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present invention pertains to a process for renoving
arseni c and one or nore other nmetal conpounds from a
hydr ocarbon feedstock and to a catalyst suitable for
use therein. It particularly pertains to a process for
renovi ng arsenic and one or ngre ot her net al

COPRAYEIESS AT N POV SF FORRERBAANECAREEN BAIGH OKE OR

is contacted in the presence o ydr ogen
W MORE GIHERNMETALONRGY N@S’]FR@“ Al DR GARBRUNM on

an_ i [¢c carrier. It also pertains to a specific
cg:téa@gég%gh& able for use in this process. Due to
scarcity of other hydrocarbon fuels and energy

resources in general, shale oil and other heavy |
hybewasetammﬁ/eew peﬁelnsdﬁOng praeess feriemQying amediaiend one or

i R B Aol pon T B8 HedAG4ER Y o ot

f §§||té?ole Foregsecticrsin. K pagfoulaBdsertaing & a mocéwfbnaélﬁevmg arsenic
that poi son and deactivate the cat aI ysts used in

r and nqamfg a5t MoFR Sihere Btpial BOMPEHIES AN cnhYAFRLATRRND F@edstock in
kv?m {‘é%rd%?&kfls' SorftB&eAlintE. fFR E@n%&f B Iﬂg \ﬁfth A catalyst
oSt con AonAnt S, CBec i's

ause |
absmpms:n*ga’mekelmndf molybd2aumt oﬁ/cananongadwceamhe lt also pertalns to a

catal ytic ct|v1t f a hydroprocessing catalyst to
I §B§C'¥ﬁ5ﬁta W@Hfta%ﬁg [ ¥5& %ihsa%rppg?ﬁ Y. gAddl ti gnal ly,

the presence of arsenic on hydroprocessing catalysts
limts reuse of the catalyst and may |imt disposal
omueotus starcity mef atbed hydencartyan fuels andi engrgly siespHigessin general,

n stillate and VGO b
o3RRS ahf ol e SR N Bt tyed o coal,
r%ﬁt@ﬁhh’cﬁ]s\’ shAYs 28tdohtd payifs RETiindrbysihg! lovimghe production of
t hermal conversion processes, it is al so observed in

| cghraerciabdwelrogaiben duelst reeqaniin deesst Tapdseppriaincontaminants

Se e
S st 3R AR UAR S fiP BleP i Bt e feeds to
vebagéit thernedto nsablghirofiectd. Apgsric i opaf tB@ nvarel iooigblesome of
references descri e t he I%lse of a njckel

c Hhegs sentamingpis, &8 hmpp@opp%% arsenlcrpake-up of 0.5
aRFeAI GneRALES %é‘@afaﬁﬁi@%c‘?ﬁﬁ? of a hydroprocessing catalyst to less than

5% of its initial activity. Additionally, the presence of arsenic on hydroprocessing
catalysts limits reuse of the catalyst and may limit disposal options for the used
catalyst. Arsenic poisoning is observed in distillate and VGO hydrotreating, but
due to the fact that some arsenic-containing compounds are relatively low-
boiling, especially following thermal conversion processes, it is also observed in
lighter feeds. In fact, the presence of arsenic in lighter feeds may cause even
more problems than in heavier feeds, because of the typically higher space

velocity used in light feed applications.

Various references describe the use of a nickel-molybdenum catalyst in the

removal of arsenic from arsenic-containing feedstocks.
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descri bes a process for renoving arsenic fromshale

wo@rdo4hy171zont acting the oil with a catal yst WhPCIEPmY4/004943
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be a supported catal yst conprising 1-7 wt.%
preferably 2-5 wt. % of nickel sulfide and 10-30 wt.%
preferably 15-25 wt.% of nol ybdenum sul fide on a
carrler In the Exanple a catal yst containing 5 3.2
.%of N and 15 wt.% of M, 2alcul ated as oxides, is
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rocess for re Vi ng msrcury and arsenic froma
hwrwtc%r bboneéeadmare wmkeimqm@om@tﬁami af2tbmvte%s@‘nome or more
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pal adioMpsAkdetipes né\lrhydﬁl@@brﬁbm gegradine pﬁ@d@b in which spent

selected fromthe group formed by chrom u
mlc&@lewﬁanﬂdetm@ﬂm catalysis aieu HtilisRg J6; v@aram & hydrocarbon
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ArHS 2731430 desoihes.g QP%%S r pSpoMng |"8‘|°1r£'f"fy BRd atsenic from a
Rﬁg@;&éﬂ%ﬂ %@dcﬁtﬁh%ﬁtug%g R A) Gigalgr%ré’émc/?é&véﬂﬁn‘éés ¥ontaining

Ni O on an alum'na
cat rleast one hnatal:aat%qted fcompﬂ”uesgr@m fomwed%blybn(ckets cobalt, iron,

o aaladimybni Bt and ehigharond metal e Aot g prdte formed

b Chir@RiLpE PRLALERNLAD MRysi&R| &ncP ukanidil, dapesitiees . |
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C Randdval 5 Sekiylo GhkRdbishi, Vol. 36, No. 8, pp. 479-484, 1993) compares a
conventional hydrotreating catalyst comprising 12 wt.% Mo (18 wt.% MoOs) and
3wt.% Ni (3.8 wt.% NiO) on an alumina carrier with a catalyst comprising 5
wt.% Mo (7.5 wt.% MoOQs) and 33 wt.% Ni (42 wt.% NiO) on an alumina carrier
in arsenic removal from a vacuum gas oil fraction separated from a shale oil.
JP laid-open patent application 60202190 describes the removal of arsenic from
hydrocarbon feeds using a catalyst containing 0.5-20 wt.% of NiO and 0.5-20
wt.% of MoOs. In the Examples, catalysts are used which contain 5 wt.% of NiO
and 15 wt.% of MoOa.

From the above it is clear that many documents recognize the problem of
catalyst poisoning with arsenic. It is noted that not only arsenic, but also other



and 15 wt.% O M03. 30 Fromthe above it is clear
t hat many docunents recogni ze the problem of catalyst

w@oiogommyy With arsenic. It is noted that not BPEI/EP2004/004943
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arseni c, but also other WD 2004/101713

PCT/ EP2004/ 004943 3 netals present in a hydrocarbon
feed, such as silicon, nickel or vanadium may

adver sel y affect a netal -containing catalyst which is
exposed to such a hydrocar bor3feed For exanpl e,

nobl tal t i :

- S geenrE Galolthioed Gatituficdn, niReloy fagium, may
NR9efRNpP \vHecPfa metatedhiining rtﬁata@rbt/\miﬁcis uéfex:pasw to such a
prevent ‘downstream net al - cont ai ni nga cat al

dwalsecarben dieedAdai exaypPle, RAks ¢ne rf‘@é@'%‘ésev ich are used for
sc%&r%W‘gLef%%@ bie G8RARGEPDy SXBY! ﬁ o%éte\ﬁbl‘as Aftfle removal of

refrove one of” nore ot

crsPeite iy sndtr atwdyre sufijeiksrtc do bprevbeéddovmstretamamawsmntalnmg
found that these\éﬁpr obl ens can be solved by using a

c%'@b@'@t rorg §8aFtatiog- ni ckel and nol ybdenumin a

fdsBf, HERENL neBShe kénycétélygt \mérﬁté/ 8hpdpe A Qén‘lb@ﬁngaarsenlc

%ace area of at [ east n2/ g. Accord| ngly, th
mrmlsesrrnulrtmmuslwnemsvehor@:toednﬂte atherometal @Qmponents from the
V|n ars ic 15 and one or nore other netal
CIB%% anf? a hydrocarbon feed, in which a
hydr ocar bon feed cont ai ni ng at Ieast 20 ppb of arsenl c
and at least 0.3 ppmof the other nmetal coppounds is
clbrhasc begni found eth@lt dbesr arroblemyd c8gehe vial¥eth PYc H?'Hgyét catalyst

cg'ﬁgﬁéutﬁg ﬁjgggln% l?dém}n;( ble ;ég “&‘ﬁoﬁﬂg dﬂ/hereby said

al‘l‘l er, enum

cmwgﬂmrﬂh%r hég%ﬁnlrface aeawaalmnzomnzﬁg 18 Wt
cal cul ated as trioxide and, tge nj c

phecsdingly, ﬁhg,prmmve@ftlog I girgetes, O@ap g%r rgénovmg arsenic
Oéﬁc?% a&%WF@ rﬁ@t‘%l Eé@%‘oﬁﬁ& mqw&rbé’ﬂbBﬁsfeéd in which a

surface area o east The cat al yst used
i hydrbearb;mmofeeds:ontammg atneasttzo)ppbsafmm angdfat least 0.3 ppm of

PR B deRELFE Ry GRrBan aaiesfod B Fyflsgh with =
tEé&talys.’c composmon comprising a molybdenum compound and a nickel
compound on a carrier, wherein the molybdenum compound is present in an
amount of 6-18 wt.%, calculated as trioxide and the nickel compound is present
in an amount of 6-20 wt.%, calculated as oxide, and wherein the catalyst
composition has a surface area of at least 200 m?/g. The catalyst used in the
process of the invention is capable of simultaneously removing arsenic and one
or more other metal compounds from a hydrocarbon feed. It is noted that
depending on the kind of hydrocarbon feed the type and amount of the other
metal compound may vary. Preferably, one of the other metal compounds is
silicon. The catalyst of the invention is capable of sufficiently removing silicon
together with arsenic from relatively light hydrocarbon feeds, such as naphtha
and distillate. The catalyst of the invention is also capable of removing arsenic
together with nickel and vanadium, which are present in heavier hydrocarbon

feeds, to a desirable level.



25 dependi ng on the kind of hydrocarbon feed the type
and anount of the other netal conpound nay vary.

woe@haord y, one of the other netal conpounds PGI/EP2004/004943
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silicon. The catalyst of the invention is capable of
sufficiently renoving silicon together with arsenic
fromrelatively light hydrocarbon feeds, such as
naphtha and distillate. The catalyst of the invention
is al so capabl e of renoving arkenic 30 together wth

S ta i A BRAL s SBiieh T, FetndYe sBRERT Bt Trip 2 hirocarbon feed,
2%&@%%7&4@/ eﬁg lHEREO RARRIEEstIpKuidibntamdidienydrodenitrogenation

catal’yst' s ability to remove contam nants from a
rardVorchiydsogealian. it is generally also active in
hydr odesul phuri sati on and/ or hydrodenitrogenation
and/ or hydrogenation. 5 In the context of the present

SﬁQﬁe fcbadxt onthd prestar specification] theutead “wo %”aé eiseti ¢o t'dafer to the
ght percentage of a certain conpound in atta yst
dwsht REEENAYS Rbarriain caRPgHNddn & falalyst, afF%}@{ ategison the total

%gﬁ@&%ea&gg@ t t he nol ybdenum content of the
ca

ySt .% 10 calculated as trioxide,
preferably 10-15 vvt % cal cul ated as trIOXI de. If the

Ao ol BOVRRSTER St bost Aimeatiyg R 858 e,
nediased %Ehﬁlaﬁhdeo T&g@“@b@nq’omﬂ GRS @falchm(adoaé aligatle. If the

becones too additi on of rm'l denum above the
uppb,/lbdbnm‘r’t conften’t efa’ehescatalysfarSstemI@Wr ’é\ﬁog@ﬁ mgke (@f igw molecular

SGah APOBLASS SRRALANE ol GERRYET SR BlhS of e

V‘éat&’Wstéé@méQ'wo $ighh THe Yeldifioh ad rhebdenwitedbaventhenipper limit
decr éases the arseni c removal acti vi t to an

derisnses| e cyeenic TeROoNRK d@stiviynand’ fwiheriosei dgcigases the
%Jf!r‘; @Fﬁé‘é?wﬂe &ﬁ&gg&?s so | ow that process

of catalyst and space velocity
oThé lm:kbeedntehamétheocdltalyﬁﬂlsa@-jmsﬂb% preferabéy 8rtirive &6. |/y too low
unaccept abl e manner. i s noted Et an i ncrease

ieke QARG APOIRRPS fthe ASSRIUC tRROYAL arf iy Brgt dindesirible level.
g‘g‘g\é/‘gﬁtbﬁtévéuieggwaﬁﬂacﬁ? R subh ‘H‘@%;tgggP ch‘étlsrgé? ﬁ%gg\ﬁQﬁat process
cearidblas, &.ga@mauntyofi catalysur ad@ﬁmapameksqm ohtheHfesd, have to be
a2 Jjug{edh %dér? %%ghctnrﬁ"\?c%‘ﬁ{} autn'a%ceptable manner. It is noted that an increase
in nickel content will increase the arsenic removal capacity. If, however, the
nickel content is chosen above the upper limit, this will negatively impact the
catalyst’s activity in hydrodesulphurisation (HDS) and/or hydrodenitrogenation

(HDN).

The catalyst of the invention generally has a (BET) specific surface area which
is at least 200 m?/g, preferably at least 225 m?/g, more preferably at least 250
m?/g. The surface area generally is at most 600 m?/g, preferably at most 500
m?/g, more preferably at most 400 m?/g. Such a relatively high surface area
enables an improved uptake capacity of metal compounds which are believed
to adsorb to the carrier used in the catalyst. A catalyst having a surface area
lower than 200 m%g yields a catalyst which has a metal removal capacity, and



(HDN). 25 The catal yst of the invention generally has
a (BET) specific surface area which is at |east 200

worRdog/lopnef erably at | east 225 nR/ g, nore pref PCEHBP300&004943
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| east 250 nR/g. The surface area generally is at nost
600 nR/g, preferably at nost 500 nR/g, nore
preferably at nost 400 n2/g. Such a relatively high
surface area 30 enabl es an i nproved uptake capacity of
met al conpounds which are beli%®ved to adsorb to the

carrler in the catal al yst \V;
matliodiBcthe PerhfVal (inRokyor B8 llen 1ePpBto make the
W@lf@&bsﬁaécoﬁhdmbﬂg stgEBMAl. capacity, and WO 2004/101713
/ EP2004/ 00494 5 in particular the renoval

capacity for silicon, which is too | ow to nake the
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ideastdnm, a@refeeraeky 2, Ishg. SnWF% W@f%ﬁ%gwy 2t 1#2st<t0 nm. The
]rﬂeﬂfé\an dale digmatet \qu @%ﬁﬁﬁ&’ la?’fﬁgeﬂoréﬁilé*ﬁé S efl vitich hSlf of the total

pore di‘ameter at the tota pore vol une
i porpnadEme i$ presané in pwltels waith aadmmteraaimve thadMRPmnghbalf of the

al f i
dermalimads sbrtant I pBreerEn 2,3 rtekbeBBE VLT Jhesseciied
tMPIﬁm%%e@mé b&cééétumtp hﬂoQﬁéq’HaYaﬂ st@ff thé enatBlsabde @moved. A
be renoved. further advantage of choosing the MPD

doher edwmtagetdﬁ@hooweg éln% MR aheveianm igdpaltiheyarsgnic removal

bJGﬂ ItB?%ﬁ%%%ﬁ(él‘ea%%@t %ort\cﬁgg EQ’{ if m Mﬁg M’&qs%ﬁ&?aﬁfg nm, the

Siem @i capaeilebf @btad@lnhéhsm@bn]‘ nrckehﬁlt ‘aa‘rtaiilumedromtance is low,
whi ch i s undesirable. on the the

owhichds sadasiahle; K, G HRothST penAniheiF ﬂ&ﬁeqagﬁw is above 15
l%d%ﬁl%@eﬁg;ﬂbyléﬁdé‘%'dqga Iy%?tqﬁ\\/l tg{ja%ﬁé‘cfﬁﬁ?s@’fﬁé& area below

bel b e renoval a sai d
/gietheaamal activitycofstbgusaid Inyetalshdecrédsas, iandneansequently

f %%&t@aé fsg‘;%%a?cgﬁla{a amﬁéhgrgaﬂeﬁmﬂérs gg\égval%%e(gf an MPD
Eé(lgé\%j%%rﬁhgrd fejuclBn |mf%?c9&é§|.ﬂp5mﬁ%aﬂbh OIﬁ*yd?bdenltrogenatlon or

drogenation activity of "the catal yst.
hydrogenatlon activity of the catalyst.

The catalyst's pore volume (Hg, 140° contact angle) generally is at least 0.25
ml/g, preferably at least 0.4 ml/g, more preferably at least 0.5 ml/g. The pore
volume is generally at most 1.2 ml/g, preferably at most 1.0 ml/g, more
preferably at most 0.9 ml/g. The catalyst preferably has a macropore volume,
defined as the percentage of pore volume present in pores with a diameter of at
least 1000 A of less than 5%, preferably less than 2%.

The carrier may comprise the conventional oxides, e.g., alumina, silica, silica-
alumina, alumina with silica-alumina dispersed therein, silica-coated alumina,
magnesia, zirconia, boria, and titania, as well as mixtures of these oxides. As a
rule, preference is given. to the carrier comprising alumina, silica-alumina,
alumina with silica-alumina dispersed therein, or silica-coated alumina. Special



The catal yst's pore volunme (Hg, 140 contact angle)
generally is at least 0.25 nl/g, preferably at |east

w@2004/017¢3 nore preferably at least 0.5 m/g. FOEEPmO€004943
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volune is generally at nost 1.2 m /g, preferably at
nost 1.0 mM/g, nore preferably at nost 0.9 nm/g. The
catal yst preferably has a macropore vol une, 25 defined
as the percentage of pore volunme present in pores with
a di amater of at |east 1000 A of |ess than 5%

P e heem s sn dadhe satel Sanmtng SsePriall S i BFa carrir
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V‘élbh’nﬁa \d partislilanly naeféingele s ¢ite tbetest of ther present specmcatlon the
silica-coated alum na. Special WO 2004/ 101713

P@V@Pé@@@'%@@seﬁt'ﬁ%f%‘r omgan; 4 3 wiher; gompenents than the
c I

CaHbEtn RIBALL My pe BRIt Mt i gnat oy
wio %Dﬂetvﬂﬂrmﬂally:aﬁemnbetpsopemes obthza‘ eatalyst; The alomina present in

% still nore preferabl %, the oth?
Ui BRIRt 45 BTSIPRY 9 BARTPSABInG. A0¢ Samigle & ¢, theta, or
ng@er r efglﬁhlﬁé SR béHrb{a-%quﬁlné' bé’fh@ dsh&ciay bﬂefféﬂr@d |l is preferred

he“cont ext of pr esent
sfmcthe icatalysirip qdm@m dmsutéwanczamﬁq%tqf miospkeiusi aalcylaggd as P2Os,
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anounts that they do not detrinentally affect the
properties of the catalyst. The al um na present

t e contalst of &%ﬂ@ﬁ@mamﬁr@r@lwahgﬁta sAtlsRiRn ﬁapa@?vr ratio of the
Séﬁ%'%ln‘??tgp afid aabrsétj?igtd"f at%aé’co? ]aBIIyr A dl@@ft i Hbst preferably at

-ardm na especr al

pr&foseq and génemily@tmalgismrdsferatﬂylaamoslt éisamthmoa preferably at
% O horus, cal cul afed as, P205, .nore .

oriock Ao WWICh SaGraiam Capagods eAnt e FiexsPuncrmappyt of a certain

| ﬁ?e?talt\DmEh Raf 08 taken IpDYIRERaMAYst0f the | nventi on

generally has a satur on capacity ratio of the
ofl'hersatataiionandpam’slerat@ of siliconeasd aseplcelseggmr;allmat least 3,

nggée?g)’ly ﬁj?%ﬁa ferog? %S%traliﬂ/egts t?%FmSt pr er a I&yata[nost 20,

MRpdfefdbly ‘é'ttrho§tatlw aht afosB pestetably it maestt 15 hé’hﬁaxxatmyst of the

amount of a certain metal which can be tak IQ cP

t hweptealgenerally has a saturation capacity ratio of nickel gn /gr vanadium,
and arsenic of at least 3, preferably at least 4, most preferably at least 5, and

generally at most 20, preferably at most 17, and most preferably at most 15.

Catalysts within the most preferred ranges mentioned above are considered
most preferred for the removal of arsenic, preferably in combination with silicon,
from naphtha-type feeds and distillate feeds, in particular naphtha-type feeds.

The catalyst is suitably in the form of spheres, pellets, beads, or extrudates.
Examples of suitable types of extrudates have been disclosed in the literature.



The saturation capacity ratio of silicon and arsenic
is generally at least 3, 20 preferably at |east 4,

woroas/1pr7es er ably at | east 5, and generally at POBFEPR04/004943
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preferably at nost 17, and nost preferably at nost 15.
The catal yst of the invention generally has a
saturation capacity ratio of nickel and/or vanadi um
and arsenic of at least 3, preferably at |east 4, nost
preferably at least 5, and geherally at nost 20,

pﬁ&gﬁl&gﬁ%p %etq}th&?%ap%%{p %k\gﬁgﬁﬁﬁ%\?gé%oﬂéwmﬁ{ot)lgs well as

”%rﬁ@ﬁféaﬁ&%’ﬁsﬂhﬁme@m trflesrefladiebepr ef erred for the
val of arsenic, preferably in conmbination with

SI|ICOﬂ from napht ha-type feeds and distillate

ol Botel B i Mo BY EBse¥RR APBERI Rl | o

beads or extrudates. Exanples of suitable types of
extrudat es have been disclosed in the |literatur

St fesisrack tacte @ee00n woRGPss Aopfing & §ie kifeBtion gontains at
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nown I n

oocusscrcdbed g donsialy Fesaon o8 el e ot ledd 05 pom,

f n
speé&?'fb %e‘?ae%pzn gﬁg g@gn%irﬁ NlcRéI A eanadium may be present.

atdiq, |tbawar9 ganeraliynprasest n@cmt:ambﬂmt amonai/ ofeiripaet 0.3 ppm,

Eb@c%ﬁly”?p‘égﬁegq,g{]ﬁ e%}d gchos %glﬂ Tlgéséy el{égg!gﬂolcks generally also

SQ%bfléé%dlp'nLhﬂidhﬁﬁmé @ﬂﬁpd@@ﬁsl@adpmtrogéh-cbatalmng compounds.
vanadi um may be present. |If so, they are g per X
pWBGe&ﬂ'PhW-@'E@ﬁmgn@@“ﬁ%mﬁ 368 Q@Per%%( preses mount of at

pge%gf 16b mbm%ﬁ gocoﬁﬁ%n % Bﬂlnd“‘a;@ﬁ@rdcllg%%l@ﬁhﬁ)unt of at
al al so rlse sul phur - on ainin ounds

al@fbsﬁ QtﬁmeUnsmtaedlwmmnMSmh as dlpéins, d| oleflns and aromatics,
su ur - contalnlng compounds are general | resent in
amaé/naiﬁﬂtbed?fe%“ 15 | east 10 ppm ?he Y P

ni trogen- cont ai ni ng conpound generally in an anmount of

at least 2 ppm Unsaturated conpounds such as

olepantisulady po¢fefred srabetisentef thesprocasy ageergingeto the invention is

IO’the rent10val of arsenic from arsenic-containing naphtha type feeds, preferably in

combination with silicon rembval. Suitable naphtha feeds generally have an
arsenic content of at least 20 ppb (weight parts per billion) of arsenic,
specifically between 0.02 and 2 ppm. They preferably have a silicon content of
at least 0.5 ppm, specifically between 1 ppm and 100 ppm. Nickel and
vanadium are generally present in an amount of less than 10 ppm, specifically
no nickel or vanadium are present in the feed. The feedstock generally has an
initial boiling point of about 0-120°C, preferably about 30-90°C and a final
boiling point of about 150-250°C, preferably about 160-220°C.

In the process of this embodiment the catalyst of the invention is generally also
active in hydrodesulphurisation and hydrodenitrogenation, as well as saturation

processes of e.g. olefins and di-olefins.
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preferably in conbination with silicon renoval.

Sui t abl e napht ha feeds generally have an arsenic
content of at |east 20 ppb (weight parts per billion)
of arsenic, specifically between 0.02 and 2 ppm They
preferably have a silicon cont8nt of at least 0.5

DRy REE e o7 B8 BRodees ik Bing 7 tRE VR e removal
I esfsafsbm@fﬂd)n@mma@ﬁeedél cally no nickel or vanadi um
resent in f eed. The f eedst ock gener al

o SCitBie: Gt fe ook SRBRIAIVOhavEL B0 ATBSHIB RN RePL AR ARt 20 ppb
7 BReinpRaOper Biich) (dr fseniO o ciafly oBtwn 819 bnd 2 ppm. They

Maysorenmbymdmontalmelllcam allfysﬁrconﬁs pr&selnn\n’erst genmerally present in an
gener a | so 0 active.in.h odes hur i Lon and
oL Al 9@8@@%’3.% seeicn Iy Hehisarf Brband BBERst s

OfTh8. feedRh@dy Igd'h‘a%I %fn' ”ﬁtlalv‘@oﬂf?l%‘”pb%ﬂ%? about 80-260°C,
PCT/ EP2004/ 00 43 her enbodi ment of the
pptefe@é)lsacab@rumw %O%eandw\aeﬁnabrboilmgt heint edfo@lput @30-390°C,

ar.s efeeds Suitable distillate
fggegg}a& [?%Itmé\%/de an arsenic content of at |east 20
PRPthe pRicesé op is %rritﬁfdn’ﬁehi iherdatalysestipai mventlon is generally also
specifically between 0.02 and 2 B pm They or

naytl\fﬁ;tmc redesulphyrisgiion| and; in; Woﬁgnﬁrroegaﬁﬂon,. gsj well as in
5
ggéﬁ'{rﬁ ca Cg% mfe&ngigleflﬁwgﬁgﬁ ‘i% %{pdmg he éedglto [)nck

general ly has an initi aI boi I i ng poi nt of about
about 200-240C and a fi

o0 P ETaRbimet ob ik bropsss FeerG o Rweplanisihe removal or
Zﬁ%eﬁ@ﬁ;r fu%pOILBrdcﬁgsﬁ &8srafl irl &blﬁbﬁﬁ'&ﬁ@ﬁ iBhickél&ind vanadium

catalyst o elnven ni1s generally also active in
hyemodalsul phuri sati on and i n hydrodeni trogenation, as

54 Boohe A B B HEERE Bl hE g s a
?géé;s?us?gnw&g?h’tqﬁr@ rSé?Ebllllﬁw)ediﬂargénlbssﬁéwfldaﬂymeﬁlve@ﬁ 0.02 and 2

uel oil processing, general ly in
conpl- Mickeang Yanasiiware genevallyapfiesfnt, pspisvably in an amount of at

least 0.3 ppm, preferably between 0.3 and 10 ppm. Silicon may or may not be
present, if it is, it is generally present in an amount of at least 0.5 ppm,
specifically between 1 ppm and 100 ppm. The feedstock generally has an initial
boiling point of about 250-450°C, preferably about 280-375°C and a final boiling
point of above 370°C.

In the process of this embodiment the catalyst of the invention is generally also
active in hydrodesulphurisation and in hydrodenitrogenation, as well as in
saturation processes of e.g. aromatics.

The process is generally carried out under such conditions that at least 50% of
the arsenic is removed from the feed, preferably at least 80%, more preferably
at least 90%, still more preferably at least 99%. If silicon is present, generally at
least 50% of the silicon is removed from the feed, preferably at least 80%, more



The feedstock to be used in the process according to
the invention contains at |east 20 ppb (weight parts
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2 ppm Nickel and vanadi um are generally present,
preferably in an anmount of at 20 |east 0.3 ppm
preferably between 0.3 and 10 ppm Silicon may or may
not be present, if it is, it is generally present in
an amount of at least 0.5 ppn19 specifically between 1

T RRRb i R SR s PRE rOBREE it (Fl uf pioke! and

ahnadRBP- &35§fe%@ﬁt agénerally i lelasy 309@||@tremommoﬁem the feed,
370C. 25 Int grocess of this enbodi ment the

crrefarably ajfeasi®O¥mvention is generally also active in

vélf%[rﬂg@\?#w%g at%rﬁ@é%é) 3 Gé}‘?erhgls Eé{rqfe‘ad@ﬁ’c' dr{dégesnu%h'é?ﬂwdltfi‘ﬁs that at

urati on°proc ar onat
TiesPb0ve s the @eeaicalsl ytllb@mseﬂﬂ lnumeueiﬂlaeniswfhhe catalyst bed,

condi tjons that | east 50% 30 t rs i S

rrérﬁfﬁféelyf@tdnpﬁhag%é‘aorepp@? i E[M gt %‘PSF 19%, %@worﬁ)pgeferably at
o][TYARTT I farRbl

PRESE' 801, iSkeRO fondil S S0E RO Hcph s present i

Sibieo efflueriteof $he catalyst bedeprefendbiy atrmoh‘reZG%emore preferably at most

80% o /101713
bieesab e G REErRY R oPBRLary Lpiel b apadin are present
Ngéferae EEmdBt YOR! |s|pﬁ?é§ént9|$%e tfluBhtéftheagaly st ipvsferably at

are present, generally at |least 30%is renoved from

t mest 4e%, preferabl y at least 60% Alternatively, the
process is generally carried out under such conditions
that at 5 nost 50% of the arsenic is still present in

t MRe &frbtenbf ¢e bresaratiavertionbiedgenarallyf eaaiddy oat imasguard bed
20% nore preferably at nost 10% still

oPBealian: ks, taraerchdoymstrear prsesiic seni Egalysts from arsenic.
I 9 n

SRIGATHRY oBfifrals 104 EphB Shiid 1R S pee T i guard bec

20pstream of meaéleseahd-gelmtmmtalym% still nore

PrBe dirpoesto Roafiaraly gastedBuf S ilodsih BRHEN e e of 10-200
_ertaé} YstBterably tstrnset@éry%hdbﬂempéat@reaef 20@148mgstprér@%b|y 300-

process Of present 1 nvention IS gene

cATBIGT mlﬂ"y'ﬂm%ngimf@db@dlo ksmfrrmraumfrophgpm@oot NllI, preferably
ag@ghiogﬁvﬁﬁ TRATi80i3%0bGry 8RSLL NSo &R @HEVS hEéXlred in units of

volumetric flow rate of feed per unit volume of catalyst is generally between 0.1
and 10 h™' and preferably between 0.5 and 6 h™.

Example

The following catalysts were tested in the removal of arsenic from an arsenic-
containing feedstock.

Comparative Catalyst 1, which comprises 4 wt.% of nickel, calculated as oxide
and 12 wt.% of molybdenum, calculated as trioxide, on an alumina carrier, the
catalyst having a surface area of about 250 m?/g, a total pore volume (Hg, 140°
contact angle) of about 0.65-0.7 ml/g, and a MPD of about 11 nm.



15 It can be carried out in a separate guard bed
chanber or in a guard bed wupstream of the

wae@eniwrisensi tive catal yst. The process i s gePer/aP1094/004943
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carried out at a hydrogen partial pressure of 10-200
bar, preferably 30-150 bar, and a tenperature of
200- 480C, preferably 300- 415C. The hydrogen to feed
ratio is generally from200-2000 NI/1, preferably 20
500-1000 NI/I. The Liquid HourlG Space Vel OCI ty

(gg%\/é@? ﬁ%%{%@‘@rquﬁgu@]et f’pggfg %’?\&VH@W fgng} %‘l%%‘%jggﬁ‘nparative
Odatapyam 1&(déﬁ1tr?eﬂ§*c durrding AoloshstNigen 0.5 and 6 W

e followng catalysts were tested in _th
r@aﬁgﬁ@t Bfacgosding ctor ithen iByerdiogeriich denthe sarg as Comparative

k t & ich conprises 4
V\ﬁsgowé?qh?)gfi%m é]fba a%dﬁa\)sﬁc/)xéf Wand 12 wt. % of
mol ybdenum cal cul ated as trioxide, on an alum na
carri er the 30 catal yst havi n a su"_@?ce ar.e

f .
Ela)en @ocﬁ@h@ts Qg tgistash i t% Grove afggwlcafgq?{pa%@ arsenic-

%"%‘fﬁ%&q&%&% Eég% gh%g% t g Wic’\g FgéJtngb%t thé catalysts

asimweti thee fallowliiey iansemic iaon, silidarc homtent, hmrmhseégo fresh catalyst
rrrggra{.lve Catal yst 1, except that it contains 8

wWEOOPRIURR-0, Catal yst B according to the invention,

which is the sane as Conparative Catalyst 1, except

that it contains 12 wt.%of NNO 5 The three catal ysts

weakletlested in the renoval of arseni c froman arsenic-

ont-amnated—coker—maph hetest
found that the catal yst‘dé,é 8%% %ﬂerﬁ fol | O%Clﬁ%é g,stﬁptc

).

and silicon content, nor maf{ to fresh cata

onposition: 10 Tablle 1 As( ? ent_speht <8 é)!)gt
spemparative Catalyst 1 1.03

Catalyst A 1.66 1 .04

Catalyst B 2.00 1.08

From the above Table 1 it appears that the catalysts according to the invention
have an improved arsenic and silicon removal activity as compared to the

comparative catalyst which has a lower nickel content.
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catal ysts according to the invention have an inproved
arsenic and silicon renoval activity as conpared to
the 15 conparative catal yst which has a | ower nicke
content. WD 2004/101713 PCT/ EP2004/ 004943 11 . CLAI M5
1. A process for renoving arseiic and one or nore
otaﬁél tal conpounds from a hydrocarbon feed, in
i hydr ocarbon feed containing at least 5 20 ppb
of arsenic and at | east 0.3 ppm of the other netal
conmpounds is contacted in the presence of hydrogen
wit h aAdqupesssstor cempuisigtarsanic EhePne PhgIcse %rtra@tauﬁ@mpounds

f ﬁgp ggﬂgmd%ﬁgﬁ{&gﬁ%ogﬁﬁ%&n@ pﬁ(@?% @rﬁ‘égfbron%ed%ﬁga%lﬂg at least

6- 18 wpo Yphcel argbnaiceshchat leasb8iddepranst fhbe)tln‘ert:ﬂnetal compounds is
conmpound is present in 10 an armgnt of

cal cul e@riactes d,g(,tag PEESENGR ePloiny fq@ncg\(lﬂjq @Spataﬂ/st composition

SO P AT A s 00, B on

conpoundrrles wheﬂlmtthe mnolplod eamapa reonyfoulo- 1$5pm.ee%|n an amount of

cal cul at trio e and. th d 1

pr eseng 168n""§§°' Em?%gf a%grﬂ('qeﬂ a@é l*ﬁ%%@ﬁ%&%%m&“aa'%l@rese“t in
3. Theapr4fgas: of GSZOaWF%L c%lc@aféﬁeé@o&ldeh%n@ahﬁébéﬂ the catalyst
conposition has an of at least 9 nm preferably

bet weenompasiionhasma scmﬁaae argaeofat deasi 20808d8di ng to
any one of the preceding clains wherein one of the
ot her netal conmpounds is silicon. 5. The process of

ay onghefprbbgsPorsigith l1@vl@érélﬂmewheryﬁdénmﬂfnecdmmhncmsqaresent in
napht ha type feed which has an arsenic

| east 20 gspeuntof 10xEF Yo, F;:@,Iq@atgg,as(ﬁnpmﬁgn@}n%e nlcketl compound
ar seni ¢ RIEhema ¥mBEhYEEsL 1824 2B8lcalafi™h oxide.

3. The process of claim 1 or 2 wherein the catalyst composition has an
MPD of at least 9 nm, preferably between 9 and 15 nm.

4, The process according to any one of the preceding claims wherein one

of the other metal compounds is silicon.

5. The process of any one of the preceding claims wherein the feed is a
naphtha type feed which has an arsenic content of at least 20 ppb
(weight parts per billion) of arsenic, preferably between 0.02 and 2 ppm,
an initial boiling point of about 0-120°C, preferably about 30-90°C and a
final boiling point of about 150-250°C, preferably about 160-220°C.

6. The process of claim 5, wherein the naphtha type feed has a silicon
content of at least 0.5 ppm, specifically between 1 ppm and 100 ppm.



an initial boiling point of about 0-120C, preferably
about 30-90C and a final boiling point of about

wase42600G preferably about 160-220C. 6. The prPOLEBR0©004943
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claimb5, wherein the naphtha type feed has a silicon
30 content of at least 0.5 ppm specifically between 1
ppm and 100 ppm WO 2004/101713 PCT/ EP2004/ 004943 12
7. The process of any one of the preceding clains
which is carried out at a hydtdgen partial pressure

of_ 10- 200 bar, preferabl 0- 150 r, 18 r:

o1 300 TR RcppEhERSh o bgife daRelil ofmd G R outat
ratio qyd?@éér??ﬁ?tiéﬂ' blessifefcdr a200508r, 1pRferdblyl 30atBD bar, a
a LHSV of 0.1-10 h"1, SCEreferany 0. 5-30h"1. 8. A

hydr opteowsssiung af a200)-¢80°CeoRisferabhy 3R0II)Edéntisrogen to feed
conpound a ' I ) ri j - -1
the’ norBa a0l 2, peiERRaGpB0 R AR o LIS BF 0.1-10 1,
6- 18 Whreterabll :8!3hed as oxide and the nickel 10

conmpound is present in an anount of 6-20 wm.%

cal cul ated as oxide, wherein the catalyst has a

syrfac : : and a
h§'d ro p&o@@g@@geé{?gﬁé glysggfg)gﬁ%f %’gg t% Omé'yg iOI(rann %mv\%oerp g(i)%nd i
t he caniskgistompsundrorVBarfient whemin tie rmelypdenwnageryppound is
between 9 and 15 nm

present In an amoun 5of 6-18 wt.%, calculated as oxide and the nickel
compound is present in an amount of 6-20 wt.%, calculated as oxide,

wherein the catalyst has a surface area of at least 200 m?/g.

9. A hydroprocessing catalyst according to claim 8 wherein the catalyst has

an MPD of at least 9 nm, preferably between 9 and 15 nm.



