WO 02/ 20702 PCT/ EP01/ 09641 PROCESS FOR EFFECTI NG ULTRA- DEEP HDS OF
HYDROCARBON FEEDSTOCKS The present invention relates to a process for
ef f ect i ngwe d2/2870deep HDS of 5 hydrocarbon feedstocks. | n pgr/Efoliesdsrt o
regul ate SO2 em ssions fromthe burning of fuels and to optinm se the
performance of tail-end catalysts, in particular exhaust treatnent
catalysts, the regulations as to the sulfur content of fuels, in

particul ar diesel fuels, are 10 becom ng nore and nore strict. |In Europe as

of 2000 di esel. feedstocks are required to have a sulfur content |ess than
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with even f eases not being excluded. In consequence, there is
an increasiﬁ%éﬁgﬁ(?gré catal yst systens which can 15 decrease the sul fur
content of a hydrocarbon feedstock with a 95% boiling point of about 450C
or less to less than about 200 ppm preferably |ess than about 100 ppm
even nore ptkg aragent investionaelaies o gopregass dar mffestind WiravesiaphtHDSisof

el emental sul fur on the total liquid product. 20 In the context of the
present %spz%\@'f)%%f?’f’arfe?ﬂ%m?g?-m ul'tra-deep HDS means the reduction of the
sul fur content of a hydrocarbon feedstock to a value of |less than about

200 ppm preferably |less than about 100 ppm and even nore preferably to a

val ue of | dssan bffartdboagulate SOnemisbionsdtam thy buenigtofdselsedrenenopstimisel f ur
on the total qurgoirid product, as determned in accordance with 25 ASTM
D-4294. TheNPREMUMABIES & laihend eatalysisgipmarigular e¥iauss peaimest cafalysts,

Periodic T lJ ! r eL:\Vi CAS
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required to have a sulfur content less than 350 ppm, while as of 2005, the sulfur
content should be less than 50 ppm, with even further decreases not being
excluded.
In conséquence, there is an increasing need for catalyst systems which can
15  decrease the sulfur content of a hydrocarbdn feedstock with a 95% boiling point
of about 450°C or less to less than about 200 ppm, preferably less than about
100 ppm, even more preferably less than about 50 ppm, calculated by weight

as elemental sulfur on the total liquid product.

20  In the context of the present specification the term ultra-deep HDS means the
reduction of the sulfur content of a hydroéarbon feedstock to a value of less
than about 200 ppm, preferably less than about 100 ppm, and even more
preferably to a value of less than about 50 ppm, calculated by weight as
elemental sulfur on the total liquid product, as determined in accordance with

25 ASTM D-4294. The indications Group VIB and Group VIl correspond to the
Periodic Table of Elements applied by Chemical Abstract Services (CAS

system).

The problem associated with effecting this ultra-deep HDS is that the last sulfur

30 compounds present in the feed are the hardest to remove.
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2 Depending on their source, petroleumfractions can conprise various types
of sulfur conpounds. In hydrotreated mddle distillate fractions, the
maj or sul fwdyo220@3ponent s are benzot hi ophenes and di benzot hicapf@esss1 | N
straight-run nmaterials significant quantities of other conponents are
present, such as 5 thiophenes, nercaptanes, sulfides, and disulfides. O
these, the sulfides and disulfides are the nost reactive, followed by the
t hi ophenes, benzot hi ophenes, and di benzot hi ophenes. Wthin the group of

di benzot hi ophenes sone conponents are ndre reactive than others. In
consequence, in conventional hydrodesulfurisation (HDS), in which the

sul fur | eveDepsndiadusrethdinsauncal petrofeurd rastigns @aaudorfpfsemsafious Rpesubf | des
and t hi ophenes are renoved. In deep HDS, to .a sulfur |evel of, say, 200 to
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to a sul fur p oun resent, in
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refractive

d d ' Lff t th by
uhi cht he. | SSUIRCSY SRR o9 s CeBhr TRIRVE gV'&Eeghﬁe BHSSTRPEZG!a0RhRaBhC ed,
, by t I
N S R R b R R S Sl

exanpl e, coa:mepbmmtal ang, mood akhetiven tydrd ethersc in @bmsé@u@ﬁ(% nnrcoraehtivhal N
HDS t han ni ckel - ﬁgdenum catal ysts. However, for ultra-deep HDS it has
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reaction nechanisns inplies that the efiner who is faced with having

to produce hataifechluliiadeca HB®eto @uswlfur Ieualt ehbelow about 200 ppm, the last
compounds present, in particular a limited number of alkylated
benzothiophenes, need to be removed in whole or in part, with the

15  alkyldibenzothiophenes which have the alkyl on the 4- or 6- position being

particularly difficult to remove.

It has been found that the reaction mechanisms by which these very refractive
sulfur compounds are decomposed is different from those by which the less
20 refractive compounds are decomposed. This is evidenced, e.g., by the fact that
the catalysts which are kﬁdwn as particularly suitable for HDS appear to
function less well in ultra-deep HDS. For example, conventionally, cobalt-
molybdenum catalysts are more active in HDS than nickel-molybdenum
catalysts. However, for ultra-deep HDS it has been found that nickel-
25 ~molybdenum catalysts show better results than cobalt-molybdenum catalysts.
Reference is made to the paper entitled “Ultra low sulfur diesel: Catalyst and

Process options” presented at the 1999 NPRA meeting by T. Tippet et al.

The consequence of this difference in reaction mechanisms implies that the

30 refiner who is faced with having to produce material with a lower sulfur content



WO 02/ 20702 PCT/ EP01/09641 3 cannot just apply his usual
hydr odesul furi sati on catal yst under nore stringent conditions. On the

contrary, wiagawotd, have to specifically select the hydrotr ggirmgosat al yst
which is nost effective in effecting ultra-deep HDS. This is the nore so

since the reaction conditions necessary to effect ultra-deep HDS are rather
5 severe in thensel ves, and the use of a dedicated catal yst nmakes it
possible to select |ess severe reaction_conditions, resulting in energy
saving and a longer catalyst |ifespan. W have now found that a catalyst
whi ch conprises a Goup VIB netal 10 conponent, a Goup VIII netal
conponent, Ganhcijus- apply dhiniusgiab hydridesubidusationecatalysauinden naoreysteh§éni ent
in reducing the.sul fur content of a hydrocarbon _feedstock to a val ue of
| ess than aff tionso Ypihe Pﬂnﬁam thieo‘N'?'_ "i%e_stoc%ﬁ%ﬂ'ffsa‘jlyrﬁ?}eCtrTfBRéWijOtEﬁfé@igbI e
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reduction o e anount of nitrogen, I npro tiron of t 5

anount of asincmtthe yepetise ndonditivhs npcessady te deftddtontralidddie HO® Wik @fther
pol ynucl ear aromatics. Preferably, the catal yst according to the invention
shows @ t r¥gvgee i trnsalvesndine e gae wif ehdedicaiegseatplyst s\akesribpossibientoof
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of the anputa®kt IiféSpae! ynucl ear aromatics. Therefore, the present
invention is directed to a process for reducing the sulfur content of a
hydr ocar bon feedstock to a value of |ess than about 200 ppm conpri sing
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make it possible to effect this ultra-deep HDS in combination with at least one
of improved reduction of the amount of nitrogen, improved reduction of the total
15 amount of aromatics present, and improved reduction of the amount of
polynuclear aromatics. Preferably, the catalyst according to the invention shows
ultra-deep HDS in combination with at least improved reduction of the amount
of nitrogen, more preferably also in combination with fmproved reduction of the
total amount of aromatics present, and improved reduction of the amount of
20  polynuclear aromatics. R
Therefore, the present invention is directed to a process for reducing the sulfur
content of a hydrocarbon feedstock to a value of less than about 200 ppm,
comprising optionally- subjecting a catalyst comprising a Group VIB metal
component, a Group VIl metal component, and an S-containing organic
25 additive on a carrier to a sulfidation step or activation step, and contacting a
feedstock with a 95% boiling point of about 450°C or less with the optionally
sulfided or activated catalyst under conditions of elevated temperature and

pressure to form a product with a sulfur content of less than about 200 ppm.



WO 02/20702 PCT/ EPOL/ 09641 4 Incidentally it is noted that
non- prepubl i shed European patent application No. 1041133 descri bes

ef f ect i ngwe d2r@70deep HDS with a catal yst conprising an O- pgr/Ep¥1/@9¥at ai ni ng
additive. 5 The additive-containing catalyst In principle, the

addi tive-containing catalyst can be any catal yst which conprises a G oup
VI B hydrogenation netal and/or a Goup VIII hydrogenation netal, and an
S-contai ning organic additive on a carrier. Catalysts conprising 10 the
conbi nation of a Group VIB hydrogenati ondnetal and a Goup Vill

hydr ogenati on netal are preferred. Catalysts which conprise a Goup VIB

met al conpanepentallyGt dsipotéd thateiesH- pré-‘;!@fblﬁ@ﬁ@cﬂltliuré a@'ba?erﬁ%ﬁi‘cﬁh@ﬂ Np6 gani ¢
additive are known in thenselves in the art. or exanp Eur opean

pat ent appl 14t3hdegsribeszdtectng Uﬁfﬁjdﬁaﬁ&ﬂéﬁwlﬁaa @atalyﬂgpmpmmg)anm}oro 357
295 descri %‘C%ﬂ%ﬁﬁﬁbg%%cat al ysts conprising a support inpregnated with

at | east one bdenum tungsten, and/or netals of Goup VIII
of the Periodic Table, and a nercapto-conpound sel ected from

mer capt ocar boxyl i ¢ aci ds, am no-substituted nercaptanes, di-nercaptanes, 20
and t hi daci agtigiv iningi gedalssidi ti ve is incorporated into the catal yst
conposition to obviate the necessity of presulfiding, or to at |east nake
the presulfiding less difficult. European patent application No. 0 506 206

al so descrij dr e t g

addi tive sepe t@gwr o%h%hghaﬂgﬁ g g’}hi}f@ f%%r}g%ﬂczdprﬁanbgé; a?y %’%@L\{B{s Pﬁped
mer capt anesgorapidsdsha @mubdXIBI hyﬁra?emnonﬂmet& FINbed Brodp 0All Mydpdgdriatiaaal n
intended to avoid the necessit resul fiding. Sonme of theé cat al ysts

descri bed iAetali and @”eSe?rﬂféa'am gﬁgtalnmaﬁ@@lltlb? on atqeéﬁ@l’rr&ﬂtalyﬁlst pompusingen at
a tempeiat uhe CHABANE (G REEHS VI hyarddOatdy Fhef e 493

hydrogenation metal are preferred.

Catalysts which comprise a Group VIB metal component, a Group VIlII metal
component, and an S-containing organic additive are known in themselves in
the art.

15 For example, European patent application No. 0 300 629 and European patent
application No. 0 357 295 describe hydrotreating catalysts comprising a support
impregnated with at least one member of molybdenum, tungsten, and/or metals
of Group VIII of the Periodic Table, and a mercapto-compound selected from
mercaptocarboxylic acids, amino-substituted mercaptanes, di-mercaptanes,

20 and thioacids. The S-containing additive is incorporated into the catalyst
composition to obviate the necessity of presulfiding, or to at least make the
presulfiding less difficult. .

European patent application No. 0 506 206 also describes a hydrotreating
catalyst comprising an S-containing additive selected from the group of bi-

25 mercaptanes, aminosubstituted mercaptanes, and thiocarboxylic acids. The S-
containing catalyst is again intended to avoid the necessity of presulfiding.
Some of the catalysts described in this reference are activated by a treatment
with hydrogen at a temperature from room temperature up to 400°C, preferably
100-300°C.



WO 02/20702 PCT/EP01/09641 5 Simlar subject-matter is described in

Eur opean patent application No. 0 338 788, and European patent application
No. O 289wdlghi20%2 5, 139, 990 descri bes a hydrotreati ng cat goustpog@sgii Si ng a
carrier and hydrogenation netal conponents which is treated with an
aqueous nedium 5 conprising a water-soluble or water-m sci bl e S-contai ning
organic additive, followed by drying the resulting catalyst and activating
it with hydrogen at a tenperature of 100-600C. US 4, 636,487 describes a
hydrotreating catal yst conprising a suppért and a hydroxymercaptide of one
or nore netals, which may be the reaction product 10 of a nercaptoal cohol

and one or SimiErmetdgéctavaipeuisddesciivedcimt Euysdeamapatent mli%:a‘t&ireﬂldl\ﬂ'ﬂ |i!»380 496
hydr ogen at te rature of 66-316C, European patent application No.
592 descri b@ @%@FW&Q%@”W%‘I@E@” Nfbr@p?@%g%- a carboxylic acid and an

i ’ ; | | id .15
o Sip V1 Bl PR RS TR Mioftaid GRRA0SF BRI Sl 3° i 20 o
use in thehwroﬁexséticmmtdi semiponthts WhicHid RatRy vil BRNAGERE ARIdhdenum

tungsten, and chrom um Grouii VI1I netals include nickel, cobalt, and iron.
Cat al ys®s c¥HPPIIENGga nuaiesde & @atepmigdibleeSedontainingn engarda dadditikesl 20

and/ or cob as oup .VI 1] netal. conponent are preferred. For use in the
process acc8p(a‘{v G%VO%BHQQith@Jﬁ??@ﬁgcﬁﬁ{%g?g‘g&ﬁ&aﬁggH "\ﬂiith)éqirOﬂﬁﬂ? aka
preferred, waRRFhrd vrWOHBJIRE. feed conprises |ess than about 0.1 wt. % of
sul fur. The catalyst usually has a nmetal content in the range of about 0.1

to about 50Sw# 636 ckd7cdestrinbsas hydroesatng thtalybt ycongprigitg &f stfysore atral ust
not 25 contaiping the additive. The Goup VIB netal will frequently be

present in ATOXBEMAPIECHARE 8" merayBatalsoviieh gpay berf tbeaisegtian puedus t o
200Ut B, o8 mdBLELRldRd) AR e8! fitre FistalEsHBothdd. T1RS Bhtalfdt may be

activated with hydrogen at a temperature of 66-316°C.
European patent application No. 0 496 592 describes a hydrotreating catalyst
comprising a carboxylic acid and an organic sulfur compound which may be a
mercaptocarboxylic acid. '

15
As Group VIB metals suitable for use in the additive-containing catalyst for use
in the process according‘to the invention may be mentioned molybdenum,
tungsten, and chromium. Gfoup VIIl metals include nickel, cobalt, and iron.
Catalysts comprising molybdenum as Group VIB metal component and nickel

20 and/or cobalt as Group VIl metal component are preferred. For use in the
process according to the invention catalysts comprising nickel may be
preferred, especially when the feed comprises less than about 0.1 wt.% of
sulfur. The catalyst usually has a metal content in the range of about 0.1 to
about 50 wt.% calculated as oxides on the dry weight of the catalyst not

25  containing the additive. The Group VIB metal will frequently be present in an
amount of about 5 to about 40 wt.%, preferably about 15 to about 30 wt.%,
calculated as trioxide. The Group VIl metal will frequently be present in an
amount of about 1 to about 10 wt.%, preferably about 2 to about 7 wt.%,
calculated as monoxide. The catalyst may also contain other components, such

30 as phosphorus, halogens, and boron. Particularly, the presence of phosphorus



anount of about 1 to about 10 wt.% preferably about 2 to about 7 w.%
cal cul at ed as nonoxi de. The catal yst may al so contain other conponents,

such 30 aggaposmpor us, hal ogens, and boron. Particul arly, gdigemigsance of
phosphorus WO 02/ 20702 PCT/EP01/09641 6 in an anmpunt of about 1 to about

10 wt. % cal cul ated as P205, may be preferred. The catalyst carrier may
conpri se the conventional oxides, e.g., alumna, silica, silica-alumna,
alumna with silica-alum na dispersed therein, silica-coated 5 aluni na,
magnesi a, zirconia, boria, and titania, & well as m xtures of these

oxides. As a rule, preference is given to the carrier conprising alum na,

silica- al um aa, afloumt s wbblt Sl kb Cabaltumd Nat o Sesitsited &Y ¢,0. Bay be
silica-coated alum na. Special preference is given to the carrier
consi sting edemed.al |y of alumina or alumina containing up to about 25

wt. % of oth copponent s referabl ilica. 10 carrier conprising a
transition gﬁ%ﬁ?ﬁﬁqf‘@ﬂ '@x’g‘ﬁﬁl‘?’@%’%%? QW?Q%O%Q YedRm -G FHMiRa; gllica,
preferred wihi | ' ] ear L, SLAJ - gk ei ng
Capect ol 'y ooy aurys, Hina thil, SRR RS0 UATTE SticBaed
preferred alunpnasemngneshr aoalay dorimyarebhitaiia, s twelhBeumilrast oftitdse
zeolite. The catalyst's pore volunme (neasured via N2 adsorption)) generally
is in the 9deange Sofulabpigfergngs is @isoln the aarigr coRwrishiw: pluntingusiigae

area wll g al | [, At r f,: 0. to about 400, nP/ .
(reasured canmyterduline Wi S0RTnE hep e ferttl, P Sbadiorialimina.
medi an por eSgegiePbrsfetedhdeR §igBEGo0theaditibr Gonsidting MsserBallyTof afurfipbesii ned
by N2 adsorption. The figures for the pore size distributi'on and the
surface ar ealugiin@gontdiong wy o deoet 25 nddo afftathercedropaaentsn preferadiy shiea.

t al t .500C f . hour . Th tal yst, i itably. in the f f
Sphor 6a10 pef IETEe GuLeg, 3 BapPlian AU fah Sl 20 e et (g angie

e shy; PEIRRRFEIARYSHe s bR i A (SRSt i o,
or not) as beihb espesiaiyairefarsdd. ddtlitienatippaithowdh jtdé ybnsiddrazhless @referred
at present, the catalyst may contain 0 to about 60 wt.% of zeolite.
The catalyst's pore volume (measured via N2 adsorption)) generally is in the
15 range of about 0.25 to about 1 ml/g. The specific surface area will generally be
in the range of about 50 to about 400 m*/g (measured using the BET method).
Generally, the catalyst will have a median pore diameter in the range of about 7
to about 20 nm, as determined by N2 adsorption. The figures for the pore size
distribution and the surface area given, above are determined after calcination
20  of the catalyst at 500°C for one hour. - ’;
The catalyst is suitably in the form of spheres, pellets, béads, or extrudates.
Examples of suitable types of extrudates have been disclosed in the literature
(see, int. al., US 4,028,227). Highly suitable are cylindrical particles (which may
be hollow or not) as well as symmetrical and asymmetrical polylobed particles

25 (3 or4lobes).

The additive present in the catalyst may be any S-containing organic additive.
In the context of the present specification the term organic additive refers to an

additive comprising at least one carbon atom and at least one hydrogen atom.



25 (3 or 4 |l obes). The additive present in the catal yst may be any
S-containing organic additive. In the context of the present specification
t he termqigamotadditive refers to an additive conprisi ngtatpoh8®ay one
carbon atom and at | east one hydrogen atom WD 02/20702 PCT/ EPOL/ 09641 7
Preferred conpounds include the nercaptocarboxylic acids represented by the
general fornula HS-R1-000R, wherein Rl stands for a dival ent hydrocarbon
group with 1 to about 10 carbon atonms and R stands for a hydrogen atom an
alkali netal, an alkaline earth netal, afmonium or a |inear or branched

al kyl 5 group having | to about 10 carbon atons. Exanples include

mer capt oacePreferrad iodn(pdﬁwﬂéﬁnél@ﬁbl)thebaeala:apmoaalmgmcwd@réme@@itdd by the

et ootk s TR i R o iabstocaion

) - o1
brof or red O oapat Pt g ARSI SRRRSTIot EAREER ARPecin: e
by the geneélaén hestan i BEMIRE -cArth Mfedle bmrniskRstsa mﬁéanaodb\/em&iéu alkyl

hydr ocar bon group havi n%@l to about 15 carbon atoms. Exanples of these
conpounds i grougdeadng il a@tOIhlérﬂé)t parbion( aiRresCHREHRPISE)inclade meessptoacetic

th| ophenol N ferred ounds al so C

- mer capt a “éé %%‘323’(&%9}'@ @ HeIrEPLP an’B?WﬁI gcis! (H% é%&ﬂ%ﬁé?@“h@
stands for r g t 0, t ons.
Exanpl es ofﬁ“te %e%@éco t%ﬁ%{?f?n@f{ﬂ% ZQEP hdgg}él trﬁﬂH I ?'_@lécﬁoéégcéé%eb Q{dga
1, 4- but anedCHm@DQCHB-lﬁmk)thlee&yl Prercaptoadetatep (HISIE HA-S OO G UTE and
t hi oaci ds of thiéfornul a R4-COSH, wherein 20 R4 stands for a nonoval ent

hydr ocar bonMedy ﬁ“ﬁ&iﬁm@orlopf‘enﬁﬁ?o@‘fs -GBS Obttbhs Exanpl es of these
comounde, ' PEE BRSSP PTSERTRE o
di val ent hysly oger Rshegalodormalah H2N-R28pUt whergiar RN f40d& for a divalent
hydrocarbon group having 1 to about 15 carbon atoms. Examples of these
compounds include 2-amino ethanethiol (H2N-CH2CH2-SH), and 4-amino
thiophenol (H2N-C6H4-SH).
15 Preferred compounds also include di-mercaptanes represented by the general
formula HS-R3-SH, wherein R3 stands for a divalent hydrocarbon group having
1 to about 15 carbon atoms. Examples of these compounds include
ethanedithiol (HS-CH2CH2-SH) and 1,4-butanedithiol (HS-(CH2)4-SH).
Preferred compounds also include thiqagids of the formula R4-COSH, wherein
20 R4 stands for a monovalent hydrocarbon group having 1 to about 15 carbon
atoms. Examples of these compounds include thioacetic acid (CH3-COSH) and
thiobenzoic acid (C6H5COSH). Dithioacids of the formula HSOC-R5-COSH
wherein R5 is a divalent hydrocarbon group with 1 to about 15 carbon atoms
may also be suitable. An example is dithioadipic acid (HSOC-C4H10-COSH).
25 Preferred compounds also include mercaptoalcohols of the general formuia
R6S-R5-(OH)n, wherein R5 represents an alkyl group having from 1 to about
15 carbon atoms or a phenyl group, R6 represents a hydrogen atom or an alkyi
group having 1 or about 2 carbon atoms, and n is 1 or about 2. Examples of
these compounds include 2-mercaptoethanol, 2-(methylthio)ethanol, 2-

30 (ethylthio)ethanol, 3-mercapto-2-butanol, 4-mercaptophenol, 2-



may al so be suitable. An exanple is dithioadipic acid (HSOC C4H10- COSH). 25
Pref erred conpounds al so include nercaptoal cohols of the general formula

R6S- R5- ( GW)gv220er ei n RS represents an al kyl group havi ng gamarpokodgar about
15 carbon atons or a phenyl group, R6 represents a hydrogen atom or an

al kyl group having 1 or about 2 carbon atons, and n is 1 or about 2.
Exanpl es of these conpounds i ncl ude 2-nercaptoet hanol,

2- (et hyl t hio)ethanol, 2 30 (ethylthio)ethanol, 3-mercapto-2-butanol,
4- mer capt ophenol, 2 WO 02/20702 PCT/ EPO1809641 8 (nethylthio)phenol

4- (met hyl t hi 0) phenol , 2-(ethylthio)phenol, 3-nercapto-1,2,- propanediol,

3- et hyl t hi (méthﬂtm@mm@edaqmetw o%pﬁéheﬂl tm(éihwtrﬁ@)p%ﬁaar@mé?&aptoq ber

sui t abl e conmpounds 1 ncl ude sul foxi des of the formul'a R7- R8, wherein R7
and R8 are myﬂﬁb@@lobcﬁﬁn@fbmbmWZ rprapamediol and 53-etytibio- hﬂopmpaAedﬁal.exarrpl e
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2, 5-di mercg&to 1,3,4,-diathiazoles and its salts. O her conpounds which nmay
be usef ul @nlqswrv)@mya@é&e andtthiourer A alsg. lex Usrild capprewds, asi may

val ue of 1 [
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to about 15 and R11 and R12 are al kyl groups with | to about car bon
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R10, wherein x is a value of 1 to about 15 and R9 and R10 are alkyl groups,
preferably branched alkyl groups, with 1 to about 30 carbon atoms. Related
compounds are those with the formula HO-R11-Sx-R12-OH, wherein x is a
15 value of 1 to about 15 and R11 and R12 are alkyl groups with 1 to about 8
carbon atoms.
At this point in time the mercaptocarboxylic acids are considered preferred for
reasons of activity. Other Jéolmpounds, in particularly those which are soluble in
or miscible with water, may be preferred for environmental reasons (less odour
20 and/or no organic solvent necessary). - |
A single compound as well as a combination of compounds may be used as

additive.

The amount of additive present in the additive-containing catalyst depends on
25 the specific situation. It was found that the appropriate amount of additive
generally lies in the range of about 0.01 to about 2.5 moles of additive per mole
of hydrogenation metals present in the catalyst. If the amount of additive added
is too low, the advantageous effect associated with its presence will not be
obtained. On the other hand, the presence of an exceptionally large amount of

30 additive will not improve its effect. Generally, the aim is to select the amount of



A single compound as well as a conbination of conpounds nmay be used as
additive. The anount of additive present in the additive-containing

cat al yst depends2on 25 the specific situation. It was fouyrd/tfaabodspe
appropriate anount of additive generally lies in the range of about 0.01

to about 2.5 noles of additive per nole of hydrogenation nmetals present in
the catalyst. If the anount of additive added is too |low, the advantageous
ef fect associated with its presence will not be obtained. On the other
hand, the presence of an exceptionally |%4r ge anount of 30 additive will not
irrprove its effect. Generally, the aimis to select the anbunt of WO
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to the process according to the invention. The addi ti ve may *be

i ncor pobat gdspectivelyhe cat al yst conposition prior to, subsequent to, 10
simul taneously with the incorporation of the hydrogenation netal
conponents. For exanple, the additive can be incorporated into the
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added to the carrier ore t drogenat1 on neta are.

can be donendtycriticai g thEhprc&@éstamrd‘mghtotﬂ%ctmentmh MeHee rdaltiveefraiyebet i s
shaped, or by inpregnati n the 15 shaped carrier material with the
additive. TR¢YPErHedi rh%tﬁt he gatalytefoonmasitian pUiers tpoi sbsasuenketo, or
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prior to the hydrogenation metal components by being added to the carrier
before the hydrogenation metal components are. This can be done by mixing
the additive with the carrier material before it is shaped, or by impregnating the
15 shaped carrier material with the additive. This embodiment is not preferred at
this point in time.
Alternatively, the additive can be incorporated into the catalyst composition
simultaneously with the hydrogenation metal components. This can be done,
e.g., by mixing the additive and the hydrogenatlon metal components with the
20 carrier material before shaping or by lmpregnatmg the carrier with an
impregnation solution comprising the hydrogenation metal components and the
additive, followed by drying under such conditions that at least part of the
additive is maintainedin the catalyst.
It is also possible to incorporate the additive into the catalyst composition
25 subsequent to the hydrogenation metal components. This can be done, e.g., by
first incorporating the hydrogenation metal components into the catalyst
composition, e.g., by mixing them with the carrier material or by impregnating

the carrier with them, optionally followed by drying and/or calcining, and

subsequently incorporating the additive, e.g., by impregnation.



20 carrier material before shaping or by '"inpregnating the carrier with an
| npregnation solution conprising the hydrogenation netal conponents and the
addi ti ve, wigad2l2eye@d by dryi ng under such conditions that atpdg@sioait of
the additive is maintained in the catalyst. It is also possible to

I ncorporate the additive into the catal yst conposition 25 subsequent to

t he hydrogenation netal conponents. This can be done, e.g., by first

i ncorporating the hydrogenation nmetal conponents into the catal yst
conposition, e.g., by mxing themwth tHe carrier material or by
inpregnating the carrier with them optionally followed by drying and/or

cal ci ni ng, BsPendingsaftRNbaiuré BE HePQaAtVS GridhBeadsy I wmcheite incBYorated
i npregnation. WO 02/20702 PCT/ EPOL/ 09641 10 Depending on the nature of the
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cat al yst e activate contactin rogen at a tenperature
of about 100 to about 600C as descri bed in, e.g., EP O 506 206, EP O 338
788, EP 0 289 211, US 4,636,487, and US 5, 139 990. Optionally, the catal yst
may be cont He® &atalystimal ke getivated by santastingett Wit Bydrogenrats fampenaenies| y
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subjected to a sulfiding step before its use in '15 ef ecting ultra-d eep
HDS, said suRyiks ﬁgntﬁcad watki ary opgaie liguics eitber priosta wr simultareoustyriithat i on
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catal yst conposition an
incorporated herein by reference.

If so desired, the catalyst may be subjected to a sulfiding step before its use in
15  effecting ultra-deep HDS, said sulfiding step taking place ex situ, in situ or in a
combination of ex situ and in situ. In the context of the present specification, the
indication sulfiding step or sulfidation step is meant to include any process step
in which a sulfur-containing compound is added to the catalyst composition and
in which at least a portion of the hydrogenation metal components present in
20 the catalyst is converted into the sulfidic form, either directly or after an
activation treatment with hydrogen.
Suitable sulfidation processes are known in the art. Ex situ sulfidation
processes take place outside the reactor in which the catalyst is to be used in
hydrotreating hydrocarbon feeds. In such a process the catalyst is contacted
25 with a sulfur compound, e.g. a polysulfide or elemental sulfur, outside the
reactor and, if neceésary, dried. In a second step, the material is treated with
hydrogen gas at elevated temperature in the reactor, optionally in the presence
of a feed, to activate the catalyst, i.e. bring it into the sulfided state.
In situ sulfidation processes take place in the reactor in which the catalyst is to

30 be used in hydrotreating hydrocarbon feeds. Here, the catalyst is contacted in



in which at |east a portion of the hydrogenation netal conponents present
in 20 the catalyst is converted into the sulfidic form either directly or

after an wacimahi on treatnment with hydrogen. Suitabl e sulpdidator @641
processes are known in the art. Ex situ sulfidation processes take place

outside the reactor in which the catalyst is to be used in hydrotreating
hydr ocarbon feeds. In such a process the catalyst is contacted 25 with a
sul fur compound, e.g. a polysulfide or elenmental sulfur, outside the
reactor and, if necessary, dried. In a skcond step, the material is treated
wi th hydrogen gas at el evated tenperature in the reactor, optionally in
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it may be prreress edgcorsling fd thieinventiont Alilyl may atsonba et diffgrent feed hlater to
be replaced with the feed to be subjected to ultra-deep HDS. Combinations of
the various sulfiding techniques may also be applied. In the context of the
15 present invention it may be preferred to sulfide the catalyst by contacting it with
an, optionally spiked, hydrocarbon feed.
A further process for presulfiding catalysts comprising an organic S-containing
catalyst is the subject of non-prepublished International patent application No.
PCT/EP01/03895, which is incorporated herein by reference. This patent
20 application is directed to a presulfiding process in which a catalyst comprising a
sulfur-containing additive is presulfided in two steps, the first step being carried
out at a lower temperature than the second step. Non-prepublished
International patent application No. PCT/EP01/03843, which is incorporated
herein by reference, also describes a suitable presulfiding procedure for
25 catalysts containing an S-containing additive. In the process described in this
reference the presulfiding is carried out ex-situ.
Another process, which may be preferred over those of the two above-
mentioned references is described in non-prepublished International patent

application No. PCT/EP01/03886, which is also incorporated herein by

30 reference. This patent application is directed to a presulfiding process in which



an, optionally spiked, hydrocarbon feed. A further process for presulfiding
catal ysts conprising an organic S-containing catalyst is the subject of

non- pr epuiilg @heth2l nt ernati onal patent application No. PCRdaHEbA&AP5,
which is incorporated herein by reference. This patent 20 application is

directed to a presulfiding process in which a catalyst conprising a
sul fur-containing additive is presulfided in two steps, the first step
being carried out at a | ower tenperature than the second step.

Non- prepubl i shed International patent d@plication No. PCT/EPQ /03843,
which is incorporated herein by reference, also describes a suitable

presul fidi ng qutalgsdeompriging?a sakfiat-yeritainian taaiditiveg ifirst- eombaicdl MGth an
additive. In the process described in this reference the presulfiding is
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i ncorporated herein by 30 reference. This patent application is directed to
a presulfiding process in which WD 02/ 20702 PCT/ EPO1/ 09641 12 a catal yst
conpri sing Bhafdddir - contai ning additive is first contacted with an organic
liquid foll owed by being contacted with hydrogen and a sul fur- containing
conmpound i n the gaseous phase. 5 The feed The .feedstock suitable for use in

t he proces j j : % hai 1. [Wpiom

determ nedﬁ%g%%%n%@t%}tgﬁbﬂé‘?rﬁ%%ggftegf; %%é%@ﬂbigggeg&%@gﬁas a
preferably 8uboithid Goint, besdatermined iihedcvoaddnceaipitit AGPRICDOZSE0 dfesisoutThat
is, 95 vol.%of the feedstock boils at a tenperature of about 450C or

| ess, pref etdBOyorlssat Prefebly abedis420h6r er [assf Braipipfetasably AouC400°Cays.
General |y, Lt idi L nt .of the feedstock. is ve yt. 100C,
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according tigsé NBrefaidiy isDdUIRIL0SC HPYess, more preferably about 400°C or less.
Generally, the initial boiliné point of the feedstock is above about 100°C,

preferably above about 180°C.

15  The feedstock to be used in the process according to the invention may or may
not have been subjected to a previous hydrodesulfurisation step, depending on
the envisaged process conditions.

If the reaction conditions can be selected suitable for more severe
hydrotreating, the catalyst used in the process of the invention is sufficiently

20 active to be able to convert fractions with- a sulfur content of, e.g., about 0.1
wt.% ppm to about 2 wt.%, preferably 1 to about 2 wt.%, into product with a
sulfur content less than about 200 ppm, preferably less than about 100 ppm,
more preferably, less-than about 50 ppm. Such feedstocks generally contain
about 20 to about 1200 ppm nitrogen, preferably about 30 to about 800 ppm,

25 more preferably about 70 to about 600 ppm. The metal content of such
feedstocks preferably is less than about 5 ppm, more preferably less than about
1 ppm (Ni+V). Examples of suitable feedstocks of this type are feedstocks
comprising one or more of straight run gas oil, light catalytically cracked gas ail,

and light thermally cracked gas oil, and (mild) hydrocracked oils.



not have been subjected to a previous hydrodesul furisation step, depending
on the envisaged process conditions. If the reaction conditions can be
sel ect ed @ g2@t@ for nore severe hydrotreating, the cat gcustpoysedii n t he
process of the invention is sufficiently 20 active to be able to convert
fractions with- a sulfur content of, e.g., about 0.1 w.%ppmto about 2
w.% preferably 1 to about 2 wt.% into product with a sulfur content

| ess than about 200 ppm preferably | ess than about 100 ppm nore
preferably, |ess-than about 50 ppm SucH?3f eedstocks generally contain
about 20 to about 1200 ppm nitrogen, preferably about 30 to about 800 ppm
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a sul fur cess &dn @@(bmvgcg Jvalue is desired, e.g., less than about 100
ppm or less than about 50 ppm] 10 If it is desi red to subj ect the
above-nmentioned starting hydrocarbon feedstock to a first hydr otreati ng

(hydr odesul ation e uce |t sulfur.co nt to a Iess
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Group VIB netal “conponent, "a G ou conponent, and, optionally,
value less than about 0.1 wt. % this can be carried out in various ways. One
can, e.g., use a conventional hydrodesulfurisation catalysts comprising a Group
VIB metal component, a Group VIl metal component, and, optionally,
15 phosphorus on a carrier comprising alumina. Suitable hydrodesulfurisation
catalysts are commercially available, and include for example KF 756 and KF
901 of Akzo Nobel. It is also possible to effect such first hydrodesulfurisation
step by means of a two-step process, such as those described in EP 0 464
931, EP-A 0 523 679 or EP 870 807. If so desired, one may also use an

20 additive-based catalyst to effect such first hydrodesulfurisation step.

The present invention also pertains to a two-step process for converting a
starting feedstock having a sulfur content of above about 0.1 wt.% into a
product having a sulfur content of less than about 200 ppm, wherein the
25 process comprises optionally sulfiding and/or activating a first and a second
catalyst comprising a Group VIB metal component and a Group VIII metal
component, with at least the second catalyst additionally comprising an S-
containing organic additive, contacting a feedstock with a 95% boiling point of
about 450°C or less and a sulfur content of about 0.1 wt.% or more with the first

30 catalyst under conditions of elevated temperature and pressure to form a



15 phosphorus on a carrier conprising alumna. Suitable

hydr odesul furisation catalysts are commercially available, and include for
exanpl e Kyo/eeoand KF 901 of Akzo Nobel. It is al so possiggdmero®oedsi ect
such first hydrodesul furisation step by neans of a two-step process, such
as those described in EP 0 464 931, EP-A 0 523 679 or EP 870 807. If so
desired, one may al so use an 20 additive-based catalyst to effect such
first hydrodesul furisation step. The present invention also pertains to a
t wo-step process for converting a startisg feedstock having a sul fur
content of above about 0.1 wt.% into a product having a sul fur content of
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can be carried out in one or two reactors, as may be desire bot
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or different.

15 The process conditions

The process according to fhe invention is carried out at elevated temperature
and pressure. The temperature generally is about 200 to about 450°C,
preferably about 280 to about 430°C. The reactor inlet hydrogen partial
20 pressure generally is about 5 to about 200 bar, preferably about 10 to about
100 bar, more preferably about 15 to about 60 bar. The liquid hourly space
velocity preferably is between about 0.1 and about 10 vol./vol.h, more
preferably between about 0.5 and about 4 vol./vol.h. The H,/oil ratio generally is
in the range of about 50 to about 2000 NI/l, preferably in the range of about 80
25 to about 1000 NI/I. For the two-step process described above, the reaction
conditions for both steps may be selected independently from each other,
taking the above-mentioned general and preferred ranges into acccount.
The process conditions are selected in such a way that the sulfur content of the
total liquid effluent is less than about 200 ppm, preferably less than about 100

30 ppm, more preferably less than about 50 ppm. The exact process conditions



or different. 15 The process conditions The process according to the
invention is carried out at elevated tenperature and pressure. The

t enper at uywe) @eoanal |y is about 200 to about 450C, pref er algdyembaddsr 280 to
about 430C. The reactor inlet hydrogen partial 20 pressure generally is

about 5 to about 200 bar, preferably about 10 to about 100 bar, nore
preferably about 15 to about 60 bar. The liquid hourly space velocity
preferably is between about 0.1 and about 10 vol./vol.h, nore preferably
bet ween about 0.5 and about 4 vol./vol.h9 The H2/oil ratio generally is in
the range of about 50 to about 2000 NI/I, preferably in the range of about
80 25 to abaiit d@p@ed,Nintl al.Fon thee netwesok thepfeedsteckieter ideeidedbivprect bie

reaction conditio for. both steps may be sel ected jndependently from each
other, t ak'?\ffgrogﬁ%mi’dWé-oﬁerﬂﬁdo @%tHé At ey gat@lvel rleg geantls 4 igher
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hydr odesul f uri. ion, and.the nature of. the catagl yst. In general, a higher
t enper at ur e‘{d't@ﬁﬁﬁé%?pﬂfgF%%Bﬁrsﬁgrsthﬁgﬂd 'Brtggéurtr@%%ﬁﬁp@cﬁﬁgég- space vel ocity
will decrease the sulfur content of the final product. The sel ection of

t he appropriate 5 process conditions to obtain the desired sul fur content
in the prodoxampke Well within the scope of the person skilled in the art

of hydroprocessing. Exanple 1 10 Preparation of additive-containing
catal yst Extrudates of a ganma-alum na carrier were inpregnhated to pore

vol une 1gsatpslr ot i D@y dBBh 8 icgfbl é:fl ution conprising a nolybdenum
conpound, M%spﬁv ) ric acid,, after which the
i npr egnat edExtandates of a gamma-alumina carrier were impregnated to pore volume
saturation with an impregnation solution comprising a molybdenum compound,
a nickel compound, and phosphoric acid, after which the impregnated carrier
was dried at a temperature of 140°C fc“)} a period of 16 hours. The dried
15" extrudates were impregnated with a solution of thioglycolic acid (TGA), and
dried. The final catalyst contained 20 wt.% of molybdenum, calculated as
trioxide, 5 wt.% of nickel, calculated as oxide, and 7 wt.% of phosphorus,
calculated as P,O;. All weight percentages are calculated on the dry catalyst
base, not including the additive. The molar ratio between TGA and the total of
20 Niand Mo is 0.4. -

The catalyst according to the invention was tested in an upflow tubular reactor
side by side with commercial catalyst KF 756 of Akzo Nobel. Each reactor tube
contained 75 ml of catalyst homogeneously intermixed with 70 ml of

25  carborundum particles. The catalysts were sulfided using the feed specified
below in which dimethyl disulfide had been dissolved to a total S content of 2.5
wt.%.

The feed applied was a Kuwait petroleum gas oil feedstock with the following

30 properties.



was dried at a tenperature of 140C for a period of 16 hours. The dried 15
extrudates were inpregnated with a solution of thioglycolic acid (T&), and
dried. Thad jmatocat al yst contai ned 20 wt. % of nol ybdenumpcaatmuhodsged as
trioxide, 5 wt.%of nickel, calculated as oxide, and 7 wt.% of phosphorus,
cal cul ated as P205. All weight percentages are calculated on the dry

catal yst base, not including the additive. The nolar ratio between TGA and
the total of 20 Ni and Mo is 0.4. _ The catalyst according to the

i nvention was tested in an upflow tubul d6 reactor side by side with
commerci al catal yst KF 756 of Akzo Nobel. Each reactor tube contained 75

n of catal yZafro§eogenRouRl Y miepa) keg W th 70 nl of |25 carborundum

particles. 1'[51 gﬁ}al ysts were sul fided u5|ng the feedispecified belowin
whi ch di metiy - U had-been—c+s56v gt a+tot ah S content of 2.5
w. % The -éév&—&ggﬂ- PRUVE] ¢ 1@5@%&&;@4 f eedstock with the

fol l owing |BRENSYI&Ei @MNwo 02/ 207075Fﬁ’éT/ EP01/ 09641 |16 Nitrogen (ASTM
D-4629) 86| (ppmm) Sul fur (ASTM D-4294) (ppmat) 1.2 w.% Density 15C
(g/m) 0.84pks(°C)(C) ASTM D-86 | BP| ASAM D-86l . % 219110 vol . % 231 30
voi . % 265 [$FpVOl- 9% 287 70 VOI. % 3TP1gg0 VoI . % 345

5 vol.% 219
10 vol.% 231
30 vol.% 265
50 vol.% 287
70 vol.% 310
90 vol.% 345
95 vol.% 360
FBP 373

The catalysts were tested under the two test conditions given below.

Condition 1 Condition 2
pressure (bar) 40 20
Temperature (°C) 330 340
LHSV (h-1) 2 1.5
H./oil ratio (NI/I) 300 300

5 The products from the different runs were analysed. The results thereof are

given below.
Condition 1
B Catalyst according | Comparative
to the invention catalyst
product S (ppm) 21 279
product N (ppm) 0.9 14

10 Condition 2

Catalyst according | Comparative
to the invention catalyst
product S (ppm) 51 132
product N (ppm) 5 35




95 vol . % 360 FBP 373 The catalysts were tested under the two test
conditions given below Condition 1 Condition 2 pressure (bar) 40 20
Tenper at uw@ d2@h70330 340 LHSV (h-1) 2 1.5 H2/o0il ratio (NPdDEmPG963P0 5 The
products fromthe different runs were anal ysed. The results thereof are

gi ven below. Condition 1 Catalyst according Conparative to the invention
catalyst product S (ppm) 21 279 product N (ppnm) 0.9 14 10 Condition 2

Cat al yst accordi ng Conparative to they7nvention catalyst product S (ppm
51 132 product N (ppm 5 35 WD 02/20702 PCT/EP01/ 09641 17 This exanple

shows that the catal yst accordin 0.t I § oY g FRVYall tBatairan
S- cont ai nThi§ QXRMRIE 0&%@@@“%3@3136@@?0%@5 N@g&%bﬁﬂ%\?ﬂ%@“ nglll r oduct

than the conparalive. CORRLCHBbs GRfkcHIbwel'S 82d N F2! RCTHEROA! posct 18
CLAI M5 1.aﬁr%§8§%ésfﬁgor r'ec?ﬁ%‘?%sé the sul fur content of a hydrocarbon

f eedst ockih the comparative commercial catalyst.



val ue of |ess than about 200 ppm conprising optionally subjecting a 5
catal yst conprising a G oup VIB netal conponent, a Goup VIII netal

conponent woango®a S-cont ai ni ng organic additive to a sul f ipdatmmosuep
and/ or activation step, and contacting a feedstock with a 95% boiling

poi nt of about 450C or less with the optionally sulfided and/or activated
catal yst under conditions of elevated tenperature and pressure to forma
10 product with a sulfur content of |ess than about 200 ppm 2. The process
of claiml wherein the sulfur content of1& he product is less than about 50
ppm 15 3. The process of claiml or 2 wherein the S-containing organic
addi tive i sCLAIMS8rcaptocarboxylic acid represented by the general fornula
HS- R1- COOR, wherein Rl stands for a dival ent hydrocarbon group with 1 to
about 10 carbon atons and R stands for a hydrogen atom an alkali netal,

an al kal i ne; eart ni. or | i near, ar branched kyl roup
havi ng 1 to 'abod!ti pﬁ&%ﬁ,@gﬁg%Wh%§u%ecﬁ%%te§§ B}'(?rgﬁg%&{'?eSéSf{OHEQO%
precedi ng cl ai msyauBesRicdst thansabbur 206 PHENEoRbrishe besisiRckut en
about 150 ppm and about ZSwt.g}o 25 5. The pr ogefgl [)h? t(?Fai mg, guv&‘lg(r:el \étehe
sul fur &ontent ofatalyst fcosyyisink ai Sroupe Mg enetab @ommortenit a Grug Whboietal
wt.% 6. The process of cl aiJing4 V\heﬁi n the Su|flél’ content of the

feedstock is betWBRBANGRL AN 8D PrvniplningLeigaNip @dgjive Boaviylidatioarstep
PCT/ EPO1/ 09641 LT N ' .St ' .
f eedst ock havi ngérzdlétrjla‘%&wﬁ%@tr??%ﬁlto é@?%@%%égrngg%% gggff%\gvt‘ﬁ'(yjlaﬁp tg%gt%g}lwguct

having a sul fur point efitbolit 480A@ibr RS withnties obtissaliywvédfiéed ahirHcEioass
conpri ses optionall sul fiding and/or activating a first and a second

catal yst conpri SW’FQK’ét gndepepndligns:et elevaieddenmaratuie aad@resgureite fomewal
conponepf, Wt h &toduct with a sulfur content of less than about 200 ppm.

2. The process of claim 1 wherein the sulfur content of the product is less

than about 50 ppm.

15 3. The process of claim 1 or 2 wherein the S-containing organic additive is
a mercaptocarboxylic acid represented by the general formula HS-R1-
COOR, wherein R1. stands for a divalent hydrocarbon group with 1 to
about 10 carbon atoms and R stands for a hydrogen atom, an alkali
metal, an alkaline earth metal, ammonium, or a linear or branched alky!

20 group having 1 to about 10 carbon atoms.

4. The process of any one of the preceding claims, wherein the sulfur

content of the feedstock is between about 150 ppm and about 2 wt.%.

25 5. The process of claim 4, wherein the sulfur content of the feedstock is
between about 0.1 wt.% and about 2 wt.%.

6. The process of claim 4, wherein the sulfur content of the feedstock is
between about 150 ppm and about 500 ppm.
30



| east the second catal yst additionally conprising an S-containing organic
additive, contacting a feedstock with a 95% boiling point of about 450G or
| ess and @il content of about 0.1 wt. % or nore' w th gdigedoiosda1

catal yst under conditions of elevated tenperature and pressure to forma 10
product with a sulfur content of less than about 0.1 wt.% and contacting
the effluent fromthe first catalyst, optionally after fractionation or

i ntermedi ate phase separation, with the second catal yst under conditions

of elevated tenperature and pressure to forma product with a sul fur
content of |ess than about 200 ppm 15 8. The process of claim7 wherein

the first catal ystiweostep C?r@&eﬁ@'fdrbd@méﬁmgsa SEdiRg Vé@dmb}alhafvmgf)@@murand
cobalt and/or nickel as ViIl netal nponent whi |l e t he 'second

catal yst conpri seetemt qftﬂabywwt 0 wd%6 \ntB avpragduct bapiogensulfutdiontérntkal  as
Group VITT et alabo quasnppm or less, wherein the process comprises optionally
sulfiding and/or activating a first and a second catalyst comprising a
5 Group VIB metal component and a Group VIlI metal component, with at
least the second catalyst additionally comprising an S-containing organic
additive, contacting a feedstock with a 95% boiling point of about 450°C
or less and a sulfur content of about 0.1 wt.% or more with the first
catalyst under conditions of elevated temperature and pressure to form a
10 product with a sulfur content of less than about 0.1 wt.%, and contacting
the effluent from the first catalyst, optionally after fractionation or
intermediate phase separation, with the second catalyst under conditions
of elevated temperature and pressure to form a product with a sulfur
content of less than about 200 ppm.
15
8. The process of claim 7 wherein the first catalyst comprises molybdenum
as Group VIB metal component and cobalt and/or nickel as Group VIIi
metal component, while the second catalyst comprises molybdenum as

Group VIB metal component and nickel as Group VIII metal component.



