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-1- Catal yst Conposition Preparation and Use Field of
the I nvention The present invention concerns catal yst
conmpositions having a high nmetals content, their
preparati on and use in hydroprocessing, particularly
hydr odesul phurisation 5 and hydtodenitrogenati on.
Background of the Invention Hydroprocessing reactions
i nvol ve the application of hydrogen to a substrate,
usual | y under el evated tenperature and pressure, in

the presenc a .10 with the m_of

 ohysical OFCERERECGPTbRE EaoPh PERATaTIOr, 4PC tasor

such hydroprocessing reactions occur in refinery
opetiatliconsf wiex elrientsitdastrate is a hydrocar bon

feedsto%éi Convent.i onal dr opr ocessi ng Q@tf % are ..
gener al [Y'© BFSHEHhel FHFH BT S TFTI G a ¥ r%%T%?§l tons
oxil'xm;ﬂ’m_:t ef italgh oﬁemg:rbdrytc&mg,ert&iem pEépaBatien and use

dep05| e the choice and amunt ch.co
ot T HHIRAP S B L LR ds S DR sat don
rmtaefd aly@reaealidrodditatign are  anor phous or

stalline forns of alum na, silica.and 20
co o (et IHYRRIPR or sone appl i cati ons,
”HteflmH&dﬁéﬁkdﬁ%ééﬁﬁﬁ“ﬁbé&ﬁ&&ﬁ%l&ﬁ%ﬁlvéTEﬁ@ &pUecation of

materjials can have sone intrinsic catalytic activity
butlY GFAEER &t B FTERA IR the WitlborY WS ke wREFde

Metalpe  GOMRAUNR e dtld, e vmd @aﬁe@ér@‘c@%‘@@' J:aytalyst
base or 25 noble netals from G oup VITI and CIOUf
of Wiffd the iaddh CITAAWS T ch m@k@bm e el @ d%ange in

f on uf
| PSR AT M Sy 0 0 e 5 SRR o

t héir radtingnyy oPrmas iags whepe (9% diwedtosale als a
ca ﬁ.{]ld;i%t aqr%q@rfee%@% metal s inpregnation of an
e_

al um na support or ned by calcination under a
speC|f|@dmmﬁmamﬂnﬁkahxﬂpaprQQﬁsqﬁngnthaﬂyﬁusoar@egenerally

or ;thetd RRASe & UMNA & ¢ a refractory oxide material

on which hydrogenation metals are deposited, the choice

and amount of each component being determined by the end
use. Refractory oxide materials usual in the art are
amorphous or crystalline forms of alumina, silica and
combinations thereof (though for some applications,
materials such as titania may be used). These oxide
materials can have some intrinsic catalytic activity but
often only provide the support on which active metals
compounds are held. The metals are generally base or
noble metals from Group VIII and Group VILk of the
Periodic Table which are deposited in oxidic form during
manufacture; in the case of base metals, the oxides are
then sulphided prior to use to enhance their activity.
Thus, US-4,404,097 discloges a catalyst prepared by
metals impregnation of an alumina support pre-formed by
calcination under a specific temperature regime to

provide a mix of delta or theta phase alumina. US-
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3,016, 347 discloses a four or five conponent catal yst
havi ng ni ckel and nol ybdenum i npregnated onto an
alum na- silica support which may al so contain cobalt
co- precipitated therein. 5 In such catalysts the
support material is a distinct-2-and separate conponent

i i e t. Al so proposed.. n the art r

hy r'ggr egt‘li ?la:%@os&f‘r t% cfﬁlg‘f)lci/rfolrveusceomponel{@ catalyst

hy tiasdesu Ifiwkedatareh n(di@&)dentﬂspeapzaégr;atdﬁaponto an alumina-
desul fur| sati on of .di sel ctions, are 1

cofffd<sicdi GRPRR T ag]fsr ac‘%odﬁplbr}(l%oga ?;rrﬁt eri aI

butp refdiigh taredrade: nd it co prec:| pi tation. European

Pat ent %em ficatio EP A— 90682 descri bes.

Suc
co- precil F&tGtorf VRRRTE SHRGt e:'a'?l?wg istinct
Cataldy Hepathiteh dattpaiﬂé&tt h&s:ma{ |t§hl§5 dummj es

including 15 a crystall|ne phase
al pha- aﬁ%rﬁ%é’r% QRS s t ﬁﬁf‘%ﬁ?"glf‘ﬁ%ﬂli'@n??d
an?_;atrft 1'@@5191%13'11@'1n %y&r&iéb@nﬂlﬁiﬁ@i@rﬁ e(HDs) ,

| onger service life in_ comerci al use US- 5, 244, 858

cofE@arsad 1y gﬂfﬁeméieeﬁlél i afskorp b Aiwpe) fractions, are
Pr eGicRiTh Al %@dgfﬁ&% %0, aldHE i B KXt S8y Obxide

chel ate“conmpound of alumnium The netal conpounds
rrugtat@mwde bl witieh muhanads weim GRTRESCUSL RPN 232

A:%é]{)ﬁs‘;% tf?:ttceﬂz fc?ﬁ %Ey—s}i ][6’5@@8'& ede 48+ Mes one

f uI nmet a
coam@thmmqmmluataqmmqmsﬂl dre cﬁr@émse o spedselreating

ﬁ_%lte,g%hldﬁ %a%%@%d&%rfﬁé C[t%[o%é'@ﬁféé alnciuding

y €ena ntimate conta et ween
balrxytmmidlmnbs mrekcarsich amtaliphd -ahunitas viewed as

22%?! e 45 3| B, LR ool

30snr®ngﬁh(nnﬂ unqreﬁprﬁ|anidng§ru;pmxnwﬂmﬁzf@niw a

NG TSI A AFHT 0rUS A TEARP I OPM S UheTd are.

di fnfelt%u@aﬂatmlql/sts At drad tat |pm‘ecip:ttaﬂmomanailmnsg an

gLﬁg.g{;TrE.%lﬂgqs éﬁ{ox dceorgsr dcl.hS :’:ttsee dcctmtl]];gcg)ﬁJ fal“l:'ifll’l um The
metal compounds must all be soluble in the solvent used.
US-6,124,232 also concerns a precipitated catalyst
prepared using fully disolved Group VIII and VIb metals.

By co-precipitation, the incorporation of a

dispersed metals content into a conventional carrier
material is attempted by enabling intimate contact
between metals compounds and carrier material and thus
enabling the metals to become dispersed through the
carrier material before shaping. This contrasts with
conventional impregnation techniques where only a small
amount of metals deposition is possible since the shaped
carrier is already formed and there are diffusicnal and

space limitations for the metal ions or compounds to

become dispersed through the catalyst support.
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Al ternative catalyst forns have been proposed for use
in the hydroprocessing of, for exanple, refinery
streans. One such group of catalysts are termed " bul k
catal ysts'. Such catal ysts are formed fromnmetal 5
conmpounds only, usually by co- eC|p|tat|on

t echni and have .n e or cat '

or supgﬁ%er@é:lvfeor aetfgﬁﬁ% %% nd ﬁlaél;éseéd tor
USueelG2, 3%@ hyddopraudessdalg ats cﬁcs:clemaen;b‘m,k & Dmpery
Vi idl eand G ouyp VI bp tals ca?t LéS— 1621: 315er ‘bulk
o S EaE 1 ey BT SEFL L SRy T (Y, e bu
noea tafl yeaeh .metsalceH mala_,rstsemlfeﬂmemmdm I\rﬁeté\l W

and the nost preferred Whbul k catalysts.
pr ERAPRTET CoU Yesua’i*@‘ﬁy YoSETPLGiE P arﬁ’i%‘?nrgecflﬂﬁjr?ues'

di asel vedremBiAinecanddhe Qiéiﬂlyﬂﬂ |defiiriger CONtAGPpIEL ; see
and reactlna the nmetals in th eéPresence of a 15 &rlotlc

&grde ea ¥4 214% nch di§%eriei - t HBR

' %%‘bl%%crl\%;r@ dl%cqtosleeqﬁma!ﬂddp I ﬁﬁ%@laﬁo@%amb metal

during _the addition, m xing and reaction steps

macetPdlyStare IH-F 16De %sdelrﬂqlmﬁsﬁ A HIER Rt by sts

un f ! I 15 WM N0 15FS] adhd Nexampl
20 %gfénggﬁgdg%%ﬁaﬁ%f?%?g% The prefﬁé}rﬂence in amptes

USsbor6 NidB0 Mt ang dhiet e nuefenad Abighdeil s
'”%%E%‘i;&tc%d LR e f t#éq{) cfrﬁlt HHs HAMPAEIAed: one

ince the activity~o talyst conposition
rrayatbéllsemm:e?dll(lanld;rﬂsmed mé‘@llso atrbi 1hy oty futilising
hog% &lactd o %L fé%df é%f lﬂﬂé] resence of a
cata yst co i'on co i ses t cat al
paptnOCtlleS lelmedijedsuqh tehwe wWeitreder thﬂ’h tthfe mxpimrwyt that

al rt S8 d

|n thg a%&sﬁ tm tys'lt psa 1£ccloe(r%’\posﬁ:)a} on ( l%/%né?i%gsaate
24 duri3) thao a'Ehhtthrdermmherg @Eres ardgad tsi g amml y The
add pr| r to hap ut can ed at t

Sials phe b It S ash iy g G 2
addmtllq@re (xf- ﬂwdﬁrffmsrdmroﬂ @asimmgshcﬁna@I erdst shbivse
addi ti on of Ium a é( Ni MoW al um na
coﬁ’&&%ﬁst i2dn §V|5r? y 8 35 wt % al umi na, the
al um na Thei Rgre AHRERIY ﬁumsmgsmreez,z,so (and WO 00/42119) is

that no binder is incorporated into the final catalyst
composition since the activity of the bulk catalyst
composition may be reduced (Column 14, lines 10 to 114).
If, however, a binder is to be used the resulting
catalyst composition comprises the bulk catalyst

particles embedded in the binder with the morpholegy of

the bulk catalyst particles essentially maintained in the

resulting catalyst composition (Col. 14, lines 24 to 30).

The binder when present is preferably added prior to
shaping but can be added at any stage in the catalyst

preparation. Examples 12 to 14 show addition of binder

prior to shaping; Example 15 shows addition of alumina to

form a NiMoW-alumina composition having approximately 8

wt% alumina, the alumina being ‘present during the
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-4- preparation of the bulk catal yst conposition' but
W thout any detail on how this is done whil st
preserving the independent norphol ogy of the bulk
catal yst particles. No activity data is provided for
the binder-containing 5 catalysts of any of these

exanpl es. The preparatiqn of the trinmetalli.c. bul .
oA PR eE athiit [ ey i, G S AT by RaE without
i lqyliézd d@&@ia]tc or e umles ned alorad ghfeas' t gﬂ‘éoéog//r\iién% the
SOl I state torm IS al SO desgcCri in 41 .
o BRI RS M PES Yo T s 1 e ST P o A TS -
an N¥RR cikfiac idata j@_agixefﬁd’em et Hhdinder-containing
w dt

characteristic full h at half . maxi num val ue of
t hEJEARSAE 55 Any3 oF (TdePe FBRIRIGS - exceed 2.5 when

the G oupeVidrdRlaltS A @ fMinddenuaralungShelk @ghlyst
optional |y, "chifomi um or does not exceed 15 4 when th

G PaFtvics afetvdles thiee TGS W lditi nch RIRHE 1iuighapnd at
of jthe el #et2d 2B3end0 Hrdesiniorisanthed PheR, is

the Goup VIb netals are nol'ybdenum and chrom um al
needlss Geisryibed Hal M4 &liGat o Hestgmi thehi prerpayed

DO altlelieh o R U D 15 Gty Ry RIS IPEPANG €0bn
20 strength in the final catalyst conposition wherein
t hpatiiern dat athisth pdre idlasndssaiat i |§ulkk iyidth at half

mai ntai n an _i ndependent rphol.ogy. J.n Jou .. of

Caff@fy g I’S’é_,uezﬁ fi’be ﬁ%)a& Lzﬁcfaé?’ eei] a{irbgo?nfgar%oes not
t heddadgaet isk tyhedf tIRNVEUPNAID Midta 188 thr& IndDbdenum,
catal ysts against a precipitated bul k Ni Mo catal yst

an & UAIEE-SF e @t ARS TUND-Gi |GREPEH (R @RIt Frceed

1042 WS R-Rp AMiendtasi$)a) tliysten and chromium,
sul fur-contai ning “substrates of dibenzothi ophene

( DBY) tdwadt 4f6-thi metekylad Bhzotds .Gfhel® (ONDBIDes Tet exceed

co-precipitated 30 c | yst_ _here is d addi n .

Sy SR e B I e e iRy ® ¢ chromium,
di $3Ql veda 1 deaindiitd altfe iandhaMmnistatepar Apdihdateder is
and then introduci ng anmni um hydroxi de as ., .

pr EGtpRTahisHT eyt Mk B5 ent £t )gx(‘%v*,@? Jnechanical

I eGRVRITRA W IMHN Firl @aRinat Wbmpdei tf £l wisepétn the

bulk catalyst particles essentially still maintain an
independent morphology.

In Journal of Catalysis 159, 236-245 (1996), Landau
et al compare the HDS activity of conventional NiMo and
CoMo catalysts against a precipitated bulk NiMo catalyst
and a co-precipitated NiMo-silica catalyst {(containing

10.1 wt% Si0O; on an oxide basis) on the sulfur-containing

substrates of dibenzothiophene (DBT) and 4,6-
dimethyldibenzothiophene (DMDBT). The co-precipitated
catalyst here is made by adding silica powder to a water
solution of (fully dissolved) nickel nitrate and ammonium
paramolybdate and then introducing ammonium hydroxide as
a precipitation agent; the product catalysts were
recovered by drying, ie evaporation. The results are

variable; for DBT neither the bulk catalyst nor the
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35 variable; for DBT neither the bulk catalyst nor the
-5- silica-containing variant denonstrates HDS
activity to rival the conventional CoM catal yst; for
DVDBT their HDS activity is better. The article
points to optimisation of catabytic sites/structures

suc 2 stals, bulk 5 Ni Mo particles an

heo kIR SRR B Pat it feBohelyalap BB Stitacy co

i n oidet theobbaweneﬁbaaulmeMdeeatadgeulf&bmS@MDBT their HDS
In refinery

catal ysts,_fort ol eu as oils

pro%e %%étyfé8d§?§8E§ ggﬂ?a?ﬁtécgﬁrpgﬁﬁtSoFo optimisation of
contatahanis, sibesyBtruettgebebughsHbl Mb (ANENic QNs, bulk
10 Whil e sul fur reduction has al ways been deS|ra l e,

|ndNeMglmgrylsle50andeghEaNLeMs Bih gasoéﬁyeshoaade@osz

from nntf ehi c is.driving the need for
catafyste mﬁ%ﬂﬁ p %ﬂeﬁro%Pd@rQPFrﬁol8RF§&PfGﬁfFG§P§e deep

Fordeéhpehiveaton asthYibYs 8Bd gspesialihyghar odeen
desul furisation 15 required for environnental reasons,

a catal ys® FeStneEY E?‘P@%??@% t Eep@rboekal Fosgpiar a variety

CONpPp Ussiss amheihes, StH@'ﬁalﬁroﬁ@gpbéingh%ﬁifgﬁnand nltrogen
contam nants while often lowin anount, can have

seviiel %o‘#‘éjofw%gr%@ﬁ@é%oenheat alyays basn desorable,
adveisel ¥s Al B¢ s@ch@rngﬁiaEEQﬁéggn %3? Eh3¥sggﬁgngg from

qual ity. The poisonin on caf al
truﬂo%P%aY%my%le%ffe%thEVing the #HDS1 Hbracpbadysts which

Cheéﬁr?%roxﬁf@éjsﬁﬂa B P&ui éff&éige 0% %hgfkeﬁtv'\e}g HDS

when exXposed to an inpure refinery feedstoc
ttuﬁQ¥4¥#¢Ewtamdn%ﬁ@@caahbﬂaﬁdrf@eeﬁSdegdlﬁprmsas$ong

Catraé%ﬁxseci Of o f e@rﬂ?{?&ﬁv\% %$ 1%.?5 %la%%{%fyst must be

ni trogen contam na
S|@mﬁaqﬁﬂﬂergmnxnmnnﬁrﬂuﬂlsu&fwm @mmpdumdstthﬁhér simple

£X sul fur-containing c und n
presence lohf nltroge?g%%n‘f%?ﬁmﬁin t @i’/ng E"een 185 in
desimcabity, 3farallsovday esevdrgpotsompi®Vetifect on catalysts

PSR BRI 0 P AL st TR b e
and guality. The poisoning effect on catalysts is such
that a catalyst effective for, eg HDS, of a pure chemical
feedstock may be ineffective or short-lived when exposed
to an impure refinery feedstock.

Thus, there is particularly a demand for
hydroprocessing catalysts for feedstocks having both
sulfur and nitrogen contaminants, which catalysts have a
significant hydrodesulphurisation activity for both
simple and complex sulfur-containing compounds in the
presence of nitrogen contaminants but even more desirably
also have a high or improved hydrodenitrogenation (HDN)
activity.

Summary of the Invention

We have now unexpectedly found that the co-
precipitated catalytic material of the ‘bulk catalyst’
type described by Landau et al, when prepared by a new



10

15

20

25

30

precipitated catalytic material of the "bul k catal yst'
35 type described by Landau et al, when prepared by a
new - 6- preparation techni que, and new oxi di c catal yst
conpositions not previously described, have a
significant activity for HDS tfoth for sinple

substrate such t hi oph and f

suPSi&A: 53"6&’% %[ éqlrgqoe ’hfd}dgéjaﬁ'vbo%*{lecds% Ek]gys and

f urdchpioind dns e Ipidvarousdas elsrceritmid afiaod eal dnygnlficant
ni trogen cont am pan ut_ have, an e t naIIy h|

DRSSV G SRE T (F b et ® (R S

f ee@ﬁb@ﬂeﬂ@wanm FIh ol lex and phidr egstrates in

contam nants present. The HDS gd the HDN acti vi

o B R AT (LA CORR oy 1ok G NN o { i T e

CORMRM i29RAINotC UFRICHR] By HitiFpdd bl yaiss lawel have
that found for bulk cataué%ts , ere the bul k

calal PRCeDSdanad) SR dired JF P HESAE 2
desGiirked Yibdn tﬂé%cﬂﬂoc]frk?ef\elrﬂge%gﬂ{ Ry ofut Bs® nitrogen

catal yst conpositions 15 are found to have_their own
umcqunéa@tm@attﬁ eRAATt i s The MRS and tihe HRN Rk betes

f Orfo%y ?hgﬁlﬂ%atdtcl YréftdP el ¥ha¥ tfound for

Accor present I1I'nvention provides a process

! Opwg'ﬁ'mm}at 'qm““‘ﬁr‘%‘laﬂatf&f%@tmw (oA bYSEHe and
er.
(X)tb% f?%{(ﬁ CSFEHI kR r?ﬂs% %ﬁ}g%reent%h%tbﬁlleﬁscatalyﬂ

on@anti-clss e Qupapﬂnad rhat dlechivqugs exlereadntdesasibed in
bl |
ONE HLOTL 1O ?rgéq%%i %JE{@ £ Aede rc?ﬂafﬂgon cHFofitions

mor e el ément rom al’'um ni um _ Si
@rmlﬁa:mnd ittcariavg mammmmunMe)rstatrm:izmm wiich is

r e gfte%é:o}%ﬂjﬂ'{%ton‘%%ce]?& a({‘ eac%{‘éﬁg&é garticles

nu&ﬁ9mh$%§ﬁxﬁr ddw@n 0 such that the nmol ar ratio of
b: ¢ ISIﬂéJJ¥E£$ %9the present invention provides a process
for the preparation of a catalyst composition of the

general formula, on an oxide basis,

(X)p (M) a(Z)g(0)e (1)

wherein

X represents at least one non-noble Group VIII metal;

M represents at least one non-noble Group VIb metal;

7z represents one or more elements selected from
aluminium, silicon, magnegium, titanium, zirconium,
boron and zinc;

0 represents oxygen;

one of b and ¢ is the integer 1;

and

d, e, and the other of b and ¢ each are a number greater

than 0 such that the molar ratio of b:c is in the range

of from 0.5:1 to 5:1, the molar ratio of d:c is in the
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of from0.5:1 to 5:1, the nolar ratio of d:c is in the
-7- range of from0.2:1 to 50:1, and the nolar ratio

of e:xc isinthe range of from3.7:1 to 108:1; which
conpri ses heating a conposition of the general

formula 5 (NH4)a(X)b(Mc(Z2)d(O%& (I1) in which ais a
nunber greater than 0 and M Z .0, Db, d_and e .
o E TGS AP O 0 petid e e e hfgeet oo
of ifg dM HHe a0 Gf whesei N, 1 eomp®si1j on of

general formula Il is in the 10 formof, or_is

7 e TG FHTRA 58 AIRHTARDR | SHIRTS Graerof oF rgenrral
termpamatiyre in the range of from20 to 95C for a

m ni mum of 10 m nutes, said slurry being obtained by

(co) preci pi t ati(Rel, ) gixdLUBMREEA[ULE and for gxtm)ne
sufficient to proéuce tﬁe conposition Il, at |east one

15 .non , e@astyon
noﬁ?hggﬁ§9£?%§%9%F6¥k%#gF%%oé%%%ﬁggﬂgg ?g%%%'%hem’ £, 0. b,
r efr,act emd exiae et efd finethdilovel ket ia cormpemature an the
pr.(ila'n%el 'oofu'&on?gldc?ftﬁ E&meoé)f the nmetal conpounds

beimng = maintained partfy 1n Solid state and partly in
di sd@nesich 2 daiposifthion idf hpenesmabricimgly bEehs in the

foynd th t he .met hod __of preparing the .

cogPat i 1 i R o i (Rl Errr omiiaprbly afver
on adagirartdtvid tenpeneyt e pd athonryxigeesst frem 20 to 95°C
pravi ded which yields catalyst conpositions .of.higher .

D5 Bt At HRBHT 195 S HNG Sy P HOSEL B v et o hpined
method e gfddiad dyt dandait ef tdmpdyailte MAOCESS attime

is possible to prepare crystalline and es ecialig
XRﬁufaﬁW%st%a%ﬂ%e cfd%'/de%‘?Tl?%?ﬂst’r%i%gf ant Least one
espReEl -aldpl didbucll M tnedOr dstigodis adel TEMN:t adne

wel | as a _high 30 nechanical strength conparable to

t h&erph TQUR ViRmatAah SoMRPEb R HPREI O he

Pr 628 s ddBNtd0md ISt 501 AUPVAKIES] 18a NEVESHBSINAY kn a

cat al yst conposition, prepared ,
protic liquid, at least one of the metal compounds being
maintained partly in solid state and partly in dissolved
state.

Thus it has surprisingly been found that the method
of preparing the co-precipitated catalyst compositions,
has an effect on the activity. A new preparation process
is provided which vields catalyst compositions of higher
activity for HDS and HDN than those prepared by the
method described by Landau et al. By this process it is
possible to prepare crystalline and especially XRD-
amorphous catalyst compositions having an especially high
activity for both HDS and HDN, as well as a high
mechanical strength comparable to that of commercial
catalysts.

In another aspect, the present invention thus also
provides a new guasi-bulk catalyst composition, prepared
by either methbd, but preferably by the method of the

invention, which exhibits a significantly improved
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by either nmethod, but preferably by the nethod of the

35 invention, which exhibits a significantly inproved

- 7a catalytic activity conpared to conventional and

prior art catalysts. Brief Description of the

Drawi ngs Figure 1 shows the X r’&y -diffraction patterns

of the .5 catalyst, conpositions_prepared in_each _qf .

B e BT e P Ao ¢ B ROa 8 s ngT Baf mror are
O .cdflhly¥ss20 25 30 8 Figure 2 shows the X-ray

diffraction patterns of the catal yst conpositions
préﬁ%ﬁﬁélﬁﬁﬁgﬁﬁﬁiﬁﬁégén%ﬁigﬁﬁﬁﬂi%%ﬁttern D) and 23

(pat ter rrfgurdet ashews Deserx ptapndof fthecionepatearhs of the
This invention relates to the h%grogroce Si

g._of
CheTAER Yo CHEEO B GHTRT JRECPBERS 181 ROCh PAtErpEPles 1
conpasitd & £oNtRi hagc8rhi B, aaRant obatkevn YLl
(especially Ni and/or Co) and Goup VIB (especially
MJ) netals and a limted anmount of inert refractory
oxide, 10 e.g. silica, alumna, magnesia, titania,
zirconia, boria, or zinc oxide, or mxtures thereof.
We call this new catalyst type a bulk nmetal oxide
catalyst'. Herein reference is nmade to the Periodic
Tabl e of Elenents which appears on the inside cover
of the CRC 15 Handbook of Chemi stry and Physics (" The
Rubber Handbook'), 66th edition and using the CAS
version notation. The term ' hydroprocessing is used
herein to cover a range of hydrotreatnent. processes
where the hydrocarbon 20 feed is brought in contact

~with hydrogen in order to



nodi fy key physical and chem cal properties. The
conposition | has a particularly good activity for
hydr odesul furi sati on (HDS) and hydrodeni trogenati on
(HDN). In the art of refinery processing a nunber of
25 ternms may be used to refer to processes which
require HDS and HDN activi®y in some form These
ternms include hydrotreating, hydrofinishing,
hydrofining and hydrorefining. The conpositions of
and for use in the present invention therefore find
use in all these 30 hydroprocessing reactions. Useful
hydrogenation activity particularly of aromatics
(al so known in the art as hydrodearonati sation) has
al so been found for these conpositions. Hydrocarbon
feedst ocks that contain sulfur and 35 nitrogen incl ude
any crude or petifdecdBhods [thOK-day ACEdrti&h pdtbROEQFE the
whi ch have aatiBas weRARit@orsUbibrediDfl et S08RRp15 QAL €Nt .
The feedst oglestdi)h) had PBEYEQES] ¥y .untreated or have
al ready undgLaong pekGiptiéfad RNt @safd actionati on,
for exanpl e at TREPORILG o ee 8L HIMLAY Rlabdpk 8Lk 0y of
cracking 5 Lar, SXaTple ALl L.l gkt M0, Lt o
cracki ng, og:om oF1 {ogcrlc:at%iligg’a oirhaané{mi? HeGr up V
hydr opr ocesSTRy. trearnent 9 “EXAM3res® §f “&Pi ot e
hydr ocar bon (?sé’g‘:dgltléﬁcq%sa“f' T o &"E SERP VP datass 2t atRed
|ight and h&%¢#{® 9‘}95* giHEse nRer o F'%?é{ SHETBEHSTHPFLIde | ght
flash diti Fi%at@iiei Ghinieay dtagnesiy Hirpniawy atgentrgaeriai |
| i ght gas oP¥ zinstxafleyiar pgeprgnghesedt. dolkell this revl| ,
synt heti ¢ gaatadisk tvemel ‘hibkingkdsoxdfie grbplislo Or nore
thereof. O her YzossidefFaefmecidstage ks tha@ktiddc Table of
deasphal t edERmbgs witcheppest ah o6 Lhsi0cover of the CRC
Fi scher 5Tr ops@boox S¥NhbEst:y 436 Ce@R6s (Mmaguare short
resi dues, anchddbxgyneGrudeSocn QRd LaRalchy c bgistiat i Ng
fromtar sapsatshal e oils, residue upgrading
processes and Dih@MRSS shydhprdceRaS OLKudIB YA 80 Rover a
n! tr pgen COQJnﬁQBf QI.EIdIlAQIELQHEHLJﬂQIOQQSQEP R (tl?@'i) drodb®hon
mlli o.nlﬂby %Idgilgtl)rbugfklg lin %@I&l Gitlﬂgxydl‘o%ergilg g ek RV, and
a sul fur COQ&EP} ke fphljlfpicgp and \é\ﬁe(z){gcal properties.
The composition I has a parxticularly good activity
for hydrodesulfurisation (HDS) and hydrodenitrogenation
(HDN) . In the art of refinery proceasing a number of

25 terms may be used to refer to processes which recquire HDS
and HDN activity in some form. These terms include
hydrotreating, hydrofinishing, hydrofining and
hydrorefining. The compositions of and for use in the
present invention therefore find use in all these

30 hydroprocessing reactions. Useful hydrogenation activity
particularly of aromatics (alsc known in the art as
hydrodearomatisation) has alse been found for these
compositions.

Hydrocarbon feedstocks that contain sulfur and

35 nitrogen include any crude or petroleum oil or fraction




20 Typically, nitrogen contents are in the range of
from5 to 5 000 ppnw, nost suitably in the range of
from5 to 1500 or to 500, eg from5 to 200, ppmwy, and
sul fur contents are in the range of fromO0.01 to 5

wt % The nitrogen and sul fur conmpounds are usually in
the formof 25 sinple and c@npl ex organic nitrogen and
sul fur compounds. The catal yst conpositions nay be
applied in any reactor type but are nost suited for
use in a fixed bed reactor. If necessary two or nore
reactors containing the catalyst may be used in
series. 30 The catal yst conpositions may be applied in
single bed and stacked bed configurations, where the
conpositions are | oaded together with | ayers of other
treatnment catalyst into one or a series of reactors in
consecut i Ve tiureker vhiSil6iveOd R@suGatial systur NBY D& ofdar
exanpl e 35 aodbdtl B BXAEQRS A6HCES bAG Rl AbNSlarQ] 0B
hydr ocr acki Rgrelf) rea@tidbet§dne MOLERaLdR GOFPRBIAMAM,,! 1S
exposed fir §$r Lﬁmﬁlueatmés?f?&%c! QP Kacu‘npﬁpstglﬁ 9 gracking
cat al yStS I SfJPé:I lél éa@gyyic cragqu C ing,

susceptibl et LL0gen- pe t he
i nvention ma cp."Bcr k gg Ey Sf:g y%ﬁ oces reailﬁnt

bei ng either co- Clﬁlries At s‘(’)’rta%l&ﬂ\' par 8%??’8?1"[%"‘{5 “tch‘?e
feedstock fFPURFYTHE HFHCEY B PWe" I 8t PO i s

oper at ed unBEFCTRYedG3RhALYi AR Grskrifitiate t BafeP¥ttr e
and pr e¥sur 8tlwhyaetmagas citoiishpoail: Farlobthesr eiseiant
hydr opr ocessthsy speaét i omtieeiy srscridlednd Gotereg|df\any two
sui t abl e r eaempxentiteerpe Ctltey rressibiecfeefistotkscinpidge of
from 200 t 0d&RH8E 1ty @fier gdxky obtabnes 236 & FischbHTLopsaind
especi al | y bymnas39@récess) 00y afmubicab lresib@dsaland r eact or
pressurss | sgnckutied NeptiaRAy @liginkany krdd ta2 2204, Miale

Typi cal hyde0@enepatd uitradlh® peldbRSs Rd bidagssl €act or 15
outlet) are in dbercb@n@s Bf bOMnlerofent @nddht MPap(0 t O
200 bar), asndopbsfel@itlayoek @Mioh Oy L1ghS., OroMRRarkPO uf O
150 bar)  at, whie ol esaul SuicQTRRAseLi NS 0f saRrg for
use in fhe , fpr §§1§§‘t nitQé/g%Htck&QnJIaa‘QQ Reg Long FQ,have

a partl cul aE ,000 ppmw, most suitably in the range of from 5 to

1500 or to 500, eg from 5 to 200, ppmw, and sulfur
contents are in the range of from 0.01 to 5 wt%. The
nitrogen and sulfur compounds are usually in the form of

25 simple and complex organlc nitrogen and sulfur compounds.

The catalyst compositions may be applied in any
reactor type but are most suited for use in a fixed bed
reactor. If necessary two or more reactors containing the
catalyst may be used in series.

30 The catalyst compositions may be applied in single
bed and stacked bed configurations, where the
compositions are loaded together with layers of other
treatment catalyst into one or a series of reactors in
consecutive order. Such other catalyst may be for example

35 a further hydroprocessing catalyst or a hydrocracking



i nproved activity conpared with conventiona

catal ysts. 20 The hydrogen gas flow rate in the
reactor is nost suitably in the range of from10 to
2,000 N1l/kg liquid feed, for exanple 100 to 1000

N1/ kg, nore suitably 150 to 500 N1/kg. A typica
‘liquid hourly space velocit¥wis in the 25 range of
fromO0.05 to 10 kg feedstock per litre catalyst per
hour (kg/l/h), suitably fromO0.1 to 10, preferably to
5, nore preferably fromO0.5 to 5, kg/l/h. The
conpositions for use in the present invention are
normal |y sul fi ded before use. Such procedures are 30
wel | known to the skilled person. Suitable procedures
are discussed below. Turning to the conpositions of
the formula |, the non-noble netal X is preferably
one or two BRbilsS. web et €6hpbsi®MBn I AF ex@fAEirsQRE the
ni ckel . Pretauallby, dhehS dRcmeteiyed if nosd nlickel o
cobal t, andcf.GRERhNAL 10Nt 116 ke lns &nstis&*aéu

Most preferabl yp, p&&%w%?%é 106 may! BE zudqs?ﬂhrk‘ﬁb

metal Msis p B EENE o1 IR el e SeLEgled from
chrom um nol [q‘eapaedﬂt,c q(g 'S
preferably se ect ed from ol enu tun sten and a 5

conmbi nation of TRAETERE® Mkt Tfre’étfi%'? Ah1°%=F
nol ybdenum SPHE- 812 Ae AtV 58D (FEREMRET 17 12‘*?‘“’6’@%??15@? a"/'\7'rt h
a portion BT EHEBX FHe A T BHEEHTE IR PetP2F 1 B t he
refract@ry it4iedegafPeroiy desistear tPargiItateEpqraturesThies
mat eri al i sinahel@nve efciom2WelrabWi S ehesepPpiot fnami2et kal
Wi thin the é®iposic edppeinligf fxprpAptika 400°CTRe tetiletoidl Z
may be one efactr greskrenbint i gel modecdt froom.altamdorniram
silicon, nmagnestvwiifal hiriidogemi pamtial ipk €@tides Niat BOF GEactand
zi nc. Prsef ep@hiby) e mepleasent & eRe 106 tabarEe| @0BAT280
sel ect ed fr o4m) aladiiphdsdfabivl Brofii . b GONsaNHPaZ (90Cro MdSHar)
preferably Z: LeRhgsenLse SdubdstORns 86 ahd@oPiRdGMLRANt
especi al |y (LhGesOlfent@bfNBRDean AL kb QBA) 2 SRl bular1y
amunt s ( ! nimgveG%Gﬁigj chEé?cqa :Lit;hoconventional catalysts.
20 The hydrogen gas flow rate in the reactor is most
suitably in the range of from 10 to 2,000 Nl/kg liguid
feed, for example 100 to 1000 N1l/kg, more suitably 150 to

500 Nl/kg.
A typlcal ligquid hourly space velocity is in the
25 range of from 0.05 to 10 kg feedstock per litre catalyst

per hour (kg/l/h), suitably from 0.1 to 10, preferably to
5, more preferably from 0.5 to 5, kg/l/h.

The compositions for use in the present invention

are normally sulfided before use. Buch procedures are
30 well known to the skilled person. Suitable procedures are
discussed below,

Turning to the compositions of the formula I, the
non-noble metal X is preferably one or two metals
selected from iron, cobalt and nickel. Preferably X is

35 selected from nickel, cobalt, and a combination of nickel



3 w% of zinc oxide in the refractory oxide starting
mat eri al can be advantageous to increase surface area
of 20 the catal yst conposition. The nunbers a, b, c,
and d represent the relative nolar ratio val ues which
are given taking one conponent as a standard or
reference. Herein one of b and c is taken as the

ref erence and designated as the integer 1. 25 The

ot her values are then established as rel ative val ues,
basis one of the metals X and M on an oxide basis. The
nunber a indicates the nolar ratio value for oxygen in
the conposition (1) which will be set by the
stoichionetry of (X)b(Mc(Z2)d(0)e. 30 Preferably c is
the integer 1, and the ratio b:c is in the range of
from0.75:1 to 3:1, nost preferably 0.8:1 to 2.5:1,
especi al | y dndléovhite Madt frefhrbbiy X FdpodBefksnicReld. ™hd. 3,
sui tably 0. Rinlndo@e 26kal.m £ Srerd:@o1l0ond . oxweiREAR! Y

0.75: 1 10 10i1ketelHEE btbhidn Ond hnddy ark Q.ng.Q.&B J [ 35
5:1; and t hzﬁoxj‘e L&x@bl9 slafacl:ﬁ E mL guu? t.uﬁm sQ'.gA lgd a -

4 1 1 g W Xe repras

25.5: 1, s e. g, ’2°5 %téstp%cp%ﬁ y }’é%iy Fo ﬂf Efl_“t

5:1 to 10: 1 @'60 "Fesul ts have been obt ai ned when X |s
ni ckel ; M Fﬁﬁ‘@ﬂ%ﬁ’?pr?efl%edﬁyﬁ ETEReE WL BRIERAS

is 1; bic | § the pyIet SR b Ae R P fIEn £he gefragrory
especi al |y 1°°19%4° Prige Praziy 1asenipst BpEgesf yis oy -
d:c is ¥n th‘é‘g?%\hgépéﬁ?tef PigkAncp nEBLipl iticin fthe eampesl-a| | y
0.75:1 to 1tipnief fomehlp . mike elepenekjieyl g/ ok O moreand
e:C i s in tkRenegageloated fgmaburdnitm, £#i6enQ regnesium,
especi al | y BitBnilmt @iGeBud, ban arg s0st HOfez@ped al |y
5. 8: 1. Depebdiréagnonoiche tieé hochetds fpreped afcnONubiffdm, | S
foll oned tosphiepaia 41Be QBbAbMSérabBMPRecbiats EQlcdasE
in the inventhdpPreabdifine, Gopsbthilewieeshdualenationi a,
Organi C  SPE&:eSnANH-01 MRALEQ! (18 RRE :85eMeB8RA to

fol I 'owi ng diff@r 6ALLoedRe BPES rti{taheRlaAtRUALS as
wel | as di ffarent Jat(l%g%a%taﬁ&@%e&c%& DG RLERRNLe | N

r eSpeCt of ¥.\hat ce:rtaly%‘ chmposition

The numbers a, b, c, and d represent the relative
molar ratio valuss which are given taking one component
as a standard or reference. Hereln one of b and ¢ is
taken as the reference and designated as the integer 1.

25 The other values are then established as relative values,
basis one of the metals X and M on an oxide basis. The
number e indicates the molar ratio value for oxygen in
the composition (I) which will be =et by the
stoichiometry of {X)p({M)c(2}g(0)a-

30 Preferably ¢ ls the integer 1, and the ratio b:ic is
in the range of from 0.75:1 to 3:1, most preferably 0.8:1
to 2.5:1, especlally 1:1; the ratlo d:ic is from 0.2, e.g.
0.3, suitably 0.5:1 to 20:1, e.g. tec 10:1, preferably
0.75:1 to 10:1, especially 0.6 to 1, e.g. D.B:1 to

a5 5:1; and the ratio e:c is in the range of from



at nospheric conditions can affect the anount present
in the catal yst conposition. Therefore to ensure that
the catalyst conposition definition is not distorted
by 20 at nospheric or preparation conditions, the
definition wused herein, on both an el enental basis
and on percentage anount b®sis, is given on an oxide
basis. To establish the catal yst conposition on an

oxi de basis, an elenmental analysis is perforned on a
sanple 25 once all volatiles have been renoved, eg by
t horough heating for exanple at a tenperature in
excess of 400C for a mnimmof 60 mnutes, in
accordance with standard practice in the art.
Preferably the anmount of netal(s) X lies in the 30
range of from15 to 35 wt % as the oxi de and based on
total catalysty, oyt M3} cprefienableyari§ 4. f1tdreay.ange of
from20 to 33, W% :BNoaskAGi @Y 10N 2310133 WL Y0
The metal Mi goeuidghh hald 686 NHbtd:Red Drﬁ‘mrk' Qﬁﬁf'ékef\”ﬁ’unt

of the two, TRl ali b dPeSia PHELG! R0LY mJy 191,
present i n 'anthg rani%cptfromnl !I. e J ?%Eszcnzf% ¥ é;gl\jt 0/1

wt % as f he E

and especi af ¥ s5pst 63%“%\* /l'ﬂﬁé fotaie rﬁﬁ’{?n?f 5’f°“‘
nmetal s in th& Cofpdst tFRT DY 21 Gihii? 4-3° ) 382 EHE°BXi de,
i s suitabl y*SPHFipHe F-Arige D F Aot 8D e ol {HeYes-3tl
Pref erabl y thd %inteeasediyount! &f 5t%t-aprSingssls is 60
wt % ndPe preetdeHlyl 865 w % nost preferably 70 wt %
and especi al | y D¥sengingoon Prhe frefhgd of préreramasd pitn tsanount
is 90 W % mmoreeprefverrabd yheB8&tanydt cdhpesitinator wrunt S
of netal s iseespecial |tpeuddsicary kakdual SGmam 20 orblec

bal ance of igaeieeahaloyStaterOfpedins @résdrx;: DRSISIing Gifrdr@nt
derivedsf r ofo:Rode L ACLAE UndiXiO0e VAL &sl @lrrersnt typld ¥ei N
an anmount iddcieB€ah 38GRedht.f rAMedpecPbelfvatablagsd rom 10,
nore  pref efabl¥edik QBRdkBiond Qarft eVl Y onePinhRl @bk 1@ 35,
more . pr ef e{hgbéaXa tyg: 3%041\?&% p{'l%t:gf(:ﬁ:p Ly egﬁrgﬁhat the
especi a' | y éaQal S &¢ 1%%9‘1%' o‘coﬁs%o&?&'&t@ n from

10 to t?mosp errID ox l{g'eparaetion _é{-ldItriQnrp ]1:§e clgfi%gim %

and espem aT

X hereln, on both an elemental basis and on percentage
amount basis, 1s given on an oxide basis.
To establish the catalyst composition on an oxide
basis, an elemental analysis is performed on a sample
25 once all volatiles have been removed, eg by thorough
heating for example at a temperature in excessz of 400°C
for a minimum of 60 minutes, in accordance with standard
practice in the art.
Preferably the amount of metal(s) X lies in the
30 range of from 15 to 35 wt% as the oxide and based on
total catalyst, but most preferably is in the range of
from 20 to 35 wt%, and especially from 25 to 33 wt%. The
metal M is suitably present in the highest amount cf the
two metal types:; preferably the matal M is present in an
35 amount in the range of from 40 to 75 wt% as the oxide,



substantially 20 wt% In a catal yst conposition for
use in the invention, when not assessed on an oxide
basis, there may be in the range of fromO to 10 wm %
basis total catal yst, of 20 residual species, eg
organi cs, ammoni a and/or water species, and nost
comonly from5 to 8 w% Tk presence and anount of
such conmponents can be determ ned by standard

anal ysi s techni ques. Options and ot her preferences for
t he components of 25 the bul k netal oxide catalysts
of and for use in the invention are described bel ow
with reference to the general preparation technique.
The bul k nmetal oxide catalyst for use in the present

i nvention may be prepared by deconposition of a
precursor 30 of the general fornula (NH4)

a( X) b( M c( ZhskeQrerdehiry dsnearkti G, Ak SsaclNPES Lrs8at er
than 0, and,,. Mhezm@,amsmoqn@e@ﬁsamha, sim;,@nt)ngs
gi ven aboves,hhf mmnmhaf’ {m@ab( i )enb Spmad! L2
fromO0.1:1 9.3, threrga j;ﬁ d:urjﬂ: %o .
t he m)l% rat|9 Go! §_ ’f 0.5 fe? ably
from 0. 75: $iq 0 “““’ ﬁ““ﬁ“"éy f5 "6"2“5’ Prefefipdy
nol ar rati o ré’“r érédeﬁ’tpé W '65 g“‘l s PEYIPPED VrersiAp. 2: 1
to 50:1, pr é'?"é‘F*aBT )7 FFhnToe Praferplp@s ptt-nHegtotal
preferably BUnEsofImetals] e sspeglablyctibtaptially: 30 vig-5: 1.
The nol ar rati ofherbefanes ehttbel cipplystc of on syidealisisis, f tsom
3.7:1 t® 108exivedninoe a ynfefoberalyixydedmra@ediat.0sd8ably in an
especi al | y 4mdgnt] it ¢hBande ofDiren Seppaetaaly Frod .16, hoiteO
15.5: 1. Thepcgenhnosichilon tofsctdte, predetsbS0to BS more
performed apretd@vBntebEVidsebréRREgeF ab UL ebdaciaity EaNgE
of from 10024.0ere64Q6a chipedieLoablcinthir0fch 20 doO3cARAT,

nor e pref er aklleYpraterdory RO AL UE Ged,NaddN@ptARAG Qhealif OM
250 to 350Ceuplbatihepeta ure nost preferably is not
in excess of arﬂuQQata%@Q’coﬁﬁ:@&qblﬁlf$ryu%ogxcthem§ J;l)e
most aCt'Vewh%@t%@s%%&h%@xi@t&hs, & vented . fhe

q i hére may be in’ the
econposi ti Qg]nggao}{ tIxo g to 10 wt%, basis total catalyst, of

20 residual specles, eg organics, ammonia and/or water
species, and most commonly from 5 to B wt$. The presence
and amount of such components can be determined by
standard analysis techniques.

Optlons and other preferences for the components of

25 the bulk metal oxide catalysts of and for use in the
invention are described below with reference to the
general preparation technique.

The bulk metal oxide catalyst for use in the present
invention may be prepared by decomposition of a precursor

30 of the general formula

(NH4) g (X} p (M) o{B) (O} e {11}

in which a is a number greater than 0, and X, M, 2, b, <,
d and e have the meanings given above. The molar ratioc of
a: (b+e¢) is suitably from 0.1:1 to S:1, preferably from



place in an inert atnosphere, such as under nitrogen,
any noble gas or a mxture thereof, or in an

oxi dative atnosphere, e.g. in oxygen,

oxygen-nitrogen, air, or a mxture of one or nore
thereof, or in a reductive 20. atnosphere, such as
hydr ogen, hydrogen sulfide,1or a mxture thereof. The
deconposition may take place during processing of the
slurry or during further processing of the
conposition for use, eg during extrusion or

cal cination before or after shaping. 25 The
preparati on process of the present invention involves
contacting one or nore slurries of the desired netals
in a protic liquid (for exanple water) wherein one or
nore of the netal conpounds, especially both, are in

solid and dossolyad: phaseisd takib 3NSQL ey o Wi o 3.30
refractory pdegleniNedlR%. Y PIENCE, QIp.,?mﬁJ 5.%':{6 tser@.g!md
at at en‘peﬁ‘ﬁet Horl?r Q‘g:qo frggre%&ln?y §ucf sl Cllli%ﬂ{l fg HPES:PCE
the precurgor, t | | bl e foor -‘iﬁ e ATy pe

& Eip Ffo % {0° et al™ toRsS
one of whi ch P& *¥ Y . a-%¢
ot her of whifEi®{°8 85 ¥oHiF gt Py SHrubli e *Neteal, Pare
thi s cont exP*deE8inbtd: 1 5° 4Pt AEPLedRItfd - Frdttal 36+ Fmmore
met al | i ¢ phagrecisliy ¢-§:hee 3F45k  conpounds cont ai ni ng
the necessary rise alecqmpgastioh tof | the POSBFeTF defrorfoahdd at
conponelt s ew ebwaizdd@tberdutdén thy odnge of fgen todate t he
same tinme osoEeqpedédatlyl from ARG @o i450°5, inSrepH@8rbbIg 0
one Or nDretoOpeiabaenpt vk aaEpauRds Ando sbre. rreé r act ory
oxi de t o betéimpesabitarnsstd Braderavist Ns hétein PERtd 62 bidyhd d,
and for theasgenabdi gy QOSMRPRIAM tnel MsDacrsaslded-t her et o.
The progess ;R fplhe nbta¥GR L 1lsORN RS trné Wbdomfte e 1 bl Q) VS
10 the m xi BgcQfinShuhbk RAESFeddl Xhdl 85 wler hilGoddnOURy
VIb and G 9&9 \éLJ _Ior 'Ielfiglugg’ éh&%@o&wgnqaﬁ gxi\ggéigg or
ot her proti gtm%%hggal'd bl ended at el eval ed oL e0perature

. e. En oxXygen, oXygen-ni
with a sturfy O Can sl kall EOnDDUNd, aitl o ) her

. mixt .
oxi de (Rreferak’) i Ca _and/of ‘al’'um na S0 in

wat er of ‘ot Eignros%%{ﬁli such Iaa gydfoaen, hydrogen sulfide, or a

xture thereof. The decomposition may take place during

that th ? 8P+t errfrslin ,
dblegPeciri Jei £ i G Wi tihe

processing of the slurry or during further processing of
the composition for use, eg during extrusion or
calcination before or after shaping.

25 The preparation process of the prasent invention
involves contacting one or more slurries of the desired
metals in a protic liquid (for example water) wherezin cne
or more of the metal compounds, especially both, are in
solld and dissclved phase simultaneocusly, with a

30 refractory oxide in the presence of an alkali compound at
a temperature and for a time sufficient to produce the
precursor. It is possible for each metal type that the
metal 1s provided by two metal compounds, one of which is
soluble in the protic liguld and the other of which is

35 only partly soluble. Metal in this context does not



15 Wiile the order of addition to formslurries from
the individual conpounds is not critical for the
formation of the catal yst conposition (1), we have
found that when the alkali conpound is added to a
slurry of partly dissolved netals and the refractory
oxide, this provides the nos8 20 preferred

XRD- anor phous conpositions of the general formula l
It is, however, possible to add the netals' slurry to
the al kali compound, with the refractory oxide

present in one or the other or both, and still obtain
useful catalytic conmpositions. 25 Blending or nXxing
can be carried out for exanple wth an Utra Turrax
machi ne. During the m xing or blending process, the
conponents of the slurries (co)precipitate to form
solids of tdier pbeehsQls ¢OMPASI ki MBsdRdel, fdignact i on
of the 30 aL&@édndPEﬁﬁLﬂkﬁga{Heq{lcéﬂﬁé}t met OSB! Iy the
term co- precifl Lo, lrs MACMEI! MO OLadlPLE cne
COfT'pOUI’]dS th 'i: c §{ da Oel ;/a%e ’ti:l?er or s?qut %&S.lo.ukls it
solutiop to et g1 oceﬁ[sth tf“ne i hVenti on, a
portion of 8"” oGhd§® °% Fondt B ESH TRECHAN Y i s
possi bl e t ht® BHE™ ?“‘Yncﬁ‘r“ée %‘Bb?dr"%%‘frﬁ’éah’t%r’f‘bb’h‘é‘?ﬂ s

preci pi t at ePGhtoHE BRI 19 1o “EBHIBH EAPPEPEs Thet ef ore
we prefer tedaséhegein the term nol ogy

“(co) preci pit atihemwroagkent tef Srvpitiep mept qwikRblpirvaivesnn
of mat elfi al sheatixirmach slgmey Bfrsahitires I the Hroypafib|apd

di ssol ved staue Vifthestpy(er egwowhs tith eatar\entthen pfogih

sui tably cobtgupd beddddratoeiginted eenpeiantenange Qhr@rns
appropri at eat enfaes ainpbudcfaa8 afNn@dPhH@Ps @k Srbilpeilica
achi eve theaflgst eRMifaF QL SOkatel bricthed grotikci NNguiaAt t er
to detgrm mgitRee JRRE QRIdadtorl EITRERAN W@ ESIR the

combi nat | on%«tﬂhﬁﬂg&h&ﬁ& ERd-REQHYGE: trMES AL bhe
t enper at ur ett‘M J:Jtai]ygt c&%o&iQiJnh?I) r Q:Q glgveoffouf'uﬁ thzvﬁm;n Qhegsc
and the (CQMEF%EBL&@ oaﬁdeldl &Ea%l oy ok%a££¥ldbfsoiégge

of from 10 ggapsu c[s{:he falc chloxide s grso%lee me

desired, end"
bot h COZHdI tPr ferre thD—amorphous composit.:[ons o

e general
ormula I It is, however, possible to add the metals’
slurry to the alkali compound, with the refractory oxide
present in one or the other or both, and still cobtaln
useful catalytic compositiocns.
25 Blending or mixing can be carried out for exampla
with an Ultra Turrax machine.
buring the mixing or blending process, the
components of the slurries (co)precipitate to form solids
of the precursor composition under the action of the
30 alkali precipitation agent. Normally the term ‘co-
precipitation’ is used when two or more compounds that
are dissolved, precipitate out of solution together. In
the process of the invention, a portion of the compounds
are not dissolved and it is possible that one or more
35 dissolved components precipitate onto the solid



is noted that operating the (co)precipitation process
at 15 hi gher tenperatures may cause too nuch

di ssolution of the netals conponents to enable a good
end- product; at too |ow a tenperature then
insufficient dissolution may occur. In a preferred
enbodi nent, an initial slurfgy 20 concentration of in
the range of from2 to 40, preferably 5 to 20 w % of
nom nal solids content is ained for. By nomna
solids content, the anmount of solids added to the
protic liquid is intended. Preferably the anount of

al kali conmpound, eg ammonia, is at least 0.5 nol per
nmol 25 of nmetals M+X, on an oxi de basis, and at nost
50 nol per nol of nmetals MtX, on an oxi de basis. The
guantity of alkaline material can affect the fina
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acetate may, be used i n _combinatlon wi.ih_one of nore of
10 t hese col°"oau%g"§?m§ﬁrlet%5lf iy Tt edﬁ'ﬁearD red,

mol ybdenum °€08tpounds (based on a similar criteria)

are” nol ybdenum ™ (PTEFES PTo8RP e 2o BAT SAYHDI ybdat e,

nol ybd| ac?cﬂl::entration of in the range of from 2 to 40, preferably

5 to 20 wt% of nominal solids content is aimed for. By
nominal solids content, the amount of solids added to the
protic liquid is intended. Preferably the amount of
alkali compound, eg ammonia. is at least 0.5 mol per mol

25 of metals M+X, on an oxide basis, and at most 50 mol per
mol of metals M+X, on an oxide basls. The guantity of
alkaline material can affect the final form of the
catalyst composition. Where the more active amorphous
forms are desired, then the amount of alkaline material,

30 eg ammonia, applied should be at least 0.75 mol, more
preferably at least 0.8, especially at least 0.9 mol, per
mol metals M+X, oxide basis. The amount of alkali
compound utilized is preferably at most 5, more
preferably at most 2, and especially at most 1.7, mol per

35 mol metals M+X, oxide basis.



nmol ybdenum sul fide, or m xtures thereof. These
materials are commercially avail able or can be
prepared by commonly 15 known | aboratory practi ces,
e.g. by precipitation. Starting materials having a C
H, and O conmponent in addition to the desired netals ..
are, in general, nore preferred due to a | esser

i npact on the environnment. N ckel carbonate is
therefore nore preferred, since it 20 can deconpose to
ni ckel oxi de, carbon dioxide and water upon heating,
based on the carbonate content of the starting
material. Suitable inert materials utilised as the
refractory oxide material during preparation of the
precursor are 25 those which show | ess catal ytic
activity, or no catalytic activity at all in the

utilisation of oye,00¢f WAderstde ﬁQML#' R FodefuntiS e,
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and al um ndereghrd Ailenadly pHableofaleniichres iiekplsnal |
amount s 35 agktape mey bxivdel in\hakinaplopmiltipoteserged, ofit | S
pref erried ttwegdSconpaessa N pivdusardl prateneedo wekybdenum
crystal | i necofigotifisn aseiU@Na asmil@e evitidd f1aareMas rbdenum
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upon heating, d on the car onate content of the
starting material.
Suitable inert materials utilised as the refractory

oxide material during preparation of the precursor are

25 these which show less catalytic activity, or no cataliytic
activity at all in the utilisation of hydrogen under the
conditions of use, compared to the metals utilised. The
BET surface area of the inert materials suitably lies in
the range of from 10 to 700 m2/g, more preferably from 50

30 to 400 m2/g. These materials include silica, alumina,
magnesia, titania, zirconia, boria, zinc oxlde, zinc
hydroxide, natural and synthetic clays and mixtures of
two or more thereof. Preferred materials are silica and
alumina, and mixtures thereof and/or with small amounts

35 of zinc oxlde. Where alumina is used, it is preferred to



or Goup IlA or IIb hydroxides, Goup A or Goup Il A
silicates, Goup IA or IBor Goup IlAor IIB

car bonat es, and equi val ent ammoni um conpounds, or 15
m xtures of any two or nore thereof. Suitable exanples
I ncl ude ammoni um hydr oxi de, sodi um hydr oxi de, ammoni um
silicate, amoni um carbonat® and sodi um carbonat e.
Preferably the al kali conpound is one that w |
generate anmoniumions in solution; this includes
amoni a which, 20 with water as the solvent, wll
generate the amoni um hydroxide form In one

enbodi ment, a preferred starting material conbination
for the preparation of the bulk netal oxide precursor
i s nickel carbonate, nolybdenum oxi de and 25 anor phous
alumna. A nore preferred conbination is nickel

car bonat e, Wiﬁum.dimny el eryafkdlﬁuailﬁﬁm,l buch Ss
gene_r a! l y p&-ﬁin.ﬁ‘nﬁx( ML& %!Eéér&? ﬁ&ﬁe?giﬁq The form
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during the ¥htd rite SIEGFAPHPHAHPD EEEMnRLy PRleRisd!
slurry is offFoher |3j2Hera Eem ApPent Strernat| iovatterte
tenperaturem®®r a period of tine (commonly 35 terned
agei ng) subseqettebleoalikiid @nmebuads sdpbled Go prepare the

(co) pr déi pi $latayovitprroc esgt ndtw@ifgaiengldcterestsual |y
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;V éascﬁn -] utign té%s includes ammonia which,

water as the solvent, will generate the ammonium
hydroxide form.

In one embodiment, a éreferrad starting material
combination for the preparation of the bulk metal oxide
precursor ls nickel carbonate, molyhdenum oxide and
amorphous alumina. A more preferred combination is nickel
carbonate, ammonium dimolybdate and silica.

It is generally preaferred to utilise mixing and
precipitation conditions, which keep the sclvents below
the boiling point temperatures of the applied soclvent,
i.e. below 100°C in case of water. The pH of the slurries
1ls generally kept at their natural pH during the entire
preparation process.

The formed slurry is optionally held at amblent or
elevated temperature for a period of time (commonly
termed ageing) subsequent to the end of the




regain the solid content, which process can involve
filtration, spray drying, flash drying, evaporation,
and vacuumdistillation. Certain procedures, eg
evaporation, have been found to introduce
crystallinity to the 15 product. By evaporation, any
process of driving off the 1%rotic liquid, e.g. water,
or drying is intended, for exanple dessication and
boil down processes. The system used will depend on a
nunber of | ocal factors including environnental

| egi sl ations, and energy availability. 20 Most
preferred are filtration and spray drying. The forner
is quick and not energy intensive but requires

several reiterative steps and produces higher vol unes
of waste water; the latter is energy intensive but
generates (debipkdRpMacibl provassl Nihe Ho@ing 18l usually 1ies

XRD- amor phaus:naBlaffel & SrofM8 dIRIt8s, QARSLS1E6MilNes, to
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prefera ly |

S0- prepar ed’“gtcﬂ”r BPSATet™i ¥ 4 ﬁ%ﬁﬁ%’?lymfvf rg‘l"’ 8% 30 a
| 0ss on i grﬁ“f‘ledli’F"ETﬂlY SFomsS0 b 856 Ihv) 2eedPes Pled is

pr ef er abl y BFLoprilidelioyeddmDecabdrg phe 198t ateadapixhire tgage

det er mi ned Yy=rnesmprrabfrepowder X-ray diffraction

anal ysis; howafter cphicsdnm@okindo ke ied sygicalimby he
materi ad, frebcesedaimDd auAEANON diPeMnb/Papx bhydeoxbde W t h
| ayer ed doudeb£in3Ine ryrikehtbar,StRidE bHdc@esOEandinktlive
conponent nAytaeop) eEANturyidd EHOER idbyih®SsvaPtati@hi bhON
(LA) for aaBRkefibBhldtfont hGerthfl AlobtfredMRYNaREath oSt
Mass upon hgad bod A& PRLALiAke b stn40Gf o ko ng
procedyf e: ,IBRcSAMRY SrabedallbX €y Bilokesk Qe LIRS RE: @#IB/

i nhonmogenei Ly, 1|1§u1\ﬂe'e9419ﬂtéxan$ﬁ @:yk.?g £ Lans eEJ

into a wei %QQ&Q'&E”R&%% Shned Q%O‘Lé e%sesTh‘-‘Ehe ys é%l bl'e

is place taq at oyven
time of 15 mhf{ﬁ - % “1‘“‘85 PO fc °r$ iml’ﬁ]i

cruci blLe coltdi 'r’ﬁeﬁﬂal lﬁ%“é% & f‘“g’( §v'§/\é7blﬁ Y agai n,
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former is quick and not energy in ensive but requires
several reiterative steps and produces higher volumes of
waste water; the latter is energy intensive but generates
little waste.

25 The preferred X¥RD-amorphous materials are more
consistently obtained, at all refractory oxide contents,
using the slurry preparation process of the inventicn
most preferably in combination with spray drying.

The so-prepayed solid product is a powder which has

30 a loss on ignition LOT of 5 to 95% and consists
preferably of primarily XRD-amorphous material, as
determined by means of powder X-ray diffraction analysis;
however in some embodiments crystalline matexial, for
example ammonium NiMo oxohydroxide with layered double

35 hydroxide structure or a Co component may be present,



10 LO%- (w- wcalc)/w * 100% where wis the origina

wei ght of the sanple, wcalc is the weight of the

cal cined sanple after heating in the oven, both

corrected with the weight of the crucible. The

prepared powder may be dried before optional 15

further processing, especiatdy where filtration has

been wused to isolate the solids. This drying or

ageing can take place in any suitable atnosphere,

e.g. inert, such as nitrogen, noble gases, or

m xtures thereof, or oxidative gases, such as oxygen,

oxygen-nitrogen m xture, 20 air, or mxtures thereof,

or a reductive atnosphere, such ‘as hydrogen, or

m xtures of reductive and inert gases or m xtures

thereof, with or w thout anmonia and/or water
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m xture theegefightorf the @lgleaiCiample sitppsphibruein theg.
oXygen,  OXxsqgenbelint soogerrd kN theOFeightiThX ki ervefblone or
nmore thereof, mé paepatedtpdicer Ghy ibh &l ieddtibdore Cipeidnye
gases. 15 PriEnerGprsdeagingJespbdialgbinatd el ¢ RYhEKasi een
optional Iy udthX@dishiatd tAdeb1idsONBks ERLRY bAlageihd ol t her
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materials gﬁﬂ‘cﬂt@l’e ¥a59§eg.u:h ag oggaqg ot:;y%grt-ln:n:gogen mixture,

appl i C%BI on§ir, o‘i: nli§tu@éssg1epe%§8| rJiant;ve atmosphere, such

as hydrogen, or mixtures of reductive and inert gases or
mixtures thereof, with or without ammonia and/cr water

moilsture present. The drying temperature is preferred to
lie in the range of from 20, usually 25 to 95°C,
25 preferably 55 to 90°C and especially from 70 to BO°C,
The powder may be used as such or; more preferably
is used as a shaped catalyst formulation.
Optionally the obtained powder is calcined prior to
shaping. Suitable calcination temperatures are in the
30 range of from 100 to 600°C, preferably from 120 to 400°C.
Moat preferably however calcination is not performed
above 350°C, especially 300°C, in order to avoid
formation of any crystalline material. The calcination
may also be carried ocut in any suitable atmosphere, e.q.



10 conbi ne the obtained powder with catalytically
active materials that are used in other
hydroconversi on processes, for exanpl e hydrocracking.
Thus the powder nmay be conbined with a cracking
conponent, such as a zeolitic or other conponent that
pronot es hydrocracking 15 the conversion of a -

hydr ocar bon feedstock to one of a |ower boiling

poi nt. Such conponents include faujasite nmaterials,
such as zeolite Y, ZSM5, ZSM 21, zeolite beta, or
conbi nations thereof. Certain anorphous silica

alum na materials have a cracking function and may be
20 utilised. It is unnecessary to add to the powder
any material that would act solely as a binder, but
of course it is possible. Wiere desired, other
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absence,of any, extr S% o alds., 2Yl.bgRl enlaLeLlaly in

i qut d phasetmgl that wou?cpact .yolely as a binder, but of course
it is possible.
Where desired, other supplementary materials can be
added. These include materials usually added during

25 conventional catalyst preparations. Suitable examples are
phosphorus materials, e.g. phosphoric acid, ammonium
phesphate, or crganic phosphor compounds, boron
compounds, fluor containing compounds, rare =arth metals,
additional transition metals, or mixtures thereof.

30 Phosphorous compounds may be added at any step of the
preparation. If e.g. alumina is used as binder,
phosphorous compounds can be used for peptising (with or
without nitric acid}.

Moreover, added materials may include additives

35 typically referred in the art as ‘shaping agents’ or



be added to the shaping m xture obtained, which
include 10 protic, e.g. water, polyols, etc., and
non-protic liquids; e.g. hydrocarbons. Protic |iquids,
e.g. water, may be added for exanple in order to
bring the LO content of the m xture to a suitable

| evel for shaping. In generm, there is no particular
order of mxing 15 the materials (in solid and/or
liquid form together. Wat is inportant is to ensure
that the sanple is mxed well to prevent
nonhonogenity. The anount of additional solids and

I i qui ds added during shaping lies preferentially in
the range of fromO to 95 ws based on 20 fina

wei ght, and depends on the requirements of the
anticipated catalytic application. Shaping can be
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icipated c talytic applicatlon Shaping can be
performed in various ways depending on the requirements
of the application. Those methods include spray drying,

ere shap

extrusion, beading and/or pelletizing among others.

25 Sulfidation may be performed in oxder teo turn one or
more metals inte its active form. If the composition is
ugsed as a shaped catalyst composition, then it may be
sulfided before and/or after shaping. In gensral,
sulfidation is carried out by contacting the catalyst or

30 precursor with a sulfur containing material, e.g.
slemental sulfur, sulfides, disulfides, ete. in gas or
liquid phase. Sulfidation can be carried out at any step
of the shaping procedure, including prior to the first
optional drying step. It is preferred, however, that

35 sulfidation is carried out only prior to shaping when any



may be carried out ex situ (wth an appropriate
procedure) prior to loading the catalyst into a 10
hydr oprocessing unit. Conmon ex-situ procedures are
the ACTI CAT process (CRI International Inc.) and the
SULFI CAT process (Eurecat USInc.). It is however
preferred that the |last suldfidation procedure is
carried out in situ as follows. 15 The catalyst is
sulfided into the active catalyst form by neans of
sul fidation carried out in the presence of hydrogen,
by either contacting the catalyst with liquid
feedstock (in liquid or partly gaseous phase), which
contains and/or is enriched in sulfur, where sulfur 20
is present in the formof an organic sul fur conpound
and/ or elenental sulfur, or in the presence of a
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area of theutidad: sbaRedd e taclhfidre TRAS ML DYne t heE

B E T, et Nafle:bizh NG oAl { (R4S aa:&d&gm@t ex 980T ally
25 lies in gbg tapge of Trom10 to 3

preferably abo Rreter bove 65
ne/ g. Pgr e ygl E%ezabg%ﬁg "{’{Pfda{ °D 'E%F d °“F ed
equent to ﬁpc shaping s

using nitrogen adsar K] ’QSan?oﬁ f"?f’é ‘E. T.
adsor pti on COTE™ 5P "fhérléfﬁ §LePEOR $heR - nEe r WG ER g
from 0.002 8 P2 VrEABLEE opodtuedbl 97 SEPPREAME0. 1 to 1.0
cnB/ g. Fl atP*preduiet p&rrstor eaghos, tha satadgaksinted by ATSM D
6175, i1¢ privferuskspisnupkcesamef e:56ituNresepurgn et iths
nor e pref er’&8BiHRT abwees 1900 Nomtiempdoradl dng thalsowescars0
N cm The mredess ritdeaayOIspheus cat dk etvever orgiasied ithns
of the presaatiabthwanidaidnhavedbecn faried b 3%ihave
such hi gh cfeushsstrengt hs when shaped. 24 Catal ysts
whi ch aeonpri serhe 6ALBJsY Sk LOARASIAL Ole QEribdRafi RNt
invention epbk Bl tedhs 2l 301 Flagl oRChdrYid Yurf QF the presence
hydr odesul phujesatd,ony ende¥diQdeni ikl Lkagtd Qanof

hydr ocar bonf, aqdstAeKs. (Jhﬂiéuié%tr' 34!:%135 aSec é %ﬂa%%) than 5

that found Jh?é‘h Qo p 1§£‘takc9' Qis en chq% su ur where suq}

catalysh PrERaLed: AX B o) S faR! S90A¢ L sund"

and/or elemental sulfur, or in the presence of a sulfur
contalning gas, or a mixture thereof.
Surface area of the final shaped product measufed by
the B.E.T. method, using nitrogen za adsorbate, generally
25 lies in the range of from 10 to 350 m2/g, preferably

above 35 m2/g, more preferably above 65 m2/g. Pore volume
of the final product, measured using nitrogen adsorption
up to 95nm on the B.E.T. adsorption curve, preaferably

lies in the range of from 0.002 to 2.0 cm3/g, preferably

30 from 0.1 to 1.0 em3/g. Flat bed crush strength, as
measured by ATSM D 6175, is preferably in excess of 50
N/cm, and lies more preferably above 100 N/cm, especially
above 150 N/cm. The preferred amorphous catalyst
compositions of the present invention have been found to
35 have such high crush strengths when shaped.



hi gher than for bul k catal yst prepared by co-
precipitation even with a m nor anount of refractory
oxi de additionally precipitated into the catal yst. 10
VWil e not wishing to be bound to any theory, it is
currently thought that this exceptional activity is
the result of a high dispeesion factor for the netals
through the oxide nmaterial, achieved through the
careful control of the (co)precipitation process. The
aimof the 15 controlled (co)precipitation process is
to prevent the formation of as small as possible an
anmount of crystalline material. Hi gh dispersion
shoul d not be confused with uniformty of dispersion;
the catalyst conpositions for use in and of the

i nvention have a high 20 activity with netal s

di spersed through{hs RXhdGmpI8 ﬁra,@.l;y.éo Qhon of
necessari | ythlénﬂria%mixwm !::.%9%;:&% ¥ t% for

XRD- anor pho e e [
COfT'pOSI ti Onﬁ% &%&\th%rp ;::ns% 9%1{ en? ::':l.fit:a‘;:‘::l.l'.}]nex:stt Lnengt h.
This is_in d!S I con rast

met al s- dont 3RS ﬁ'ﬁ’ c‘é’faf’f’?/‘?{”?“‘b“rl 'EP"A“‘&G 6"@2“\%“% are
required to"¥at¥at BF WO FERESH TOURe AFR-PERHIChe R 3lso

di sper si on, MaReF Bhap [£9% palk| sahlveo RpBREAtYdet ect abl e by
powder X-r a@‘edipﬁﬁtéﬁ?‘t $vem wiliad piios apdRD)of frgfragtarengt h.
The term  XéPdaptiipieoidy preipigedHetethe tgadenote 30
that infa diff gl on wetitern bgibved fPyangoneey, XRDs
anal ysi s, thaeeetlstivoght ahbiehlisOskcehamal beiivslyiie ek a
Goup VI sisur & &wpghVdispdreical racapoeant nadady @h20ghs
15 that haghedo:@iakactil, sduksrel WhtouyM Stdcabsulalohtrol
maxi mum of o2efe LoffrediBBiStioR prbddsdl NGE MRLESHE NE

XRD- di fikr actd,0R1 RAL {81 PRSI o Qrodesd LECL QLD the
signi ficant ] pleAsis ¥s smn agapus;lsleam&n of to any of
the & oup V!:.Jtha@ qe %tog al Pigqeéiglzerg&npsgg]uq n% Above
29- 15 ther e on L[a% w!.t(T)a un:l. o oqaag.s l.:.on, t e Q?ta\iysg red
cat al ySt Compglitionsn or use h al'ldncyfet el i%gentfon have aolugh

20 activity with metals dispersed through the oxide
material, but not necessarily uniformly dispersed.
Despite the XRD-amorphous nature of the preferred
catalyst compositions, they s3till exhibit high crush
strength. This is in distinct contrast to the high

25 metals-containing catalyats of EP-A~1090682 which are
required to have a homogeneous or uniform metals
dispersion, and a crystalline component detectable by
powder X~ray diffraction analysis (XRD)} for strength.

The term ‘XRD-amorphous’ is used herein to denote

30 that in a diffraction pattern given by powder XRD-
analysis, there is no reflection characteristic of a
Group VIII or a Group VIb metal component above 20 = 15°
that has a characteristic full width at half maximum of
2.2 ° of less.



where 20 is in the range of from 21.0, preferably
from23.0, to 28.0, nore preferably in the range of
from25.5 to 28.0; alternatively, expressed in d 10
values, the latter range is 3.49 to 3.19; where 29 is
in the range of from33.7 to 35.3; alternatively,
expressed in d-values, 2.67280 2.59; and where 29 is
in the range of from59.8 to 62.2; 15 alternatively,
expressed in d-values, 1.55 to 1.49. There is
preferably no significant reflection that can be
assigned to the refractory oxi de conponent of the
catal yst conposition in the XRD-diffraction pattern
However, increased anount of refractory oxide nateri al
20 can shift the above first-nentioned characteristic
local maximumto below the 20 - 25.5 to 28.0

preferred rangem otAdieud2b bR 80k XRR=ABD LRReMS sifodd b ySt
CoOMPosi t i ONger@ctidiCoPligReMant DGR sk th‘ca&% moﬂs@&w
oxi de basi Sto Er% Lb@he éz%&gen?fan Ggrggp b mgta %on&

preferably to nore pre eralbtlzy to
25 vvt%refractory o%?'%e’e %’rff)c?ﬁ%ﬁf“dalﬁﬁ‘lrfﬁ"ﬁﬂ" in
conponefit s RRSFRrz b P g eRTRerEona R SRATPYASER AN

ni ckel and fUhy&t en, and ni ckel, nol ybdenum and
tungsten. Most wpemf @rabiry,thes&ahq}ecw EsmuBett, asefebdly
refractory osnds.corpasent nofd fRkeddBiyalns tHzormpgnent s,

30 such as g@halstse @nth.sQMRALLRINIAGL D YpQXdedanmRt eri al s
give rise $Audd, VidbabtdePGadgslilsefld QQ% gHd are not in

this prefer reqi.,hgxr@pé.g,pi of, &ongo& t# ons 33T e, rrgsst3

preferred c 05|t|ons resent

i nvent i on t%ﬁgr’%‘f’ié'ejgu% Praf Yy % a"fﬂg SRduE’ 35
materials, whi &fi%under povvder XRD anal ysi s have no 26
det ect abl e crystedel 3nke tomsomednt °f From Bt s 642t hi n
the scépe wfreinhtivplve Fepresied\iam-Foned,oF- ShitAcr 4|nount s
of crystalli naheamt & praksrass rdetigaitesnbyeXRBiort chapbe

present; | ckeadd yssiigned 3o pheSEMbctor yxike coipelentiRt FROUNT
as to not Scathnifeabdasitatl invite yxrofditfiectasn pplhans
mat eri al . However, lncreased amount of refractory oxide material

20 can shift the above first-mentioned characteristic local

maximum to below the 20 = 25.5° to 28.0° preferred range.
The preferred XRD-amorphous catalyst compositions of

the present inventicn have, on an oxide basis, in the

range of from 15 to 40 wt%, preferably to 35, or to 30

25 wti, more preferably to 25 wt% refractory oxide
component, and metals components selected from nickel and
molybdenum, nickel and tungsten, and nicksl, molybdenum
and tungsten. Most preferably, silica 1s used as the
refractory oxide component. Other metals components,

30 such as cobalt, and some refractory oxide materials give
rise to crystalline reflections and are not in this
preferred group cf compositions.

The most preferred catalyst compositions of the
present invention thus are substantially XRD~amorphous

35 materials, which under powder XRD analysis have ne



The novel catal yst conpositions of the invention are
particularly useful materials, having significantly
better activity for at |east HDS than conventional and
prior art catalyst fornms. 10 The present invention is
also directed to their preparation by the

deconposition of the precurmmor conposition Il, and to- .

its use in the hydroprocessing of hydrocarbon

f eedst ocks havi ng nmeasureabl e sul fur and nitrogen
contam nation. The preparation of the precursor 15 of
general fornmula Il for these novel conpounds may be by
t he procedure described in U3 6,162,350, in WO

00/ 41810, by Landau at al, or indeed described in
EP-A-1 090 682, in which the nmetal conpounds are
either fully dissolved or partly dissolved in the

l'i qui d usedyetsdthitiabirystal Qhd bbupordBt | | fULHa1n8 SREGE AL Y
wat er, Wit hsdobi Qs bié&&:t@f.nv&rﬂ@on ARPRARY k& safpount of
refractory %Qggliggtmgﬂrﬂl. 9 QPR by ke SUA LoD,
Conponent S Ri%auQ i@ ﬂ' B&Ieylng OQI §r¥ Q\Ic"x gamo (qu)a oern]gts

Wiere fylly,di ssglv are I's
preferred trhgt fhe Elcglv I ? q’ot’f nite i\7'ed netal s 25

is added to a sT s P ?Qgﬁ%afmp”g&rfﬁ% ﬁ%l t’é’h&“"r”é‘f*f”h&f‘ory
oxi de mat er§*af ‘“’Jtaﬁf‘g“@eif\}legatﬁflé'f"ér’?"éﬁf‘gwﬁﬁ'éﬁff‘ﬁ“ g¥over
the procesEtUF IFHFLEY &fF Bt Ak &P CROnBtRIE e and
slurry of B35 &Y &fPYEE SP5Psoxi de and ful |y di ssol ved
met al s.1%Most  FrepPerean invedebeplsotdeacprepatiiron s
by the proowserrgfion 39 thidegreesiiitn ehivenpragncsoAs above,
t he cat al ystonprahposilli emd bedor dieng the Nyopr@esgenbs

i nventi on ragrdeerthu fediBrocky 0SS fchs@alie Sal fubetld
above, eq. mhsped cananisaibi.deate 3SepdBEEEHSH Yhe PacurBRY
be usasl i nossghesh ey d e Fod GRS InbeklodRbdurdt hadts 1,0
treat 35 didnt giredbuSt de8adiBedlHIBY 6,3 6WV36lE (ARG Alaz10,
condi tions.pyTHasK &' a1, CONHabiORILBIPEL SEALLBREEAL Ur €S
inther angle, vﬁ;ficl:r E%&QQ ol Qun%ggge eIt‘BLlalfull?%gIsgived

hour Ty gpeck i s Hhe SRl PP
2 q e ¥ water, w h h tion o he
10 Kg/ | ? app:gzpria% (ig'ncgz uf Q:ag:aﬂory oxi gmail:el?:ial to ane of

the staxting compenents or to a mixture of starting
components. Where fully dissolved metals are utilized,
it is preferred that a solution of fully dissolved metals
25 is added to a slurry of alkali compound and refractory
oxide material; this gives preferred materials ovexr the
process of addition of alkali compound to a slurry of
sclid refractory oxide and fully dissolved metals. Most
preferably, however, the preparation is by the process of
30 the present invention.

As above, the catalyst composition according to the
present invention may be further processed as described
above, eg. shapad and sulfided as necessary, and may be
used in selected hydroprocessing applications to treat

35 different streams under a wide range of conditions. These



5 the range of from10 to 2,000 N /kg. The follow ng
Exanples illustrate the present invention. EXAMPLES
In these Exanples the followi ng test nethods have to
been followed to provide the nmeasurenments given Fl at
Plate Crush Strength: ASTM D 6175 Porosity: ASTM D
4284 with drying of the sampl e at 300C for 60 m nutes
prior to neasurenent, and using mercury intrusion. 15
B.E. T. Measurenent: ASTM D 3663-99, as nodified by |ISO
9277, with drying of the sanple at 300C for 60 m nutes
prior to neasurenent, and using nitrogen as adsorbate.
Pore vol une: obtained fromnitrogen adsorption up to
95 nmon the B.E T. adsorption curve. 20 XRD

anal ysi s: XRD anal ysis was performed on a Philips
PWL800 Bragg-Brentano type powder diffractoneter using
Cu K-a racicadikcoins kebpseenteahBerd b Sn @fie Bark® o6 Gcleadces
(0.05 resolcusoons) Witk reactRCBsbusdsCHSIne MAES 6 ShAPE
sanpl es  WeyoL209RRl MsQa HbhAY MeeCrelbdifiles GhUSDEInANGE
pressed andegp oRsaGeth kil th, AarddiMyae 9'99,%{71:&&@
deep). Exanplesngh dOrmm 13NQ 2 fod £1/4¢ SHOwW the

preparation an LVIty of C S osi tions
made by the pef %ﬁng&tlwéf’%)rélr‘af/mﬁr’ Zlgg“r’gfﬁtt?)%g% 0E¢&%s of the
i nventi on; ir:'“xag@ és 6 to 16 show the preparation and
activity ofE %us 30 catal yst conpositions nade

using ful ly di SEEPPEF*AELE] She Todiving BAtE meFRIEREep| e
23 t he 4ct iRPPR JoldPregdicarsptide o mprssterespgitarde by bot h
routes is donplkad. copdnfasiotoMFBE P& & proporti ons
are given IRereity:adsthariéthriagelsyiyy ofetihgrempl@ Gt 300°C
Exanpl e 1 2%8.68 gniBMprmomeasnreient| yidcat ey mérawivng
56.5 Wt % Mptr@228.5 g Ni CO3 were m xed, and added to
2250 g that e3.E.1N. Measuderdent :r esTivEOdavese9 At @6didied, bywiEol e
stirring ats2800with drying of the sample at 300°C for 60 minutes

prior to measurement, and using nitrogen as adsorbate.

Pore volume: obtained from nitrogen adsorption up to 95
nm on the B.E.T. adsorption curve.

20 XRD analysis: XRD apalysis was performed on a Philips
PW1800 Bragg-Brentanc type powder diffractometer using Cu
K-¢ radiation between 20 values of § to 60 degrees (0.05°
resolution with 7 second steps). Whare shaped samples
were analysed, they were first crushed and pressed and

25 placed into a sample holder (1.5 mm deep).

Bxamples 1 to 5, and 17 tc 22 show the preparation and
activity of catalyst compositions made by the metals’
slurry preparation process of the invention; Examples 6
to 16 show the preparation and activity of various

30 catalyst compositions made using fully dissolved metals’
solutions; in Example 23 the activity of catalyst
compositions made by both routes is compared.

Nominal composition proportions are given herein as

percentages by weight.



5 rpm The tenperature was increased to approxi mately
80C, under pressure. Separately, 113 g ammonia (25
wt% strength), 1.06 nol nitrogen/nol (N O + MO03),
was diluted with 750 g water in a beaker. 92.2 g
Sipernat 50 (a white silica powder with predom nantly
spherical 10 particles, avatd able from Degussa) was '
di spersed in this solution. The pressure of the

aut ocl ave was released, after which the autocl ave
was. opened and the silica slurry was punped into the
nmetal -containing slurry. A small anmount of water was
used to rinse the last part of 15 the silica into the
aut ocl ave. The autocl ave was closed and the m xture
was agai n heated under pressure to approxinmately 80C
wWth stirring at 700 rpmfor 30 mnutes. The warm

m xture wasgstgiped into a flask and the solids were

recovered by neais goimsmlgmmsﬂms@bﬁmiﬁ s£Q Jipe

condi ti ons r I ds_were
not exposedlwteoﬁo rgng: QI%? g’tgg? gﬂggo%/%alddt o On? Xﬁﬁ
'hea’ht ﬁ’n'g

anal ysi s of % IR Ll it d’)‘}“ﬁr’fté’ifi“gpb'i/\ﬂ% t he
fol | owi hg bPBad™ STRE-HER A R derrPrytm el fie
20=15: 25 289% pregsuse . cPRREPYndihg Awerde VAR v 3. 364
t 0.064) 3%rgetiyA.fCoey eibpesneingly (16 dusoat.ueas 2. 614 t
0. 15) 60. 2ai16keR WQOvI0es parReiin0s bdakek. Vel 21@: siferhd/ 5d
0.005) andsaiet€boatd Yoa@eRithprbdogitake1} . spthone 29=15
there 16 nNAréRIdCGLANICNAERABLRELS tab d@fpeNea Qh tND:
havi ng a 30:8RabacCialdredsufe bilkhe Witdbivalad A Laq@Xxi mum
(FV\HM of 2af5er \Qtriclln €Re> autA\LlavéQlLJ g& gcpgxtd thg%iﬁg and
fine fractlanﬁ,\, W8 Bmpef AhL L Qeta@@siqtsmrglys%]% hout

t he use of 1r n
(Tri Iuoq is,.a rgﬁ}'%t %{J‘L’%%Gzaphgedato 11d 'k

a 1nto

clav% gl‘gea aujoiJ(?gB /owa? Eimsz-z

t he extru5|o mé ?

vol ume of tHe #a ik ’ér“re it eff® ‘l()“eatgd ST EF TR e vvat er
content onl¥ H‘é’t%létae?l gehardredng af A&Y P ufersfoc for 1

hour in ai rePyFes §‘t"a‘t"1‘t‘3 PR RS PYRY! into a flask and the

solids were recovered hy means of spray drying, wherein
20 the conditions were maintained such that the solids were
not exposad to a temperature abeve 300°C.

From XRD analysis of the non-calcined, spray dried
powder the following broad local maxima were identified
above 20=15°:

25 26.5° + 0.5 [corresponding to d value: 3.364 I 0.064)
34.3° £ 0.2 (corresponding to d value: 2.614 + 0,15}
60.2 £ 0.2 {(corresponding tc d value: 1.537 £ 0.005)

and are clearly seen in Figure 1. Bbove 28=15° there is
no reflection characteristic of Ni or Mo having a
30 characteristic full width at half maximum {(FWHM) of 2.58°
or less,
A1} secllds {both coarse and fine fractions) were
collected, and extruded without the use of extrusion aids

into a 1.3mm Trilobe form (Trilobe is a registered



5 catalyst has a crush strength conparable to
conventional systens. As a conparison, comercial HDS
catal ysts made via netals inpregnation of a preforned
support, commonly have a flat plate crush strength
(ASTM D 6175) in the range of from130 to 200 Ncm
10 Physical properties of the final product are
enlisted in Table 1. Table 1 Physical properties of
Exanpl e 1 product Method Value Flat Plate Crush
Strength 177.300 NNcm Bulk Density (Particle
Density)' 1.958 g/ml  MPoD (area)' 11.000 rim MPoD
(volune)' 16.700 nm Porosity' 43.130 % Total pore
volune (Total Intrusion)' 0.220 m/g Surface area'
68.351 ne/g Skeletal Densityl 3.444 g/m N trogen
BET Surface Area 2 75.000 n8/g Total pore volune for
pores (p/ pOcQud8id. Gnd 82r b Ak Nl GORk: SR8 Ny e dal O
%vvt measur egtwﬂigofrwigsc%ﬁ% Bk rtyéba.qez JI}E@%HI gd usi ngh
ni trogen adsQraLhqp va re e
solid in thit (EX@IIP ? our in Eﬁl? Bt&&l; %z bﬂ?ﬁjr{;
vvlthagomnq w%' les Os|tron 02 27
wt % 53wt % 50 W% 5 &eenﬁasfmp”t“ﬁh °r ‘é‘?”é?”r"f‘i’i‘%
the 20 noni MAF%er @ﬁt %"m%“fr 9P QBT L R EEEy=Fmad
sanpl e). AEASEYY WRTATRREIQNRF XRFFIGFPR PHRACF o nC PP N
of the spriaye dr FXat PARHMFBEIN TEEPNIEH AR (hELTFladk t0F  any
sharp 30 r#rpeet itemsiIovilei ¥R ¥emli cates that the
conposilfi on i s PhyaifdlyprXREE eyt e Lfdnal pyeduct jape A in
Fig 1. the plegende Taige Igrystal |l ine material woul d

gi ve one or notaelss haPysicabfprgetiionsf Ewdrphl virsued | y

woul d | ook “hdtk& shar p_peaks), Value
Flat Plate Crush Strength 177.300 N/cm
Bulk Density {Particle Density)! 1.958 g/ml
MPoD (area)! 11.000 nm
MEoD (volume)? 16.700 nm
Porosity? 43,130 %
Total pore volume {Total Intrusion)® 0.220 ml/g
Surface area' 68.351 m*/g
Skeletal Density’ 3.444 ¢/ml
Nitrogen BET Surface Area’ 75.000 n?/g

Total pore volume for pores (p/p0 0.98)% 0.182 ml/g
Nitrogen content 0.710 %w

* measured using mercury intrusion

? measured using nitrogen adsorption

15
The elemental structure of the solid in this Example is:

(Ni)1,g(Me)1,0(81)p.5(0)s5. 3

with a nominal catalyst composition of Ni-Mo-SiOp (27

wt%, 53 wt%, 20 wt% on oxide basls, thus referring to the
20 nominal weight% of NiQ, MoOz and SiO; in the sample).

As noted above, the XRD diffraction pattern of the
spray dried composition shows the lack of any sharp



5 while broad reflections refer to the presence of an
XRD- anor phous structure. Review of the XRD pattern
for the shaped (ie extruded and cal ci ned) catal yst
conposition showed this material to have a conparable
XRD pattern to that of the spray dried powder 10
Exanple 2 The activity of t¥e catal yst prepared in
Exanple 1 for hydrodesul furization of thiophene in
gas phase and also of gas oil feedstocks were
evaluated in this Exanple. Sanples of the catal yst
were crushed and sieved 15 to 28-80 nesh fraction in
order to avoid diffusion limtation during reaction.
The catal yst sanples were dried at 300C for at |east
1 hour before loading 0.2 g into a glass reactor.
Presulfiding is perfornmed under atnospheric

condi ti ons jefie@eenPh@nen (didcated kndd2Bel dnpd@i AL OQgeEN) ,
Wth a ranpeef, HCdifols ORkd 204 SITRES &l Wkprebaids) tO
270C, and hgl @ymﬁm nathe (I WLES psfoqs Gr mbAl Salg Lhe
tenperat ure.t & O %119 Jo@lt log n% L éa.kl)h,e
HDS rea§t| on E erl?o L pr nce g?qj D
nmeasured eve é/ ?1 l’? 3 pi [3a1 xJ’f'hour
and 4 hour $"§F&° ’e’té‘r"t %’b’l &br th"zxml'ﬁﬁltémzf“ the

Thi ophene t“é'é‘if“G@"rﬁ"h’“E?PO‘“ﬂl R oS ETROEFFon
39. 48 % 29. 83", *hify ARG LI BI° LY TRl RGPtz to
Hydrog./ tHi"8pRT-teHHeEayorsd ©v¥e6 Gas oil tests were
perforned wishdpirkhree feeds each 30 having a different
sul fur and nit kRYEE:16QPtRNhe chil1iNEHBparbEsh Txdub 1
activity ofgglhgafalRl%slaPERAMBEbohdhe agmlcigasle 24 was
conpar ed agg:iw%& o3s GHTRRLGIAl, Jarg%eimmhym pum on

al uni na cat Ei? R:hdC ftrhgrg%&ute&eﬁm Plast s

TeChnO|199I et masYl pcac on ?n order to avoidfcﬁg EOC S are

given in limitation during reaction. The catalyst samples were
dried at 300°C foxr at least 1 hour before loading C.2 g
into a glass reactor. Presulfiding is performed under
atmospheric conditions in gas phase {13 vol% HpS in

20 hydrcgen), with a ramp of 10°C/min from room temperature

(20°C) to 270°C, and holding for 30 minutes before
raising the temperature to 350°C again at a rate of
10°C/min. The HDS reaction of thiophene (6 wol% in
hydrogen) is measured every half hour at 350°C.

25 Data from 1 hour and 4 hours are reported in Table
2.
Table 2
Thiophene test 60 min 240 min
Thiophene conversion 35.48 % 29.84 %
Hydrogenation 14.99 % 13.82 %
Hydrog./ thioph.-conv. 0.38 0.46

Gas oil tests were performed with three feeds each
30 having a different sulfur and nitrogen content. In these
tests the activity of the catalyst prepared in Example 1



5 Table 3. SRGOL and SRGX2 are both straight-run gas
oils which are very simlar in conposition. L& is a
light gas oil. Table 3. Properties of feedstocks
used in testing Details SRGO SRA2 LG Density at
20/4 (g mM) 0.86 0.86 0.83 N trogen content (ppmw)
191. 00 165.00 58.20 Sul fursicontent, XRF (wt% 1.61
1.63 1.01 WV nono-aronatics (muol /100 g) 75.22 75.20
77.37 WV di-aromatics (muol /100 g) 33.59 34.78 29. 30
W poly-aromatics (mol /100 g) 13.02 17.99 6.96 10
Cat al yst sanples were | oaded either crushed or in
extrudate form and were diluted with SiC. During
testing, crushed materials showed conparabl e
performance to the shaped ones in ternms of reaction
rates. 15 Sulfidation was perfornmed in |iquid phase
according Ja ahAREALSA kRN Sdrhd dla1 PR Ed1LERybad B on
catal yst sahifa WaGarystUfoel b @0Ld Y1 PLEYRELGH oL oI LU
and at r 00 LGRRPREA, Ur €. Subsequently, a tenperature

program was apELlegg\tV\éeghl Igf tl’nn%e ato kaoﬁrezg vg II{- and
two tenper gy &, Bl aksaus, Lass Lha, 20 Lot 0 :
hours a q ’ﬁ'g 66‘1” “’6"’ he
sul fi dat i of"4ls e Sﬂﬁ‘ﬁﬁ AR i O
peri od of $Bhours. The condltl ons and results of the
gas oil tests are oibven. i Frojabls ok feddstoO4 1t1 N O!
VZMMM OSNHa Mh used in testing

Details SRGO1 SRGO2 LGO

Density at 20/4 {(g/ml} 0.86 0.86 0.83

Nitrogen content (ppmw) 191,00 165.00 58.20

Sulfur content, XRF (wt%) 1.61 1.63  1.01

UV mono-arcmatics (mmol/100 g} 75.22  75.20  77.37

UV di-aromatics (mmol/100 g) 33.59 34.78 29.30

UV poly-aromatics (mmol/100 g) 13.02 17.9% 6.96

10
Catalyst szamples were loaded either crushed or in

extrudate form, and wers diluted with SiC. During
tasting, crushed materials showed comparable performance
to the shaped ones in terms of reaction rates.

15 Sulfidation was performed in liguid phase according
to standard industrial practice. The catalyst sample was
sufficiently prewetted in situ and at room'temperature.
Subsequently, a temperature program was applied with an
increase of 20 °C/h, and two temperature plateaus lasting

20 for at least 5 hours at 150 and 280°C, respectively. By
deing so, the sulfidation was successfully completed
within a period of 36 hours.

The conditions and results of the gas oil tests are
given in Table 4.
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i 2.0eWf 933 74 NCCMmMmMHNNCuUumMm 400

VOqQ41OuVECOOOO . O11 MN.I 7V yC
AOoOmMNmMwCOZ0roO0OaO6V6rao$40014 F
mOOTO14 ONO%tOIl HOal .l Nj." I H1 .i r1
O 0OOwbi O0'JO0. OOTbD owZONd.i C I

.- LOG UWNO1Ui~4 081 FO. o O F E U 33 The
results clearly indicate that the catal yst of the
present invention exhibits at |east a 15C advant age
conpared to the conventional catalysts for the
treatnment of simlar gas oils (conpare the catal yst
bed 5 tenperatures). In other terns, to achieve
simlar catalytic activity in terns of sulfur
conversion levels requires a catalyst bed tenperature
of 360C using the conventional catalyst conpared to a
catal yst bed trenpeinisuies0f i3AbEWheN thiS bitgiae il K
met al oxi dehd Greainbyshciof okMBLtRrRSRBt b NYNidvIiagd N
Sone cases coﬁ@ﬁ&thﬁk:ﬂuechﬁtrenhi&ﬂhﬁE:atﬁ@{st:i @by th E[FLELRS of
hydrogen, tdi sambrpehi t,nss(c@,gda@mﬁdmmy@t »ey | ower
amount 5f Séélt;fe&!itukétde%?@@h@ chihs ! RE an[iQﬁauc fhan  when
using a corl,\g@ﬁgéﬂna% iv‘i@} ¥odns #Eesm.%g co?wefs on 19‘13ear| y

tenperat ure, Jconstant
seen in the A grbeegste ofat““lf’ “5 gdltidt ,

i.e. the che ven&a?al ?ﬁtﬁlﬁ At EPPEoE e E”af?e"sbf’e‘f he

Exan‘pl ? 1 ﬁi angature af 345°C when using a bulk metal oxide
catalyst of the present invention.
In some cases, especlally at higher partial
pressures of hydrogen, this benefit is enhanced, i.e. a
lower amount of sulfur is detected in the product than
when using a conventional catalyst keeping the
15 temperature benefit constant. This benefit is clearly
seen in the dramatic decrease of sulfur in product, i.e.
the change from Run D to E in case of the Example 1 NiMo
catalyst {sulfur in product decreased from 220 ppmw to 18
ppmw), while in case of the conventional NiMo catalyst,
20 under similar variation in testing condition (moving from
Run B to C), the change is less pronounced.

The catalyst composition of the invention also shows
a good aromatics conversion, particularly at the higher
hydrogen partial pressure.

25 Example 3
The preparation process described in Example 1 was

followed, except that the applied amount of ammonia was
reduced to 0.90 mol N/mol (NiOD + MoO3z) - 70 wt% of the
NH3 amount used in Example 1. The elemental atructure is
30 very similar to that for the materlial prepared in Example
1: Nig g Moj.p Sig.g9 Os5,7. The nominal catalyst
composition is the same. The XRD diffraction analysis
pattern given for the spray dried powder shows no
chservable crystalline sharp reflections, thersfore



catal yst (sulfur in product decreased from 220 ppnw to
18 ppmv), while in case of the conventional N M
catal yst, 20 under simlar variation in testing
condition (noving from Run Bto C), the change is

| ess pronounced. The catal yst conposition of the

i nvention al so shows a good aromati cs conversi on,
particularly at the higher hydrogen partial pressure.
25 Exanple 3 The preparation process described in
Exanple 1 was followed, except that the applied
anount of ammonia was reduced to 0.90 nol N nol (N O
+ M03) - 70 wt % of the NH3 anpbunt used in Exanple 1.
The el emental structure is 30 very simlar to that for
the material prepared in Exanple 1: NO,9 Mol.o Si0,9
05.7. The nom nal catalyst conposition is the sane.
The XRD di f tcrgi Dar s kynpbAtiopalst @bir1gixiSBrdrelont he
spray driedpaviles sSR0ME 190 TRDERLNAKY Srokd Ysdaldaking

sharp refl eg;,geqmnuhgggggvgrﬁ_gér showi ng that the
conposition is clearly XRD anorphous (see line B in

Fig 1). The2¢.8t kow neprbspeardingoall vabxt 1Fa327 et ®62)

i dentified v 15: 26.8 f corresponding to d
vatue: 3 323 I0F 55y tiengspiabna vap Jutuat ot B oRAMg 1o d
val ue: 2. 6140 20 @15 ) corBdpehdingOeadd (vetiet @S5poNnds gt 0 d
val ue: 1.537 0.007) Exanple 4 The preparation
described i 28848 e 1 was used, except that the

appl i ed amount 3P Pé??ﬁf?ﬁf"’é’ %é%”ii’%’dﬁfté’ffm?‘ﬁ LYE BPeR3 nol
N mol (Ni O $*RE0S)2t-theGPRifed outther RIS™Mantsa edirs@dei n
Exanpl €%1. THé nel dront @O $tMetdt ure Y ohght MHay eroynt
simlar to bdeatinfenpiie. nuteceiendnty epasde i alaanjske
1: N |.O0 MefhifrSicOtnat @5y Ohe adtdriaherdpardanal eamdial st
conposi ti onwi;So MBL ; $APB. 0515 Heelonindl cXRDrst

di ffraction patdiern Qfunl Neecatalyst catalyst clearly

shows significant crystalline material to be present
(see | |1F|e Cin !-prvﬂe&) an XRD diffraction pattern of the catalyst

catalyst clearly shows significant crystalline mataerial
to be present {see line ¢ in Fig 1}.

Example 5 .
Catalysts prepared as in Examples 1, 3, and 4 were

20 compared against a ceonventional supported NiMo catalyst
{DN-200 from Criterion Catalysts & Technologles) for the
conversion of a sulphur and nitrogen containing straight
run gas oil at industrial gas oil hydroprocessing
conditions. The catalysts were tested in extrudate form

25 at a catalyst bed temperature of 345°C, a pressure of 60
bar of hydrogen with 200 Nl/kg flow rate for obtaining
activity data on HDS, and at a pressure of 40 bar of
hydrogen for HDN data. The relative volumetric -
activities are listed in Table 5.



Exanple 5 Catal ysts prepared as in Exanples 1, 3, and
4 were 20 conpared agai nst a conventional supported
Ni Mo catal yst (DN-200 from Criterion Catal ysts &
Technol ogi es) for the conversion of a sul phur and

ni trogen containing straight run gas oil at _

i ndustrial gas oil hydroprasessing conditions. The
catal ysts were tested in extrudate form 25 at a
catal yst bed tenperature of 345C, a pressure of 60
bar of hydrogen with 200 NI/ kg flow rate for obtaining
activity data on HDS, and at a pressure of 40 bar of
hydrogen for HDN data. The rel ative volunetric
activities are listed in Table S. 35 Table S. Effect
of ammonia on the relative volunetric activities on
SRGO feed Catalysts Relat ve Re ative Relat ve

amount of Vol unBipieCs HRS e MR dNBlabdie DN DRI @ (t)
Activity (1) ActhleuJet)is%em&ksqnaéasd\lkm - 10 100

Exanpl e 1 100 289 307 70 164 145 Exanple 4
40 150 227 “fHe¥*tonvent | omtm Moy, St 4,n§ Y
pore 5 vol une_i npregnat mebniefis)a @ 1 Onak RNa

support, SRS M¥et h HRS and H °act|V|ty *The
ot her cat almsps 3 are bul k met al oxi de cat al yst1ss of the
present i n»géﬂlf-lﬁeh—m—#e#ﬁhgq—n—ph-é—anw%eﬁ%mm a

used during the re the cataly
resul ts, i ndj cal® FRIFS ‘6‘4 e ST g? el post©

(ammoni’a) appitedHEA ‘%ﬁ‘ jo SPAFAYPBR a&?‘"fl&tsgppf’ﬁt
activity of fHEEtear &Y 2 Bl 1t b 572 Ohe T r BEUNEE
denonst r at 27 Ptk peral ea’tdal‘i?E‘tlg‘“df"ft‘H‘@ REPRPRH PRt Lon
cl ear |y havdfémingdirareaevritnet yoeta$ard gFizmeteni t r ogen
renoval actdreparstiemnp ahedaiadyst heThel Bspibpadicrontiat
syst emi¢ Exairpla@owt of alkaline (ammonia) applied during

preparation affects the activity of the catalyst.

Furthermore, the results demonstrate that the
catalysts of the invention clearly have an advantage in
both sulfur and nitrogen removal activity compared to the

15 conventional system.

Example €
Catalyst having the nominal composition of Ni-Mo-

0/5107 (26%-54%-20% solids weight ratio).
In a 2 litre flask, 116 g Ni(NO3)2.6H20 and 68.3 g
20 ADM (technical grade, 56.5 wt% Mo} were dissolved in 800
ml water. During heating to 80°C, 17 g of HNO3 (65 wt¥
solution) was added to obtain a clear solution having a
final pH of 2.8. 24.6 g of silica ({Sipernat 50)
dispersed in 200 g water were subsequently added to this
25 solution. To the resulting slurry an ammonia solution
{NH40H, 7 wt3) was added slowly until a pH of 6.8 was
reached. During addition of the ammonia solution
precipitation occurred. The suspension was filtered and
the filter cake washed with water. The filter cake was



Cat al yst having the nom nal conposition of N -M-

Q' 5102 (26% 54% 20t solids weight ratio). Ina 2 litre
flask, 116 g N (N03)2.6H20 and 68.3 g 20 ADM
(technical grade, 56.5 wt % Mb) were dissolved in 800
m water. During heating to 80C, 17 g of HNO3 (65 wt %
sol ution) was added to obtain a cl ear sol ution having
a final pHof 2.8. 24.6 g of silica (Sipernat 50)

di spersed in 200 g water were subsequently added to
this 25 solution. To the resulting slurry an ammoni a
solution (NHAOH, 7 wt% was added slowy until a pH
of 6.8 was reached. During addition of the ammonia
solution precipitation occurred. The suspensi on was
filtered and the filter cake washed wth water. The
filter cake was 36 redi spersed in water, filtered and
washed agaifaisphifed 30tz Va5 oo Gla I3 God:Ql AR

of ot 1 usl oL ol N Mt AR e T or 5
nour's and PR ek SR g 0o <
kept at, 300¢ Tor 1 our_z an en. cooted: ocyl: efd the
catal yst. ‘EFbAEAMArT &9 ol b &°%%F ERE Lal®ihEd sanpl e
Ni 1.9 Mol. G°BT23% B8 foBeE T ¥¥arPacasi¥¥a of the

cal ci ned sdl'P¥idsstosturepeigthe doippd spigiesl pore vol une
(N2) neasurdd. aufrit® $953 ’m4on the B.E. T. adsorption
curve was (.26, dukfhce TR SOMMROSL LN sVAS wva£ Qs hTygbe

XRD- amy’ phos -eoby gfRDvoR& (V1 seasul B uf @b ls@WnNE B0ad
| ocal nmaxi NP Er g, Ldent i fied z%bi)_ve 0-(r)15: 15 27.2
o adso was 3 g

0.2 (correspondin Fo°8 Varde "0.023) ..34.3

0.2 (corres 868‘?‘%8“%%5‘ gevErDde B8 B ’.“UTB%’ **B0. 6
0.2 (corresPdHaing T B 0Era& 2t 893 "FBo%F° Exanpl e
7 Cat al yst i9anrtfigd theverddmsival conposition of 20

Ni - MO & Si CG2.£°269625 4% c20maak ivdsd wauehs. zratiw)23) The
catal yst wag, prepar ad:fe9ld@MiNg 4 Blue: 2.614 £ 0.015

60.6° £ 0.2 (corresponding to d value: 1.528 % 0.005)
Example 7
Catalyst having the nominal composition of
20 Ni-Mo-0/310; (26%-54%-20% solids weight ratio).

The catalyst was prepared following the
pracipitation route described in Example 6. Ammonia was
replaced by sodium carbonate (analytical grade}. The
recovered precipitate was dried and subsequently

25 extruded. The B.E.T. surface area of the powder was 188
m2/g. The pore volume of the powder, measured up to 95
nm on the B.E.T. adsorption curve, was 0.19 ml/g.
Elemental structure: Nij g Moy, Si1.7 Og.3
Inspection of the XRD diffractien pattern of the
30 catalyst composition showed the catalyst to be slightly

crystalline,



precipitation route described in Exanple 6. Amoni a
was replaced by sodium carbonate (anal ytical grade).
The recovered precipitate was dried and subsequently
25 extruded. The H. E.T. surface area of the powder was
188 n2/g. The pore volunme of the powder, neasured up
to 95 nmon the B.E. T. adssrption curve, was 0.19 -
m/g. Elenmental structure: Nil.9 Mbl.0 Sil.7 08.3

I nspection of the XRD diffraction pattern of the 30
catal yst conposition showed the catal yst to be
slightly «crystalline. 37 Exanple 8 (conparative) In
this exanple, a catalyst was prepared following the
procedure of WD 00/42119 Exanple 3 assigned to Exxon-
Mobi | Research and Engi neering Conpany, US. The S
preparation was slightly altered with the addition of
10 w % si | pampllets thRpdruiigst at e/ nol ybdat e sol uti on.
This was t houg:htm@@@@é@ﬁr Ya &ﬁaiﬂprwgysripbﬁu%%ﬁ@{nﬁl on
of the soligh, ﬁ@@ét@rea&t & o@/ﬁ?ﬁb R‘.'xlr%ﬂ QMygsigllén Qrg

COfT'pOSI ti onuogil Rtngrcﬁ nl:l n J.?x er@

o e PR 1/’1 mh € DRILS o

bal anced Wi 5'% ca > ” 23 oh o ae Bast

The cat al ys WAS ccT ° d“" 'i““gfﬁ '“ﬁ\li’ébrdﬁ'f" fﬂl“ﬁ‘ﬁ’b‘ T4t 81“’ned
at 300C for® “?16&"“’1'?1’%( 2 ﬁﬁf%htt“ﬂé‘hﬁ’wmbf’f £, golid
powder af t P28 F"r?g pé?ﬁip’cté"fie‘i‘ nafeJieinat coroBsioy ¢ . 15
The H E T. S@rTdtbiateaseire thd ¢4I"Pnetp-30Ft donas 162
n2/ g. The p¥a-@ weblNderen oxive ageiscichlanged @itd5. mMmORLLibe

B. E. T. adsorfds¢ en ocguei@sisy was 0. 153 nl/g. Both surface
area and pore ek uatlfsl JasWiciddi 4t tdoec bARGRNOEN
preferred &Rgira@s:deserobadndub. tHR ELAN d2lly pat ent
pUbl i cati ONthe &Qdéxﬁm @:ygngl:ﬁudl caﬁé’ﬂ!ﬂgﬁm( wyd 69‘59 g/m), .

strai gh; -r u‘ﬂaegﬁﬁ 'iol Jurfé% tapea of 1?’1“' ééiE;nQQQLﬁQtwanJ_szl 45
w % and a n|2t [ ogghn cont ent

hydr ot reat ed E;Tas 01 17" Wi vflﬁme - meF?“red g‘Pﬁ? é’ic"lt’““o‘zl" 8. 092
wt % wer e processEICBIEY CFITshed® Cdraryst Saipfusace

area and pore volume fall within the Tange of preferred
regions described in the WO 00/42119 patent publicatilon.

20 Example 9
Full range {(*virgin®) straight-run gzs oil, with a

sulfur content of 1.45 wi% and a nitrogen content of 149
ppmw, and hydrotreated gas oil with a sulfur content of
0.092 wt% were processed over crushed catalyst samples

25 prepared as in Examples 6, 7 and 8 in a small pilot unit.
General process conditions resembled those of industrial
practice - the test was performed at 60 bar hydrogen
partial pressure, with 200 Nl/kg hydrogen flow rate at
345°C over freshly sulphided catalysts. ‘

30 Relative volumetric activities in HDS reaction are
listed in Table 6, where the catalyst from Example 8 is
taken as the reference in performance.



25 prepared as in Exanples 6, 7 and 8 in a small pilot
unit. General process conditions resenbled those of

i ndustrial ©practice - the test was perforned at 60
bar hydrogen partial pressure, with 200 N /kg
hydrogen flow rate at 345C over freshly sul phi ded
catal ysts. 30 Relative volusetric activities in HDS-
reaction are listed in Table 6, where the catal yst
fromExanple 8 is taken as the reference in
performance. 38 Table 6. Relative Volunetric HDS
activity over virgin and hydrotreated feeds Catal yst
Rel ative Volunetric Relative Volunetric (Exanple No.)
HDS Activity over HDS Activity over virgin SRGO feed
hydrotreated SRG feed N -MOW (Ex. 9) 100 100

Ni - MO Na2CO8 (Ex.7) 131 45 N -MJNH3 (Ex. 6) 698 173
The activity admsnt ageredftitd1@ibiet M/ M6iXcERAD) Ere?

havi ng t he hi gher nomqﬁg;{n g,{dlﬂyg,g,tgaggdefged,l n

distill ate w05 ey
feeds, is CI(EBa!Me NoThe equmpahemﬂtxs | e Ho
sodi um carbonate shows a Y563 Sperie rrarf’é%‘“‘f‘&f“ SRGO
renovi ng SURFEEER QB L Ne VI rgiﬁ—smm'-'r'tmo—gmrl

too. 10 Exafjplért®3car-al yst haying the nomi ndf
conposi ti on—em#b—%—@—é%%-@%-{-@%—%—

preparation route dgisg{yl bed. | in ol;xgm)tli %p@il_\gas ladj ust ed

so that the Ni/Nb “atom rattlor

subst anti al ! i’f%é”es%fﬁﬁe;r RRAPE s{”t’réa §?’ItF’?:"a PotkeEitatgas
reduced to FI7ePTREAFEHAI Vissdn g et eeated fRednf Lo oler %
The obt ai nefPesesui wlonissamle serared] AT sodar Frefarate and
subsequent | ghors asdred peafdrmgice \fod rETRvERg281 83 freslthe
fraction. Wireirsetrpibhtvasn piresiicbci ned at 300C for 1
hour. 3§ El gnental, structure: Ni2.0 M1.0 Si0.9 06.7

Catalyst having the nominal composition of
Ni-Mo-0/8i0; (31%-59%-10%).
The p;eparation route described in Example 6 was
adjusted so that the Ni/Mo atomic ratio remained
15 substantially the same, while the silica content was
reduced to the nominal -oxide basis value of 10 wt%.
The obtained solid was dried at 120°C overnight, and
subsequently crushed and sieved into 28-80 mesh fraction.
The solid was then calcined at 300°C for 1 hour.
20 Elemental structure: Nigz g Moy, g Sig,9 0g.7

The XRD diffraction pattern showed that the catalyst
composition has a low crystallinity (see Fig. 2}.
As the same process as Example 6 was followed, it
appears that direct precipitation (using fully dissolved
25 metals) cannot provide amorphous materials for low
nominal silica content catalyst compcsitions (of around
10 wt%).



The XRD diffraction pattern showed that the catal yst
conposition has a low crystallinity (see Fig. 2). As
the sane process as Exanple 6 was followed, it
appears that direct precipitation (using fully

di ssol ved 25 netals) cannot provide anorphous
materials for | ow nom nal sishica content catal yst
conpositions (of around 10 wt% . 39 Exanple 11

Cat al yst having the nom nal conposition of N -No-

QS 2 (204-404-40% . The preparation route described
in Exanple 6 was 5 adjusted so that the Ni/M atomc
ratio remai ned substantially the sanme, while the
silica content was increased to the nom nal val ue of
40 wt % The sanple was dried at 120C overnight. After
that it was crushed and sieved into 28-80 nesh
fraction, amgsmpifdical cined at 300C for 1 hour. The
B.E. T. surface aigfs@hbfhg khi SonhRolRAl MRS %%ﬁ«oﬂg/ 9.
The pore voloydie, (2dasuieed up to 95 nmon the B.E T.
adsorption curv El enental structure:

was .29 m/g.
Ni 2. 001.,0i 6. 301F .‘1""@%“7“%8" 6%‘%6‘3???‘%% Refxawpde b v28 pe
XRD- anor phod& ByFHETF 2H 51 Poive atemie *ptie| woriaet br oad
| ocal maxi wﬁ“‘?ﬁé%/’@i’lilﬁéh‘*t PREedhdBdbe spbied Sontpdt Bast (. 7
(cor r esponditFferssd do Ve gening. Tgge p£ @0 MS) 34.3 0.2
(correspondi ng T mRialW3e driedGaE4120°Q o @Ebight . 20660 Lip
0. 2 (correspbrdé mgpste ghdveibed: into 3830 fmeth GRDYion ExamiTpl €
12 Ful 110r angelcffied] atgion”d fat T abghtrhe BOE.QASufats a8 d
hydr ot r eat edsi@asnOi kreWBanPLACERSRI  OVARL LLHSHER.
cat _al ySt Samhﬁﬁ @f to%ﬁp l:n@ t@e B.@.(’Rnpz&sgrplpona&(;lvmgpl €
11 in a 25 gmaldypilot unit. The virgin feed contalined

1.45 W% syl lpnd tatal nit ep content of 149
ppnw, whil e_t he tah:>/dr ot r eatﬁela"’?’ggapiéo%f%ﬂlned 0. 092 wt %
sul fur. TheT]feeg?mpo ition was seen to be XRD-amorphous by XRD

analysis. The following broad local maxima were
identified abova 20=15°:

23.§°/i 0.7 (corrasponding to d value: 3.786 + 0,115)
34.3° £ 0.2 (corresponding to d value: 2.614 * 0.015)
20 60.5° £ 0.2 (corresponding to d value: 1.530 + 0,005)

Example 12
Full range {“virgin”} straight run gas oil, ard

hydrotreated gas oil was processed over crushed catalyst
samples of Example 6, Example 10 and Example 11 in a
25 small pilot unit. The virgin feed contained 1.45 wt%
sulfur and total nitrogen content of 142 ppmw, while the
hydrotreated feed contained 0.0%2 wt% sulfur. The test
was again performed under the typical industrial
conditions of 60 bar hydrogen partial pressure, with 200
30 N1/kg hydrogen flow rate at 345°C over freshly sulfided
catalysts.
Temperatures required tec process to 50 ppmw sulfur
in the product are calculated based on the performance,



was agai n perfornmed under the typical industrial
condi tions of 60 bar hydrogen partial pressure, wth
200 30 Ni/kg hydrogen flow rate at 345C over freshly
sul fided catalysts. Tenperatures required to process
to 50 ppnw sul fur in the product are cal cul ated based
on the perfornmance, 40 and #éhese are conpared to a

| eadi ng industrial N -M catalyst over the sane
feeds. The required tenperatures for all catalysts
are listed in Table 7. Table 7. Effect of nom nal
silica content on the relative activity Nom nal
silica Required tenperature Required tenperature
content, (mt% for for (Exanple No.) 50 ppnr sul fur
50 ppmw sul fur processing 'virgin' processing
hydrotreated feed feed N -No/ref 345 315 10 (Ex.
10) 340 312 a@d)tfelsx .aré romprdd 330 14MQirgEthdustddal 2312 5
In Tabl e 7, chaipie/dvef tkebme ebdd. A vhe fehhitda ItRfbdsbia!

al um na suppey kRdcdtaiyatsy sle Wstdd N 1dN0s GOMPOSI tioON
(code- nane Dl\l-%%mg obtai nable from Criterion
o

Catal ysts & T& GF1aey of pepifaippidicn copppotipatther t he
per f or mance of the 10 cat éF’y%{“’" 't“ﬁ%?iFlbwer the
t enper at ur :'-,- slltc’e ATTER: p e YR ek SR
sul fur cont producs . This tabhle &reg
denonst r at es t hat N‘%Ee beésa&me “#ligﬁn@ancgeac?};fﬂésflm
tenperature ‘ 0
nom nal sil m:azxcomtent in th:aobul k netal o>§ude 15
catalyst. Ek&fplsy 13 Catal y§g haV| ng the féhi nal
Conposi t| on of N -ND- OAI20
In Table 7, Ni-Mo/ref refers to a 1eading industrial
alumina supported catalyst with Ni-Mo compesition (code~
name DN-3110, obtainable from Criterion Catalysts &
Technologies}.

In Table 7, the better the performance of the
10 catalyst, the lower the temperature that is reguired ko
achieve the same sulfur content in the product. This
table clearly demonstrates that the best performance —
the lowest temperature required — could be obtained with
20 wt% nominal silica content in the bulk metal oxide
15 catalyst.

Example 13
Catalyst having the nominal ¢composition of Ni-Mo-
0/Al303 (26%-54%-20%).
The s0lid was prepared by following the
20 precipitation and filtration route described in Example 6
with the modification of replacing the silica with an
amorphcous alumina source. After precipitation, the
solids were recovered by means of filtration, and
subsequently washed. The water content of the solid was
25 adjusted by heating at 80°C for sufficient time to obtain
water content sultable for extrusion.



The solid was prepared by follow ng the 20
precipitation and filtration route described in
Exanple 6 wth the nodification of replacing the
silica wth an anorphous alum na source. After
precipitation, the solids were recovered by neans of
filtration, and subsequentl4y washed. The water
content of the solid was 25 adjusted by heating at 80C
for sufficient tine to obtain water content suitable
for extrusion. 41 The solid was extruded and dried at
120C overnight. This treatnment was foll owed by another
calcination at 300C for 1 hour. The sanple showed a
B.E.T. surface area of 132 n2/g. S The pore vol une
(by N2), neasured up to 95 nmon the B.ET.
adsorption curve was 0.23 m/g. Elenental structure:
Nil_2 M1,0 AlIThg s88d5adhecoiftia gidfl ddacid e @atdSidae.
i ndi cates ariediceamén® la®Wol1eksShyd hdokbrt 31 Whidlo,shar p
refl ecti onsswharact abdstic of 10 the NiNo netals in
the conpositi Oy, I 4 rudat e having the
noni nal s conpgsj L] gﬁ%gf:ﬁ%%%%f& $5tegs 3ppy of 132 m?/q.
(26% 549- 10% 1005 . 1 £11 %'p"8p%Fe Mhke 9% fm on the
prepar at i on et hts§eBFion 1g-EemN @3 814gas nodi fi ed such
that on wei YAt "bYsPEuetyre: aMimi2riMemos®lat s pepl aced hal f
of the anpubie X8p @ifricgon pattedrBleleatdd AchHiGVE, 14 S,
Al (N03) 3. 6H2Dsmaesinagdaeh iarp e r1esdibhL asll i ¥e sRESFOT €
addi ngid t twetdigo mEhdd 46 QhdibdnPbbiriofien addi ng the
al kal i ne sql, tigq,‘ a precipitation of the 20 al um na
occurred t@#ﬁ'@&'qm’tth ot her conpounds. The obt ai ned
solid after fjlTratrof*ias =t pednadt comptiton o& Mgt .
The sanpl e W&¥2EHIBhEG *4Hd%i®™ed into 28/ 80 nesh
fraction, and Stbsbeprersrhyionatie mephratiod@knta ofor 1
hour. Y5 ElRreh¢ &|ves moditedr Sich Mhdt, & MagnObSh a8 A10. 9
07.8 B. E. Bludowf sade ragleced. halB ofthg) amount of silica. 1In

order to achieve this, Al (RO3) 3.6H20 was added to the

silica slurry before adding it to the metal solution.

When adding the alkaline solution, a precipitation of the

20 alumina occurred together with other compounds.
The obtained solid after filtration was dried at
120°C overnight. The sample was crushed, and sieved into

28/B0¢ mesh fraction, and subsequently calcined at 300°C
for 1 hour.

25 Elemental structure: Nij, g Moy Sig. g Alp.g O7.8
B.E.T. surface area : B3 m2/g
Total pore volume (N3y: 0.12 ml/g

The composition was seen to be XRD-amorphous by XRD
analysis. The following brozd local maxima were
30 identified above 20=15°;:

18.9° + 0.3 (corresponding to d value: 4.695 + 0.073}
22.0° + 1.0 (corresponding to d value: 4.040 0.190)




Total pore volunme (N2): 0.12 m /9 The conposition was
seen to be XRD- anorphous by XRD analysis. The

foll owi ng broad | ocal maxina were 30 identified above
20-15: 18.9 0.3 (corresponding to d val ue: 4.695
0.073) 22.0 1 1.0 (corresponding to d value: 4.040 ;
0.190) 42 35.0t 0.3 (correzponding to d value: 2.564 -
0.021) 61.7 0.5 (corresponding to d value: 1.503
0.011) Exanple 15 Catalyst having the nom na
conposition of Ni-M- 5 O Si02 (26% 548-20% . In a 600
m flask, 58 g Ni (N03)2.6H20 and 34.15 g ADM
(technical grade, 56.5 wt % Mb) were dissolved in 400
m water together with 6 g HNO3 (65 wt % sol ution). The
tenperature was raised to 80C under constant stirring
to 10 obtain a clear solution. 12.3 g of Sipernat 50
was di sper st &1 52c:boRIND0 8 3OkULLAN 23H N A

room tenpegature. . The net sol ution was_slo
punped into the%asn;[r%c%feé' %n?hgcf'f SITEFY L unte % 04 PH of

6.8 was reabtsmele 15The precipitate was filtered,

washed, redi speredgt Hebidy tHeanthanRehpsAsRAGtagALN. The
filtercake w@sodraepdamtzos) 120C overni ght, pressed,
crushed and si gyqdg@tq2 ) l.Ze | ci I on
was carri edm:,gu&|a at ics;gogg{aﬁp Wﬁﬁgmr%gﬁbmf)&%a@%&r
from room t gnper at ire)? 2P &S LAl ) e 4lspelEedrin 400
surface area Of -27¥°HPFg*th 5@ Hita ‘45 Bt atlupisrle VRBEUne
(N2) vol une-<BFererusg vpg £3jsedife 9°C wpedrcéongthitomtiating GBC,

t he apphr emPtefers pispr gbluthm. sabpl €of was s 70 wknl .

El enment al stipepseadr B 5Nd 2f Hnfpinid Sbrkt SA 145 Fefihg: room
CONMposSi t i ortenEgatseen e mass 1 XdMata 60 kN QWL YO mpdaDi nt 25
anal ysis. Tie sugdnk0winga breagd uhac al pHTHX b J¥BaWEle8ched.

i dentified mboeiglizddvas?Biberba, Oudbndf GolGnQRMI Ng to d
val ue: 18. 77ﬁlte@ec0§rﬂ:l) was%- é]gain.o-'l'lle (fgﬂglr.cg&oQJdelqugd t;ip d

val ue: 2. 6CI§O°CCLV£4%Zth, pressed, crushed and sieved at 2B/BO
mesh size. Calcination was carried out at 300°C/lh (with
ramp of 200°C/hour from room temperature).
The sample had a B.E.T. surface area of 271 m2/g,
20 and a total pore volume (N2) volume of 0.38 ml/g. After

calcination at 300°C, the apparent density of the sample
was 0.76 g/ml.

Elemental structure: Niz 3Moj pSig, g014.9

The composition was seen to be XRD-amorphous by XRD
25 analysis. The following broad local maxima were

identified above 26=15°:

23.6° £ 0.4 (corresponding tc d value: 3.770 & 0.064)

34.4° £ 0.1 {corresponding to d value: 2.607 + 0.007)

60.5° £ 0.2 {corresponding to d value: 1.530 + 0.005)
30 Example 16

Catalyst having the composition of Ni~Mo-0/S102
(26%-54%-20%) .




60.5t 0.2 (corresponding to d value: 1.530 0.005)
30 Exanple 16 Catal yst having the conposition of
Ni -MO-0/Si02 (268-548-20% . 43 46 g NNCO3 and 68 g
ADM (technical grade, 56.5 w* M) were dissolved in
300 m amoni a solution (25 % NH3) at 50 to 70*C.
25 g Sipernat 50 was added #® the clear solution. The
excess of water was evaporated at 80 5 to 100C, during
whi ch process (co)precipitation occurred. The heating
was continued until all liquids were evaporated and
the solids were recovered after additional drying at
120C. The catal yst was then calcined at 300C. 10
After calcination, the B.E.T. surface area of the
sanpl e was 160 n2/g. The pore volunme (N2), neasured up
to 95 ran on the B.E. T. adsorption curve was 0.282
m/g. El ement ad6 stiiergtand €8 gNioll, Bedthikal 9SidQ, 35Q5m§ The
XRD di £ 1 ackioRepatib@ifkol 0% At TBLELD2s Je?
showed shar pu,f ekl RCL 'S |2rgd4g HJQ F %Qés a”f i ne
cina

mat eri al wasg;.Rf on.d Lsof DELGAL
t enper a ur etcl, ??Eﬁgl ian%ﬁ@L,I% tec:o(%n &ht PEPPBheLaed’

which crys i t Fé’f%f’“" "e"é?’gcitpbtaﬁé"na resul t
of recoverL& ?h the 'Tea%i“gﬁ’ é?f‘g PAETGH 212 dimtdnpl e
17 Cat al yst 115v‘|"?f’°r%tﬁ% ’ﬂ‘bﬁ?ﬁwé‘f“%’oﬂﬁfﬁs"ﬁf‘lvmdﬁftﬂ Mo-
Qs (263“@&’%’ UEYinEOT TRON OCBe Eatebdnivealthgr ade
39.5 wt %, 924inga ADMPCt echni cal grade 56.5 wt % M)
and 45 sili c@f{i pecmation,2EheS). Mok fhcs Re4eS 6f tie)
1485 g wat esample B3GooWald.€ 18l ipblel Nome! i, f ogmahm lurry.

56 g anmmoni m xéd
sl u?ry, and%@]aﬁéffuét;f: 2:2‘5% V\ﬁsc’ t%ec‘gf’%f‘?ilu\ﬁ% "%ﬁray

dried foll ow n e procedd b“’o’?’l -EX4rhPE81. The
obt ai ned powde ?/\é%" Pi&eskign rerteshef thm drid@ meieavad
into 287 80 TR WpFRoretiyttinndriionting shatacuysedLios !t

material was prasent, despite the caleination temperature
control and ammonia concentration used, which
crystallinity therefore appears to be B result of
recovery of the solids by evaporaticn.

20 Example 17
Catalyst having the nominal composition of Ni-Mo-—
0/8i0z (26%-54%-20%).

109 g NiCO3 (technical grade 39.5 wt¥), 124 g ADM
{technical grade 56.5 wt% Mo) and 45 g silica (Sipernat
25 50} was dispersed in 1485 g water at 80°C, while
stirring, to form a slurry, 56 g ammonia solution (25
wt%) was mixed with the slurry, and aged for 1/2 hour.
The slurry was spray dried following the procedure of
Example 1. The obtained powder was pressed, crushed and

30 sieved into 28/80 mesh size. Calcination was carried out
at 300°C/1h (with a ramp of 200°C/hour frem room
temperature) .

Elemental structure: Niy 1 Moy p Si1.9 0g.1



at 300C/ I h (with a ranp of 200C/ hour from room
tenperature). Elenental structure: N 1,1 M1.0 Si1.0
06.1 44 The conposition was seen to be XRD- anorphous
by XRD analysis. The follow ng broad | ocal maxim
were identified above 2915: 26.7 f 0.5 (correspondi ng
to d value: 3.339t 0.063) 46 34.2t 0.4
(corresponding to d value: 2.622 * 0.030) 60.2t 0.3
(corresponding to d value: 1.537 t 0.007) Exanple 18
The preparation nmethod described in Exanple 17 was
applied with the nodification of replacing amoni a
with 10 anmoni um carbonate salt. In relative terns,
100% of ammoni a equi val ent salt was added during the
reaction. Elenental structure: Ni1.0 Mol.0 Si0.9 05.8
The conposition was seen to be XRD anor phous by XRD
anal ysi s. THe ¢obdsdwiongrabrseadtd B¢ Rko-RdXpHeBs WekEp 15
identified aiboyss28mbStolPfing plad1aPbASPGRE N to d

val ue: 3. 33%uentk Ve’ dpovesJo-ise: 0- 5 (corresponding to d
.2t 0.4 (corresponding to d

val ue: 2. 6225 7‘0*8’3%) 60
val ue: 1.537 7 07 009) ESRRINY 109 78lUh e - 4100k P06
preci pi tati 8h2t d0t & (errseappridény tond Exbwpl2es221+ vasoused
to prepare €0.80kiods fieamrapbidigaso aNERAL UM37di FRYbdat e,
and COCC3 (Exggggil%al grade 59.8 wt% CoO) wth a
nom nal co ' of 27 wt% CoO 53 wt % MDO3 and 20
Wt % Si 02. The. B. EPTPREPPaResn oy dacrdbedt Hobraaplal isveas25
after extruSFPOICVAE® ¥oF Mt catimR op sPriacia ameoniARIthas
measur éd up Y CAETPYHTE tSREE - B.IE. fTlatfrds et i DY odr ve
was 0.24 nfPgRis pretteierhlsakt vagcaddededuring the reaction.
CoO, gMOL, OFier s, e-rRtarsXRB1idiof Hog acsiioon opat t er n showed
crystal | i nerhadosgosstiion 36 Phe@OMNe 3RBLaSbidods  QMkdoNe
presence ofanenBad.t 1h8 tbh1QuwingdkredayShal maxima were

15 identified above 28=15%:

26.7° £ 0.3 (corresponding to d value: 3.339 % 0.037)
34.1° * 0.5 (corresponding to d value: 2.629 + 0.038)
60.2° & 0.4 (corresponding to d value: 1.537 & ¢.009)
Example 19

20 The slurry precipitation route described in Example

1 was used to prepare a solid from silica, ammonium
dimolybdate, and CoCO3 (technical grade 59.8 wt% Co0)

with a nominal composition of 27 wt% CoO, 53 wta MoO3 and
20 wt% Si0Oz. The B.E.T. surface area of the catalyst

25 after extrusion was 74 m2/g. The pore volume (N3} as

measured up to 95 nm on the B.E.T. adsorption curve was
0.24 ml/q.

Elemental structure: Cop, gMo]_9Sip. o905, g

The XRD diffraction pattern showed crystalline material

present arising from the presence of cobalt in the
catalyst.

30



45 Exanple 20 The slurry precipitation routs
described in Exanple 1 was used to prepare a solid
fromsilica, amonium dinol ybdate, N CO3 (technical
grade, 39.5 wt% Ni) and 5 Co003 (technical grade 59.8
w % CoO wth a nomnal conposition of 13.5 wt % Ni O,
13.5 wt % CoO, 53 wt % Mb03 asd 20 wm % S102. The B.E. T.
surface area of the catalyst after extrusion was 77
n2/g. The pore volunme (N2) as neasured up to 95 nmon
the B.E T. adsorption curve was 10 0.23 m/g.

El emental Structure: N O,5 Co0,5 Mbl.0 Si0.9 05.7 The
XRD diffraction pattern showed crystalline nateri al
present arising fromthe presence of cobalt in the
catal yst. 15 Exanple 21 Full range straight-run gas
oil with both sulfur and nitrogen inpurities was
processed i Bxampkw 20 of | ow unit over conventional CoM
and Ni Mo based matsabytstptediREadidh rodta el 2f0:f £.0Mm;: .
Criterion CatwabysésStlphpsdindbogh @sdm 2304, 20.9¥6] bul K
metal oxi deatnypaeal ’hots tEechischNgral L8881, s I3y ENY i ON.

Test cond {:a0s MBRACENOSAD b HARLES Sl o LS usttially
rel evant hyg‘%‘otr [ and were "conduct ed

osiﬁi%tloggmr?actors, n

at 345C, 60 bar hydrogen” Bat %13 pt Bdstife ot MBS and
40 bar for MSNSEdsHPenetieE Edndupfagnsreaaootoite @balyat i O
set to 200 Mtek@xtshitod 2Bl @7 §2/0¢! dhd Yo WL HTELL] G
activities ahsuedtdlhsdsSmPbLoar 88, Vb aLlowi ng fhe

met hodse of &xam)g£ 1 and Exanple 19 are con‘pareaa to

convent i onaﬁleﬁ&&l@uctﬁ%:alﬁsgs 456140_ Tapl e 8.
Rel ative vo,l_hurﬁgac_i&fi vities T i H3S Saig- -XiBH var yi ng
conposi tion  of  Bul K8YEPLRSE™ LB eFritahidne metsraly st s
Cat al ysts FEFHEYT V& VRO IFEffe RTINS RfoPbait in the
catalyst.
15 Example 21
Full range straight-run gas oil with both sulfur and
nitrogen impurities was processed in a microflow unit
over conventional CoMo and NiMo based catalysts (DC-130
and DN-200 from Criterion Catalysts & Technologies), and
20 over bulk metal oxide type catalysts of the present
invention. Test conditions were chosen to represent
industrially relevant hydrotreating reactors, and were
conducted at 345°C, 60 bar hydrogen partial pressure for
HDS and 40 bar for HDN measurements, and a gas to oil
25 ratio set to 200 Nl/kg.
In Table 8 relative volumetric activities of
catalysts prepared by following the methods of Example 1
and Example 19 are compared to conventional HDS/HDN
catalysts.



(Exanmpl e No.) Activity in BDS Activity in HDN

Ni Mb- A1203 10 (0) 100 N M Bulk (Ex. 1) 289 307 CoMO
Built (Ex. 19) 164 111 CoM-A1203 100 100 COVO Bul k
(Ex. 19) 228 238 N MO Bulk (Ex. 1) 402 656 The

Ni Mb- A1203 and COMO- A1203 sanpl es are conventi onal
HDS/ HDN cat al ysts supportedd4en alumna carriers and -
prepared by pore volume inpregnation. The catalysts
of this invention are illustrated by the 5 sanples

Ni Mo Bul k, and CoMo Bul k. The data clearly show the
advant age of the bul k netal oxide catalysts in HDS
and HDN activity over a conventional CoM-A1203
catalyst as well as over a conventional NSM-A1203
catal yst. Exanple 22 10 The slurry precipitation
route described in Exanple 1 was used to prepare a
solid havi ng arabieckel rRellgxiverpdiydnd @attvie 03l 8 n¥saddaOinRf
1:1, and a mokybdgamtépoatig osMRlRbydtal v, OfnvdQichar
The catal yst was pr epar ed frgmalﬁtl,l ca, anm)nl um

di nol ybdat SFITH =T , A ML)
and a zi nc SBfarelgi¥eh a corrp@suvtuydnmé Activity in mm
2ZnC3B. 3Zn( {

The preparamocmna%sred) at a COFEBQSItI on of i vvt%

El ement al  StaiGh i B, N, .0 Mbl. Qa Si 0. g ZnO ];"?)5 9 20
The B.E. T. ﬁimfmm;_eaof t he seat al yst_af t ahe
extrusion was 121 n2/g. The pore volunme (N2) as
measured up to %8 HM-8HeOs fad BOME-A 20 ehvetestdten cur ve
was 0.22 mnl kepventTirias HEX/HOM k&2 BSED BSpbb:AbE Sn lal@ina
advant age ofaussédacant peephfeddily pralvblh@imRQ@stiong the
surface ar eaateiysthes frhaknver@Xéd dadi18ust 2080 XRRhe

di ffracti onspatésenine isath, Cal @suAnSWRl the AIPUMS1Plhow
crystal | i newnBi&titadbe bO tRELALESEN oxige catalysts in HDS

and HDN activity over a conventional CoMo-Alz03 catalyst

as well as over a conventional NiMo-Al;03 catalyst.

Example 22
10 The slurry precipitation route described in Example

1 was used to prepare a solid having a nickel to
molybdenum wmelar ratic of 1:1, and a malybdenum to zinc
molar ratic cf 10:1. The catalyst was prepared from
silica, ammonium dimolybdate, NiCO3 (technical grade,

15 39.5 wt% Ni) and a zinc salt with a composition of
2ZnC03.32n(0H) 2.%H20 (with a Zn0 content of 72 wt%). The

preparation aimed at a composition of 20 wtk 5i02, 51 wt$
MoO3, 3 wt% Zn0 and 26 wtg NiO.
Elemental structure: Nij, g Moy o Sip.g Zng.1 Os.9

20 The B.E.T. surface area of the catalyst after
extrusion was 121 m2/g. The pore volume (Np) as measured

up to 95 nm on the B.E.T. adaorptien curve was (.22 nl/g.
This Example demonstrates the advantage of using the Zn




Exanple 23 5 A catal yst conposition corresponding to
that of Exanple 10 having a 10 wt % nom nal silica
content was made by foll ow ng the procedure described
in Exanple 17. The obtained solid after the slurry
preparation and powder recovery was extruded and -

cal cined at 300C. 10 After a@woling down, the
extrudates were crushed, sieved at 28/ 80 nesh size.
Full range ("virgin") straight run gas oil was
processed over crushed catal yst sanples of Exanple 10
(prepared using fully dissolved netals' solutions) and
15 the present Exanple in a small pilot unit. The
virgin feed contained 1.63 wt% sul fur and 165 ppnmw
nitrogen. The test was perfornmed under the typical

i ndustrial conditions of 60 bar hydrogen parti al
pressure, wlh £89Booshing ke hychaogereafdfomeraba at 345C
over freshl gtsuthéd.date x@0arataat 466 tattebn didiCftks a small
conpari Son ambuitBde RsthI@nd)Astest20f ol faCprameudo first

order react '%xgn lrazge constants (k) and the obtai ned

sul fur jnt uct under test conditions. The
rel ative vol ung $etivdt f?“’gﬂﬁ%‘ FoEregrImEt doede¥ Pdm t he
25 pseudo fFPERIeHOdEringgt & st sSidie ertept vamd are
nor mal i zed Bfe ttHFopePig rthaRELedre tdeec sz pincExpnadent? -
Exanpl e 10Therb§tingd sgldd aff-er |the o eray ivospafagtont drd
di f f er encesrdvwder gecevevy v3s exbheled ahd calehwant o°sul f ur
slip ant th&ftenorsarirg wed trel ettrudetesOletdenabdd, \Hidie@S
are |isted anzifabkesnh 80e.9. 48 Table 9. Benefit of
slurry prepar atthDOnzdnfanplieyind keasgat @ud Qas kil was
(1.1-1.h-i ) p:BasBecdbvad cPushéti PLAME tsafeflP4TVR ElafipRB10 RVA
(1) 152 100(prEg=08n JARY €y idtasedfia bt@taig‘eQulhb_ﬁEs)bQIdh
catal ysis Screedueh: EGplenel lispuhiuinmconsldarahl y;
however t hefead contained 1.63 wtk sulfur and 165 ppmw nitrogen.

The test was performed under the typical industrial

conditions of 60 bar hydrogen partial pressure, with 300

Nl/kg hydrogen flow rate at 345°C over freshly sulfided

20 catalysts.

A direct comparison is made on the basis of the
pseudo first order reaction rate constants (k) and the
obtained sulfur in the product under test conditions.

The relative wvolume actiwvity (RVA) is calculated from the
25 peeudo first order rate constants directly, and are

normalized on the performance of the sample from Example

10 to serve as an illustration for the differences in

activity, The rate constants, sulfur sliip and the

normalized relative volume activities are listed in Table
30 9.



activity advantage of the slurry preparation catal yst
is clear. The pseudo first order rate constant of the
slurry prepared sanpl e under identical testing
conditions is significantly higher, resulting in a
much | ower sulfur 10 level in the product recovered
after reaction. The relatiwe volune activity of this
sanple is approximtely 50 % higher. From Figure 2,

t he XRD- anor phous nature of the spray dried
conposition of Exanple 23 is clear; the conposition
15 of Exanple 10 clearly contains crystalline
conmponents. The XRD-anal ysis of the spray dried powder
of Exanple 23 gave the follow ng broad | ocal maxim
above 20-15: 27.2 t 0.5 (corresponding to d val ue:
3.279 0.060) 20 34.2t 0.4 (corresponding to d

val ue: 2.622 0.03B%le 60.8@neM 41 (sad=l @SRRI tO d

val ue: 1.535—0-669——Fhe-XRD-—analysis of the shaped

catal yst of—Example—23—shoued a*tHRifa?hb| eEXRBe 10

pattern. 49% &€X*A™H MS 1. A procdss for thes+.4
prepar at i on3df PAoquat dbspst  conposi tion of the general
formul a, on®®ni%xide basis, (X)b(Mse(2)d(Oeipd) 5
wherein X represents at | east one non-noble Goup—Vvti |
netal ; M represants:ab, #+6851,.008, 1pN-nopl e, & oup VI b
netal | sZ reRERSER SeANg: 0L (IPLE Bl EEAt S ST &l ed
f rom al uni njdi; . Sbla6QN), FRENeST I "t Vaiity tre
zi reoni um o107 “horon and, zine, 0 PEBRESHH S BN sigen;
one of b ang ¢ psrefalﬁed 'nh led@r“‘ie,” rahf gonptant ofgthg t he
other of b %nscf c,fg%cﬁ PRt HER D et ifab deing amditheny O
such tli‘bgt t he® oI AP At 1erGt Bewdticg dnrp mivd Josmrgeilawf
from 0.5: 1 1325+ the Iiedyeh| apovpeed| aftexf redetdod.s Gha t he
relative volume activity of this sample is approximately
50 % higher.

From Figure 2, the XRD-amorphous nature of the spray
dried composition of Example 23 is clear; the composition
of Example 10 clearly contains crystalline components.

The XRbD-analysis of the spray dried powder of
Example 23 gave the folloﬁing broad local maxima above
26=15°;

15

27.2° £ 0.5 (corresponding to d value: 3.279 £ 0.060)
20 34.2° £ 0.4 (corresponding to d value: 2.622 + 0.030)
60.3° £ 0.4 {corresponding to d value: 1.535 + 0.009)

The XRD-analysis of the shaped catalyst of Example 23
showed a comparable XRD pattern.




nadmtba

range of fromO0.1:1 to 50:1, and the nolar ratio of
e:c isin the range of from3.6:1 to 108:1; which
conpri ses heating a conposition of the general 20
formula (NH4)a(X)b(Mc(2)d(Oe (Il) in which ais a
nunber greater than 0 and X, M Z, 0, b, ¢, dand a
are as defined above, at a tenperature in the range
of from 100 to 600C, 25 wherein the conposition of
general formula Il is inthe formof, or is recovered
from a slurry optionally after ageing at a
tenperature in the range of from20 to 95C for a

m ni mum of 10 m nutes, said slurry being obtained by
(co)precipitating, at a tenperature and for a tine 30
sufficient to produce the conposition Il, at |east one
non-noble G oup VIII netal conpound, at |east one non-
noble Group VIb netal conpounga Ak 4 east one
refractory - 50 oxide material and an al kal

ﬁggfuggmga a 9%94&,& fclar:r ttq.ulpgepa%lé e?égstgat% af the
partly in dllég&s%%fi ks at genéz/tali\ roée%‘sana%"ic ik PHéd in
claim1, which coﬁbbﬂﬁe$ﬁafhéatlng t he conpo@ntlon Il
at a tenper atdteer not exceeding 350C, especially not
exceedi Ng 3Q0Geprdsents RE Q6L SndSorthddh IRELL 16l eyl Or
claim2, whar gbftesdb® af @@sproﬁgmm L&L&é %Poug%zs%ugled out
at a tenpergt yLg idles Lhe.s fmg%l en JQ;P C for
a period of tine,ln thﬁumm k8 £rom rJgnutes
to 2 hoyrs, at_an aTkQ concen ratlon of friom d™2 ol
per nol of metal aﬁﬁi %n an OXIde basis, to 50 nol
per mol of ﬁet"ﬁ‘f%seﬁ’/ﬁ"‘x"’“ﬁ?f‘ an oxide basis, and with an
initial sl uPPSCCBieRf 2atieolite98* 1t he range of from 2
to 40 wt % néi nal solids content. 15 4. A process as
cl ai med in &ny- on tof cdlenichy adtpeBh arpheraber ¢xaeter
al kal i €onpoemd® Fechagimphbeangpr gagimtogrt:alis tinathe naidel
gener at e amebEFan?.isanso 511, tihe rprBtia€id bOuicdiisedhe 5. A
process as ek ngEcErbon 0 al: RiLBN53:10rane [t8d MbKr rabRr & 8. c

is in the range of from 3.6:1 to 108:1;

which comprises heating a composition of the general

20 formula

(NHg) a (X)p (M) g (2)q(0) g (I1)

in which a is a number greater than 0 and X, M, Z; 0, b,
c, d and e are as defined above, at a temperature in the
range of from 100 te 600°C,

25 wherein the composition of general formula II is in the
form of, or is recovered from, a slurry optionally after
ageing at a temperature in the range of from 20 to 85°C
for a minimum of 10 minutes, said slurry being obtained
by (colprecipitating, at a temperature and for a time

30 sufficient to produce the composition II, at least one
non-noble Group VIII metal compound, at least one non-
noble Group VIb metal compound, at least one refractory
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the al kali concentration is in the range of fromO0.75
to 20 5 nol nitrogen per nol of netals M+ X, on an
oxi de basis. 6. A process as clained in any one of
clainms 1 to 5  wherein the cpggpgition of the genera

fornula I is further subjected to any one or nor e of
the f Q% 25.progess s Egg carried qut ,in an
approprla FRCoF 43t : an aniﬁg pt FBREPHY ¥ soflaf Rgotic

dr ylhguidhapt neaspr eher abl yhbymexhl ugbﬁnﬁouﬁueg b&Qng partly
extrusio i ds;, cal |n|ng sulphldlng . A bul k
met 5t %S%f 2LREPREACBARDLYt iBnddBral Ked BYatsoe a

prQEBSS.ESpﬁé@éQEdaéncEﬂYm@ﬂelﬁfcﬁéﬂhnﬁ 1whoch. c%mpélses
st conposition of the _general formula | as

t
ggﬂgﬁéﬁl?ﬁ thei FepoRkkiennl i hat ndt REFPKrahBTR aPE eKeeeding
d and.sungsten, and
Of 350 el 200 TRl YDIGRUMLLOL Sl ehe 20l b

and tung s ch™conposi tionis
XRD - 517 Ialmqmmua;s ahah:had an XRidi ifbacbllaﬁ]m 2, wherein
above 20=

(SRSt EROYSm: £ SoTE R8I PUb BFnSaromPRERFuTe in

mexileinratpy of. frah 28acd 95°@, 20o¥ahUperofihefr eiie in the
of from?21_0 5 20 value in the range of

t .
fr it P4 opro%“%lz(?amﬂmét%% tQaf UROTRSt haCraRgelbpll

f r arorberft £t £ 2of affoh NeI 2 el Porreblesti gtQls M+X, on
having a characteristic full wdth at

I | m
Lo e RS D % § G e Hob AP GEPEALH MeX . on an

cl axRik |1:519.§1§1| Rkl whek el 2hieialOshhske! co%éﬁtratlon in
nDI bdenum is silicon; and the nmolar Tatio of X M

19 rﬁlgerrféf USEOBT2 e D IEE T i RPMEaa k| apkeds| sorkgnt .
one; of I—Q'p_%c?@egs ta@s %1 8MARe i /Nghs WRDI §d-BSims 1 to 3,

necessary, in { rop roceSS|qg
wherein the alkali compound is ammonia or a material that

will generate ammonium ions in the protic liquid used.
5. A process as claimed in claim 3 or claim 4, wherein
the alkali concentration is in the range of from 0.75 to
5 mol nitrogen per mol of metals M + X, on an oxide
basis.

6. A process as claimed in any one of claims 1 to 5,
wherein the composition of the general formula I is
further subjected to any one or more of the following
process steps carried out in any appropriate order:
cooling; optionally isolating; drying; shaping,
preferably by extrusion using no extrusion aids;
caleining; sulphiding.

7. A bulk metal oxide catalyst composition obtained by
a process as claimed in any one of claims 1 to 6.

8. A catalyst composition of the general formula I as
defined in claim 1, wherein the metals X and M are one of
nickel and molybdenum, nickel and tungsten, and nickel,

molybdenum and tungsten, which compositionis XRD-
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amorphous, and has an XRD diffraction pattern in which
above 20=15°, there is a local maximum having a
characteristic full width at a half maximum above 2.5° at
each of a 20 value in the range of from 21.0° to 28.0° a
20 value in the range of from 33.7° to 35.3° and a 20
value in the range of from 59.8° to 62.2°, and there is
no reflection or local maximum having a characteristic
full width at half maximum cof 2.,5° or below.

9. A composition as claimed in claim 8, wherein X is
nickel, M is molybdenum, Z is silicon; and the molar
ratio of X:M is 1:1

10. The use of a composition as claimed in any one of
claims 7 to 9, shaped and sulphided as necessary, in

hydroprocessing.



