂfg?c?n and homogeneously in
the poreg of . cat al sty SHRYPEF tBaubRIN. ECatadCiaaR/atbinycah Hps bgrediced mdor
cher ni sor%tﬂ?ogr?fe%%tgﬁé conbi rf'ed t/vlpt h heat treatnent. For inpregnation
carried ouf seAlicedifdihcedatest enperature, the |iquid carbon-containing conpound

is introduced into the pores of .the catalyst wthout. .ne sar.i LldJ ng
t he pore vol ur?ée‘éﬁfrbctnﬁé“o@a’?%lpi/Eﬂr”wcoblﬁﬁ?oét‘%lﬁﬁfprel‘ﬂl&shu?%téo‘} ggee%nsg%%g%b%/slll une

i s parti a%t%{sfi(% lrL-%grb%rgsanﬁ{[s e5 b Q%eaRdank QRRARE Rl eriahkM prdsulphieatangs. 20%
to 90% SUiItabl B carbon- cont ai ni ng sources can be selected fromparaffinic, -
napht heni eyiaR @feddarbdhiatbats @rriey doopar bo ps; sulghuisatios of fircotrtabisgeffipits, then any
oxygen- cont ai ni ng conpounds such as al cohols, ketanes | dehyde r gani c
Radiiph tpena PamoRst Pl &by

aci ds, f atecinigueivchishaatidspeietohbhFaEbadit & Mafly o Aing Pamogepeilindhe’ ;o g

by high boili oints, for . ' t: & bol @kemablin over
200C. The parﬁ%l%gf‘{) tag'fSt Rt S‘Ht%%élg’ggésh?dts gﬁla %ﬁ%&gﬁéﬁé&?st g i npregnation step
is in theapnggmd¥ to 30% by weight with respect to the nmass of oxide
catal yst. Follow ng the inpregnation step, a heat treatnment step is d
necessary, t hiBorlremterktieeerme putst apbien Emagawey e S FAPFORERTS GETPO8T

another inert gas, at a te rature i h . - £ler ably
in the rafy8raBee Hig HEoHEss (%F t eﬁatéys?wg?ou%n?%%{smﬂ'@gigl[@g%%{gg gﬂggf;]taée)é 5(% to
400C, pr ;%Bﬁ@@t%_y T8 18 ibBRPRHET $5lenea] pakRsFfileh arbeBRRC107F had EIOBA, pfefetahly $n

subsequen at “treatnent, or pyrolysis, preferably carried out in an
i nert gas,thd snsevabewl . 9®h.r s$uitgble tcarthersconising ssetcko ARobe seles] et i IETEnhe

anount of carbon to between 2% and 1Q% by wei ght refe ' pange
3% to 7% LpPhtigeic gpr onglpliti BEHSEPO So”gﬁ?é" )é%rfl&é‘%%%?’r“?%‘?? °%{‘E1a§%§\e/°é’%“ﬁﬂ1&“§nfe to
transformith d oG KR 205 A0S E:aRO6. SrheRYonPdundsoad ai n
~oxygen, in?ﬁ%ﬁt%é%ﬂq%gg’?%@tdﬁs\geﬂﬁn‘gﬁ egn’ai?lircyon ;tep, sﬁch t hat the residual
carbon. i nnacrer@sbhigh Boiltna@oinaGeedtipl peiweinglit°Q ad SO oyrefiesblyorer 2 C.

referably.in the range 3% by weight. to 7% _ .. -
P yThe quantity of carbon deposit%d at theg 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



. by"weight with respect to the oxide, is a residual carbon-containi ng

compound the major portion of which is not |eachable in rejald&@g Juene.
The major portion of the residual carbon-containing conpoun
| eachabl e in refluxed toluene, i.e., the degree of leaching is Iess t han
.40% preferably |ess than 30% and noredpreferably | ess than 20%
Pre-carboni sation can also be carried out by direct reaction between the
sol i d_and . QydnaearRanGoMReHaing e ihSePORSIRD Autihuss: Ri6QRAUAG whi ch
-is quick to polymerise, such as olefins or diolefins at a tenperature in
t he range a6 inahaABRE 2% Caririghi Salitbcy veaht @l seidndivoa theicenge oYtby sienthd o d¥teousl y
with the catal 1¥St sul phuri sation step, the gaseous car bg cont ai ni ng

: < s

conmpound BeMAg |"chrf69cHEFéé‘chF Rige: t‘h%re@ﬁ‘éﬁl FHRCEFORARHIE CARRYY Wocrﬁo’iﬂﬂré

Sul Pho- 1 equeh N0, T KLHER i OREdd Bhetk Dy MdbORRRoABn YRR SRR

Sui t abl e carbon-contalning conpounds or I's pre-carboni sation method
are Conmpousdsouldiis a6t kbl i efuxe® thehy ey ths degter obiearding ¢l ihas 4056, pchfenib@fl ns.
-For this catal yst pre-carboni sati on nethod which is sinultaneous with
pr e- sul phiest St I0mandieee prefeidiniesshi'ali”gas can be introduced into the gas
phase via an Id[p.JF Barﬁc}{?s?tb &uéaqt Wh'bg hramﬁuroluE %ﬁ%fe&%&&%é"betu‘}e%h% gdhﬁfaﬁﬁ eant

fromthat use fre "8 I Si e |latter case,

and for %mggﬂb%n WhesbulS | RGs PodsBleah iubga @cyrhp}oﬂﬁlf {whiah isf dfiﬁdk&ﬁﬁp,olytnbﬂlss such as
di spl acenent of the carbonisation mxture introduction point with respect

to the sulottﬁmmdduﬁnmatmmbrameemﬁwaﬁm?ﬂ"ﬂ@n“oﬁd? nt can be radial or axial.

It is preferably carried qut such,that the c on as r|ed
out in a tenpe‘l:aé?%fsém“rcé‘hgﬁ’ REACRI P S W&@FOL&S ﬁm 23 R Suprﬁmssaﬁ Onﬁtﬁ i'Sation
t enper at urygs.. KNG »BE- St AL RO chdOR g ik Riducty b bl u%@bha@@ sishRReGAN Wag tgar ri ed
out at atrfos Lherl C pressure in a reéactor heated to between 200C and 600C,

pr ef er abl wulpiv-teieing arbgere 260Guted by bydigEen and lwrﬂreganselsledﬁz (—:Smtaiﬂe @rbon-containing

sul pho-reduci ng gas m xture. Nore a ticula of the invention
is appli céﬁqﬂ@“ﬂ@ ot this pgq—t{a@oglaqﬁﬁhﬁlﬁ g FFBW%"O\HP#/C‘WC&%C %Ckctﬁlp?ll’”@ed“%ﬂlfh & high
tenperat urg. rdm%g%*pl e at tenperatures of nore than 400C. The reactor
used can be & i'Xe ed type reactor or a system using noving bed

t echnol ogy suckorass eutdlydt grélcitfortiaiion methdd| whidliisédultaeebuo with psisnighutigatibg dhe The
sul pho-reduci ng gaseous mixture is constituted by hydrogen and hydro en
sul phi de, cmb@msaaorhgnap@gv@nntgnavc;fﬁﬂ%thpamhaﬁe virae d4g5tien %ﬂt/ﬁﬁ?gahg%eﬂms nip

;[ Eet I’hgn?: égg?g#ereg%‘%%ggl}agage% ntroduce t?g gu[@rﬂggngaHJxRPé d?n lth% !Qt err Q?SE S8 at ed

drogenot ysi hur-con ai'ni’ng conmpound
in the presgnfewidn [Hgr0980n dé E‘ﬁﬁ@r@ﬁltﬁjmmédfh%gﬁ@la%iﬁdﬁhbﬂﬂﬂa,car@blrﬁshtuﬁxSmibchtaﬂ S,
|

or gani ¢ sul phi des, organic sul phi des and organi ¢ pol ysul phi des,
introduiction point with respect to the sulpho-reducing mixture introduction point can be radial or
axial. It is preferably 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



.. or "introduced sinultaneously with the hydrogen. In the case where noving
bed technol ogy is used, pre-sulphurisation is said to be if the
sul pho-reduci ng m xture is introduced at the catalyst inj %/i%ggwsg%lsor%, and
it is said to be counter-current if the gaseous m xture is introduced at

.the catalyst exit point. EXAMPLE 1 (cotrparative) A hydrotreatnent catal yst
contai ning 18.2% by wei ght of nol ybdenum oxi de and 3.8% by wei ght of _
cobal t oxj,de. daposhded PRoAPRYNMTAA LEHERArhpd B &nliadagasParhki cacgil face
-area (220 ne/g)  was sul phurised at atnospheric pressure with a
sul pho- r eduebergy mydebgenelygorit sasuiphurgodtaidind yonmmhigdhe theofredayatrad dpdrogn | (pstede
(H2S) and 85% by vol une  of h%dro en%&)HZd)é. The. cat a}lii%(st s sul phurised in
two steps?ydfggen fulphide), dard a3 tin OFRE BUPIAETPETRRE JISEPes @ Pigpry BUYSHPRYes: t he
second a gl‘olgt%cﬁgéd sxrﬁﬁﬂpe%[l@}t \thfth@ B?cgggeh.aﬁ'; ﬂh_@gasé' WHQ‘E' 'f'n%viﬂé bédn@ch];bl@@ is used,
sul phuri sation tenperature selected.” The tinal sulphurisation tenperature -
was ei t hepre4QPKiriedtioh BQ&d thbd @rcusedt by sulpad-redncing tigtuesits altrgdicedvashecaalyed in
a streamof nitrogen to anbient tenmperature. At this tenperature, a portion
of the sulnjshipnipsing andiatsapig §a bageunterrareT drthespseantmituze ipintrediret atdbhistbber e t o
anal yse its degree of sul phurisation. The remainder was transferred under

_the sane E’%trf’ai“gi ons to the reactors of two catalytic test units using a
‘nodel - feed (hydrodesul phuri sat igGAMFLE D(@RpeAGvat at nospheric hydrogen
pressure and hydrogenati on of tetrahydronaphthal ene under hydrogen
pressure). ForA hiteseatnwot affyssionaingg| 15N bysweishsef motiedenimi cxldle and 38%ealtyi on i n

the final trea nt tenperature), the results.for the degrees 1

Ul phur | s XEPBAT BoR LGRS Bt APECHBRR T 1 RGBS V0T Gt CHPE " Begr ee
of sul phugisath@fed s AabHREH pASsuthG Aluio PEILVRERiIIE Sl MBNbRlolume

S/ (Co+Md) nole ratio and theoretical SI(Co+tMd) nole ratio. 1n the present

case t hi sof iyemeet sutphlde (H4S) end 8580y @spardihpdgogeo (Ot The tatzlyss oy suixthindsad of
nol ybdenum oxi de MDQ3 and cobal t ,oxide Coo.to th((e0 re _pggti ve sul phi des
Mb52 and EH0S8es: \ees first g eos%y1§89.teﬂ_ﬂpeia.t€&.fl&?ﬁé@e PRy B *oEH8 h&vEiEHaf t er

termed "r nce t t8" B e f

sul phuri s%&?%ﬁ‘ﬂ% %ﬁ% E%I@Hf h&"i@?&’éﬁ"’ggﬁ 6%@@%5%&0# 3%%%(%?&% AP s
(15/ 85) ssliphtidatisadempdiatade Wad GikA4000040I At aliphatisation, threarlysiubaphotlddsat i on
characteristics of an off-site sul phurisation process, the sane oxide
catal yst ReiSStERAOHEHrORH: @ ARty @RI Bireofit Ahiykapgptrehy apdige 6 thsHuPuesadi on

test Uni U euBRPLEL A0 UNISLsey 41008 RIGRHICuADH oMb of LALARBORSFre Pr1 Or
remainder was transferred under the same conditions to the reactors of two catalytic 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'sulphides MoS; and CogSs, was: [S/(Co+M0) )i, = 1.64.

These catalysts are hereinafter termed “reference catalysts”.



. catalyst was sul phurised (in situ node) with a sul pho-reducing m xture
constituted by 5% by volume of hydrogen sul phide and 95% gfs & by
gradually increasing the tenperature (5C/ mn) from anbient terperature
(25C) to 380C. After a constant tenperature stage of 1 | hours at 380C, the
. catalyst was cooled to anbient tenmperajure in a streamof nitrogen. This
node of sul phurisation, known as "in situ" sulphurisation did not permt
anal ysi § of the degree of sul phuril§4Coeviodf the |dsreekgksuinhuristiond”d he
~activi t Yai@ERl (1587 @ipaeishibntat €0°0f [tiMese three t estl84%t hi ophene

hydr ode ST LT &3f d.QRurisaticRlat 890yCr gnapht hal ene hydri6dfenati on. gas oj |
hydr odesutphurisation) were subsequently used as the reference. EXAMPLE 2:
Pre-inpregnation - conparative The sane catal yst as that used in Exanple 1
was i npregnated to 90% of its .inpregnati.on vel i rg
distillation §aaraig o N?%“&W“Pﬁfq?ri g‘%”ﬁ‘c?f‘i%i"sna %%?ﬁisma% p@ﬂs&ﬁ%o o ngthe(z;soc
and 350C, queeg)Q({eecattﬂ}t% SHL RRLEdSREY @R tdcRRtdTBNkas &l Bpdrbdetuipfisatibe tsolbidd was
renoved £O ana yse he total quantity of inpregnated carbon. The %uanti ty
of car bogpikgeAler PdibEa moeseut apt Bghatiedl Bubd dPreRl PYIBY WetYHty; that
corresponding to a mole ratio C (Co+ of, 1.1.71. After | Lng.i N a
soxhl et  ceiglysh weesinpuisad (e giugaide) &F‘h%s GYECp MpRET 8‘6‘3‘?“8%?@%%‘3 g%l‘lﬁ‘ge
extractib resent. .on ' in§B4sing the@SpQard ¥ PY /MR fM |
correspor‘i’h‘%)r‘iibyg%suzpq“r%lméd %g’?iogﬁg%ﬂogol\%?&%?y %égig “repr egentiﬁg adﬂlg}legr ee of
| eachi ng ,AfiededMeandd 1287C)ahaSME NG feri adonstich empbhansi tageoll phaurs 2 380°6rfhe
reactor, this catalyst was sul phurised as described in Exa{rglli,‘u% 1, .at 400C
and at 5@@yst Afas epoltchtosmbisnl [SHOFTHEALR & ST WENER, Thiy Mege P B2t e
sanpl e was renoyed. ynd ni trogen | fionSk usd @@t i on
and the ‘¥t gudl S'E‘hrsblg’h‘fnsﬁc’é" rg@snﬁ)# ? esr%g?an fmgsgs gfgglle %%gfgg%&hgg%gﬁ in the
form of the th& 1] Aol 10 itGhdsCortY R v AR ¢ GereMa)s (hixfpbene hythatleafherisatdne sul

. hurisation o atment, are shown in the table below. C (Co+iVlo) before
After sulighiiydreaplitiatent hpiaogeaation.saeb ok hydresasiRBRRREOIA TR Tbssg§ativplsed as the

Cl (Co+Mpd) S/ ( Co+i vl 0) Degree of sul phurisation (%9 H2S-H_

(15/ 85) 1Tefrere921. 69103% sul phuri sation at 400C H2S- H2

(15/85) 11..710. 661. 71104%x s MPLE 2: Pre-impregnation — comparative

The same catalyst as that used in Ekample 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 ‘




. sul' phurisation at 500C EXAMPLE 3: Pre-carbonisation The catal yst used in

Exanple 1 was first inpregnated to 90% of its inpregnation a
heat treatnent

veget abl e oil (rapes

eed oil). After

d§T8t Yhdah

4 hours,

a treat nent

non | eachable in hot

t ol uene,

~ni trogen

r enoved

to anal yse t

the catal yst was cool ed to anbicgnb+tie
Bef ore the| sul phurisation treatnent,
he quantity of carbon renmain

DEH Abtivle)
A portion
ng on the

after th
pre-car
“ratio of

OB atie50/ 4
DoafgiOg

RYE.of YSI) reat menfij 7The quantitywwf carbdmdpresent ®a%t he
) d was 4.9% by wei ght, corresponding t¢ a C (Co+M

| eaching, in a soxhlet with toluenejunder refl ux

r esi dual

solid was

represen{}ﬁ@za egreﬁ of | eaching of 12.
cat al yst i T anmpte — T at

" nitrogen,

t he degree of sul phurisation and the residuyal, carbon.

in the fdAYFLERPHPEoPERTYs © (Co+M). and S/ ( Co+Mb)

anal yses

bef ore and af
bel ow. These

C/ (Co+1vl

Cl ( Co+Mb)

(15185) 2.
(15/ 85) 2.

it

:
Rt ent (nonjgxfractibl ¢) prasent onitihe pre- mawboni
Wé ght, corresponding|{to a C (Co+Md) nole ratio of
2% Aftef sul phurising this
00C and at 500C and cooling in
a portion of the sanple was renoved under nitrogen

expressed

[ Lhe su | . 4 o8 oS AMBrebidtid R RIS
ot s S RPAE) WA G R o APE iR
D)eRHIOE (rafsbelroily UlsRbUEdas@dainnt inrmdtedgreat 4600C forut haves ia dreatment
S/ (Co+Mb) - Degree of sul phurisation 26 Auggst 2003 7 y2§-ﬁé
Bhith ¥&lint&B109 togpysnliisp Hg o S5BIE melsculg to Aipgyete FJiw.’i]g_ tept ﬁagments and only leave

311, 581.691 03 SuLgnhrlégiciitﬁeaf}nitﬁ)encagiystswgfg& is largely non leachable in hot toluene,

a slightly hydrogenated car
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

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
so;chiet 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 poriion of the 'sa.xﬁplé 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

(%)

sed.
2.02,

a

in nitrogen at 400C for
whi ch was intended to pyrolyse the organic nol ecul e
.to liberate the Iightest fragments andgonly Ieave

a slightly hydrogenated
carbon residue on the catalyst which is largely

Keedleggepf under
ofulghneisgohi d was
oxi@e catal yst

nol e
t he

to anal yse
The results of . the

med "pre-carbonised catal sts”



. Sul'phurisation in the gas oil hydrodesul phurisation test unit was carried
out on the pre- carbonised oxide under the same conditions j2sajdiesmos
described for Exanple 1. EXAMPLE 4: A further pre-carbonisation nethod The
catal yst used in Exanple 1 was inpregnated to 90% of its inpregnation
_volune with a mneral oil (150 Neutral, Solvent) with a density of 0.875
glcnB. After pyrolysis treatnent in a stream of nitrogen at 350C for 4
hours, aHe®H. i ons@f) it he solidswas renoved tlglangl ysé.st he amouni®®of car bon
-bef ore andprafitagbnl @gching W th tol uene pnder refil ux. The jresults of the
carbon debecm nation before and after fhe | eaching treatjment, expressed
W th regpgst,t oik/R) [or e- car basiised cat al| ysti,s8werje n@specti vellyi®s. 0% and
4. 1% Ccrsulgfﬁlﬂgﬂdh ngt ir espectively to nol g ratios | (Co+Ylo) of 2.49 and
1.94, repeesenting ja degree of |eaching of 18%]| After sul phurisation| of
this catalyst as described in Exanple at 400C and 500C and cooling in
nitrogen, a portion of the sanple was rennved under nitrogen to anal yse

t he degree of sul phurisation an carbon. The uIt of the - -
anal yess. . exiduBiten i e oF irireeeERHE! KT oM (REAGS Sl & cosno)
before a DdescrBEEfoSB@WRe 1N T he tabl e bel ow. :
C/ (Co+ Nb;&%@,ﬁ%gé;ﬁ%ﬁg&@ggé %ﬁ%'rcfﬂsagﬁsgﬁttﬁeat ment su! mﬁurl sation

C/ (Co+Mpd) S/ ( Co+Mb) Degr MPBEMphmmmmmraamrlé%saHm&lbmod

(15/85)2.491. 161. 66101% sul phurl sation at 4%{)@)—12% . :

(15/ 85) 2. 491. BE1caBY 059 SUPBREIR il S i eHHteS B RAGE WSSV EAMPLE
o1 ACtIVI LY J ?t"l b e QA SGOUN 'v&i&'a%wﬁ{?b?@@)%%nhy AR MR QfreEt I Vi LY
in 0.1 Ma 0 3ro en in t as phase After charging,, under nitrogen,

t he react® ﬁ;trm&l af mm hir apbene pbBSn oftha kit inas teelst/edua pdalyat thh apmet ofhrbbie

sul phuri sed cat al ysts described above (Exanples to 3) and introduycing the
react ant brfoset and efterdessiings with tpfuenr7urdier, g6fluxy ofhg pesulis OfﬁWfﬂ?é ﬁetafﬁarlaﬁmsbﬁf

vol ume of &h%torp {Lenledchmp %teatm t?re%r%gd VAR | 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 .




. gradual ly increased (5C/nmn) to 300C. After 15 hours of stabilisation at
300C, sanples were renoved fromthe gaseous effluents andgngalgvseshoysi ng
gas chromat ography to nmeasure the residual anount of thiophené to give the
degree of conversion. The activity or specific speed of each catal yst was
. calculated fromthe degree of conversion of the reactant, its nolar flow
rate and the mass of the catalyst chatged into the reactor. The relative
activity is defined as the ratio between the specific speeds neasured for
~the pre-carbonised cat al ysk sl PR Rlifry 3B dnd Bdnctusienr ef erence cat al ysts
(Exanple 1) sul hurised at the same tenperature. The results are shown in
the tabl e bel QMphche BlirddasutihystdBut phivin isdtli MRe shdrae indeet PREet enper at ur e
(O (10-.nole.g" .s') % Reference400C 1.6 100. Pre- boni 56%
Ref er ence500CAfler 6hatdiysmieptiEageBdhf @%Cé‘ﬁé?fé%ezg‘?pﬁ%§®ﬁﬁeﬁa?al3ﬁ§ ?tg‘%gﬁﬁ? %ré ene

hydrogenation activity in Ofex AL 008E)iaRd (e @RS tithastant Afdued
char gi ng,OEﬁLFf‘é&me%r%%léﬁ? d%ﬁrg)e(lr}/gg)ﬁgzr‘g%? t he gat alnyti c tgest unit with one

of the S%rnﬁugid sred 202 alolisdeof Hesakh heid. hby eol@Ex offtblogens, thegegyeraiyig was
i ntroducing t

e reactant m xture, at a total pressure of .4 5 1vT
conposed sekiu@9.iB4ssady(SCnuite 390°C hyidien g ROUTD F’Eé‘@%l%tWOTtu’rQ%%ofs amples were
t et rahydr onapht hal ene and 0. 03% X R RE8PhyStH InfeRduetethe FeRiBual
t enper at d?@‘\‘?\%goﬁf@(ﬁﬁ%ﬁoﬁleﬁ%eﬁ%ra%dg%lgggbgg%ﬁ)c toaiagog.w&g\fterLl 10 hours of
stabi || Satl on ol 3R0C o SATRL eseber enieam el buidiy of iedifmyesied cah Fittisht s and
anal ysed ‘Using gas chronat ogr aphy to neasure the residual FH@ngunt o{
t et r ahy draRaphildal fenethe deggéevas coversigegfy tiereatant digesias By rate i AR PR O §1° or

specific speed of each catalyst s cal cul. 6

conver si ombH wiest BRCPARECor | ITORAP FTON T SELe it e Caset o Sl

catal yst Cheg%qge%suirerat Be ttﬁ‘seiplreet%%&%ed chAB stk @ERdnipke 3 pakd Ydrt tie ireferdidei aamlystas t he
eV i - _

‘ratio betWRE U I ve ac _
' (Example 1) sulphurised at the same temperature. The re_sults are shown in the tabiF beiox_v.l
Catalyst Sulphurisation Spegtﬂc 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



.y "t 26 August 2003 9 specific speeds neasured for the pre-carbonised
catal ysts (Exanple 3) and for the reference catal ysts (Examgl fiqkst 2003

sul phurised at the sane tenperature, The results are shown in the table
bel ow. Cat al yst Sul phuri sati on Specific speed Relative activity tenperature
. Cl10-7.mole. -1.s5-1(% Reference400Cl. 8100% Pr e-car boni sed400C2. 0111%

Ref er ence500C1. 7100% Pr e- car boni sed500C2. 4141% Sel ectivity for cracking
products and isonerisation products for hydrogenatlon of

~t et r ahy dr rafrokds ensuied fof U5 nwaarwl%@ra@@@ REXamplere 2pfhior fip sdfwencaFatdysis1 0

PO o Rt [Pk OR s R ASIREOALC Bl 00 Wb ICuRISERALN0 oSt the
LAY 1 ed out

9. UurirT t
Mt b Ay Anlin

t et rahydrg?\téBFft hal ene cq m'Pﬁngﬁlﬁ'ob t he p§

usi ng gas—chroratograph te“"p"*rmreﬂ(ﬂ Joous— & rPY&E § bnabi She—eracki

pr oduct s%&fgﬂiﬁbenz_eae‘ ) - _ %he—i—sem-iéat i on
product s| "¢ fed| - 460 pndane—and_pe}-‘ﬁ%-nd«&ne)—ll—b%e—-qu&m_m. '

The sel e"R?fVF"IOO result s 1£9689°Ct he _untreatkefl catal ysts ( = 1) and
pr e- car bohiesetionsedduct s [6BX&nple 3) are Zhown in the tabf¥ pel ow

Cl (Co+Md) - before C/(Co+|\/b) Sel ect i vi- ty Catal yst Sul phuri sation
tetrahydronapht hal ene after (% cracking tenperature (C)testtetrahydronaph

and - Selectivity for cracking products and isomerisation products for hydrogenation of

<L,

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 7 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



. -thal ene testisonerisation Reference400C01. 4610%
Pre-car boni sed400C. 1. 721. 724% Ref er ence500001, 6210% 26 August 2003
Pr e- car boni sed500C1. 581. 584% Hydr odesul phuri sation activity of a gas oil in
3 MPa of hydrogen in the liquid phase The solids terned reference and
__pre-carboni sed solids were sul phurised,jn the gas oil HDS test unit as
"described in Exanple 1. At the end of %he sul phuri sation phase, the unit
was pressurised with 3 MPa (30 bars) of hydrogen. The test gas oil (initial
.poi nt  229¢ClogndHSHY oDl nt ARSI NS Wietuait gnd %ﬁé@‘iﬂﬁl%l‘? k@l@ﬁ%‘?“t%fesé‘ffe’gi‘%@ﬁp%ﬁﬁaﬂeai ni ng
1.32% by wei.ght of sulphur was introduced at an hourly space 26 August 2003
to vel oci‘f’%ﬁ"@ﬁﬁ?ﬁtoof%é?h-‘. After tilling the unit and stabilising the
hydr ogen presagee; hblie of @APBEasdIiRler VESating GoRAGAE dtMind4NEC.nidd tige f3r heur s of
stabilisation under operating conditions defining the initial time for the
cat al yst aatatyst withehd feeld sanpierpf ewideflupitewirg celfepted eYer § PoRAdeof d B hpwe tocalipger a

period of 18 hours to anal he residuyal sul phur, conte y Xray

fluor esce‘ﬁ%@?‘d“l&ﬁ%‘?pﬁﬁrt‘io%e'ﬂtﬁﬁ%ay FrEHEOr E?CH(‘)'?Y (%5]3 he %rg‘f)rrogé'élg’cf x%fgsse%ﬁ- S g
1"" ol eidol‘:gl-ﬁrﬂﬂéle'wﬁ_‘ (e Mes BhGital ethe rdiiRe hANAY (FRWAIAY) k¥ichRa LA [ %)
is defined as the ratio between the activities "k" measured using

r ef er encerathtbtdes tieacioits SEdmaatral yag sefamete rhkpremirbomaded catelysta/dnd yhe(ikifi3l
nmeasured at the initial tine_on the reference cat st., The eval ut%%n wth
time of t#aEviEck) yeasiesd ak thy pjtigime Op theyelrench ?&Fﬁfféft Ve VIth iR ot the -
fol l'owing, t.able: ThoR ifladichaihQUhdwiil i floRindd tablel 6 h Catal ystk RNVAI t

RWAk RWARefetenced 6Kk —100% 2 91988 8306 Pre-car boni $ed6. 0 13095 2
113%. 1 Liikdbieimcihushons Pre-|car bome Bati onj produsad a | arge gash in
activity|with respect to conventional sul phurisation of an oxide in H2S-H2
in the gas phase. the gaCatalysiing tal| 1 B#¥ e kot abRWhhen &yl phiBWaati on

was caryied out at high Lemperabue. oo | 42 91% 3.8 83%
Pre-carbonised 6.0 130% | . 52 113% 5.1 111%
Conelusions

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 sation could reduce the selectivity for cracking products and
i sonerisation products probably by neutralising the acid SigtQguefoddae
support. The degree of coking of the pre- carbonised products was much
| ower than with untreated oxides. 26 August 2003 CLAIMS 1. A process for
-.pre-sul phurising a hydrocarbon hydr ocqnver sion catalyst in the presence of
hydr ogen and at | east one sul phurised (':orrpound, characterized in that the
catalyst is also pre- carbonised so as to deposit a carbon-contai ni ng
~conpound, the major portion of whickLAdM¥on | eachable, in the pores of the
catalyst. 2. A process according to claim1, in whic - C | jon is
carried but dupioRgs tf‘PfePffrF"éQ%ugﬂTgp?‘n AP ERTeRR AV P AT &t%’.%?}& %é %gésngégé

according to.claim1,an. clal Qiduriled c¥ibdtil, BELrctAbddonihgethe eitaljssis eldd freed out
before the _shﬁiirﬁﬁeﬁlraf%gtl?agtn tre%#rrlrgntm4 A process according to any one of

claim 1 to urbbilseahb ehtopkost aribni®atinims cooprund, stegnajdporign AE™kipes Bex al yst -
into contact with a hydrocarbon-containing conpound at a tenperature in
the range 20Ceactrbiepndhie pores af t9e 648%% according to any one of clains 1 to 4,

i n"which_pre-carboni sati.on. _conpri P bleNGibBlsatiftisCatk Yout dihk QhepBt act
with a hydr OC%[IPE)CBFIS-S&BW{%?%%OH%%C}@%%EI%I& ?c?l fowed by heat treatment. 6. A

process accorg fgishi@nGte@in@hd, in which the heat treatnent is carried out in
an inert gas at a tenperature in the range 150C to 650C. 7. A DL OCESS _
according. t 0 & paicess Bocoidimgwhélam 1tds glaiehin VRS FrEAsonseiop iy PEh Y dE I % r at
a tenperature.in_the range 50C to 400C. 8. A process according to any one
of clainms 1 t@PRurisgEan 3 =yt ex situ. 9. A pre-sul phurised and

pre-carbgni seg pgéée%' ¥:Sb:aiRE QS UREEnd & @LRONABNGen Wihich prberpmigessoabrisny  one
of clains"1l to 8. 10. ‘A catal yst according to claim9, conprising 2%to 10%
by wei ght of saklgrhetdaalysmjtocopat witha hydsecaiion-ePPmngEATACRYCH JFBEST26E August
2003 1la 11. The process according to claim1, wherein the. treatnent

t enper at ur e i & tharangeRE’Ga 488 of 300C to 500C.

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 ﬁrocess according to claim 5, in which the heat treatment is carﬁed out in air at a
temperatufe in the range S0°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—carborﬁsed'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.



12. The process according to claiml, 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 Rrese
hydrogen and at |east one sul phurised conpound,  conprising 6}58§F§%ﬁ|5|ng
said -catal yst before-the sul phurization treatnent at a tenperature in the
range of 150C to 650C so as to 'deposit a carbon-containing conpound, the
maj or portion of said carbon being non- |eachable, in.the pores of the
catal yst and presul phurising the precarboni zed catalyst. 14. A process
according to claiml for pre-sul phurising a hydrocarbon conversion
catalyst in the presence of hydrogen ahdidat |east one sul phurised
conmpound, consisting essentially of precarbonising said catal yst before the
sul phuri zation treatnment at a tenperature in the range of 150C to 650C so
as to deposit a carbon-containing conpound, the nmajor portion of said
carbon being non-leachable, in the pores of the catal yst and
presul phurising the precarboni zed catalyst. 26 August 2003 12
PRECARBONI SATI ON OF A HYDROTREATMENT CATALYST ABSTRACT The present - ,
i nventi on contkér ns Tae prooessiscdrding sudlpiut, ivetiersin the edieatteperatydisdh r eat ment
catal yst in tthe rpge9€B@ECad 560/Gr ogen and at | east one sul phur-containi ng
conmpound. The process is characterized in that the catalyst conprises a
car bon- cont ai [4.ng THEPRYEN atQRABEDERIRD L WiRFeiR baid WALk domphigds dgashabl e
deposited in (0% bpaedst ofllatbonnvention is of particular application to
sul phurisation carried out off-site.

13. A process accordmg to claim 1 for pre-sulphurising a hydrocarbon

conversion catalyst in the presence of hydrogen and at least one sulphurised

compourd, comprising 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-

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

catalyst.

14. A process acoordmg to claim [ for pre—sulphunsmg 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.





