1 HYDROTREATI NS CATALYST CONTAI NI NG A GROUP V NA=TAL
5 The present invention pertains to a catal yst
suitable for the hydretreati ng of hydrocarbon feeds,
.With contains a Goup VIS netal conponent a G oup

Vill metal conponent, and a G oup V netal conponent.
The invention also 10 pertains. to a process for
prepari ng such catalyst, and to Its use in
hydrotreating. In general, the object of catalytically
hydr ot reati ng hydrocarbon-containing feeds Is the
renmoval of inpurities. Common inpurities are. sulfur
compounds 15 and. nitrogen conpounds, The-at lea t
~partial ren ovai-of.sueh inpurities froma feed w |l
ensure that, when the final product is burnt fewer

sul fur oxides and/or nitrogen oxides; harrnful to the
envintrntent, will be released. in addition, sulfur
conpounds LeBRoTREATARPEALVEPHORBAIRING AGRGEP ¥ RETRNY Of
the catalysts enployed in the oil I'ndustry for
converting feeds into ready-for-use 2A products,
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pr ocesgedpdrins I8 P@c&s X6K bfafarkgi dueh GaBIPdLY biheC to its use in
hydr otrean%aﬁ{’gp ies contacting a. feed with
hydrogen dt elevated tenperature and pressure in the

25 presence of a hydrotreating catalyst, in this
process tinegesan!f the objestind uategicaliyIytdraidatigyiedrocabopaxiasing
present i BodsReind RERVARERMEMINE BbRon iRbRiESRE blith compounds

renmovabl e _hydrogen sul fide and am nenfa. Because
oot dius T RasR compaLns, Hie R et PRt rolovdt et rpintes fom
per mi t t ed® Bed Mienawrithata@nani the Bgberodictie Swnt fawar sulfiel asides
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activity. Agrt ner, Gat.aarven rinal suliur content da
mor e act | FEVEREAPIOSH Mine Pl IndRstpetor gonyoring faspwinfogeashiaatce
under 2 |rieskictpr Gaeese @ dstcho metalfein eindydes awkickiny  Gatalists,
i ncrease ryiBerioking SitaMats; and reforming catalysts. ltls therefore custamary for
feeds fo be subjécted to a catalytie hydictreatmant prior to their being
processed In, say, @ -cracking unit. Cefalylic Pydrotreatnient implies
contacting a feed with hydrogen af elevated temperature and pressure In the
25  presence of & hydrotreating catalyst. In this process the sulfur compounds
and nitrogen compounds present in the feed are converted into readily
removable hydrogen sulfide and ammonia.

Because the requiremants with respect 1o the légally permitted sulfur and
30 pitrogen contents in fusls. are becoming ever stricter, there Is a continuous
need for hydrotreating catalysts with improved activity. Further, at a given
final sulfur content & more active catalyst will make It possible to operate
unider milder process conditions (energy saving) or o increase the lifesspan
of & catalyst between regenerations {eycle length):
35



of a catal yst between regenerations (cycle length): 35
2 US Patent No. 5,275,994 describes a sul phur
cont ai ni ng cat al ystaoxnposittoi suitable for
hydretreati ng of hydrocarbon feeds and which conprises
a Goup Viii Metal conmponent, a Goup VIB netal
conponent and a G oup V Meted conponent. This
tri-metallic catalyst is necessarily supported on
silica or 5 alumna and is preferably characterized as
" conprising less than 28 w% of the. netal conponents
(calculated as oxides). In the preparation of the
catal yst the Group V netal conponent |s necessarily
added as an al koxldelin a water-free environnment and
the catalyst as a whole is preferably calcined a
tenperature of at |east 500G Normatively, the
activity of these catalysts In: 10 tests using liquid
straight-run gas oil has been shown to below US
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r ef er encmprelptefearably ¥ @994, bhat least vne group VIl mstal. The preferted

20 supporied catalyst of this reference generally comprises, in'% by weight with

réspeéct to the total catalyst mass, 1% to 99.9%, preferably 5% to 99:5%,

more preferably 10% to 99%, of at least one matrix matetial, 0.1% to 9%,

preferably 0.5% to 95%, more preferably 1% to 90%, of at least one mixed

sulfide of at least one group VB metal and at least one group VIB metdl, the

25 catalyst possibly further containing 0 to 30%, preferably 0 to 25%, viore

preferably 0 to 20%, of at least one group Vill metal. if a Group Vil rmetal

component is present at all in the catalysts of this reference, it is present in

limited amounts. More In parficular, In Exariple 7 a catalyst is preépared which

contains 0.070 mole of molybdenum, 0.029 mole of niobiym, and 0.028 mole

30 of nickel per 100" grams of catalyst. This catalyst has a Mo:NENI fafio. of

2:4:1:1. Inthe other examples, the amount of Group Vil metal componentin



limted anpbunts. More in particular, In Exanple 7 a
catal yst is prepared which contains 0.070 nole of

nol ybdenum 0. 029 nol e of niobium and 0.029 nole 30
of nickel per 100" grans of catalyst. This catal yst
has a Mo:Nb: Ni ratio of 2.41:1. In the other

exanpl es, the anmount of Group VIil netal conponent in
3 relation to the amount of Group VIB and G oup V
nmetal conponents is even |lower. Although the

catal ysts described in this reference appear to
perform acceptably in the hydBotreating of

hydr ocarbon feeds, a catalyst with inproved activity
int / S,U, j i.one~ hydr itr nation
and. o A ARERH R ID RE oroly SRR Bl AFOE bR Tover
woul d be desirable. In particular, a catalyst that
conbi nes a high hydrodesul furisation activity with a
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hy depinis@adlichiinof hydrocarbon feeds which conprises a
Goup VIB netal conponent selected from nol ybdenum
tuatgsten, and m xtures thereof a G oup V netal

conponent sel ected from vanadi um niobium tantal um

and YWfi baveine foundtbnd fif tharGroap 281 Gealiporiohdnt ke up a specified

conpoaansf tetb@Chast chipieis Slesdnr G Batyst, § LMyst AW ained with
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20

The present invention thus pertaing to a. sulfur<containing catalyst suitable for the

hydrotreating of hydrocarbon feeds whichi comprises a Group VI-B. metal e‘ompomﬁ_t

;e!,ected from molybdenum, tungsten, and mixtures thereof a Group V metal

| component selected from vamadium, niobium, tantalum, and mixtures thereof, andu z

25 Group VIH metal component selected from nickel, cobalt, iron, and mixtuses thereof,

the metal components (calculated as oxides) making up at least 50 wt.% of the catalyst,
wherein the molar ratio between the metal components satisfies the following formula;

(Group VIB-+ Gronp V):(Group VII) = 0.35-2:1,
The indications Group V, Group VIB. and Group VIII used in the present specification

30 correspond to the Periodic Table of Elements applied by Chemical Abstract Services



"~ wherein the nolar ratio between the nmetal conponents
satisfies the following formula: (Goup VIB + Goup
V):(Gattp VIIl) -1735-2: 1, The indications Goup V
Goup VIB and Group VII| used in the present
specification 30 correspond to the Periodic Tabl e of

El enents applied by Chem cal Abstract Services (CAS
systen). 3A Throughout this speci fication the word
"conprise",.orvariations such as "conprises" or
"conprising”, will be understood to inmply the

i nclusion of a stated el enent, 34 nt eger or step, or

group_ of elenents, integers or steps, but not the

excl USTayshoytthis sgecificarion the veard frompriselop yasiations suaha "comprises” or
grou ﬁcnufpﬁezhgmﬂt B, unidérbe G Smpy tigd naaﬁston%t‘latstdteﬁ element, integer or
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prgferably at least 90 nole% It may be especially
preferred for the G oup VIB netal to consi st

esse: and/ or tu

or of “}j% Yot IRLEERRLI AL Glen ePO Adioa’ anele of e ol
| easP FOUMBIBI9E!S: mose prpigraplyebleasp 0 @fe"égﬁ‘lv netal s, nore
preferably at least 70 nole% still nore preferably
at least 90. nole% It may be especially preferred for
~the Goup V netal to consist essentially of niobium
and/or vanadium It is preferred that nickel and/or
cobalt nmake up at |l east 50 nole% of the total 10 of
Group Viii non-noble netals, nore preferably at |east
70 nole% still nore preferably at |least 90 nole% It
may be especially preferred for the Goup Viii
non-nobl e netal to consist essentially of nickel

and/ or cobalt. The use of nickel alone as Goup VII
nmetal conponent is particularly preferred. 15.
preferred catab oonposetions arccrdittg % tltie
invent( conposition wherein the netals conponents
consi st essentially of nolybdenum nickel, and

vanadl urn, a catal yst conposition wherein the net al



conmponents consi st essentially nolybdenum nickel, and
ni obium a catalyst conposition whe'relif the netals
conmponents consi st essentially of 20 tungsten, nickel,
~and vanadi um and a catal yst conposition wherein the
metal conponents consist essentially of tungsten,

ni ckel, and niobium Figure 1 shows a powder X-ray
diffraction (hereinafter XRD) pattern for a catalyst
prepared in accordance with the invention. 25 In the
context of the present speolflaation the wording

oonsi stss essentially of and "consisting essentially
of nmean that the conpositfon in question contains the
. cited conmponents, but may contain contam nant netals

t he presence of which cannot reasonably be avoi ded.

30 5 The nolar ratio between he netal conponents in
the catal yst according to the Invention satlsfles t he

formula (Goup VIB + Goup V):(Qouy .
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composition wherein the metals aomponents consist essentially of
miolybdenum, riickel, arid vanadium, a catalyst composition wherein the metal
components consist essentially of molybdenum, nickel, and niobium, a
catalyst composifion. wheral: the metals compenents eqnstst.'ess‘entiaﬂy of

20 tungsten, nickel, and vanadium, and a. é‘ataiyst cornposition wherein the
metal components consist essentially of tungsten, nickel, and niobium.

Figure 1 shows a powder X-ray diffraction (hereinafter XRD) pattern for a
catalyst prepared in accordance with the invention,

25
In the context of the éres_‘entspeciﬁmtioa the werding “consists essentially of’
and “consisting essentially of° mean that the: composition in question contains.
the cited ccmpoaenté, but may contaln contaminant metals the presence of
which cannot reasonably be avoided.

30



The nolar ratio of Goup VIB netals to Goup V
nor Fnobl e netals: in the catalyst of the invention
generally ranges from 10:1, 1: 10 and preferably from
20 The catal yst conposition conprises at |least 50 ' %
of the total of Goup Vie, Goup V, and, Goup '011
nmet al conponents; cal cul ated as oxi des based on the
total weight of the catal yst conposition, preferably,
cat least TOwW |/d, nore preferably at |least 80 wm.%
still nore preferably at least 90 wt: % 25 cal cul ated
as oxides. In the above the G oup NAB netals, are
oalotifated as trioxides, the Goup Vill netals are
cal cul ated as nono-oxides, and the Goup V netals are
cal cul ated as pentoxi des for exanple M2Gs and V2(a).
The anount of Goup VIB netals, Goup V netal s,
and' G oup' VII'l nonn=noble net Al's can be deterni ned
via AAS or ICP on the catalyst after calcination in
- 30 ai rat 38@fclabratid hetweed ititei matal ttomchentsnie izl catalysirosredingsto
di SCUSS CGiHRRMEn sdtlfes HRIFRYS (Crols UPPBILb PRGRES INFL B15-
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21 ol areiegt e oy o Pl Brow i B ok k% o
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con‘ponent%?%&c gs Zeoj’ Ef ees,._..pet ;&’S;R/&kh Va%f.%&g%?i
zeol i te §vesAal|Yit witha highky pedity tednpsejaly 9 OMPSTISP ST
cr ackiingfretspomleredramgesh as silica- alumina, and
m xtures theredt It will be clearthat some materials,
e:g., SilMheaelar ratio of Group VIB metals to Greup V nersnoble meltals: in the
catalyst of the inverition generally ranges from 10:1-1:10 and preferably frorit
B1-1:8.
The catalyst composition comprises at least 50 wt% of the total of Group
VB, Group V, and Group VHI metal components, calcylated as oxides based
on the total weight of the catalyst composition, preferably, at least 70 wt.%.,
rmore. preferably at least 80 wt%, still more preferably at least 90 -Wt.%,
25 caleulated as oxides. In the above the Group VIB metals are calciffated as

Group V metals ‘are calculated as pentoxides (for examplé NbzOs-and Vz0s).

The amount of Group VIB metals, Group V metals, and Group Vil non:noble

metals can be determined via AAS or [CP on the catalyst after calcination in
30 sirat 500°C.



alum na, may tot as binder and cracki ng conponent' at
file same tine. 20 If so desired, the catal yst
conmposition may conprise any further materials such
~as phosphorus-cont ai ni ng conpounds, boron-cont ai ni ng
conmpounds, silicon-containing conpounds,
fluorine-containing conpounds, 'additional transition
netals, rare earth netals, or mxtures thereof. 25 The
cat al yst conposition may have many different shapes,
Sui t abl e shapes include powders, spheres, cylinders,
rings, and symetric or asymmetric polyl obes, for

i nstance W& and quadr ui obes. Particles resulting from .
- extrusion, beading or pelleting usually have a

di anmeter in the range of 0.2 to 10 mm and their
length . likewise Is in the rangg of 0.5 to 20 mm These
30 particles are generally prefierred. Powders,
including Use resulting from 7 e.g., spray-drying
general ly have a nedi an particle di anmeter In the range
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on the conposition. 15 .-The tota rmnt 0 _If_.
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20 If so desired, the catalyst composition may comprise any further matertals
such as phosphorus-containing compounds, boron-containing compounds,
silicon-containing compounds, fluorine-containing compounds, additional
transition metals, rare earth metals, or mixtures thersof.

25 The catalyst composiion may have many different shapes. Suitable shapes
include powders, sphieres, cylinders, fings, and symmetric or asymmetric
polylobes, for instance tr- and quadrulobgs. Particles resuiting from .
extrusion, beading or pelleting usually have a diameter in the range of 0.2 to
10 mm, and their length likewise I in the range of 0.5 to 20 mm. These

30 particles are generally preferred. Powders, Including those resulting from,



respectively, 20 As will be evident to the skilled
person, when the catal yst according to the invention
Is used In the hydroprocassi ng of hydrocarbon feeds,.
the. netal conponents will be present in the sulfided
form A preferred enbodi nent of the present Invention
Is therefore a catal yst wherein at | east part of the
.metal 25 conponents are present in the sulflded form
In this case, it Is preferred for the catalyst to be
essentially free from Goup VI It. non-noble netal

di sul fides. The Goup VIII non-noble netals are
preferably present as (G oup VflIl non- noble netai)aSb
with alb being In the range of 0.5-1.5, as can be
determned by, e.g., XRD. Ml ybdenum and tungsten are
preferably at |east partly 30 present in the sufflded
~catalyst as disulfides, as can be determ ned by, .

e.g., XRD. Chromum if present, Is preferably at
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conpr i seéie%eon %\oq@em?'&éﬂocat alyst with. hydrogen at a

tenperature of 100.60000 for an adequate period of
t i me; :1Budhe @l acduntd ilfonprastin havatdiet dbordingcia theiimentionts .

ex situ, gEMHy lsSlacteaUb %ér%@pon& RE70-T006 Bk GRS M\@-M%, of
In which,t the s%otchibmetdc sulfur quantzty necessary to com}ert the hydrageration
metals into, MoS;, WS, CrS, CopSs, NigS;, FeS, NbSs, VS. dnd TaS:
respectively,
o
As-will be evident to the skilled person, when the catalyst according to the
invention is used in the hydroprocessing of hydrecarbon feeds, the metal
camponents will be present in the sulfided form. A preferred embodiment of
1the present invention Is therefore a catalyst wherein at least part of the metal
25 .componetits are present in the sulfided form, In this case, it Is preferred for
the catalyst to be essentlally free from Group VIll.non-rioble metal disulfides.
The Group VIll non-noble metals are preferably present as (Group Vil non-
rioble metal)aSy with a/b being in the range of 0.5-1.5, as can be determined
by, e.g., XRD, Molybdenum and tungsten are preferably at least partly
30  present in the sulfided catalyst as disulfides, as can be determined by, e.d.,
XRD. Chromium, if present, is i:areferably at least partly present as sulfide




catalyst will be used, or in situ, that is, in the
hydr oprocessing unit In which the catalyst will be
used. Various groups of sulfur conpounds which may be
present in the suffur- 20 containing catal yst wherein
the sulfur is not yet bound to the netal conpound in
the formof a.netal sulfide according to the Invention
will be exenplified below Preferred sulfur conmpounds
i ncl ude organi c conpounds having at |east one 25
mercapto- roup. Wthin the group of nercaptaoonpounds,
nmer capt ocar boxyli o acids represented by the general
“fornmula HS-R1- COOR, wherein Rl stands for a dival ent
hydr ocar bon group with 1-10 carbon atonms and R stands
for a hydrogen atom an alkali netal, an al kaline
earth nmetal, ammonium or a |linear or branched

al kyi group having | to 10 carbdh atons, 30 Exanpl es

I ncl ude mercaptoacefc acid (HS-01S..COOH), beta-

mer capt %Bg&cord@' dF a8Chilpe determmed by, e, XRD. The Group V metal

HS- CH2 toa
b, COOCHETFongHt %F”e?% %éeﬁf B P F%g%%&]-—%s)zl
et hyl hexyéspesiigalzsapt oacet at e (HS-CH2 COOC8H17), and
nmet hyl 3-nercapttpropfionate ((HS-CHZCHZ COOCH3). 5

Furth e% GQTRaUag %b&% &g Ftylfgrdin et JM&Q—CE i sO04ccording to

mer capt o- conpoun nos U ﬁ& tﬁ% of 8 suller
ner oapt aﬁ'&"‘feétﬁ’l"é’%aé rﬂ"‘@&e IBS?S‘F’F]@ lﬁé?F |Pat 8}ty form
H2N- R2- Sldompduad it houR tosheametdl chropenents It gy, @rgt, be present in the

hydr ocar kgs o%i@M&xtil%WuF‘% the 1ok of SERRVURIrQBMpouRieR BT0h 6%
?thlgescaﬁ"'m %’Q&a"’ﬁ ﬁg& %?ﬂ.;&nd%%}i a{é o?tSt:J'}ﬁaQE bhkRi metats of
( H2N- &5 HA S VL BovpYe ped Gresp VI oRb i st 19 s opge: the
group of sumr-caplinhgCeRpsiung deateddddo dh activative aipp &nesvert
repr esengm}ﬂéw c&lﬂsmgﬁ &f 1Bdst BMM%H&:R%S% 2BRAfRI Sop

stan

|va ent h r'oc ou {:
1 15 car 9874y B%pnsesr:e}?a eﬁt@?ﬁ évg% hyg% gﬁ %émpgrawre
i ncl ude ef ’rﬁ&@@@fﬁtfma@laﬂqw M@Pﬁlﬂ@i—ﬁwé ¢l aCﬂV&ﬁOH step can be
15. carded out ex sify, that is,. outside the. hydroprocessing unit in which the

catalyst will be uged, or'in sity, that'} s, inthe hydrcprecessmg unit In-which
‘the catalyst will be used,

- Various groups of sulfr compounds which may be present in the suffur-

20 containing catalyst whereln the sulfuris not yet bourid to the metal compound

iri the form of a metal sulflde according to-the invention will be exemplified
below.

Preferrad sulfur compounds include arganie compounds having at least ohe
25 mercapto-group. Within  the group of  mercapto-compounds,
mercaptocarboxylic acids repraesented by the general formula HS-R1-COOR,
wherein R1 stands for a divalent hydrocarbon group with 1-10 carbon atoms
and R stands for & hydrogen atom, an alkall metal, an alkaline earth metal,
ammonium, or a finear or branched alkylgroup having 1 fo 10 carbon atoms,
30 Examples Include rmercaptoacefic acid (HS-CH2-COOH), beta-
mercaptoptioprionic acid (HS-CH2CH2-COOH), methylmercaptoacetate (HS-



:15..1,4-butanedithiol (HS-(CH2)4-5.H). Preferred
conpounds al so include thioacids of the fornula R4
OCSH, wherein R4 stands for a nonoval ent hydrocar bon
group having 1-15 carbon atons, Exanples of these
.conpounds i ncl ude thioacetic acid (OH3-COSH) 20 and

t hl obenaol o acid (CSHSCOSH). Dithioaclds. of the
formul a HSOC4- COSH, wherein R5 is. a divalent

hydr ocar bon group with 1.15 ow bon atonms nmay al so be
sui table, An exanple is dlthloadipic acid (HSOC- C4H10
OG SH), Preferred conpounds al so incl ude

nmer capt oal cohol s of the general formula 25

R5S- R5- (OH)f wherein R5 represents an al kyl group
having froml|l to. 15 carbon atons or a phenyl group,
"R6 represents a hydrogen atomor an al kyl group
having 1 or 2 carbon atons, and®n is 1 or 2. Exanples
of these conpounds include 2-nercaptoet hanol,

2- (met hy| g @@u@@;h@n&hy: 22ner&agtob¢etatéwm)@ammzns), ethyfhexyl

oty ¢ HEERRa (- TR, Ry Sméftapicprotoste

2- (et hyl t&i% ’r}?%‘i?cﬁoo M capto 10 1,2, propanedl ol ,
3-nmethylthto' 1,2, propanediol, and 3- ethylthlo 1, 2,

- propangdl g}, r%cﬁ‘% mditADLE GRRPAL rb‘i’&:? a %é&@@to-compaunds

sul f oxi des o

LRI Nt o N WO e
exanpl e i H2NGR2v8H, twhierein 2f stgotieifor ¢ diMalenthydraqarPon JRYROTRVIDI!-
t hi ocyanafsea@aeiitbh€ exaks oByesa kotpoeis imiafiad-amino ethanethiol
conpounds, 5121@ H Sa% g@ W%ﬁ@é%{pﬂ&%f @bl Bbasagbam o

acids -an ereo as ethylene 10
bi sdi t!Al ocarbami o sold and its salts, and di nethyl
* di t hi ocarAseirbrel exmipdurds @ithin e geup of metdRrconapundH e the di-

Coln?oundsmér&% aHé%ereg%{e%@atb@dh@we@% Q*:&i\i,ag ag;hstém ivihersin de

salts. s qgg! neit aRd
its saltslga"% ﬁ%rr cO¥ EB{JE}SA'; %%3“ B, Q%a %J iH °

pol ysui f i Erewples Gftf?%e FRRPHNdS mgxdggthar@gﬁml (“151@42%‘@% Pl

X 1S asyalamutbdibiol@s-cuak-R9). and Al a are al kyl groups,
preferably branched al kyl groups, with 1-30 carbon

atorms. Re.lirgfgr?je% compounds also include thioacids of the formula R4-COSH,

whereln R4 stands for a monovalent hydrocarbon group having 1-15 carbon

atoms, Examples of these compounds Include thicacetic acid (CH3-COSH)

20 and thicbenzoic acid (C6HSCOSH). Dithioacids. of the formula HSGC—R&~

COSH, whérein RS is a divalent hydrocarbon group with 1-15.carbon atoms.

‘may also be'suitable. An example is dithioadipic acld (HSOC-C4H10-COSH).

Preferred compounds also include mercaptoalcohols of the general formula
25 R6S-R5-(OH)n, wherein R5 represents an alkyl group having from 1 10 15
carbon atoms or & phenyl group, R6 represents a hydrogen atom of an alky!
group having 1 or 2 carbon atoms, and n Is 1 or 2. Examples of these
compounds  include  2-mercaploethancl,  2{methylthiojethancl,  2-
(ethyithio)ethanol, 3-mercapto-2-butanae, 4-mercaptophenol, 2-
30 {methyithio)phenol, 4-(methylthio)phenol, 2-(¢thyithio)phenol, 3-mercapto-



conmpounds are those with the fornul a

HO R1' | - Sx- R112. OH, wherein,x is a value of 1-15 and
R11 and R12 are al kyl groups with 1-8 carbon atons. 20
Addi ti onal sul fur conpounds Include el enental sulfur
and inorganic sulfur conpounds |ike (NHal zsx. The
present invention also pertains to a process for
preparing the. catalyst conposition of the present

I nvention, which conprises conbining, 25
sequentially, or sinmultaneously, a. conponent of a
Goup VIB netal selected from nol ybdenum tungsten,
and m xtures thereof, a conponent of a Goup V netal
sel ected fromvanadi um niobium tantalum and

m xtures thereof, a. conponent of a Goup Vill netal
selected fromnickel, cobalt, iron, and m xtures

t hereof, anda sul fur conpound. %o 11 1t is possi bl e
to conbine all these conponents in a single step. It
is al so fmespdnkdolt 03-meiitihiod 2 heropatetiiot  @otp Grethglithio-t.h
one or mype. Qfy.fthe metal ‘conpounds and then conbine
the resul'ting product with the other netal conpounds.
However, sulfide-containing materials nust be handl ed
In an 5 iGter tsuibiromhends incluger swioxidesosti tiafarpya R7-SO-RS,
Tper ef or Q\{h&@inﬂ%ﬁﬁ@f RS bRChy@ahesbnN@étps vith t1-8 Eﬁbwr?@&? én
of present invention_ in.a fitsk . siep a conponent of a
G oup VI [§xamnpéet’3i5}%1e{§ﬁg%fgn%%rgéh@%’ﬁ[gﬁa oup V netal, and
a conponent of a Group Wt neta] are conbined to form
an oxy ge msroainh ehigayanaka atd-thiobreometeismbe ueaidl compognds tdsenay
a2 vor | oo 28 A doofhni i bt ATRRUATwel % AR
netal 19 a' ‘%‘%‘f?ﬁ%‘i’?@ﬂ‘?a"@f&mg% 6%%@%1@@"@5’83@0 @ _and%
c onponentsalisf Other@itablp copmbindaincisde mereaplodigblazales #pi helgsalis 5
- in ra fslidhsk 2B00RRRH0-1 8 RAdIMRERles @IRGARNt S are

conbi ned and reacted. In the presence of a erotic

: Isgluia? ’ed%ctge?‘rsem%xlan%g thtathrgayrbgsuglafallag ] pe‘fy%{ﬁ?d%é'o? tl‘n_‘é) %mluu‘?a RO-Sx-
15 /. R10, whereln x Is a value of 1-16' and R and R10 are alkyl groups,
preferably branched .alkyl groups, with 1:30: carbon atoms. Related
compounds are thoss with the formula HO-R11-8x-R12:0H, wherein x is a

value of 1-15.and R11 and R12aré alkyl groups with 1-8 carbon atoms.

20  Additional sulfur compounds include slemerdal sulfur and inorganic sulfur
compounds ike: (NHs)28x.

The present invention also pertains to-g process for preparing the catalyst
composition of the present Invention, which compfises combining,
25  sequentially, or simultansously, a.component of a Group VIB metal selected
from molybdenum, fungsten, and mixtures thereof, a component of a Group
V metal selected from vanadium, niobium, tantalum, and mixtures thereof, a
component of a Group Al metal selected from nigkel, cobalt, iron, and
mixtures thereof, and.a sulfur compotnd.
30



and dried. Any protic liquid that does not interfere
wWth the reaction may be wused. Suitable iiquids
.include water, carboxylic acids, |lower icohols such as
et hanol and propanol and m xtures thereof. The use of
water is preferred. The at |east three netal
conponents used in the process according to the
I nvention, nanely at | east one Goup A netal
conponent, at |east one Goup VIB netal conponent and
at | east one Group V netal conponent may he In the
solute state or at least partly in the solid state
during the process of 25 the invention, Thus, the
reaction may involve three solute conmponents, two
sol ute components and one at |east partly solid
conponent, one solute conponent and two at | east
partly solid conponents, and tHfee at |east partly
solid conponents. The reaction may |nvolve
pr eci pi t 3 . AR A, ARBRD PseBompblfitsSh 8lefrgfstdahis o
various c nﬁbnaﬁ%s,.a so di ssol ution. and 5 the metal
r e- pr eSpi ROsFRIR . combing she ulfiyegogippynd Wiy PR ©F FE™e; G '
" possi bl e aapeuned amphtacdnbing. the hesulting prbdugiowiiotie wihgr metal
wi th one c%ag&dasg, HoWEVEE | Vi dYcoR@ib Hiafdiali st tRdiedhbied) Int dre
0

~

met al conponents, In soluyti.on to.form. L. D L Boant
(e KR st i e S Pt
by combi rif e preaess pERISEM ftyentpR N A FORBTTBAERT L °| “Pﬁ’[?
presence rhet@fa eonfpbeini 6 d Grauy d mat=l, fandia cbrapesent ohe Goip Ve
metal co rﬁ?&&] %%tcﬁmfﬂﬁmb B gn Blygerddble pradBdt kdidivddby kiitbining
solid state (herelnafter designated as the "solid

route' ). OYIRE-siEge fRPEHWY ,r°?"ﬂ%°”?f£t al conponents
are canpl etely dissolved when they are conbi ned

and/ or t r eﬁ@ﬁgeéie kol WhYsan Mht@s i Dbdriodent bita mcup()ﬂiigm,a
e.g., to 10 conbine oyoTagolo) PR HBRY may
are al reaﬁ"p?ﬁnﬁagﬁuégﬁé\%gﬁé?a e g%geii%n have ?th%
reect.to ¥ecemangsk eci pitate. However, it is also
possible to conbine one or nore of the netal

conponent;s otidlyBLss, RéFlal cotfpoisl di&bomblrBd ahdiRaged indhe
bt e el o D, RLHRRE 7l S e
entirely and diete Anapreficdipdd Batfoes n%{ﬂ@%‘{é\y@h\}&?‘?_@%&@i‘gﬂ may be
present ied. lSeitablediqlidstritiutié witer, earbdxyilic atidiee loweicatogigls sveh as
| east onCgy duthdBofal§ and mistures thereof. The use of water is preferred.
20
The at least three metal components used in the process. according to the
invention, namely-at least one Group Vil metal component; at feast one
Group VIB metal component and at least one Group V metal component may
be-in the solute state or at least patily in the solid state duri’n_g'th:e process of
25 the invention, Thus, the reaction may involve three solute componegnts, twe
solite components and one at least partly solid component, ohe solute
component and two at least partly solid components, and three at least partly
solid components. The reaction may involve precipitation and, depending on
the state of the various components, also disselution and re-precipitation.
30



solution route process, all netal conponents nust be
present wholly as a solution. precipitation can be
effected by, e.g., (a) changing the pH during or after
conmbi nation of the netal conponent 20 solutions to
such a value tat precipitation Is induced:; (b) adding
a. conpl exi ng agent during or after conbination of the
nmetal conponent sol utions, which conpl exi ng agent
forns a conplex with one or nore of the netals to
prevent precipitation of the netals, and thereafter

. changing the. reaction conditions, such as tenperature
or pH, 25 such that the conpl exing agent rel eases the
nmetals for precipitation; (c) adjusting the
tenperature during or after conbination of the netal
conponent solutions to such a value that precipitation
is Induced; . (d) lowering thet2anbunt of sol vent
during or after conbination of the metal conponent

i 6lal cdd
nglunlgog "?‘Hig}gl Vg@% %?@ﬁ@ﬁié%}s%@c&n&oﬁr@dﬁm al cb@ponee

the net aW'WPrﬁBWt“‘@SWLW "’?goarﬁs ﬁ%?ﬁ{gngr%r‘g%%[ c?»?%c?]%nts
t her eof , invdotutionatonfom" sqire.ceamt? (recinwftergdesigagted 2 the *colution
the-pr ec;o%-t &k By b&nbﬁﬁ@%ﬂ& Feabtny tHersed ttipendnts it thi gresence

col Vet o g L e S e %“gne% dnhing ot et
| nduced. pailfjinitse M@sf@h@eﬁmﬂﬁﬁ degigngted agy; ?.58‘ﬁ' T or (b)

can be done by adding a base or an acid to the

react | on G ol Rl khnpbn8lcROudigeeltiated wads

corrpounds e te ature jncr i

deconpos¥ey #¢ Wﬁ%ﬁ?ﬁﬁ"ﬁ%‘? @ﬂdﬁ@ %’%’Wﬁf‘%‘% 'ﬁg%&g’ﬁm dlto
i ncr ers ecabite teonatal sempohentypwrien tsy g in the digsolvad state
of  CoNPOLRdten WARenMebdt totSrerAR s itatel Howevet, ks also possible to

t enper at ur{rr%me aﬂﬁéreﬁ&é r&gthg ﬂgtas wpgl%‘t%'iﬁﬁ keSafly @F entirely in

decr ease

cyanat e, ! aﬁﬂﬁﬁgﬂﬁﬁfﬂ’ﬁy@?@f( gl & 8“38?‘?1’?%‘“? mur&ng?fbalil rna‘atr"é‘:’tal
15 The sodmpdnahtsuﬂmhcammﬂy%sﬂﬁt@mblﬂm sqtt ﬁﬁ@lﬂ'é&é@%ﬂ‘e"
the npt alLRAMAORE Maston mixture, In other words, at least once during the

solution route process, all metal components must be present wholly as a

solution.
" Precipitation can be effected by, €.9.,
(a) changing the pH during or after combination of the metal component
20 solutions o such a value that precipitation is induced;

{b) adding ‘a ‘complexing agent during or after combination of the metal
campbnent solutions, which complexing agent forms a complex with one
or more of the metals to prevent precipitation of the metals, and
thereafter changing the regction conditions, such as temperature or pH,

25  such that the complexing agent releases the metals for precipitation,

(¢) adjusting the temperature during or after combination of the metal
componerit solutions to such a value that précipitation Is induced;

(d) lowering the amount of solvent during or after combination of the metal
component solutions such that precipitation is induced;



with at | east one of the nmetal conponents remaining at
| east partly in the solid. state. More in particular,
it conprises adding the netal conponents, to one

anot her and si nul taneously andlor thereafter reactln
them Consequently, in the solid route at |east one
metal conmponent is added at 20 |east party in the
.solid state and this nmetal conponent remai ns Ol east
partly in the soli state during the entire reaction,
The term"at least partly :in the solid, state" in
this context neans that at |east part of the netal
conmponent |3 present as a solid netal conponent and,
optionally, another part of the netal conponent is
present as a solution in the protie liquid. A typica
exanple 0 25 this is a suspension of a netal conponent
~in a protic liquid; where the fetal Is at |east
partly present as a solid, and optionally partly

di ssol vedg) udinGe noa-péd%ht@hmr@w gher. tdmblnation obte takiel etomponent

[ P RR AL Ll oottt

the' protlc t?neous y or
successi vel §ie Pf§@?‘téie|‘5(ﬁ¥§%‘$’a“& Inagluse ip fhis Span
suspensi g (&ibing anexéess nigeitvet ailthecmporsan tt¢: sychdinsadent/ e

af d/or suspg, %@ﬁ%oh%ﬂdﬁwdt he protic liquid. It is also
pOSSIb e to first conbine solutions either

"~ sinultaneously or successively and to subsequentlby
further Asiysivetheinbit.<).REPndptar 61 &en e 4068 BY FERES) £
ei t her siaAUiddate PeSteyction migure.c Bogivarelityis ﬁsoAsoslsabtagtoasfd

SE)I ! Zagi gtg @&) “g&t it G %molﬂg i et%tu?é mtn%@sﬂg ﬁ@rdbéo)hpbéé ine

sol | r out
net al 1¢ofpyrddsiws \RJ%H cfﬂ"sa‘f’"émd'fc“?aéea@(d de?f%"‘}sf PﬁnF rre§;ﬁetsveiy
sol i d st &@xengles niotongoinds caliich WHudechrmpops UpYs iebie@peraiure
al | et almerasmgoaﬁmieﬁaby MhoR@seC BiTichRek ki fHharenived wimtete

0,2, 2P SRR el 0 e o

Al 't er nat iVel Y, I's at east
partly in solid state can be conbined with '"a netal
conpongntThedselidhoits comprisévecomblniog end sreling theBngal comprneaE,

the net alys QPRANCA & hé naddgfhpafentsGatdinmpdttidagt partiytii ehe
solid. solid state. More In particular, it comprises adding the metal components to
‘one another and simultaneously andlor thereafter: rescting them:
Conisequently, in the solid route at least one metal component ls added at

20 fteast partly in the solid state and this metal component remains at least partly

in the solid state during the -entire reaction. The term "at least partly in. the

solid state” in this context means that at least part of the mietal component fs

'p‘resent as a solid metal component and, optiona‘l)y, ancther part of the: metax

25 thisisa s.us.pension of a metal component ina protts hqu_tq, whgre. ﬁqe. me_ta!
is at least partly present as a solid, and optionally partly dissolved In the
protic fiquid,

it Is possible to first prepare a suspension of a metal component in the protic
30 liquid and to add, simultaneously or successively, solution(s) andfor further
suspension(s) comprising metal component(s) dissolved and/ér suspénded in



state and, e.g., at least two and preferably two netal
conponents are added in the solute state. In another
~enbodi nent; e.g., two netal conponents are 15 added at
| east partly In the solid state and at | east one and
preferably one netal conponent is added in the solute
state. That a netal conponent |s added In the salute
state" nmeans that the whole amount of this netal
conponent is added as a .solution in the protic
liquid.. 20 As wll be dear fromthe abeve, it is
possible to add the G oup V111 netal conponent, the
Group V netal conponent, and the G oup VIB netal

‘ conmponent in various ways: .at various tenperatures
and pHs, In solution, in suspension, wetted or as
such, sinultaneously or sequen‘{aJIy. It should be 25
noted that it is preferred not to enpl oy
sulfide-containing netal conponents during the

conbi ni ngheobrotm&iqu‘mt ialis @pBopmediid so fis whbive soliRpdredf s
and the ﬁé#e&dsgg T YAULRRT a0 sHsBRley! had ! fiher

presence es . that aLI Ss,
- steps suﬁ%@ﬁ‘?ﬁ@ﬁg) t 874 h%"”%&ﬁt °(‘5‘rtf°’3?) aﬂﬁ Lvtgrleg‘?sﬁ'
conponentsyccessivelyp t hose at a | ower tenper atur e, Wil
have 40 be carried out under an inert 30 atnpsphere

r esui t,n |
s 55 e M A P A b e
be used idHingHe scbq* &@’@g@eaiﬂm&ﬁé" mﬁ?@ﬁ'ﬁ%ﬁ“?% aFlets
sal ts, supetly astheidofidabies, Is myderditabdThus tir kit ressible for aH metal

chlori degymbn g‘l’t@tﬁ @4 oorhthiRE 'mdtﬁéso}@ Ha'ufe@& BSappliatch: Bbs Partly in

sul f at es acet at
Sui t ahl e%ﬁ"[&ﬁ%ﬂﬁ”@““ﬁiy cak‘@?tata a‘*’ Et WG%S'P 2 ‘g& Lpyty '
i ncl ude mblidrstatecean beepmiinedavitn arestal cerspongn P'VBP’P &é‘é fhe soluta
f or mat es s@ate. BlyX bt & Shatnie ediposetits inadded adeast mlin the solid
hy pophos ea{e &, e%u 'a& @9& fuo 3l sl%fesaaiy% :ﬁe‘t&irrﬂp&a@ﬂp&@ BHo8

nclude 1ro
Sl Tate BtPmP PEE. st POt fs NereR BRI
G oup 13V BEddedtableass oaft ndee solid stath qud stdpastipraang prefergply one
met al  salnfefar SopbheASs aMEPR kHeXbI0E sRiekal i net al
nononol ybdat es and tungstates as well as
watervsc ngat’z laemeltasl goez%okn%ggg(%% qig %he(«)s«feiugo sta¥eb gn%g#srg\at r}le whole

amount of this metal component Is added as asolution In the protic Tiquid.

20
As will be clear from the aboeve, it i& possible to add the Group Vill metal
componetit, the Group V metal component, and the Group VIB metal’
component in various ways: at various temperatures and pHs, In solution, in
suspension, wetted or as such, simultanecusly or sequentially. It should be

25 noted that it is-prefemred not to employ sulfide~contalning metal components.
during the eombiriing of thie metal components, as these components and the
resufting products are not stable in the. presencé of oxygen, which implies
that all process steps subsequent to the -addition of this metal component,
even those at a lower temperature, will have to be carried out-under an inert

30 atnosphereif resulfing of the materal Is to be avoided.



tungsten, such as netatungstic acid, or water-sol uble
het er opoi yconp ounds of nol ybdenum or tungsten
conprising further, e,g., P, SI, N, or Co or

conbi nati ons thereof. Suitable water-soluble |Isopoly-
and heteropoly 15, conpounds are given in Ml ybdenum
Chem cal s, Chemi cal data series, bulletin Cdb-14,
February 1959 and I n Ml ybdenum Chem cal s, Chem ca
"data series, Bulletin Cdb-12a-revised, Novenber 1969.
Sui t abl e- water- sol dbfe chrom um conpounds i ncl ude
chromat es, isopotychromates and anmoni um chrom um
sul fate. 20 Suitable water-soluble Goup V netal
conmponents to be used in the process of the invention
I ncl ude wat er-sol uble salts and adds such as vanadi um
sui fate, ' vanadl um het er opol yaci ds, ni obl c add, No(Q013,
and tantalic acid. 25 Ifthe:prgiicliquid is water,

- suitable Goup VI netal conponentswhich:are as

! ﬁaSt Parduibid Walehi8! Grups Vit ieetal Looinpenehis o freosed &1 Bk

the invention ¢ t ﬁ@lﬂ&ﬁt
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phosphat es, hypgphbsppitl Geiteblealatkerisolatie suckqlrcﬁny trsbalteepmponents

tungst at G, wOil HEES suffer, Thatdidd &ﬁ:ﬁ&é&%ﬁﬁ&es oBRIXIEA trateetas
0

K it Rabegi L %%sgxn;%%m{v@% QUEE Pon dBHFIBH e

m xt ur es hohesatdd, clieride, farnttemitelg, 5“%*? ‘H’“I’S“"es théreat:
hydr oxy- car bonat es and car bonat es bei ng nost

preferr e%usta%en%ét%ldiotﬁﬁleté}g el ,ggwr@,%g,ep{@t,mg b viB

hydr ox rou e ca onat e % Ds Lo

hydr oXy- d%ﬁ*%o"ﬁﬁ% SHFheds |aﬂ‘“'t°ﬂiém r G nget t6'4"“3?5@#“ da%l g
0- 2, nor augstete aalpblyasOvatel-saubld imgy-cermogmci@,aé@piybdenum and

OGr 1-0. ?/I Sté\ %tgn tsb& é%rn%a'nﬁgelttb%ﬂ g Weter\saiting. het&bbatyahh;muénds
oip A Gtk pe@ th RRTAd Wt

in the sdf |"6°yg?eé‘f"8n§3‘ﬂg& [ Somr?t" i %Ftﬁer @ § %%fgnrol
VI B net alcombipativemn dirrest wswfab*a MWSQU Bl PR ?ﬂﬁ y
such gs diempaings trel given de olvhdantm driem! als, Chemtcal data seties,
Biilletin Gdb-14, February 1969 and in Molybdenum Chemicals, Chemical
data ‘series, Bulletin Cdb.12a-revised, November 1969, Suitable: Wa‘t,er-.:
soluble ehiomium compounds include chromates; Isepolychromates :and

ammonium chromium sulfate.

20
Suitable water-soluble Graup V metal components to be used in the process
of the invention Include water-soluble saits and acids such ag vanadium
sififate, vanadium heteropolyacids, niobic acid, NbOCI3, and tantalic acid.

25 1 the protic liquid is water, suitable Group VIl metal components which gre ai
least partly in the solid state during the process of the invention comprise.
Group Vil metal components with a low solubility in water such as citrates,
oxalates, -carbonates, hydroxy-carbonates, hydroxides, phosphates,
phosphides; aluminates, molybdates, tungstates, oxides, or mixtures thereof,

30 Oxalates, citrates, carbonates, hydroxy-carbonates, hydroxides, phosphates,
malybdates, tungstates, oxides, or mixtures thereof are preferred, with



nitrides, alumniumsalts, acids; or mxtures thereof.
Preferred G oup VIB 10 netal conponents which are at
| east partly In the solid state during contacting are
di- and trioxides, acids, and m xtures thereof,
Sui tabl e nol ybdenum conponents I ncl ude nol ybdenum di -
and trioxide, nolybdenum carbide, nolybdenumnitride,
al um ni um nol ybdate, nol ybdic acids (e.g. H3IMO),
amoni um phosphonol ybdate, or nmixtures thereof, with
nol ybdi ¢ 15 add and nol ybdenum di - and tri oxi de bei ng
- preferred. Suitable tungsten conponents include
tungsten d- and trioxide, tungsten carbide, ortho-
tungstic acid (H fWeH2Q, tungsten nitride,.
alum niumtungsttate (al so nete- or pol ytungstate),
anmoni um phoaphot ungstate, or g xtures thereof, wth
ortho-tungstio acid and tungsten di- and trioxide
being preferred. 20 If the profic liquid Is water, .
sui t abl e h@irogaronates nd cepisies hetg sk Frefgred Senerpilia@p
partly i folah @atis Beindersihathgurekyrgrafs Gethp et g;{iu;j;a frethe
i nvention c X neial .6 ; : )
| ow sol uBfTTURPoRine YR g Bl oL by
phosphi ddgnd mpsieisterabil84-085 |t is well within the
scope of the sldfed person to select suitable soluble
?L ! ”S?'sfl{@ ﬁ?mgwg RERr, sRibk '@?qt?wm_ewcomm@mg @hicH a_rrel
e context o e _present specltlcation..
whi chvi Pl Sbeay i e Sstp JAEcaplebih of st BlouF Pt
during t kempenents withsrieyseolislity franates, ssief) apsi-1ang foes, cardides.
than 0. Qfidsed) lalurlflfh sdits,Satidy.cart miili@d @Jereofl Preféried Spoup VIB
desi r e, rr@tam:ﬁ;\;/ g?ﬁ s Whlcf Ca{gléa %? fiQMbare 10 iR UiP Tstaltl BEHAS

materials,  conventl onal hydro _._r.,o_ces;sl.E%f Catgal%sga} o
cracki ng SRVAHIEN BT & 2B tindesyAgEs T PERES e Ye S EdRd
prior t omotiodenuycdnipenantritwiude mglykeistum diseditieygide frotypdenum
netal 5 coRRONRiNsIerdRdhitle, SHAGRM eRlybidhs melyedic BHES @.g.

gglt ol al 3, WidJ aR&oHGS LRRledydR, o iRkEss niRLELnhdbdic
15 acld and molybdenum di- and frioxide being preferred. Suitable tungsten
compenents. include tungsten di- and tioxide; tungsten carbide, ortho-
tungstic acid (HAWOQH:0), tungsten nifride, aluminjum tungstate (alsc meta-
of polytungstate), ammonium. phosphotungstate, or mixtures thereof, with

| ortho-tungstic acid and tungsten di- and trloxide being preferred.

20
If the protic iquld Is water, suifable Group V metal compdnents which are at
least partly in the solid state during the process of the Invention comprise
Group V metal components with & low solubliity in water such as oxides,
sliicides, phosphides, and borides.

25

It is well within the scope of the sidlled person to select suitable soluble or
insbluble compounds, as the case may require.

In the context of the present specification, the material which will be at least
30  partly in the solid state during the entire process has a solubility of less than
0.05 mol/ 100 mi solvent (18°C):



The carrier material can be added prior to the
contacting of the netal conponents by, e.g.,
conbining it wwth one or nore but not all of the:

metal 10 conponents or vice versa, and by
subsequent|ly conbining the m xturee with the not yet

" added netal conponents either sinultaneously or
successively. The carrier material can be added
during the contacting of the netal conponents by,
e.g., simultaneously conbining the carder material and
the netal conponents or first conbining the netal
conponents either 15 sinultaneously or successively
and then adding the carrier material during the
reacti on of the conbined netal conponents. The oatrier
- material .can: be added subseouenttcthe contacting of
the netal conponents hy, a.g.;&dding it directly to
the reaction m xture obtained after the reaction of
the netal conponents or by adding it after any of the

further process steps which w Il 20 be di Gk
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Componbnt oA ot et Pgh Hord e i i esioneted

corrpoh?snt “dn “be "sul 0 a colic I1qui
separ at i Gh"cB@EeONaLrBE] BRYW. conposted with the carrier
materials, e.g., filtration. After soiidlquld 25

separ ati Q) «BqNeshl Rr @Athe | QRtading of the metal
Furt her, QF? e&;{%ﬁ&éﬁlﬁ B0 offes B g

t 1s possible to thermal Ly treat . Lhg ., we
cat al yst é&'&‘?’l’ﬁ%’ﬁ’f?"r &8~ ﬁ?mbd'l’”gt’éwﬁ‘?ei%%ﬁ% bgéxﬁ%%@?t?? otz
Wi th fthe comporelts orrviseaENsalland bTpHbsespiie FORIING e Pitfe it
be added fehoBa aSdéidtra orfpandnts @thergimultineotslyer duogessively.
state, elﬁ@%&rﬁ%{hﬁé- ) | ¥ tb'éeé%td&? dBing"AE comtiktifd 8 WRt hetel

spended: as a filt

and/ or suspe stata, ter cake. and/ar as

sol ut i on SoMRPNEYES b@ﬁi’éﬂ?ltﬁ“ﬁ?”s{yﬁgmﬂ?‘%gg 33'8?%?%8 an?fhe
present immetat ndoimpenentay ot drsbr éominink e the u Metale rcompRgide sgther
st eps 19 rRli@MoRR b BBucedsivbinsh) theh Yddig, thertdnier ngterial during
kneadi ng’éi?eirl?#l%éf . Xc')t})rrw)l%{n%(dl rﬁerts}{ oHipofErs. Fhelbdnidy maRP bdtbe.

Q

oty aESWERIEEH I cataig o 08 PaELTIP ORI Y S S94ng
above natiedirealy o the relntion mixture obtained after the reagtion of the metal
components or by adding it after any of the further pracess steps which will
20 be discussed Ih detail below. Preferably, the carrier ‘material is: added
subsequent fo the contacting of the metal components. Optionally, the
catalyst comiposifion resulting after combining and reacting the metal
components can be subjected to a solidiquid separation befere being
composited withh the carrier materials, e.g., filtrafion. After solld-liquid
95 separation, a washing step may be carried out. Further, it Is possible to
thermally treat the catalyst composition prior to its belng composited with the
cattier materlals. The carrier materlals can be added in any suitable form,
6.0, In the dry state, either thermally treated or not, In the wetted and/or
suspended state, as a filter cake, and/or as a solution,
30



5 dry state. Wt m xing, e.g., conprises mxing the
wet filter cake conprising the catalyst conposition
and optionally any of the above materials as. powders
or wet filter cake to form a honpbgenous paste thereof.
Shapi ng conprises, e:g., extruslon, pelletizing,

beadi ngand/ prspray-drying. 10 It is generaliypreferred
for the process according to the invention to conprise
a shaping step. The shaping step Is preferably canted
out after the conbining and reacting of the netal
“conponents, If a caplet material |Is to be added In

the process according to the invention, it is
preferably added before the shaping step Is carded
out, 15 If so desired, the product resulting fromthe
conbining of the Goup VIIl netal conponent, the

G oup VIS netal conponent, and?®he G oup V netal
conmponent may be submitted.to a.calcinafion step. This

cal ci ngt i@;{?ior?ails‘l? the brﬁces@?ﬂ!hé %@senﬂng%nﬁ&ggﬁi adrhpyisdPe further
“carried out ata tepperature_of, 1100-600C n
parti cul a7’°°7§§?9253€%ay%m#’9' (%{’)ed}sf}% 'B@P?*%B%%'%&Wm&gg‘
00G, . Thedncer wt mirigo shapingreand/greqaisiniag. | By wiinogeeans ping s
to: A8 hoydfafst chiBostiah i theddry SteVRl alEofthy Eioed matsiiald in the
an inegt | Nitr }e e Qlrrd s ‘
oxygeng c oﬁ%?t%;@% ng%nsd‘?kéu %‘%ﬁ?ﬁvgﬁf’{%gﬁ%ﬂﬁg ?8’;(8 ge Rr,!smg
opt i onal I%e Fa{alysh Sompestion @ed Gptonsly Am by @P"éff’)l'éa,qe”?‘ﬁeas-
cal ci nat ipowderd er eatriteramketot foma aomageRaye Page tieesoh iShaping
- at m)Spherc@mpﬁ_%@s,-é@,-bﬂr@éi&ﬁE&%z@:@,%\é&i?nglaﬁdfbﬁspﬁ&@fyﬁ@f ed
that sulfur is incorporated into the catalyst
conposition after conbining the various netal o
conpon&ntids geserplyrvaiered fos tha elocesy aepaing fodhe Jayentisr do GRaNHse
to do t hiashapirg step, The sBaping pies B iplefeesblytcarriedat aftet the benbining
catal ySt enichiing BRnOmetiofp@bntt, Hea Sitlef MtefP RRO USRI In

descri be Agt)ove, e.g,, by %,O contacting the product
Gt B ToREss AEainE 16 el CNEn. SR Prorelp e L e
the |iqehapingsienisgbrigd @l f ur conponent. it may al so be
a solgtion of a sulfur i's conpound. For el enent al

f ﬁ 'ef U 1 e o, SO HHepheudt RostifE Hom HeAb bk oriht! drbll Viil¥h&al
component, the Group VIB metfal component, and the Group V metal
component may be submitted fo a calcination step. This calcination step, if
applied; will generally be carriéd out st termperature of 400-600°C, mere in

20 particular 150-400°C, still more in parficular 250-350°C. The calcination tire
generally varies from 0.5't0.48 hours, The calcination may be carried out in
an fnert gas such as nitrogen, or ih-an oxygen-containing gas, such as air or
pure oxygen, optionally inthe presence of steam. Preferably, the calcination
Is carfied out in an oxygen-containing atmesphere,

25
As indicated above, it is preferred that sulfur is incorporated into the catalyst
composition after combining the various metal components to form a product.
There are various ways to do this. it is, e.g., possible to contact the catalyst
with one or more of the sulfur compounds described above, eg., by

30 contacting the product with a sulfur-containing l'ic;ui_d,véuch Tiquid may be the
liquid form of a sulfur componerit. It may also be a solufion of a sulfur



catalyst via nelting or sublimation. It is also
possible to sulfide the product. in the gaseous phase
by contacting it with a sulfur-containing gas |ike
.Het. Finally, it is also possible to sulfide the
catalyst by contacting it wwth a suffur 5 containing
hydr ocarbon feed, e.g., a hydrocarbon feed that has
been spiked wth a sulfur-containing conpound such as
di met hyl di sul fi de (DVDS). Dependi ng on the method
used, the contacting the catalyst with a sulfur-
cont ai ni ng conpound can be carried out in situ and/or
ex situ. Contacting the product with a gaseous sul fur
conmponent such as H28 can be done ex situ or 10 In
"situ, Contacting the product with a sulfur-containing
hydr ocarbon feed is preferabl¥ done in situ.
Contacting the catalyst with el®nental sulfur orwith a
l'iquid or dissolved sul fur conpound as descri bed .
above. V\ﬁcbhpe@:ﬁ&l%ﬁélémenb&eulﬂdnnmﬁe ts incorpdrate tha isgiueinie éhe
It may be.d ﬁalv{a 438\9193\69{1713{:%0!& R4Rb s&rsrbfel'ﬂ@su‘fﬂdéwrpmduct in

cont ai ni ng activation.ste
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preparati on proce
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product with a sul fur-containing 30 conpound. A nore

preferr egq 5 S't?;ﬁ Plre apreag‘nt %get%‘?galuﬁ?% u‘?a%%n i S R o 2

steps. onents
in a pr ofprc@eqspar@quou incteR ugit ;rﬁ»@mg@':e catalyst wm be eventua ly-used in
the hydroprocessing of hydrocarbon feeds. Conversely, ex sitt réfers fo a

‘20 ‘process carriéd out not inside such unit.

“Two preferred. embodiments of the preparation proeess according to the
invention will be elucidated below.

25 A first enibodiment is a process comprising the successive sieps of
‘combining the metal components in.a protic liquid, optionally mixing the
resulting product with a carrier material, shaping the resulting composition,
8., by spraydrying or extrusion, opfionally caleining the resulting
composition, and combining the resulting product with a sulfur-containing

30  compound, A more preferred version of this embodiment comprises the steps
of combining and reacting the metal components in a pfct‘zc liquld, Isolating



the reaction product, optionally mning the resulting
catal yst oonposiition with a carrier material,
shaping. the resulting conposition, e.g, by
spray-drying or extrusion, calcining the resulting.
conposition, and. sulfiding the resulting material. 5
Use according o the invention The catal yst
~ conposition according to The Invention can be used In
virtually all hydroprocessing processes to treat a
plurality of feeds under vide-ranging 10 reaction
conditions, e.g,, at tenperatures In the range of 2004
to 4500C, hydrogen pressures In the range of 5to 300
bar, and space velocities (LHSV) 1In the range of 0.05
to 10 lit The term "hydroprocessing” in this context
enconpasses all processes In which a hydrocarbon feed
is reacted with hydrogen at efevat ed t enperature and
el evated pressure, including 15 hydrogenati on,
hydr odes @lf bdclidrdrd et aptibhati middedhé reagitingatiaips composition with
hydrodenetaflzatlo spray-drying or
hydr ol soRERTIAFHHR Psnaﬁﬁgghgdé%%%@%ﬁ@g D

rac N
hydr ocr askiiusign asigioing 7 FPspingsaPe ﬂ%%&ﬂ SH% gs“*ﬁ'g
I's comDmsersief erred to as child hydrocrack| ng. The
catal yst conposition of the invention is particularly
sui tabl e for hydrotreati ng 20 hydrocarbon feedstocks.
g pecading o e BEles conprise, e.g.,
hydrodesutfurlzatlon hydr edeni t r ogehati on, and
hy dr odearfsBdtiyettdndsifth actiyditoas fiebomntioe eatsiteorske in virtually
Suitabl e Aefilaskh AbSaesdhoat 4B A Porbedd dlﬂdérah&%angmg
ker o, % % (g 9?009 280°C,
Conveh‘tl mﬁfmp“r‘”&@@% eg:'oﬂé?rf“?eﬁﬁ‘ge% éané ﬁa . SUC
as t enpemgdrotes srebsurdslirethe mngpet Hio szggarmgaaczse’%iﬁ%%@ﬁ?\és

in. LN TRgtaRl Podhh Rekt 1RBAAR kg in 1t

f
50- 31100 RITPeesThal pPBessr ki Ehidund bpf 'S8R b

el uci dat éudrbgent Ble elayatech\iFTRETa8I% nifide Slevalge; A bafe
limted th@bghaionr t hergtipdesBBurization, hydrodenitrogenation,

‘hydrodemstafiization, hydrodearomatization, hydroisomerization,
hydrodewsxing, hydrocracking, and hydrocracking under mild pressure
conditions; which is commonly referred to as mild hydrocracking. The catalyst
composition of the Invention Is particularly suitable for hydrotreating

20 hydrocarbon feedstocks. Such hydrzoireaﬁng processes comprise, e.g.
hydrodesulfurization, hydrodenitrogenation, and hydmﬁearamaﬂzaﬂon of
hydrocarbon feedstocks. Sultable feedstocks are, eg., middle distillates,
kero, naphtha, vacuum gas ofls, and heavy gas olis. Conventional process
conditions can be applied, such as temperatures in the range of 250°-450°C,

25  pressures In the range of 5-250 bar; space velogities in the range of 0,1-10 b
1 and Haloli ratios in the range of 50-2000 N,

The present invention will be elucidated by the following examples, without
being limited thersto or thereby.
30



21 Exanple 1: preparation of a catal yst containing
nmol ybdenum vanadi um and n ke A catal yst conposition
was prepared as fcllowa: 78 grams of nickel hydroxy 5
carbonate, 31 granms of MOOS and 21 grans of vanadi um
pent oxl de were conbined in an aqueous nedi um The
slurry was aged overnight at 90C under stirring. The
resul ting suspension was filtered and the wet.fdter
coke mxed. During the m xing, the tenperature was

I ncreased sonewhat to reduce the water content of the
m xture to obtain an exhudable m x. The 10 m xture was
t hen extruded, and the extrudates were dried at 120110
and cal cined at 3000C. The resulting materia

contai ned 27.3 WA of nolybdenum calcul ated as
trioxide, 20.4 A% of vanadium ,Laioa(ated, as
vanadi um pent oxi de, and 52.2 Nﬁ of nickel, cal cul ated
as oxide. The Nb V N| nDIar ratlo in the end oroduct
was 0. 27'Bam3e 1 SR DN Ladi Vo, ) s islell d
catalyst___atalnlng tungsten vanadluntand A catalyst
conmposi ti'on was prepared from 65 grans of nlcke
bydrexy 2,0 carbonate, 18 grams of vanad

peri t oxi cesatelystchomBosieraes Ripated 3 LlWa Bt Qfa'VW Q'C%Wﬁmxy'
anal 0g9Usaibstiatd, BRgrafe e Mobeahd 21 gimspl wnadiurbpantexide were

;I'he zesui o%x‘nEl{ve% In QFtaglEeIOQJ mSE. ar*hB %ﬁ‘.n &a%ge%(@ovétﬁight at 90°C
ungst en, trioxid Fe,e d,g W weéﬂté:gﬁke

v an adi umunges ST feryresidiing é'r'ﬁﬁansi?ﬁw “ﬁé

. % of miixkebyingcthd oudirgt ¢ ta@pes&fweewasm@e SHe

4 rai I 0 i N rhdiBe B aRF QeHISHE of o Crikie 85 aleid an e@SHBeanisl The
- aration o Y e RheEASRYE and
nI obi 3& g Waﬁl%eaeﬁ%ﬁk% %% t%tgk @gég%osfrt i % MBS o of

pr epar ed oBicigedt 2D IPOKsThEF TRRiEfds | M 0
car bonat encljBd@engin acaicuiated My 20204 \Mr‘l’d OW"@'W‘@WEG' as
mol ybdenum ik Qftcde, dnd TR of HLAOGMIRtel Gistdvde: The
Eﬁjv Nl%o%npﬁfm]fhe en product\n sd. ﬁ%’dsh' ng

descri be

15

A -Gatalyst composition was prepared from 66 grams of micksl hydroxy-
20 carbonate, 18 grams of vanadium pentoxide; and 45 grams of fungstic: acid in

a manner analogous to that described In Example 1 above. The 1esulting.

material contained 29 wt.% of fungsten, caloulated as trioxide, 18:4 wt:%. of

vanadium, calculated as vanadium pentoxide, and 50.8 wi% of nickel,

caloulated as oxide. The W:V:Ni molar ratio In the end product is 0.18:0:30:1.

A catalyst composition was prepared from 72 grams of nickel hydroxy-
30 carbonate; 32 grams of Nb20s3H20, and 28 grams of molybdenum trioxide
in a manner analogous to that described in Example 1 above. The resulting



22 material contained 29.8 w. % of nol ybdenum

cal cul ated as trloxide, 26.0 w.% of niobium

cal cul at ed as ni obi um pent oxl de, and 45 wt. % of

ni ckel, calculated as oxide. The Mo:Nt:tll nolar
ratio In the end product was 0:34:0;33:1. 5 Exanple
. 4: preparation of a natal st containing tungsten,

ni obi um and ni ckel . A catal yst conposition was
prepared from 61 granms of nickel hydroxy- carbonate,
27 grans of Nb20&31, 19, and 42 granms of tungsfic.
acid In a 10 manner anal ogous to that described in
Parade 1 above. The resulting material contained AS
wt "% of tungsten, calculated as trioxide, 22.6 w.%
of niobium calcul ated as ni obi um pentoxi de, and 36:7
W . % of nickel, calculated as oxide. The W Nb: Nl
molar ratio in the end product?das 0.32:0:33:1. 15
Exanpl e 5: testinn The catal ysts were tested in an

upf 1 ow t yhiil:areoFiAGE 88 WER QR nfoBBiRhef, daidiisted 60 bl A0

10 Ml of oataiysi mxed with an | . anoup 3 :

particl edtArii ‘“09‘3??1193"’6’%??aﬁé"l"&ﬁ’gre?%b&%@gf gR &Jf@ w&; oPhiel,
of Si C- parctitutdteisas 20de3dhe ro:NbWl rpclarggiccly e e Ffodrd) 188
were pregudlbiggied via liquid phase presulfiding using

 contalning fin

Ve e

W . % ThéExgmalad prepaalion ofagala sien, DIok :
the hydrotreating of a diesel feedstock having 25 the
properti Q\S-oaa%@%@oduﬁ%sﬂ&b@ Arspated fiohalpll Gran®s WIAG! Hyd@xN
(ppmat) %g"rbonaz%fg’} gs%%ﬁg%tl\fbg 53 2\& %\d %Z fg"ﬁa'ms- of tungstic acid in a
10- manner analoééu“s to that described In Example 1 above. The resulting
material contained 39.5 wt.% of tungsten, caleulated as trioxide, 22.6 wt.% of
nioblum, caleulated as niabltm pertoxide, and 38,7 wt.% of nickel, caloulated
as oxide. The W:NB:Ni mofar ratio in the-end product was 0.32:0.33:1.

15 Example 5 testing

The catalysts were tested i an upflow: fubllar reactor. Each reactor tube
contained. 10-mi of catalyst mixed with an equal amount of SIC particles and
sandwiched bietween layers of SIC particles.
20
Before being tested the -ca’c‘aiysﬁs‘- were: presulfided via liquid phase
presulfiding using: the feed described below which had been spiked with
dimethyl disulfide to a fotal sulfur content of 3.7 wt.%. The presulfided
catalysts were then tested In the hydrotreating of a.diesel feedstock having
25  the properties shown in Table 1:



Pol ynuci ear aromatlc (P+tA) {w'/D). 11.7
Mono-aromatics (%) 18:5 Ol-aromafics (w.% 10. 8
Tri+.aromatics(wt %9 OE# Sinulated distillation
ASTM D 86 Initial boiling paint 18400 5 vol. % 2180

10 viol .%2316C 30 Vot?/o 2&'0 50 Vol .% 287C 70
vol.-/- 31 WC 90 vol.% 3450 Final boiling point 374C
24 The catal ysts were tested under the two conditions
shown in Table 2: Table Presulflding .CondWn I
.Condition 2 Tenperature (C) 320 330 340 Pressure
(bar) 40 40 20 H2 to oil ratio (NIA) 300 300 300 VFH
Vfit) 1.76 1.17 0:83 LHSV (1Fli) 3.00 2.00 1.50 The
test results are given in Table 3 bel ow. Table 3 N MaV
NW NI MoMo NI Vi INb Exanple t xarnple Exanpl e Exanple
1234 Con  "or

23
Table 1
8wt %) 12
N (ppmwi) 84
{ Total aromatics (wt%) 27.8
| Polynuclear aromatic (PNA) (wt.%) '_ : 147
[ Mono-aromatics (wt.%) 16.8
| Di-aromatics (WL.%) | 1108
| Tri+-aromatics (wt.%) 108 |

Simulated distiliation ASTM-D 86

inifial beiling polnt 184°C
[Bvol% 218°C
10 vol. % BREES
{30 vol% NS
| 60 vol.% T 287‘70
70 vol.% T310°C
60 vol.% 345°C

Final beiling point 374°C




Product Sin 27 31 MAO. Product 1:7 1.2 Total
aromatics ('#1% 20.D 13.7 Polynuol ear aronmatic 0.9
1.0 boa Mno-aromatics w.Di =aromatics %0.9 1.0
Wi%O0 0 odit 3424 2 72 Products g~pm 56 Product
"N .. m17.1 16.5 2.0 43 Total aromatics wt % 26.8 26A
25.4 24,9 Polynuclear aromatic. 4.2 4.3 .2.1 4.0 wh
Mono-aromatics wt. % 22.4 22.1 213 20.9 di-aromtgs
MD10) 4.0 4.1 2,0 3:6 Trir-aromatiss.w.%0.2 02 0.1
0:4 25 The above results show that the catal ysts of
this invention amhighly anve in sul fur and nitrogen
renoval . Additionally, the decrease in polynuclear
aromatics and diaromatics |Is particularly striking. 5
. Exanples 6 to 10: Preparation of catal ysts containing
tungsten Igji mand Catalyst conpositions were
prepared from ni ckel hydro)y-c&fbonato, Noble add,
and tungstio acid in a manner anal ogous to that

descri bedrl Rat¥ddWrStetted haahiRmao cdNbiddoeshown in Table 2

hydr oxy- carbonate,. niobic acid, and tungetic add Were
conbi ned in an aqueous nedium The slurry was aged
overni ght at 9000 under stir¥88& The resulting

. suspension was filtered and the wet'filter cake was

m xed. Duri ngrthe Xy, TS RERETPEIaNsH € Cbadtion 2
| ncreased sonkuwhat _to _ | T e
: Temperature (°C) | 320 , 330 340
Pressure (bar) 40 40 20
| F2 %o of ratio (Nif) | 300 BE T
WHSY (i) | 1.76 17 68
LHSY (/) 300|200 1.50
5
The test results are given in Table 3 below:
Table 3
WifioV [NV | NiMoNb | NW/ND_
Example: | Example | Example | Example
, 112 3 |4
Product 8:(ppir) 127, 8 119 128
Product N (ppm) HEE 112 7 |18
Total aromatics (Wt%) | 200 18.7 1169 14.8
Polynuclear = aromatic | 0.9 1.0 0.4 0.7
Mono-aromatics (wt.%) | 19.1 117.7 16.5 14.1
Di-aromatics (wi.%) 08 110 04 0.6
Tri+-aromatics (wh.%). 0 ] 0.1
ondition 2 _ ?___ |
Product § (ppm) 563 24|72 72
Product N (ppm) 171|168 2.0 47
Total aromatics (wt%) | 26.6 264 254 24.9
Polynuclear  aromatic | 4.2 4.3 2.1 4.0
(wt.%)
Mono-aromatics (Wt.%) | 22.4 221, 233 20.9
Di-aromatios (k%) 4.0 44 2.0 136
Tri+-aromatics (wt%) 0.2 02 tod |04




reduce the water content of the mxture to obtain an
extrudabl e* m x. The 15 m xture . was then extruded,
and the extrudates were dried at 120C and cal ci ned at
30000. The conposition of the resulting materials and
the nolar rations of NGNoWN are shown in Table 4
below. Also included in this table are certain

physi cal 20 properties of the catalysts, nanely their
. surface area (SA), pore volune (pit) and nedi an pore
di aneter (MPD) and wherein BET represents Brunauer,
Emett and Teller, and Ads and Des are adsorption and
desorption respectively, 26 Table FINALCATALYST
6XAr4PL66 TX LB7 EXAt9i +l ; 7n8 Le 10 CO 1RARATI 8
GOLAPARAT Ir Q. % 26.7 2 46,2 5:3 532 N?) iM. a
653 37.9 28.3 18:0 13.5 b2. 'o0l6. z7 .3 30.5 32,8

Mbl ar Ratio 1:0.15.: X0.15 1 :6° 340:84 1:0,52 : 0,51 a
0.95:6.9 t: 1.3e: 127 N :Nbo: 111 2 _ SET | Y 221
148 t42 Hp abcﬁe Nt Shef that 86 c@talysts 6 islinveBtion reQighig active in
N2~ PVD’ My : Ot?o%e% /&gm%ﬂ‘}\zdmogxa: by b th¥ d&M%@ fmpo!%u&ear-

8 as N2- vi ousl y,. a
active swdnade aa#@ammﬁﬁéﬁiwﬁwwwﬁw activity of a
cat al yst but equal Iy hi gh pore vol une and pore

di anet er J . ; 164 fukdsted

Catalyst compositions were prepared from nickel hydroxy-carbonate, niobic
a6id, and tungstic acid in a manner anatogous to that described in Example 1

16 above. Nickel hydroxy-carbonate, nioblc acid, and tungstic acid were
combined in an agueous medium. The slurry was aged overnight at 90°C
under stiming. The resulting suspension was filtered and the wet’ filter-cake
was mixed. During the mixing, the temperature was increased somewhat to
reduce the water content of the mixture fo obtain an extrudable mix, The

15  mixture was then extruded, and the extrudates weré dried at 120°C and
calcined at 300°C.

The composition of the resulting materials and the molar rations of Ni:Nb:W
are shown in Table 4 below. Also included in this table are certain physical

20 properties of the catalysts, namely thelr surface area (8A), pore-volurie (pY)
and median pore diameter (MPD) and wherein BET represents Brunauer,
Emmett and Teller, and Ads and Des are adsorption and desoiption
respectively.



10 Exanple Tl:Testing The catal ysts were tested in an
upow tubul ar reactor. Each reactor tube contained 10
m of catalyst mxed with an equal armount of SIC
particles and 15 sandw ched between | ayers of SIC
particles: Before being tested the catal ysts were
presul fided via liquid phase presulfiding using the
feed described bel ow whi ch had been spi ked with
dimethyl disulfide to a total sulfur content of 3.7
wL% The presulfided 20 catal ysts were then tested in
the hydrotreating of a diesel feedstock having the
properties shown in Table 5: 27 Table 5 GAS at

" FEEDSTOCK sul phur content %M 1.23 Nitro g en content
(ppmmt) 85 tvtano aromatics % 16:6 Di-aromatics (
%awt 11..1 (c)l+-aromatics ¢ 60 7 Total Rromatics
% 28.4 Sinulated Distillatton ASTMD 86 initial
Bonin Point 180 5% Volune 'C 220 |1Q» Volunme (,Q),
233 20% Vol une 0 250 30% Volunme ° 262 40% Vol unme
'C 273 50% Vol une ' C 284 E B¥edol une G 295

XAWFLED | EXAMFLET | EXAMPLES | ExawpLe | ExawpLe10

fl»ALcm\wm (_ cm':%\ige EXWP . | ?3 ww;gﬂ;m’
WO (W] 267 1. 408 452 51 532

NID (0% 857 | 8re | 283 180 13;2

Nbz Os (Wi%) 168 227 | 28 | 805 | .3.'3‘:.,1;27
Wolar Ratio 045095 |1 10.940.04 | 170.62 10,61 | 1 0.95:0.92 | 1:1.38: 1.
NiNb:W . . . .. N ,
e -SA-BET (g | 227 | 1B 142 E c'11 a
N2 = PV Ads (milg) 544 023 021 _ %g i

N2 - PV Des rlfg) .55 24 023 0.18 c.v}v
N2~ AMIPD {nmy 18 6. | 88 | 68 5
NZ = DMPD (o) _ 6.1 7.2 78 E4 !
Obviously, a high active surface area will improve the activity of a catalys!
equally high pore velume and. pare: diameter are prerequisites for high
activity.

10

le 11: Testing

Exam

The catalysts were tested in an upffawf‘tfubal‘ér reactor. Each reactor tube
coritained 10 il of catalyst mixed with an-equal amount of SiC particies. end
15 saridwiched between layers of SIC particles.

Before being tested the catdlysts were présulﬁd.‘e'd vig liquid phase
presuifiding using the feed described below which had been spiked with
dimethy! distlfide to a total sulfur content of 3.7 wt%. The presulfided

20 catalysts were then tested in the hydrotreating of & diesel feedstock having
the properties shown in Table &:



10% Vol ume C L7 80% Volunme 'G 321 90% volunme 'C 341
95% Vol ume "C 345 final Boilin Point 354 5 The.
catal ysts were tested under the two conditions shown
in Table 6 that notably are different to those
previously enployed (and shown in Table 2). A person
of ordinary skill In the art would recogni ze that

" Table 6 depicts nore difficult hydrotreating
conditions and woul d therefore expect |lower 10
conversions than previously shown in Table 3. Table 6
Presulfiding condition 1 Gandilion2 Tenperature 'QC
315 315 340 P ure bar 45 45 20 H2 tooii ratio Kul

200 200 200 L14&Vv 1'h 3.0 1.5 1.5 15 28 The test
results are given in Table 7bel ow wherein RM is
relative weight activity, HDNZ s hydrodeni trogenat| on
-and HD$ |s hydrodesul furisation. Table 5 EXAMPL86
EXMPL | ~XAMPt _ EXAMPL EXAMPLE 10 (COVWPARATVE E7 Ea
E-S (COVPARATI VE Condition 1 ProductS 1364 655 1220

1086 2672 bl 5
Gas OIL FEEDSTOCK
Sulphur content (Yowt) 1.23
Nitrogen content {(ppmwi) 85
"Mono aromaties (%owt) {1668
Di-aromatics (ewt) 11.1
_Di+-aromatics (%wt) 0.7
[ Total Aromatics (%w) 284
Simulated Distillation ASTN-D 86 | _
Linitial Bolling Point 1‘;_8_0
5% Volume (*C) ézsg
10% Volume (°C) 3
|20% Volume (‘C) 250
1 30% Volume (‘C) 262
1.49% Volume ('C) v 273
50% Velume (°C) 284
| 60% Volume ('C) _ 295
[70% Volume ('C) 397
1 80% Volume ('C) 321
90% Velume (C) - 341
1.95% Volume ('0) ' 345 _
“Final Boiling Point {°C) 354
3

The catalysts were tested under the two conditioris shown In Table 6 that

hqtébly are different to those previously employed (and:shown in Table 2). A

persan of ordinary skill In the art would recognize that Table 6 dapicts more

difficult  hydrofreating conditions and would therefore expect lower
10 conversions than previously shown in Table 3.

Table 6
| Presulfiding | Conditlon 1 | Cendition 2
 Temperature (°C) | 315 315 340
| Pressure (bar) 45 45 20
{ HZ to-oil ratio (N1} | 200 1200 200
LHSV (/) 3.0 1.5 15

135



Conversto 88.9 94J 90.0 81.1 78.2 nA |IRMWA HD$ 168 265
181 195 100 Product N 2.1 0.6 1.6 6.4 19.0 (PPML
Canversio 97.4 99.4 98:0 92.2 76:9 WAA HON 249 . 348
26 174 000 on ..on L. 2 ProductS 703 324 343 120 870
(VOML Coiverelo 94,3 97:4 972 990 92.9 n'Y R A HDS
114 174 69 288 100 Product Nin 3,3 17 18 12 33
Converslo n 59.8 78.7 77.6 85.6 60.3 RWA HO 99 168
162 210 100. The results show that the catal ysts
havi ng conl posffons inside the clained range are
better than those just outside this range. 29 Exanple
- 12 The X-ray diffraction pattern shown in Figure 1 was
derived by scanning a 5 catalyst prepared In
accordance with Exanple 8. The XRD scans were
recorded using a standard powd diffractonmeter with
NIl -Ka filter and Cu-KO radiation. The generator
settings were 40 IN, 40 mA and utilized the .

The test results are given in Table 7 below whereln RWA is relative weight

activity, HDN is hydredenitrogenation and HDS is hydrodesulfurisation.

Table7
EXAMPLEG | EXAMPL | EXAMPL | ExaMPL | EXAMPLE 10
{CoMPARATIVE | ET7 ES £9 (Comwfuwwe

) -
Condition
’-‘g'““i ,
Product-S 12364 | 655 | 1220 | 1086 2672
(ppnn) ‘ : o :
Converslo | a9 947 | 900" | 911 782
RWAHDS | 168 365 | 81 | 198 100
ProductN | 5 4 05 1.6 6.4 190 .
(ppm) _ | 8 | |
Conversio 974 | 904 | 980 | 922 | 769
RWA HDN prL) 348 269 174 100
Gondition 2 - - |
Products 703 | sm | 348 | 120 870
[ppm).___ 1 A N S _
conversle | ga3 o4 | 72 | es0 92.9
140 N .: X o .
RWARDS | 114 | 174 | 169 | 285 100
Product N . ' < an , .

du 32 17 | 18 12 33
gorm) | P ' R
Conversio 50.8 787 | 176 | 88 60.3
RWAHDN | 69 168 62| 210 100

The results show that the catalysts having compositions inside the claimed
range are better than those just outside this range.



following slits: divergence and anti-scatter silt V20,
detector slit 0.6mm A neasuring range of 20 = 2.0 -
70.00, at a step size of 0.050and at a 10 neasuring
rate or 2.0 seconds per step was enployed. As can be
seen fromFigure 1, five reflections are featured
- which equate approxinmately tod = 2.6 A 2.3 A 2.2
A 1.7 Aand 1.45 AA. O these, the reflections at 2.6
and 1.7 A are the nost intense. Conpared to XRD
patterns 15 obtained for other exanples prepared
according to the invention (not shown), the exact
| ocation of the reflections is sonewhat dependent on
the chem cal conposition; however, the patterns are
characterized by the fact that they can be |Indexed as
the (100), (002), (101), (102),pand (110) reflections,
of a hexagonal unit cell with axis |engths of
approximately 2.9 - 30 A and 44.6.4.7 20 A This is
representative of a neta-stable phasé with atomc
di spersi @p. i>ch is easy to sulfide and, therefore,
catal yti g‘%iln'ey/gygctive. The absence of other peaks in
the XRD spectrum shows that the raw nmateri al use%,i_n
the 25 pirlep¥raytdifatioraratien sheadn Figket s hefed Z?&é‘ﬁ’“ ther
i nsi de t bRagsh dtpRed it B@Brdard® with HExa@hldl VBhOERDNICKE THE
| NVENTI O ARk, & Qb QWb drdtérfold iDRAinRir 881 0wk
cat al yst conposition suitable or , ng hé/gﬂrlﬁ%@e%%éagmgf
hydr ocar Foi§ine 88 SRPRTR0 SEHMET IV6Es & mefal
conponentoliswigesitse divérgenes anvoinjitscrtinupit VY Higteptensiit Gppm. A
][ri xtures mtg_ggg,ﬁﬁgo{aﬁgeaf)ﬁ[pumd/. neba) atcosppsient! 8eitand etlas
rom yanadi um ni obj. , . xtures
t her etff mﬁ?ﬁﬂ'% " 88%6‘{%5?1%9%? %Pma%%ﬁg%y%%nt sel ect ed
fromnickel, cobalt, iron, and m xtures thereof, the
metal  cespanenten(foal Bglrat ciie asfiooionsl ere)featugd wchugivate
| east 50 oy Ig*’t?=92%t;@|2)35£,,2.2/\'§.ef;ﬁi&@nd s Aol tese, the
rati o be en LTE conponen a 1 8S SdXE s attairn
fol | owi NG PYPHRA 25 a(‘@kﬁﬁ’ FEngE &%8 uebbbﬁéé(egt%ﬁﬁﬁeaﬁefng
= 0, 35 2 phtalnddforpthepexgmplas RreraradGRpEERLtP BR Indendey @ ‘ﬁ
clai m| ek Rcitbe oftad refectiet wemet/ine dépetideht onriiel cpprmical
amount  of r@o@i&f&; N{s@v&{‘ﬁ’ae Ga@R Ve TRAratkeriddAChyt e taBRhal they
amount of Goup VI1I > and (110) reflections of a-
can be indexed as the (100), (002), (101), (102) and (110) reflections of a
hexagonal unit.cell with axis lengths of approximately 2.9 - 3:0.A and 4,6 - 4.7
26 A

This Is representative of a meta-stable phase with atomic dispersion, which is

easy to sulfide and, therefore, catalytically active. The absence of other

pedks in the XRD spectrum shows that the raw materials used In the
25 preparation have indeed reacted with each other inside the claimed renge.



metal is at least 0.6:1, 3. A catal yst conposition
according. to claiml wherein the ratio between the

total nolar amount of Group VIB and Group V netal and
the nolar "amount of Goup VIII is 15 at |east

0.75:1, 4. A catalyst conposition according to claim!|
wherein the ratio between the total nolar anount of
Group Via and Goup V netal and the nolar anount of

Goup VII'l is at nbst 1.5:1, 5. A catalyst

conposition according to any one of the preceding

clainms wherein 20 netal conpo#¥ents nmake up at | east

70 wt. %of t he catal yst conposition, calculated as

oXi d8¥E GLAINSRERINING THEMPUENTIOMNARE ASTROINOWS any one

of claims | to 4 wherein netal conponents nmake up

| east’ 90 W%fﬂffwt“ﬁ@méa‘faaﬁ')gﬁétw’ﬁmﬁ?@él98’1‘43# fQ,fa!héLhYé‘lO@@F‘mg of
as odydtesrbon Feedd “midhadoy@hse@ QNpfssp tVIBnmaﬁlenﬂ;‘oﬂ@t s€lectddYfrom

‘ One Qfoiybﬁé?ﬁmpfuﬁ Qrgi &kx%r%stggﬂg&ggld}mﬁas&) tc}?%g%ne{\t 7elected

r ‘ni ob
G? va@&d dye x é’ﬁt and gtxt%esctagrﬁp g{td a Group VI metal
corrpggnnonm sakcagct d'romg riakela regbabtn éronf ahdilmisml'est therBof, the metal

wher @drﬁboﬁ@ﬁﬁgéléﬁmwdae@ %@55 ?dat?ih WMFWW?% of %%Btal?g wherem

onen

| /
KD c: a 0%{ raé%ﬁ%wg lnttleJﬂe'%]t@E'B?‘gFﬂﬁsa{‘ﬂ%gHg‘??gﬁgn@ffo@,u
| to 6 wh d, / t
Ieagt 90 ?nrnlae(r)}@}/@na #ﬂ' F°“8f rg%{fﬁgwrew a

Bt ol B AL B 3 RS R e o
ni obPIAT 4RaRe of GrenpdBaand GaoupyV aietal aifd thdnmol@r anmmt\bﬂfh'blaj Vil

conposiarid & leask 0l6:1. A cat al yst conposition according to
any one of the preceding clainms wherein cobalt and.

ni ckel maketalyfr cdinpdstids lacdliinmb ot \Jh&@mttﬁé itio Qeftw@h QRotal

VI I |m<§T§rtaﬁJount§g ﬁr;?) A4 %#d%rfng:l@me l%agqged'n%r@p%ggtp 2%&:&@%1! is

cor
F gﬂg g’ake up at |east 70 nol e% of the total of
Gro%p Vill nmetal copponents. 13. A cataly
conposi t f\d’ﬁta’&f é“B’f‘B‘?sﬁ'Q” peFoning o piaimy} whergin r\@ Tatiq bptviggn the total
whemetiar apotna bt Group VIB and Group 'V meltal and the molar amount of Group VI is
at most 1.5:1,

5. A catalyst composition according to any. one of the preceding claims wherein

20 metal components make up at least 70 wt.% of’ the catalyst compoesition, calculated as
oxides.

6. A catalyst composition according to any one of claims. 1 to 4 wherein metal
components make up at least 90-wt% of the catalyst composition, calculated as oxides.

7. A catalyst composition according to any- one of the preceding claims wherein
25 vanadium and/or niobium make up at least 50 mole% of the total of Group V metal
components.

8. A catalyst composition according to any ene of claims | to 6 wherein vanadium
and/or niobium make up at least 70 mole% of the total of Group V metal components.

9. A catalyst composition according to any one of claims 1 to 6 wherein vanadium
30 and/or niobium make up at least 90 mole% of the total of Group V metal components.



and ni ckel make up at | east 90 nol e% of the total

Goup MII netal conponents, 10 14. A catal yst

conmposition according to any one of clains | to 10

wherein cobalt and nickel make up substantially all

of the Goup VIIIl netal conponents. 15. A catalyst

conposition according to claimll1l, characterised in

that nickel nmakes tap substantially all of the G oup

Vill netal conmponents. 16. A process for preparing.a

catal yst conposition as defi 2& in any one of clains 1

15 to 15, which conprises co ni ng, sequentially, or

simul taneously, a Group VIB netal conponent sel ected

fc; omigrol yﬁbdmnjlasmoxﬁwﬂ@&t @Ebrdilﬁgld) ality &?dﬂf@ﬁirﬁsh% @@fhereih vanadium

' ou . \ _ N
ot obrer B pRe IP ARG AU PR b Tt A |

net al, conponent sel ected fr.om nickel, .cobalt.. iron r .

i xt b os F HRBLFErPoSAT SeoalaPRIF +Bh s F Prsbaind b8l Herin

pr ocesbalt ga¢ Gické! rrgekeounc Paleast 19 mpleYoepinthe riotal off Grmp sY Rl metal

a o qfpodnls, et al  conponent, a G oup V netal

conmponent and a Group Vill netal conmponent are

c o%m_ed A @zaﬁﬁmnﬁalesiwﬁemﬁg Ay dAE Bfl4\Gitas }‘1 ?‘b liowadreRYcobalt
co L ng. the. res LRg. uct, w a sl IL S
compaamae e Kk 70fhei & kil ofod I el coppepen

t he step ,of., Lnipg t resultin progu ith a,
sur £ b armsRERr b br st b BRI U sf a3 WAk plbigh Pom
| eastnd pigkel mgke uprab leash 89 mplednffsieaiGowp \Hilaontal eprnpanentit o
their respective sulfides, 19. Use of the catalyst.
cOmpdsi t Aortalst coappsitian aceprding tocine ong ofcqlaimers 19 1§ wharsinjcabalt
hy draog niskst srkeng sabskeydatiyad obma Giap dall arlel codPonehts.

catal yst conposition substantially as hereinbefore

desdbi bed wtdst cefsidoc acdonling3® ShigUlE chamasterBy i Migat Gfickel
exarfi@upsub sty 41 bPhd GRiup 1A e cdrbondisP* 0CESS Tor

preparing a catalyst conposSition substantially as

her Q%.nbeﬁ\ &es'%? ' ﬁhi q ] v , ) , (

Grerples, Lt P 5 AR HEGRERTAReiDin IR oPliaims 1

CBmSoST s ST AomP ey sequentiallyeprsimiianaevtin 8 GroupeiiB metal

Wi t [gompasteirseleged fromeneiptpilesunt tongstd,. an8 mixtures thereof, a Group V
-rpe_t;a:lj'capjpgnent selected from vanadium, niobium, tantalum, and mixtures thereof, a
Group. VIII metal component selected from nickel, cobalt, iron, or mixtures thereof,
-and a suffur compound;

20 17, ‘The process -according to claim 16 wherein in a first step a Group VIB metal
compenent, & Group V metal component and a Group VIl metal component are
combined to form an oxygen-stable product followed by combining the resulting
product with a sulfur compound.

“ 8. Theprocess according to claim 17 wherein the step of comnbining the resulting
25 product with a sulfur compound includes 2 sulfidation step whergin at least part of the
metal components are converted into their respective sulfides.

19: Use of the catalyst composition as defined in any one of claims 1 to 15 in
hydroprocessing a hydrocarbon feedstock.

20 A catalyst composition substantially as hereinbefore described with reference to
30 Figure 1 or any one of examples 1 to 4, 7to 9 or 12,



32
21. A process for preparing a catalyst composition substantially as hereinbefore
described with reference to any one of examples | to 4, 7 or 9,

22.  Use of a catalyst composition substantially as hereinbefore described with
reference to example S or 1.1,



