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HYROPROCESSI NG US| NG BULK “GROUP VI 1 | IWIWMM@&TALYSTS CROSS RE @EI}I@I&E TO
RELATED APPLI CATI ONS *166166* This tion-in-part of U

09/ 231, 15 s filed on January 136o0®899, which is

cont i nuat S\c(\ér\,ﬁr nﬂﬁéﬁt of USSN 08/900. 389 which was filed onaP\ﬁﬁn;Jlsoglg?”ng?.
FIELD OF THE I NVENTION This invention relates to a process for

hydr opr ocessi ng petrol eum and chem cal feedstocks by use of a bulk

mul tinmetallic catalyst co rised of at least one Goup VIII_ non-noble netal
and at |east oA&Y RﬁB&QQ SPINfe WS INfp BMEM&&@U%XJEI/GR@HPMBO of G oup
VIB netal to Group VIIl netal is froATadoWSTS0: 1 to 1:10. BACKGROUND OF THE
| NVENTI ON As the supply of |ow sulfur, |ow nitrogen cruder decrease,

refineries ar e processrn crudes with greater sulfur and nitr m I
5 REXERENCETORELAT CATEONSdat i ng (TN IAMIG

of these heteroatom; in products Consequently a need exists for, .
increasingly efficient desul furization and denitrogenation catal ys s One

o mounds. Cr b alBiCis RO R RN TRl {SEN G8ER ARE iR v MR A 0. has
beef prepayffha V\Vl%r¢9§9hw lglafcfornﬁﬁgmﬂqa b DP9 o%twhsdrﬁhm

hydrotal cites are corrpose layere wi th positivel arged sheets
and exchan@egb‘ﬂed@rnimmg]bocw"ed in the; gal I eri es between the sheets, the
rel ated anmoni um ni ckel nol ybdate phase has nol ybdate anions in int erI ayer
gal l eri es bonded to nickel 14 .3 Ul ulJ W 00142126 oxyhydroxi de

sheets. Se ann i ., Soled. S. L., and Ying, J. Y.. Crystal
Structure E.IEL‘.S.S gﬁéu i ES!MMI ybdat e prepared by Chemi cal
Precipitation, Inorganic Chem stry, Vol. 35, 14, p. 419 | -4197 (

No.
1996) . tltgcra pmlqrh% Cgﬁlaépﬂi)ﬁls'ﬁtkf%tag&%@%%gf% ﬁ?dr‘%ﬁ?o%ﬁﬁﬁ{g'bgﬂafehgpa Tel c?ner
1987), andciemRal feabtodiaiby @ofld bulk millimdsificGaalHa Comprided/or ankeabi a,

Solid State lonics, 63-65 (1993) 73I-35. Now, when nol ybdenumis partially
subst i t ut e@n¢ &rropp ‘(Uhggﬂemblfamemnplmt@spmem@rthbmegﬂomMJB upon

d t f er abl | f4 dat
nyar odent t FUUShersHn Brerapoh oy VEimedelg @iV LR £ 6O ¢ ut e

(Ni - M) phgg.-¢ SS}JI‘MARY OF THE INVENTI ON I n accordance vvrth this invention
there is provided a process for hydroprocessing a petrol eum f eedst ock,

whi ch feedstock contains both nitrogen and sul fur, which process conprises
contacting a feedstock with a bulk multinetaic cat al yst conprised of at

| east one BALIK( 1 S0 Lk i it | east two Group VIB netals and
wherein the ratio of Goup VIB rretal to G oup VIl non-noble netal is from
about 10:1 to about 1:10. In a preferred enbodi nent of the present

i nvention the G%@J@le\élulokr \“SPWPM%HT?&»@'nittége%eérﬁﬁéﬁaiecfréégg?r‘@'ﬁn@ﬂés5‘% and the
G oup VIB netals are ecte

processing crudes with greater sulfur and nitrogen contents at the same time that

!

environmental regulations are mandating lower levels of these heteroatoms in
products. Consequently. a need exists for increasingly efficient desulfurization

and denitrogenation catalysts.

One approach to prepare improved hydrotreating catalysts is. a family of
compounds. related to hydrotalcites, e.g.. ammonium nickel molybdates. has
been prepared. Whereas X-ray diffraction analysis has shown that hydrotalcites
are composed of lavered phases with positively charged sheets and exchangeable
anions located in the galleries between the sheets, the related ammonium nickel

molybdate phase has molvbdate anions in interlayer galleries bonded 1o nickel



fromM and W In another preferred enbodi nent of the present invention two
Goup VIB netals are present as Mo and Wand the ratio of Mo to Wkslijahauyt
9:1 to about 1:9. ~ ~ ~a ~ zuu3 WO 00/ 42726 PCT/ US00100993 3 In yet

anot her prgfffd8theenbodi ment of the present invention the burlc_kr/usoo/oosm
multinmetallic i1s represented by the formula: wherein X is one or nor

Group VIII non-noble nmetals, and the nol @ ratio of b: (c+d) is 0.5/ 1 to

3l 1, preferably075llt015/ 1. nore preferably07~/ 1to 1.251 1. In
still another preferred enb i nt of nmolar ratio
of c:dis p‘r”@f"g'rdé%’f‘)deﬁg’e@fr TEXBPEY GSP/]‘Falgﬁ-H?“‘?rS,r”eg Hr ferably

subst ant  al S5l s OFe §%§r5ﬂ“%%?“rf}a ﬁ@ew‘%ﬁ»’bgjﬂte BREn & Sheligel, - (0
- 6 (c+a) ]/ BreclhiaAonl esraahR! Chembuaivasl 350 ofs, Bha 1010980t 150N ETHON. L he

bul k catalyst I's essentially anorphols and has a tnique X-ray diffraction

pattern shopiepgrationsdfaduchnaatesialssalss has Fech reBoriod biyrTeichmurdind Astier/ 0
Angstroms. In still another preferred enbodi ment of the resent | nventr on

the G oup \Appl.AatalndBl 82 kel 9P%): Ak T hinBRirEF2, 0B3RS 1

or opar ed 'biAts%? fqrg?%r ) fasbarh G2Rars %ﬁ%aze%a?‘&rﬁgb%;?%saﬂgm”nd

cal ci ni ng Zg? Qg ve B). Note that the patterns for both the precursor
and the dec rrpo i on ‘product of the precursor are quite simlar with the
two peaks at essentially the sane place. 'The ordinate is relative
intensity; the abscissa is two theta ( degrees). Figure 2 shows the X-ray
di ffraction pattboms when mm%d)dmdha'tsimniﬂ?yhsxlbﬁmﬁlyyi foobnitun gsted. akb, . , - W- O
precursors wher n c rve Ais gdl ~.,I Ul 2D03 WD 00I4212 PCT/ US00100993
4 NbO. 9V, 13780 SRADPrAfBC Wéleﬁh/ep@ decampessiven and relarablyi s

MO, 3V0. 7~ ﬁﬂmﬁgu& p%‘oncPes emar?ceaaﬁwdrga'ém?rogeﬁaﬁlOMD@W)N) ?al)%t chl %9 and

relative to the unsubstituted (Ni-Mo) phase.

SUMMARY OF THE INVENTION

In accordance with this invention there is provided a process for
hydroprocessing a petroleum feedstock, which feedstock contains both nitrogen
and sulfur, which process comprises contacting a feedstock with a bulk
multimetallic catalyst comprised of at least one Group VIII non-noble metal and
at least two Group VIB metals and wherein the ratio of Group VIB metal to !

Group VIII non-noble metal is from about 10:1 to about 1:10.

In a preferred embodiment of the present invention the Group VIII non-
noble metal is selected from Ni and Co and the Group VIB metals are selected

from Mo and W.

In another preferred embodiment of the present invention two Group VIB
metals are present as Mo and W and the ratio of Mo to W is about 9:1 to about

1:9,



absci ssa are as described for Figure 1. DETAI LED DESCRI PTI10N OF THE | NV

NTI ON The bulk nultirnetallic catalyst conposition used in the prdot iellt¥
the present invention can be used in virtually all hydroprocessing
processes WO ard@mt6 a plurality of feeds under w de-rangi ng PERAISHGOV993
condi tions such as tenperatures of from 200 to 450"C. hydrogen pressures of
from5 to 300 bar, liquid hourly space velocities of fromO0.05 to 10 h' ~
and hydrogen treat gas rates of from3 ~ .6 to | 780 nB/n8 (200 to 10000
SCFIB). The ternm." Wafcly ACESEBS 1 ich a
hydr ocar bon fee i)tsy%égg{egg?%mé?ﬁgﬁ;ﬁbggggﬂg(?ﬁ?ﬁ?r%%%er at E’?ééhgﬁ pressures
not ed abovenurimetallid isdepheyehitod eyrheldratiien, hydr odewaxi ng, hydrotreating,
hydr ogenati on hydr odesul ?uri zation, hydrodenitrogenation,

hydr odear omat i zati on, hydroi somer (Xat(Ma). W) Qydr ocr acki ng i ncl udi ng

sel ective hydrocracki ng. Depending on the type of hydroprocessing and the
reaction conditions, the products of hydroprocessing nmay show i nproved

vi scositie viscQsity indi ~. Sat tes centen |l o e rature ...
oroperti es VR R ohe S IhGETusiPaY IERBR RN flthas, 14 HEIRGRF Wlisef e
hydr opr oceqe4agisal s/ P epRArbAVETS/100. £3N. BorAERIAAY 0.75/918 1075/ €
reaction zones and can be’practi ced in either countercurrent” flow or
cocurrent flow node. By countercurrent flow node we nean a process node

wherein the feedstreamflows countercurrent to the flow of o
hydr ogen- cdntstillmnaghen praferrpdsembrpdimend o pheopresentrigvertawt the roalar attsmohe

operated in any suitable al yst - be rra nt. node. For ex e. it can
be. a1 xed ol PETHAPL. B3/ GHOTerRIF Fea Hy 2 BL: Sl M€ prefgratiy 1/ BUG- w0

00l 42126 P r L re: Lcally
subj ect ed tqo-E)| /H%%{}g)zgﬁ f‘ﬁ&;’}@r 2){32{0\?{/ ?] l%t(8 ;E/tpé %g%?i;/%%ﬁsmaﬁk l%Qyt% g?ri)réérﬂgt ure
above 150C.anidiené o€ dad aal W cap., oont@3N: angubs{Znt-icalc+aypaunt of nitrogen.
e.g. at least 10 wppm nitrogen. and even greater than 500 wopm in the form
of organic nitrogen conpounds. The feeds can al so have a significant sulfur

content, ranging from abouj 0.1 v~~i..%to0 wt. % qr higher. |f desired,
the feeds can bg“tar”é’éli‘‘HCP’Ti "&dlﬁ%%’fl‘me“b%a@rﬁrieﬁ‘?fﬁlmﬁ%(m%’r&"?&’“ﬁ]ewce t he

sul fur and/ it t ' I : and
S a0 S B0 b5 SR Uhie 2067 oAb ShUm oY, |
t he presentshoggth@lallindipedt & d 22053 ARlgSroMBiadd dv=11.70 Kpige@big. cont ai n
both nitrogen and sul fur, i nclude whol e and reduced petrol eum crudes.

at nospheric and vacuum resi dua, asphaltenes. deasphalted oils. cycle oils,
FCC tower bot t onh® stybanahergreferegd embediment oftleg presemtdnyetiemibgdarayip s and

coker gas qi | i to heavy.djstillates including raw virgin

distillat eg’h%PBH&g’@W%Q,'S HWLt reated oils, dewaxed oils, slack waxes,

Fi scher-Tropsch waxes, raffinates, naphthas. and m xtures thereof. This
inventi on iBRIPE PRSTRYETION OFIBK Ng§ti ons consistent with the

i nt ended objectives in product quality inprovenent and consi stent
W th any downstream process with which this invention is conbined in either
a common or sequential reactor assembly. It is understood that hydrogen is
an essential conpigieni iptheXaay dolfeastion pattern of/e NHoNiiMeWen! y oper at ed

(301 5-or1 Erijngereritpobabesestniaderteib b Tty Alrey s

200 - 800 psig..: - ' 0 -

| 0. 000 SCFISI. ; abl'y _r : ) e téee :ate e varied over
i ) TS B o R RSP o S o0

the range Unhk qb@8mipakionPr8l&étal e Bretursor drSftite SHRilAYWitR mﬁﬂf‘ﬁg plesits

catal yst used in the practice ofthe present invention is a

mul ti met al | dtessattil lysthecamerilaeed Dhie atdihatass radaevednoensiy e ahsgissofd e r-.
14,1 Ut 2003 WD 00142126 6 PCT/ US00/ 00993 netal and at | east one,

pref er abl y #thetd(feeees)met al s and wherein the ratio of Group VIB netal to
G oup VII'1 non-noble netal is fromabout 10:1 to about 1: J 0. It is

& aup VLI 1 non- nbIBUEE RBHNS (BY X ERAN ety PSS Y ERE RSB Vi
I d ' ferred h ' f W, b 9:1
about 116, g pCAANRIRERIP: i PleBdf et BnS tee in the

practice of the present invention is represented by the forml a:




(x)b (n"10) (N )a O wherein X is a Goup VIII non-noble nmetal, the nolar
ratio of b: (c+d) is 0.5/1 to 3/1, preferably 0. 75/71 to 1.511, m){g
preferably 0.7S/1 to |.25/1; The nolar ratio of c:d is preferably OJU(I.)J?
nore pref >0.1/1, still nore preferably 1/ 10 to 1011, sti |1 nor

pr ef er abl ;e/\;@kb})ézl[zg 3/ 1, most preferab |y substantially eqﬁﬁmsﬁwoﬁ%unts
of Mo and W e.g., 2/3to 312; and z [2b + 6 (c+d)]/2. The essentially
anor phous material has a unique X-ray diffracti on pattern show ng

crystallin ea at d rons and_d 1. 70 Angstrons, The m xed
met al oxi d ﬁiiWWF&GMO@&OB@CH@’ %M@@ 6W(b5 @rﬁﬁ&tﬁr sor having

the formul a; (1V 14)" %f—h’é | U 1. 2UU3 WO 00/ 421 26
PCTJUS00/ 00Y98. 3 Wthr@irie M@DeirW 0;95 %d éFrVé? IB i§ MQOWJJ ofhe omsh@mraaal y
0-1: and b, c., and d, are as defined above, and z [a + 2b + 6 (c+d)~/2.
The precur hsCisaa a§¢ﬁ$ﬁ§$¢’k§’§ékf§f§!glﬂei 3.53 and 1. 70 Angst r ons.
Deconposition of the precursor may be effected at el evated tenperatures.
e.g., tenperatures of at |east about 300C, preferably about 300-450C. in a
sui tabl e atnosphere, e. g ) |nerts such as nitrogen, argon, or steam until
deconposi tigpT A& PShH3 Ak Py gylanmoni um i s

subst anti al y onpl et e deconposition
can be readily established by therm)graw metric analysis (TGY), i.e.,
flattening of thEhabulihtmultmegdlicuarabyst dhvapositidnyisieddothiogriatiionss tred in
the practice of the present invention can be prepared by any suitable
means. One BEeeNtiBNPRIIONCaD heupedinyisiualln aHdydioprasessing prasesses tarteeal a

| ut t act f Lhe netal t th
o the " pr oo DALty A et T olhrra e estatinh S GRRO AR B PSSR St 1y
t t ¢ that at
5201119 {porestt 14 RSOt frokn T SLRbAES 100 B MG pBYS Sphil
during the velatinigsof éorands fmthHQmﬂHiyal'oan katl @35hted BF fm BB et al

conponents whi ch,haye been added at least partly in the solid state.
remains at 17%80sm>frmr €209 ol QQO@ %@F/{Bd) s’lflmtermd'rhvdgonmeesmng"regxcamasmcti on

step. "Metal; in this cont es ot nmean t he its tallic form
but present?l Hr%eﬁﬁetsdp @b‘ﬁﬁ ﬂ" £g€dtlﬁéeﬁ%¥9fg‘aw@bh¥j§ﬁg?ﬁ ap¥C nitially
applied or during

t he m xi ng tgt (f% ert @%Feasghétﬁga&r@# glséndcﬁ]’%g‘%gel lﬁ}cﬂ@derﬁgﬁgﬁﬁbﬁ east
partly in tH}Qir&dbwdxﬁigahydm&a&hgl mafogén@tlmhgﬂrd‘dvﬁﬁﬂﬁlﬁﬁudlﬁ added in the

solute state, or all netal conponents are added at |east partly in the
solid stat ehydmécmtwganam@ashydmdaeammhezamIhs/dmwmermmcm apdnponent s

'n the sal ﬂzyoﬁga?%ﬁneﬁntsl the shestus hgsoemelis cDepabRE 6R0hO srpeEd UP?LB' ’
Lhe enti re piaogRs.alink RSl HhdOHBralAl. heTibBhes APROBRTHolSsRAod i

t he solute nmean e anpuh

added as a n‘aﬁyls;hbﬁﬂu?ﬁrokfbdS'lsmkﬁiesmmi@ﬁhdic@std%@Jrﬁfe@tdoﬁtdnllCI'éMﬁ That a
nmetal conponent is added "at least partly in the solid state" neans that  at
| east part t@mneln&tumepmpecmm(yl@&mhues anddegokasizatibid Imsttabe codprted thand,
optionally. a ot her an the netal conpone is added as a sol ution of

Thi s net al F‘Soc H’ée BFSEPEINVERRRTHCa Q?Pfﬁ‘ﬁﬁ X QRpPEMYC, _
Suspens on gl ooy s, SRIBRFOpridica § Bk Jo Bl b G agupighel 1o ot

| east partly presen | ona par ssolve
erotic |iqufigw mode. By countercurrent ﬂow m()de we mean a process mode wherein the

feedstream flows countercurrent to the flow of hydrogen-containing treat gas.
The hydroprocessing reactor can also be operated in any suitable catalyst-bed
arrangement mode. For example. it can be a fixed bed. slurry bed. or ebulating

bed.



To obtain a bul k catal yst conposition with high catalytic activity), jt i? _
therefore preferred that the netal conponents, which are at |east ﬂa)rtJlI“y W
the solid state during contacting, are porous netal conponents. It is
desired that the total pore volune and pore size distribution of the%e
metal conp®RENEE2Ps approxi mately the same as those of convERTIUSHA?
hydrotreating catal ysts. Conventional hydrotreating catalysts generally
have a pore volunme of 0.05 - 5 m/g, preferably of 0.1 - 4 m/g, nore
preferably of 0.1 - 3 m/g and npst pref,erabl%/ of 0.1 - 2 m/g determ ned
by nitrogen adsodpeilydrotasben fegdsipcks awhisharg typieallysubiastad t nm are

|1 in., ) ' |, hyd i I . her,
?ﬁﬂiéﬁt i on °§4¥§&%§§Ré§k?ﬂ§§§ X &Hﬂgﬂ; %ﬁgtréiqﬁ%%tﬂ% a@%ﬂ?ﬁf@%iaﬁﬁe;: of a

10 m . : m
%10, R ORAS BRI b8l ol £ G0 1I0P} g
i ckel } | 2leg=¥ .19 - 0.39
ni ckel car boRigncAd Boc BASRS B 600 WS, HPkeioRS 0P ot IR Flgch

5 term ned b~~" nitrogen adsorption

and a surf aggmpoendaf TAo feeds42A aldo lgavaral siphifecant efi€uraddnyeraf rat@fhg frém0 M/ g
determned by the B.E.T. nmethod. Furthernore these netal conponents should
have a mediaboyidk1 ivel’% tailawklerordfighar. |1édesirgl) therfeedpcan pe ¢feateabing at | east
00 nm an referably not re than 5000 pm and nore prel erablv not nore
t han 300U WE\RE CORYFRUPRAMRNNIGK {0 reqcetag s rp?ﬂ‘{/‘i’r ITOgFRFENENL | j es in
1 ~fd here 3 wo 00i az~z6 rcTi useo~od~f3 the range of 0.1 - 50 ~m and
nost preferagry in the range of 0.5 - 50 ~tm For instance. by choosing a
nmet al component which is added at |least partly in the solid state and which
has a | arge nedi anwhiiringd of pdiralveineind dhbmiail bedroc@bal feedsigukeent be Wi | | only
react wwth the outer |ayer of the |arge netal conpgnent particle. In this
case, so-camdsaproseysed yhaqcprdages With thedyyesint vention. uitabls fegdstogks. which

obt ai ned. : : i : nt can
ci'ther be ac BpsaBhEuTHAR ALAN afP it il Shole i PR pORRARET 0
prepari ng tdredes. aphadphencapuhestismbysidive aspialtenadedaasphabed pil © ciyde bds.iIFQIC under
such conditions,that a sui.tablled.rmr&[‘]olp?lg%( ?;’?nf‘d texture | S@ﬁﬁt i ned. . A
proper sel OMHROBPMSRAS S5 1REINIRE AEPOSAREHE AR YASHIP ERO AL g caker sAs@ds vy
routine exprghtiBheady distillfAes MR SRw SRtz bkt ROV drdcPack B di Hy didiRated

mor phol ogy and texture of the netal conponents which are added at | east
partly in tois. devaredseils slack wakes, Bisehast frapsohiveaxes. pefflipates naphthah @ndret a
conmponent . ly remains in the solid state during the whol e
process of a{“h)lhg&ééw}gééoute. It is noted again that it is essential that in
no case should the anmount of solid netals during the process of the solid
rout e becones zefthis ifivenfiordeopaable mariacrange af comdiponscorgigient witke thecan

easily be detected by visual inspection at | east if the diameter of the

sol i d parti Brerdeshobisrives eterras 8f produst ayakyi IgHToyementand-cansistent puth

wavel ength of wisible light. O.course.,.nethods such as guasi.nelastic |ight
scatterng tefemmhamarorss il HuaE i orch cOp el R PiE  Bre oki | Mo
person can @éﬁ%&’?oﬁ 1ehfiaP SRR abMmbh 119 \E’!Qid?ﬁob(ﬂ‘tﬁdl'ﬁgd%%éﬁ%_@ﬁp?ess of
the solid route. al tals are in the Solute state. The protic Liquid to
be applied egsehtial sombonert efaheipreuess.oThés wivehiion isrvoemhonly éperagdapari ng
catal yst can be any protic liquid. Exanples include ~ 4 ~“ti L c~u~ WO
00/ 42126 PCEMiSEALIEIFTS000- §R1 & (260ar b2 §PCY paclictrd]y 47d - A000RdB81 6uch as
nmet hanol or ethanol. Preferably. a Iigui d conprising water such as m xtures

of an al cohd?1di€)ndnarating presswreppelidesd 00 -U&08psigs prajewmbdy 28P 008 1 qui d
in thi lid route. Al so.diff t tic liquid b | d

S mul t aneouBPg AROTRweTRiaaplt D™ s} Pigd andBes of 1D p5aBBRSHB- aga o
onothor ot BB NS0 SRRISEE /8 D16k Bl tart A bAHRI R MettiBR O -

mol ybdenum 1pgnosHen préferdBix U3 es 1t91¢veof . Suitable Group VIII non-noble
netals are. e.g.. iron, cobalt, nickel, or mxtures thereof. Preferably, a

combi nati on of metal conponents conprising nickel, nolybdenum and tungsten
or nickel, cobal tThaoydrogeouessiapdatalysysised in thegpptiadiithe phesept ovessonf t he
solid route. if the protic liquid is water, suitable nicke| conponents

whi ch are ats #dadk mydrimeyaliig calpdyst spmprisediad ajiasheped Fﬁ‘ﬁbyilﬁd’oé’d?ﬁ?rlf se

wat er -i nsol ubl e ni ckel conponents such as nickel carbonate, nickel

hydr oxi de, ni ckel phosphate) nickel phosphite. nickel formate, nickel

sul fide, nickel nolybdate, nickel tungstate, nickel oxide, nickel alloys
such as ni ckel - mol ybdenum al | oys, Raney nickel, or m xtures thereof.

Sui t abl e nol ybdenum conponents, which are at |east partly in the solid
state during contacting, conprise water-insoluble nolybdenum conponents



Preferred nickel conmponents which are added in the solute state are

wat er - sol ubl e ni ckel cexaponents, e.g. nickel nitrate, nickel SU|L£k

ni ckel acetate, nickel chloride, or mxtures thereof. Preferred y’t%épx”&m
and tungsten conponents which are added in the solute state are

wat er - sol W9 W4kbypdenum and tungsten conponents such as alREAVYSOHRZF or
ammoni um nol ybdate (al so peroxo-, di-, teri-, tetra-, hepta-, octa-, or

t et radecanol ybdate). M-P het eropol yani on corrpounds, W- Si heteropol yani on
conpounds, WP heteropol yani on conpounds, WSi heteropol yani on conpounds,
Ni - Mo- W hetretalpidyatrieasm oneymretirdbly 1w Grolfy WéBanetply! emmwharsmmm@mn@%f

al kali netal or ammoniumtungstatc.s (al so neta-, para-, hexa-,

pol yt ungst &reyp \IB mactel te ggoupéﬂébnon-pp@reancv@a:scfm ammd@sl & abmtal
conponent s_ar.e ni.ckel. carhon ti cid an denum oxi

Anot her pré?]é)r rids B’Eﬁ%?ﬁ‘iﬁlaéﬁ’q Satﬁﬁ’égé?a Hﬁ?ﬂﬂfﬁ?‘é |Shﬁ?’il@"ipﬁ’\§?‘£ﬁﬁate and

anmoni um gL 2 4RGSR Pro hobfe el el e;xmmg%@f)&ecefanmﬁ alsb I gpRefEpOn to

sel ect fur er ‘suftabl e co tal conponen e noted
that ni ckejnetats MBang Wi iRkSprefiidd abthR ra86odiMo to W berabﬁl)ul‘) el ot

00/ 42126 PCTNSO0/ 00993 1?7 anpunt of hydroxy-groups. It is preferred that

t he anobunt 1% hydroxy-groups present in the nickel carbonate be high. An
alternative nethod of preparing the catalysts used in the practice of the

present inventign is fo prepare the bul k catal yst. conposition by a process
conpri si ng react MQPTF?‘F%drM’Cﬁrlth'%F@Fﬁb’shC@mGﬁ"Wﬁ usedin Hisopracties al

conponent solutiqon and. a G(ou VI B onent in solution to obtain
a precipi tgfgw XSS 1{1}4@%&0 5'3 TSIP egget[@ef " preferably. one G oup
VII1 non-noble netal conponent is reacted with two G oup VIB netal

conponents. The nolar ratio of Goup VIB netals to G oup VIII non-noble
netals applied in the process of the solution route is preferably the sane
as described for the solid route.(X$i{Mal@FOUp VIB and G oup VIII

non- nobl e netal conponents are, e.g. those water-sol uble nickel) nolybdenum
and tungsten conponents described above for the solid route. Further G oup

V1l 1 non-nobhl e . al - Q S_ar e.d. obalto i ran ¢onma tS.
Further o SUISTOINES Nt SToRBNaor At ooblednéal, 48 Byt Rl SR GO, et a
conponent sy&an %eﬁ@ﬂﬂ?dﬁ/ﬂﬂ@l@?%b%x@féﬁbﬂr '75'/1&‘6' ubsAQn, suspension or
as such. If sol'lble salts are added as ‘such hey wi |l dissolve in the

reaction mxture and subsequently be precipitated. SUI table G oup VI B net al
salts which are _soluble in water, are amonium salts such as ammoni

di mol ybdat e, anmidisiTaalar ratio of @ﬂrl&prﬁémbéx >08dY h-morgrpreferabhiga@ /!, ﬁﬁllybdat e)

amoni um par a- n

silicic acf‘a"fSaﬂfF °‘%f‘yél7g‘ﬁg W@ %élﬁ) %Egﬁgﬁ}ai’ifnﬁfkﬁlt Sl %?(l':?f?:%lgfd
mol ybdi ¢ S'Shbﬁhﬁuél!{sn 1hfolé’t°drﬂouﬁt§%@ﬂd) andW de g”@?ﬁid‘B‘@Sfahﬁ z’*ELEb
pertungstic acid, Heteropolyanion conpounds of and WSi.
It is al so(pﬁd;)gl:?bl e to add Group VIB netal -cont a| n| ng corrpounds whi ch are
not in solution at the time of addition, but where solution is effected in
the reaction mxture. Exanples of these conpounds arc netal corrpounds whi ch

contain so nuch stal ter t hat upon.t erature ncr
di ssol ve in thei % {pgxrouslgﬁag S"ng AV ‘ﬁgﬁ “%rbg‘ftéerﬁay be

added n suppg t%ef’ysﬁﬂhﬁé eak\élat%mﬂ%%gﬁ @gpmawgﬂv@% omend_sol uton

is effecte reactl n mxture non- so ubIe s salts are
het er opol yani on conpounds of Co-1V90-W (noderately sol uble i n coI d water),
het er opol yani on conpounds of N -M-W (noderately soluble in cold water).

The reaction m xfhe mixed memtpmﬂetxe regstilyi produesdely fier decompessdppofation i s
effected by adding a.Goup non-nobl e nmetal salt solution at a

t enper at ur é’fﬁﬁHgﬁ‘i—h%‘fm&mfbwr ‘Goup VIII non-noble netal and the G oup
1/1B netal precipitate, adding a conpound which conpl exes the netals and
rel eases the netals for precipitation upon tenperature increase or pH
change or adding a Goup VIB hu at a tenperature and pH at
whi ch the Group VII1 non-nobl gmng“gls(gd) m) GW(?{/O B met al precipitate,
changi ng the tenperature, changing the pH or |lowering the anmount of the
solvent. The precipitate obtained with this process appears to have high
catalytic activity. In contrast to the conventional hydroprocessing

catal ysts, which usually conprise a carrier inpregnated with Goup VIII
non-nobl e netals and Group VIB netals, said precipitate can be used w thout
a support. Unsupported catal yst conpositions are usually referred to as

bul k catal ysts. Changing the pH can be done by addi ng base or acid to the
reaction mxture, or adding conmpounds. which deconpose upon tenperature,
|ncrease |nto hydrOX| de |ons or H+ |ons that respectlvely |ncrease or
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The bul k catal yst conposition can generally be directly shaped into
hydr oprocessing particles.” If the amount of |iquid of the bul k cat &yt 2003
conposition is so high that it cannot be directly subjected to a shaping
step, a solighols2¢liéi d separation can be perfornmed before shapcigisodaodrnal |y
the bul k catal yst conposition, either as_such or after solid liquid
separation, can be cal ci ned before shapi ?19 The nmedi an di aneter of the bul k

catal yst particles is at |least 50 nm nore preferably at |least 10i) nm and
f bl t T t han 5000 .~ f han 3000

{fm Even’ nSREreH BBty BIDRE o e OBPYFLEr €518 bl 01§ 8601ch A0hES r ange

f 0.1 - SU ef i nt i - S ~ ~+ J U 1.

T 75 o oot A ABESE b oBbabTe T2 T Rkl e llanasa s A dne

prepar ati on= of53 ey ¢aahngdrgREPOSi tion it can be any material that is
conventional ly applied as a binder in hydroprocessing catal ysts. Exanples

include silica. silica-alumna. such as conventional silica-alum na,
silica-coated al um na and al um na-coated silica, alum na such as

( pseudo) boehni t eDeepmppsibontod the pregursar mayrbsoeffected at elsvaieddempsraureani oni c
clays such as saponite. bentonite, kaoline, sepiolite or hydrotalcite, or
m xt ures t HfeBed¢TPERARITES Pgét Isapicrhout g&é Ginre ?bl§iqtﬁ°€h39@ﬂ§\0ng; a3 uni na.
titanic. zircomia, or mxtures. thereqgf. These binders be applied as
such or af tsélt“ag’izep?ti”ﬁogp%ﬁ‘ €18 1in§xb[3§gc§1 ?)SO'EB]OSF%‘ qrgogp?)rl %}E%Pe%'?ﬁ]sor s of these
bi nders th | H\Y [ Rt 0 any of
t he above- eescggl?i%desg%brf ir%’?éllrg ggﬁgﬁﬁggpgm;?’éb%ﬁrqggragﬁgr%éﬁmgqgwsgﬁlg?]? met al

al um nat es ddmpledigidaiven off.uSubaarttiadesomplert dgcophEaidi carobé pdadily silica
binder). a mxture of alkali netal alum nates and water glass (to obtain a
silica al urdsteblished &y)themmegray unetrisfanglyaisdd$iA). i. dilatiening of thenweight
tetraval ent netal such as a m xture of water-soluble salts of nagnesium

al uni num arfliaB€eS Y on (to prepare a cationic clay and/or anionic clay),
chl orohydroi, alumnumsulfate, or mxtures thereof. If desired, the binder
materi al may be i Bt ; VNN

non- nobl e net al ,?gg?%rﬁl}isgggwhgl t@g%giﬁtnghgﬁ?ﬁ?%eh@gé%Ees?g&nﬁ/‘;g;[lgh

conposi ti orcambl prepprddoby oy beitatge atbdasl Gueisngh tnieansriepanahod wiedneiheof .
Conmpositing the binder material with any of these netals may be carried out
by i npr egnatQtodl of theaetaly arg ipisplionwiGeanerallys shergeriartang of theemgid son
skilled in the art kno‘\g‘ze sui t abl & gérrgr?gﬂat i.(ﬁn t echni ques. }]f t%el bi nder is
peptized. i$OTPRORGUSILNERTEPACE PILNG PLOUKAWE SOPIRISES TG IPE WHR' by esence
of Goup VI I x I IR . ' Lna is
applied as %lﬁggéaﬁta e%ggﬁf ugléﬂg?gaa&@gé?%fg;%ﬁn% es Pﬁqg ees% gﬁlléae]qg? ﬁr‘]:100
40U m "/ g, soiill romethat af kasbone hieth] codpOnents §s adésbatrleast ipartiviin thelsdlid ~

111. 2003 WD 00/4212G 16, PCTI USO0I 00993 B. E. T. nethod. The pore vol une of

t he al umi nasSipk @rigthgunixing stepaandihgdhemeal-of atieast gne @f theymgiald by

ni trogen adsorption. eral | the bi nder mater. to.be added in the
process of ?%Bpﬂ%ﬁf"%& hgge ?;%féga@&?éf i}jftaF‘cp;Hi’t—"i Wﬁb? S?h‘iﬁ‘a?%ée%mé Fat al yst
conposi tion i i Y] ] " Gfen a

bi mder mat o i) PRIEE R ek ik B g SRSSARUER Aok [ BIcua b ¥R
reduced. Thes@bRr goestipe nacanthe métabinridemeraticeforal buopreseraddadnenl t he
process of the invention generally depends on the desired activity of the
final catal g@mpounpeuchiasnbe Bichal@ompepenttas iniiat0appled erasqpresent e thot al
conposition can be suitable, depending on the envisaged catalytic
application.“ﬁbﬁ%@¥?ﬁ“¥BP9%R%nadvantage of the resulting unusual high
activity of the conposition of the present invention, binder anpbunts to be
added are generally in the range of 0.5 - 75 wt.% of the total conposition.
The catal yst compRekflgN daARe Mee Hikiagitep SlRpQdicadhand Rk1A QTAPERAL is
extrusi on, pelletizing,” beading, and/or "spray drying. It nust be noted that
i f the cat ahdddd sdepnpariiypim ike sodideeatappd aelbasnosd metal coypeneeatstatded
fluidized beds, noving beds, expanded beds, or ebullating beds, spra
drying or buntiersplte stpsecoral] et sompgnenss arg rddedbaldeay farnduin Higssoli
general ly, the catalyst conposition islex}ﬁuded el letized andl or beaded.
I'n the |att&Plcay ,re%rqtdgas[l ang P! i MRS flt '§HHB§%E°'§PQB?"I§|\V”5 dftives that
are convent | Ho. id . i d . dditives
may conpri séggﬂjlrlnmﬁg%epgp e]gr”g?{ey, Adslft??sﬁzg(é? Qﬂ?@,bq}érquéhpﬁgo&qﬂnc gtgﬂgégm her eof .
These additives can be added at any stage prior io the shaping step.
Further, when alumna is used as a binder, it my be desirable to add acids
prior to the shaping step such as nitric acid to increase the nechani cal
strength ofthe extrudates. It is preferred that a binder material is added
prior to the shaping step. Further. it is preferred that the shaping step
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step, be optionally calcined. Calcination however is not essential to the
process of the invention. If a calcination is carried out in thebpgggg%§ of
the invention. it can be done at a tenperature of, e.g., from| Q0 - 0C
and pref erwao go/43p8 i 0 500C for a tinme varying fromO 5 to 48dy9uscsnosdhe
drying of the shaped particles is generalz{y carried out at tenperatures
above 100C. In a preferred enbodi nent of the invention, the catalyst
conposition is subjected to spray drying, (flash) drying, mlling,

or ocese st o RRM BT ok PSS he RBIE hobd, ThAM Bt OERERALK 48R i
after sol i dmylel G stAPehdane hat%@%hs)]g% UEbf Ak AR Rl RURAREANCN!

to re-wetting. It is believed that plying any of the ‘above-descri bed

t echni ques &f a spruaondsfthigme(d! lceatponenyinie protit 1iggid. Kaasinfga) or

conbi nations thereof, the degree of m xing between the bul k catal yst
conposi t i oncemponei ibiadded "atekcast partly sn thepradidestate’t meana ppdtiat deasopadofi cases
where the binder material is added befqre or after the application of any
of L he. abovbedBEta CORPIRETHBALIRGISIHA metel ¢ mpaHaH ahey OBk SU0DET aat

t he bi nder [ [ ' r - nati v echni que.
1 the bi ndlit o8 1 oL EplrBeRBhet adidd s 3R AN ARGt Feh T &
techni que, {hReyriofie HduidIAGIPRAPEXARMe!IS aRUSHEsAAH ¥f 4 RRAUDMPoriEnK gfla DY any
conventi onal f_bechni c(]qtthle pri ggﬁ?o sf{g}gi r:g. Aﬁﬁadvant age ol : e.%o., spr%y
drying is tpattioniiquiddhemaichnhs mealis anleasopdrdy peesennanatsblia, dmtopticnaglyi s
applied. Furthernore. a, cracking pon}?gnent may be added during catal yst

pr epar at i onpartlyedissalved iy theopistisdiquidray serve as an i sonerization enhancer.
The cracki ng conponent can be any conventional crackinL conponent such as
14 .1 UL QO03 WO 00142126 PCT/ US00/ 00993 ~s cationic clays, anionic
clays) zeolites : ) tra- : | bt : i:f.e X ALPO s,
SAPO s, anor phouglécq}bg% %gb@o"rf%é‘xg’n‘{"?’%ﬁéﬁ&§§“5| igz:]ac%éﬂY 1rlr‘l'z ﬁ‘g‘?‘”i}? ll>r:115xt ures
thereof. |ttharéforbprefbrad thitahe 0618l domhponents witivh aed ardleaq parthden thend a
cracki ng component at the sane tinme. For instance. silica-alumna nmay have
at the sanesalidvBtaie duraBg cAQtaght gaarbipatourgmELRh compenents. deisidestred tlras the
cracking co nent be conposite ith a Group VIB netal and/or a G oup
T 1T non- nobe e A0 gneara T sidsdebBon cLAheHe R hEOaPRIBS il y ot
conposition i L i i her eof .
Conposi ti ngawx%g% ( ﬁé" %:agnrr%g%g%tﬁ%g? “g%@’dg%' bgggsogfeﬁgﬁ glﬁé{awf/g'be carried
out by i npr egnetheenahyidperedtgkengysiepenseilyy hiver pdreselwme @fi0adss. 5The
cracki ng conmponent, which can conprise about 0-80 wt.% based on the total

wei ght of tmd/marefeyahly afdhl bé mbigemiors peetgrablyage0.df- 3 md/gransomost of t he
t i ti Lar to t i tep. Ho it dt
Da the cr ABRIIREOL R Briene BUE ARGTRINES LS BRtas P AgeatrLisn et Pi d e
bi nder. Ge”ﬁfa%é%rsrhtcxllgteﬁfaﬂdlsnﬂxﬂar%%@nﬁﬂmzméﬁed&ﬁ{ﬁ’l%Maﬁénﬁeﬁ’ i cation of the
of~ the -de e

final catal yst conposition whic abov scribed cracking conmponents
i s added. Ahy@ritidaGinkcapilgérer Frthepddadentional@ydratdatingEacdyohavd on shal
be applied in hydrocracking or fluid catalytic cracking. Qher cracking
‘conponent s gemdrally asiurfara-axbainf ableast 10ami grand mbeg/preferabhyr eff arleast p0added i f

the final catal yst conposition shall be used in hydrofreati plications.
The anount B’f%?ﬁéﬁ?%l’ éﬁlﬁél‘ﬁt“h St @%%&ddﬂg’ﬁ ¥a lﬁﬁggﬁgfgim?éﬁoé-

activity of oth i nal ) it t he j: i j hus
may vary o EptSeld. oRRT SRt AN AR ET AR R h IR
conposi ti ong 19 . 089 f169.an gSrTek’t‘?‘ﬁbl ey 24l 935301 Redcétafited By adgbgépn to the
metal conponents already added. These nmaterials include any material that

i s added duadsgptionaadtd surddcehyrda opil 5 ed60my’/g andimyete petepabiztaf @00 -k abl e
exanpl es 1.4 J UL 2003 WO 00142126 PCT] US00100993 19 are phosphorus
;:orrpoy:ujs, w{gﬁewmmbs tltle:] BelodTi. m,f-”@;?hlt lﬁuﬁhwgn%r@db@};rmgtal taamppn?m
ransition . rare ear metal.s. fillers. op,.m xtures er.eof .

Sui t abl e phggﬁﬁﬁiﬂ?é’eébﬁlﬁgtﬂ%%”i“ﬁtq %H@e%ﬁ? fﬁﬂsbﬁgéﬁ’ﬁhéf’%{c Bh ﬁtﬁéﬁlc aci d,
or organi c Rho rus Ccoympoun P . t any
stage of thﬁez};fﬁ@@@-@@ﬁ@%ﬁ@&&@ﬁ%@h?ﬁ3@3@%59?5"? @Eé’l} glﬁg%ﬂg ogt ep
and/ or subs haR) n i lﬂlﬁ%ﬁ i j | zed,
phosphor us %&hﬁégoégﬁlﬁl ?g’eggmgéeggegeg%bléég}c%g?ﬁé 3 o% d?dnns]%%ﬁcﬁgmd he

bi nder can be peptized by contacting the binder with phosphoric acid or
with a mxture of phosphoric and nitric acid. Suitable additional
transition netals are, e.g.. rhenium ruthenium rhodium iridium

chromi um vanadium iron, cobalt, platinum palladium cobalt, nickel,

nol ybdenum or tungsten. N ckel, nolybdenum .and tungsten can be applied in
the formof any of the water-insoluble nickel, nolybdenum and/or tungsten

e b1 I r o o . —yr o, e



The processes of the present invention for preparing the bul k catal yst
conpositions may further conprise a sulfidation step. "Sul fidation}#sut 1003
generally carried out by contacting the catal yst conposition or precursors
t hereof w fur containing conpound such as el enentar .
hvdr o~en sm(iﬁggwgr pol ysul fides. The sulfidation can genergﬁwsgbgﬁdg%sr ried
out subsequently to the preparation of th® bul k catal yst conposition but
prior to the addition of a binder material, and/or subsequently to the
addition of the binder material hut prior to subjecting the catalyst
conposi ti onthorangesf @i yiXyumrandonosiprefaralyrinthe gnge-of .5 - 40vmaar WO

00/ 42126 PCTI US00/ 00993 20 net hoag, and/ or sub e_quen%iy to sub{ ecting the
conposi ti on“iséa%‘ifr-gv HiE ARl compensnt whicdy iseddedahisastuartipin die t o

SR . S8 U ok SRR A SRR
that revertgoh@neRisAWISEn Bt With tHEStel Myar bPfe la@%@h@rﬁﬁag icgﬂﬁa'tbngﬁpcess

steps are, e.g., caf cination or spray drying or any enperature
treat ment i paithde.piesieis casafsowsiige Neoreasirtitiwantiured bhilktdaealoat pAriiskes are

conposition is subjected to spray drying and/or any alternative technique,
t he sul fi dawbtmnethoul d be carried out subsequent to the application of any
of these methods. Additionally to, or instead of, a sulfidation step, the
bul k catal yst conposition may be prepared fromat |east one netal sulfide.

If, e.g. the soli i i i i ) |

conponent can be '%F égﬁ" éia?%ﬁ%ﬁ#]ﬂlogg@? Qg;&j}l{)ﬁg{g’ gafntg} g’%‘%%@@@%}égﬁl fide
and/ or tunggjtRer b&lhEhidoed bfy_aﬁab@iﬁ%aglﬁtawﬂé pPOBRABH me?dl domptiRdtd 6r By f i xed bed
processes, the sulfidation is preferably carried out subsequent to the

shapi ng st eprepating theap pidtald;onsdnetsibgnthet abovkealdsershedcpriecimtationunsleep.
Preferably, the sulfidatjon is carrieq Qut ex situ, ,i.e., the sulfidation
is carried 8ueh Fanditiops thaliasuighlermprfialegy ard tdereis obtaaned;| AiRTeRecat al yst

Char the casaydeh &F bEiRPhRBRERBRH o idty B5 Eibec b DRI Ghe o

nore of theekpasilcathtzmnes of any or both of the hydrodesul furization
stages, may contain a conventional hydrodesul furization catalyst. Suitable
conventional hydrodesul furization catalysts for use in the present

i nvention includes those that are conprised of at |east gne Goup VII1
nmetal , preferabl y‘:\fFé?S genpset ot al?ﬁ)’i"e“bﬁé?'@r‘ﬁ%l’@""@h“&ﬁdl“&ﬁ ‘Rﬁ“.“r%lﬁgth?ost

preferably X . r. r re
Droror b1y R Bhab AR R S A oY R RIBL ST T Rt P
preferabl e ghatfheamers) B%e%éthﬁé&rﬁ%cﬁw&ft%@%a‘d{ pattiyZemiafls inaha sy stPport's

i ncl ude: zeolites. i 4 .11l 2003 wo ooi aziz6 Z1 pCTrJus00100993 anor phous

si | i ca- al unmidneingahd whdalaproacess ofithinsdlod reutaediais nottdad gedn that anisalssentiad
enpl oyed, preferably when the noble tal .is selected fromPd and Pt. It is
within the $k¥ge f&cqsﬁé}e’ﬁk'&@ﬁtam%\?ég? Sohd mespls dyFiBethaRrasses B@@ld

hydr odesul f yrjzati d i e o |
Iy esul YLLK ILY Rhe Bl AdRaRATRRR R E Rl
20 wt. % prebeieddindd fb&%@d@%@pe&ié@aa@g@t iThige Safiéeer\df tHBLSid P’ghic}és\/m cal ly

be present in an anount ranging fromabout 5 to 50 w.% preferably from
about 10 t o whichthé&metnld arecemprigddcisdatger thamhebeasel@ith of 3sible. 19ght AT

nmetal s wei ght percents are on support. By ~'on support'” we nmean that the
percents ar €0BEsSemaihodhsuahaasgiasiotiastpe lighpyrattenngRELS) ppmear forward

o0 % SebToteh ShdRR-Sad BT B2 Lok FoR et so BELRen SR 4peloATER, L
this case, t;n%ogarﬂeigl gfﬁﬁ?y&fmgg@eggéa ytr@rﬁlﬁ'aahr&éhngﬁé@rs!a%fmihes b the

active surface e bu st particles is maintained during
use. The nolsgdterati o of Goup VIB to G oup V111 non-noble netal s ranges
generally from10:1 - 1:10 and preferably from3:1 - 1:3. In the case of a
core-shell structured particle, these ratios of course apply to the netals
contained in the shell. If nore than . one (ﬁ'f&u .vViB tal is cant.ained in
the bul k cat al ystThapratickiquighe be apphedn ¢ ‘ﬁidf‘?reﬁo or e OVHBS netal s i s
generally not critical. The sa hol ds, when noee..t han I

non- nobl e maP%FNHQ g(mﬁrlegar_mg ﬁﬂglﬁ'él %%Qe%%Péo‘h%\‘%aemﬂh%gﬁﬁ%%@% en are
present as Group VIB netals, the nol ybenumaungsten ratio preferably lies in
the range of 9:1 -1:9. Preferably the Goup VIII non-noble netal conprises
ni ckel andlor cobalt. It is further preferred that the G oup V1B netal
conprises a conbi nati on of nolybdenum and tungsten. Preferably,

conbi nati ons of nickel/nol ybdenuni tungsten and cohal t/ nol vbdenum t ungst en
and ni ckel | cobal Unmol ybdenum tungsten are used. These types of precipitates

o .. o o, o o o o o "



the corresponding netals. Preferably the particles have a surface area of
-at least 50 m*/g and rfre preferably of at least T00 mi /g WE?@%MEd\!\N/I B
the B.E.T. nethod. It is furthernore preferred that the particles conprise
50 - 100 9 even nore preferably 70 - 100 wt. % of at G oup
VI non-\rﬂgl@m?fgtgal and at | east one Goup VIB netal, basela&'g@%%@%m al
wei ght of the particles, calculated as ndtal oxides. The anmobunt of G oup
VIB and Group VIII non-noble netals can easily be determ ned VIB TEM EDX.

It is desired that the pore size distribution of the particles is

appr oxi mat eMatehsarony ligacidse and @leshobosuches ingihanal i edhanedt Preéerablyany st s.
More in part.i cuci‘ar. t.hese garticlj]es have grfefergal?cé a pore volune of 0.05 -
5 mlg, nor SPEFUPRESINEVAGT Fuch 25 pixiressefign al B Y UFLBNG MATED. 1 - 3
m /g and no : - . t.erm it g jon.
preforabl y, PhyebIE SYissha as préfc Hal A 3G Mu® (180 PEERPHRAIC
particles plighgdsatinb)ayslied sTRAIARcSIATES He RiiddbuleeFIr iRGaffa. itRr €
preferably at |east 100 nm and preferably not nore than 500() pm and nore
pref erabl y possibierie addams@pefsivnrof dmetal comgoperefinetdiang| td e ageebugn
particle diameter lies in the range of 0.1 - SO pm and nost preferably in
the range ofolnt®n.ofsmophen metabcampoaert- area of the catal yst conposition
preferably is at least 40 -~~""/g, nore preferably at least 80 m'/g and
nost preferably at |least 120 m'/g. The total pore volune of the catal yst

conposition is p_r—lq]fee(g@ﬁ/y% rﬁ&ﬁﬁée&rgﬁ}/ %ﬁ]ﬁri%égdcol'gﬁﬁﬁurﬂr g{ogfﬁdjén)ﬁnﬁt | east O

| m/g as determ ned atcr porosinctr~~: arn ¢ yst

conposi ti ongungsién, lorghixreebanireal. Stit£516 Group VIiITbnPeokleshétakl e tdral the
catal yst conposition of the invention has a | ow nmacroporosity. ~ ~a ~
zooo WO 00| #meobadl/ruskel o0adurss theragds Praferad iy ratoniisatiah kf owtall yst
particles have a characteri.stic X-rav diffracti on%gsgtternkgnLch iffers
from cat al ySPERSBEAISRAMBYSIER MFKEl1GOLRIcR R PBATIREEN AT BICEEH G0BakK: ng

catal ysts o I j E i i I t of the
bl kvt al y SR8 APRLRERE oRniRainat Bockys SLAESLAR B 3Ee S <ot
peaks char agkefit agbid isOvatee shRableafickacamponeMeVHIER ard At le8stPattl ik KR

hydr oxy- car bonat e "has been contacted with a nol ybdenum and tungsten

conponent asoldstat¢ duringlwontmctingeompisetwatgr-insbkubdbanmkglscompondnts sschar e
characterized b n X-ray diffraction, pattern which co i ses peaks at d
val ues of ( 25@aie Saghprie. pickeb Pygronabicke) phosphate. Sikel phaspHiganieke! i n
brackets ingj . i rat r have
b oket o Ldbifhe, bk ARMEOHERENARANDGRRKE Rhgaerl BRI PERR, AP

di ffraction aﬂ@E& eiich 85 aRkel-aldlybdeish allsynRaney AR%KeE] RedixuiRaffertbAt apart
fromthese peaks, there are essentially no further peaks contained in the
di f f ract i on Syatabée molythdenpmecopponenss.fwhicharaatyieast partly imethetsplidistateol ut i on
route has a characteristic X—r,aé diffracti ttern which differs from

cat al yst obtd_é‘ir WESL B2 RECRIMRG Sa P EL R %WE?YWBP’G‘M%%S 3y ysts
obt ai ned by Mﬂ&%ﬁgﬁ%‘@& a@?i&?ﬁé&?ﬁ@yégﬁﬁ Eabidl HSI96a4 AN PRtger n of a

Ni - Mo- W preci prtate as prepar on rout'e has peaks at” d val ues
of 2.52, 1. 2u@ishrd niélybOhROomdty thiieverl@! g/ IEMEGH, mohddealipd ¥atideosposi tion
may conprise conventional hydroprocessing catal ysts. The binder materials
and cr acki ngnooupsnkeres{.oF inhlip. sumbdetungseh dopgrompnisoelsish age atkeabtysartly
general ly cqonprise_ any of the above-described binder materials and cracking
conponent s. 1TRBE Byl s@tHmduring CoRIRgIRE 6PMpPHse bBeseAdivingd Nde PBEYER| ng

tal ~~st I [ VI B, and & VI | Hwhabl t al h
ae. conbi nat 1AGS WSRARE Wap)- Bubiiten P RRAR A " PRVESY 08, S e
convent i onaly hydeops gg%léz,'tpﬁ%s‘ié% Riryi3k Sal@frfinurh 1éh sug%’ %196 hing catalysts.

These catal ysts 'can spent, regenerated, resh state. ua.. 1
4 J U | _ ZOGb\Wargiadd)| atomBire Ve 00 9PRest 4 ofiponkehis dpe genh@allyfrom t he
above, it is possible to add the Group VIII non noble netal containing
conpound anccarhme@isllp avhilableonkan bapatparedbe.enpopredipitativar e@ushiokgls, at
various tenperatures and pHs. in solution. in suspension, and as.such,

si mul t aneoustaybanaie §é@|&’§d’tfﬁ%ﬂf1=‘}?mmé rbszl\'seé&hmdccaﬂﬁsmm HALALHI B bY eadi | y

prepared by o of several tho -.nel udi vari.atl o f o the hailing
deconposi ti oi?fﬂﬁgf HB&PBE%QJ‘%%’L\“@“@E%WQH@I‘ c,&gnl?q?"gpb'i {\ |§}A%rbeﬁagy tkl'}ﬁgé‘t Qr}he
conmpound is added to the initial mxture of a nolybdenumsalt, a nickel
salt and ammoni um hydroxi de. Direct precipitation and pH controlled
precipitation rnay al so be used to prepare the precursor conpound. In all
cases, however, water soluble salts of nickel, nolybdenum and tungsten are
enpl oyed. Preferably, the nolybdenum and tungsten salts are ammoni um
conpounds, e.g., ammoni um nol ybdate, anmmoni um netatungstate, while the

I e N . oy o



may vary w dely depending on the feedstock to be treated. Thus. as the
boi l i ng point of the feed Tncreases. the severity of the conditn@mﬁn_vyﬂdgl

al so increase. The following table serves to illustrate typical conditions
for a rangogolioszfgeds. WO 00/4212G 25 1 4 J U L 2003 PCT/ 1qg9éA
FEEDTYPI CAL BO LI NG RANGE CTEMP. CPRESS, BARSPACE VELOCI TY S

RATE 1

SCF/ Bnapht ha25- 2101 00- 37010- 600. 5- 10100- 2, 000di esel | 70- 350200- 40015- 11 00. 5-
4500- b, 000heayy gas oi | 325- 475260- 43015- 1700. 3- 21 000- b, 000t ube ,

oi-1 290- 55028}0llad persendo chogsode nuetipipiden eenditionsvsEENSBEYEY 250651000, 1- 1 2

. 000-10. 000 Trr}]e foll ow rﬂ%lex,a les will serve to illustrate. but not limt.
this i nvent P5HCSERd MITR qﬂb@@ﬁ&f‘%ﬁ of NH4- Ni - Mb- O Phase (boiling

deconposition as per Teichner and Astier procedure): Ina 1l liter flask,
26.5 g amoni um nol ybdate (0.15 noles Mb) and 43.6 g nickel nitrate

hexahydrate (0. 1fn paieral, MetaVedngp SHens Wheeh haid§LontaifiC.\@IA1d/§OHt hat the
resulting pH equaled 4.3. To thi's solution, a concentrated NHAOH sol ution

was added. Weside detmetal,mre prefetrad detausaebeywmiediesodetfimeanitatoabeli t i on of
NH40H di ssol ved to gti \é@@@ cl ear bluye solution with a pH of 8.3, and
addi ti onal PATARRENty ¢l Gaskongle éga praferemptel ompengat ta baaddes atthe

sol uti on eat ad . 9 [ dur.i which a i a_ gas.e ed and a
areen precr RPtarety o P Ghnehelabisl vich WENEl e BTERAS to ARSUE ik
SUSpensi on ¢gsives and positively influences the pH of the reaction mixture. Further, due to

the transformation of carbonate into CO,, the carbonate does not end up in the

wastewater.

Preferred nickel components which are added in the solute state are
water-soluble nickel components, e.g. nickel nitrate, nickel sulfate. nickel
acetate, nickel chloride, or mixtures thereof. Preferred molybdenum and
tungsten components which are added in the solute state are water-soluble
molybdenum and tungsten components such as alkali metal or ammonium
molybdate (also peroxo-, di-, tri-, tetra-, hepta-, octa-, or tetradecamolybdate).
Mo-P heteropolyanion compounds, Wo-Si heteropolyanion compounds, W-P
heteropolyanion compounds, W-Si heteropolyanion compounds, Ni-Mo-W
heteropolyanion compounds. Co-Mo-W heteropolyanion compounds. alkali
metal or ammonium tungstates (also meta-, para-, hexa-. or polytungstate), or

mixtures thereof.

Preferred combinations of metal components are nickel carbonate.
tungstic acid and molybdenum oxide. Another preferred combination is nickel
carbonate, ammonium dimolybdate and ammonium metatungstate. 1t is within
the scope of the skilled person to select further suitable combinations of metal

components. 1t must be noted that nickel carbonate always comprises a certain



cooled 1o roomtenperature, filtered, washed with water and dried at 120C
overni ght. About 18.6g of material was obtained. The sanple anqlzy;\ﬁ_dmﬂibr Ni
at 26.6 w.%and Mo at 34 wt.% The X-rav diffraction spectra of the phase
mat ches t hgopauigen reported by Teichner. ~ ~ .| a 1 ~aa3 pMprfa9d/ghdds26
PCTI US00/ 00993 2G Exanpl e 2 Preparation of NH4-N - M. 5W5-0 by boiling
deconposition: Ina 1 liter flask, 13.2 dZamoni um nol ybdate (0.075 nol es
Mp). 18.7 g ammoni um netatungstate (.075 noles W and 43.6 g nickel nitrate
hexahydrate (0.1 ~ noles Ni) were dissolved in 300cc of water so that the
resul ti ng pMNEYNRPEAYAroxY-areupsi & is prefiersd that the agonnt af by drexego8ps ut i on
(~600cc) was zgd e]d Ihmt iil etréeng eacge%llo. At this point, sone precipitate
remai ned. TRHESEH A 9/\}2&4 FETIG e}ae t¥™Mooc for 3 h. Duri ng this heating,
the precipitate dissolved to give a clear blue solution and on further
heating. a green precipitate formed. The heating was continued until the pH
reached between AnSaledtflative mwém@@uﬂn§Wcm@%g¢s%@ ihQREpFREBEHAL Ur €,
filtered. washed with water and dried at I120C overnight. 18 grans of

mat eri al i stheljirasentdnvéamteondsitaprepare the bulkncazyst ceanpdsititie byhamecess gi ven
in Figure 2 showi ng an anorphous background with_the two | argest peaks at
d=2. 58 and Q0MPIISINEILACHINgG P} & FeackiondnidgurenH-erapn Vallmpnsoeblsymetal ect
precipitation. In a.l liter fl 7. f, ammoni um mol,ybdate (0.1 nol e
oy and 24 Gomgofstithashiiin s E Eradd VIR ebt AR SRIHOR Sabifven T
800 cc of wglelipighe| AG id 1RO chidd OMhRHoAl rodte? preflrabhy. Hng Wb .4 ol es of
NH40H (~30 cc) %s addeld, rai sing thg plﬁoto’gf)e. 8ra}at§\0| l]}ti on /E;)?H?'hi S

sol uti on wasonaobiomietal ¥dthpoheaeizardctedwith owo @sup M Bamedalyongstaieng. 58. 2 ¢
of nickel nitrate. (0,2 noles Nié whi ch was dissolved in 50 cc of water
(sol uti on BYhamplaaraitaphedoun VéBanetuls © Gooup VO neascide seetalsappliedinat a
rate of 7 cg/mn into.the ni um nol vbdat.e/ ammoni um net at upgst at e .

ol ut Lon. - A Repet S besebg Holte SRl e BF S0r dndesron R teldided
Thi s suspensi,f. ~Qn37YRi s - j Lt f i Ut es
while the tr;drrl%cé'r g%] lt}?g'ev\cggour?giv %?E;ﬁ"gé%l 0!alp ggg”%ﬁ‘e"% irréa{ngfaﬁgloggv%@gp fg:f{}g'r ed hot,
washed wi t he.gothd&@tv%ter-aﬂmlbwhi%ﬁelafmdl Benui phaxun@tel yordBodemt desdridvetal
was recovered. S. 14~ 1" 1. 2C8 001 42126 PCT/ US00/ 00993 27 Exanpl e
4 IF>r epar at i 8Ost thszm _,T@L;:R/b ,ﬁswner Groyp AJhk nm-neblegnftphg@movamts @re. Two
sol utions were prepared with the sa nount s ni c t ungst en

ol yodenum & ‘%#?ﬁﬁrﬂrumrh&w?m&&a?iﬁﬂﬁsggrzg%%Pgﬂéﬁﬁﬁ%mfoggwé3r$$-ﬁmts A
an exce ' d8Ed o tMeteBEt e two
sol utions V\g}tr“e agh]eg&ﬁlﬁtog atgsgg]grrgt&g \%@?ep |§ilétI|]aPl y co?nt a]:ﬂéralllt n%m%fnoo cc of
wat er hel d gix@R€in Solutionosudpensibs or@k @uch.s i ddlulsle saM@arepaddedichsisotly, t he

vessel at a constant rate of --1 ~cc/mn, while solution Ais added through
a separat e pheypvithdissolve inthie reaction misture@ndsvbseguenty bsapreeipitattdat ai n t he

H at 6. ~. .. i Xi t | uti i pitat f . Th |
o el B L OR L SPLUL ot A BLERL LaLe T or ey The Sty ves
dried at 12 h&é@;ﬂ%@i@m@ 12’5&1 e,@rﬁhﬁ%xﬂ%i"{%ﬂg— dr'iéldgs%%w! gphene (DBT):

1.5-2 g of the ca _ nples 1-4 were pl ace a quartz boat which
was in turnidiiReaegholyidai@ dnmbanim phraiUaietz, hesbe, antpplyasaddiatdkai

Li ndberg furnace. The tenperature was raised to 370C in about one hour with
N2 flow ng atetalcsalts/ silicknatid kaltf dbGreumivVilBueetaisosuch a5 mokybdaysiicicgidvas
switched off gnd 10% H2 S/ H2 then added tq.the react.or af 20 cc/m the

t enper at ur e"?‘ﬂ&b@&sséﬁ!lc’f:d“mé) aCithdURRILF $Hdr BEIRYNESUR3GHE PEFRBENIGICIYn S

then shut o . | § Q] @Wiyh £ ich
poi nt i s ESAPRRY B Aind W NGE Mee St ShES L s Bl e
quartz tubet&@adtﬁ%ge\dlmﬂﬁxél%mw mpo@ENWhicRéré AbPisdmiovaoge 9l ove
box. Catal ysts were evaluated in a 300ec nodified Carbem- batch reactor

desi gned f oring®o6f héditiohy Bnowherctdoduiton isTefeected al hs resamonpmi kace.and si zed to
20/ 40 mesh and one gram was | oaded into a stainless steel basket.
sand~i ched Fetampes af thege contpornds prcemgd ¢emppoodgwhigh contain §q much cx03 WO

00/ 42126 28 : —— : :
crystal water that upon temperature increase they will dissolve in their own

metal water. Further. non-soluble metal salts may be added in suspension or as



1PCT/ US00/ 00993 |iquid feed, containing S w % di benzot hi ophene in decalin
was added to the autoclave:~ A hydrogen flow of 10U ec/nin was passledJul 2003
t hrough the reactor and the pressure was naintai ned at 3150kPa using a back

pressure r{gdoabRs. The tenperature was raised to 350C at ~PETHJ§WO'E%§3 and
run until either ~O~~ DBT was converted or until 7 hours was feached. A

smal | aliquot of product was renoved eveBy 30 m nutes and anal yzed by GC
Rat e constants for the overall conversion as well as the conversion to the
reaction products biphenyl (BP) and evcl ohexyl benzene (CHB) were cal cul at ed
as descri bedichyamn salutige iaedered R theneaeteon mixwre. Cawitabla@onaioluide ( 1994)]

and are shown in ''Table 1. described in that artjele. hi se tiyities
to cvcl oheWF‘@isn%ﬁ@r? SF%?@W’HOBI@W"H SPEQ:OGQQJWUFPQ%{@? ¥ SP fon are

ancreas i g arier herBER ki Moo b ANFRAEY (honBRIEN TN & ¢

hi gh hydr oqgggivagér).zat i on activity. The results show that partial
substitution of tungsten for nolybdenumresults in catalysts that are
substantially higher for DBT conversion. A standard supponed N -M on A103
catal yst is al sollhrantibnmistrpas fegoted tThodtdin ghpretiBitBe. rRrecipimtignést s t hat
t he cat al ystgesc{'lare acai,ve fér HDQ Tabl e 1. Conparison, of Activity in DBT
Conver si on eftested by pAdingSrep Xedinongiehls mstaksaitaeiutinredla WmpRAatSEhemes

o ot T A B TR B b e BRI L (¢

oo o HECR Ao Lripnda S el PRI, 1

, t npr eenat traetdals?for (precipitation upon temperature increase or pH change or adding a
Group VIB metal salt solution at a temperature and pH at which the Group VIII
non-noble metal and Group VIB metal precipitate. changing the temperature,
changing the pH, or lowering the amount of the solvent. The precipitate obtained
with this process appears to have high catalytic activity. In contrast to the
conventional hydroprocessing catalysts, which usually comprise a carrier
impregnated with Group VIII non-noble metals and Group VIB metals, said
precipitate can be used without a support. Unsupported catalyst compositions
are usually referred to as bulk catalysts. Changing the pH can be done by adding
base or acid to the reaction mixture, or adding compounds. which decompose
upon temperature, increase into hydroxide ions or H" ions that respectively
increase or decrease the pH. Examples of compounds that decompose upon

temperature increase and thereby Increase or decrease the pH are urea. nitrites,

ammonium cyanate, ammonium hydroxide, and ammonium carbonate.

In an illustrative process according to the solution route. solutions of
ammonium salts of'a Group VIB metal are made and a solution of a Group VIII
non-noble metal nitrate is made. Both solutions are heated to a temperature of
approximately 90°C. Ammonium hydroxide is added to the Group VIB metal
solution. The Group VIII non-noble metal solution is added to the Group VIB

metal solution and direct precipitation of the Group VIB and Group VlI]



1 ~,1 Ut 2003 WO 00/ 421 26 PCTI USO0/ 00993 39 A series of catalysts were
'‘prepared in accordance Wi th the general preparation schene of exképlk 28]
(i.e.. boiling deconposition) but varying the Mo and Wrelative ratios by
changi ng waoagpnt of ammoni um nol ybdat e and anmoni um et aic4ingsb/ad9es added

to the solutions. Deconposition was effected as described in Exanple ~. The
catal ysts so prepared are shown in Table42 along with their catalytic
activities for DBT neasured as described in Exanple ~. Table 2. Conparison

of Activity in T Conversion Tests w Variation in Relative Wand M

cont ent pamAlIe B3l CORRBRS ORI b dAi & PSR sheashalstbsecadusied ehi e

s90Cnku- v U BT GABE UhRSE AR Broghdripir emberature andror

W, g- 018983252 (6533ufig43. G213214. INHA- Nl Mo. 3W 7- O 8983- 1017, 9425. 8743. 2l
5411. GNH4- Ni Mb, 5W5- O 8357- 1 09t 3. 171 8. 7443. b21711 0. 2NH4- Ni Mo. 7W 3- O 8983- 95
18.54] 1.0943. Q158 ~1 1.~NH4-Ni M. gW t - O 8983- 9223. 833. 6943. G31411 0. 5 The

data show that the nost active catalyst contains an approxi mately equi nol ar
m xture of tungdn@nothed ilaestyatierpnocess: acanpding Yo thessnliden ofuteat Gryui s wer e

prepared as,described in, Exa 3 (direct precipitation ) in which,
equi nol ar 341% metd sgfi.a I%ﬁ'%lﬁ%ﬁ ”\ﬁé‘?’)éa[}r kg H“PER’HH”W&PP?@CW% RuKe¢ Bht ent
was vari ed il ff e ctibed J Py he
1 2 RISk Al YRR SRR RS ot M B laspel e,
activi ti estd aipHPRI WIR@S pFeRibiftti odeseurd eFlos Ms@AdEMWHenickel. molybdenum.

and tungsten components are applied, precipitation typically occurs at a pH

below 7.

Independently from whether the solid or solution route is chosen the
resulting bulk catalyst composition preferably comprises and more preferably
consists essentially of bulk catalyst particles having the characteristics of the
bulk catalyst particles described under the heading "Catalyst compositions of the

invention."

The bulk catalyst composition can generally be directly shaped into
hydroprocessing particles. 1f the amount of liquid of the bulk catalyst
composition is so Aigh that it cannot be directly subjected to a shaping step. a
solid liquid separation can be performed before shaping. Optionally the bulk
catalyst composition, either as such or after solid liquid separation, can be

calcined before shaping

The median diameter of the bulk catalyst particles is at least 50 nm. more
preferably at least 100 nm. and preferably not more than 5000 un and more
preferably not more than 3000 um. Even more preferably. the median particle
diameter lies in the range of 0.1 - 50 um and most preferably in the range of

0.5-50um.



1.4 J U~ 2003 WO 00142126 30 PCT/ US00/ 00993 Table 3. Variation of LNi ﬁk@b
Content in NHS-Ni-M. SVJ. ~-0 Catal ysts anmoni umanmoni Umi ckel kt ot él JBP
~nol ybdat enet at ungst at eni t rat e35pCh

350CCat al ywo9a/aPiz6( 9) (9) hexahydr at e( g) NHA- Ni p. 75M 5W 5- O190881h46hkatef3524. 64
3.651711 3. 0- NH4- N~1. OM SN ~. S- A 9086- 8317, 65 ~-

~4. G58. 21 671 3. 4NH4- | r ~1. 25M 5W 5-019086- 2°i |17. 6524, 672. 751741
| .OTIHg-Ni | . ~Mb. 5W 5- 01908G-i 1217. 6i 24. GB7.i 1489. ~s Catal yti c perfornance

d t ch bstantially wth l,ati i.n Ni .7~ to 1.~
Secsonch Crante SERBLRIL Yt BB AR uBtirhd SRS b Belics o
catal ysts Wi GnlERRY Bl HHhER e ANARIN Lot B hagey 0 the

preparation was vari‘e catal S Were ared in accordance to the

procedur e dagardpreeessihgRa@anise. FameAed irfcdhade diliea. aimesndluafinNFRH akn

solution A was varied to change to NHAOI-i/N nmolar ratio when the two
sol uti ons weorvearntiord] sibeeeaiposid.isdicavemted fleatieg and atiesinai doated siliExanpl e ~.

The catal ysts so prepared are shown in Table 4 along.with their catalytic
activities ABIMIDBBULEAS(PENdeIberhaas. 98 RIbhsIExHiama Ziycom@prationic Ylavsari on

ntt rN!;E~ o aenton celRnDR RendTisRuTalat Jne: SEOLR Sh D SrARlelongs | o
—_ ~ H —_ . LN . . 8 ) .
coal Lt 1) AT PG el ohioeh aiPR A o MR Mm%, s

WD 00/ 42126 zRETAISOPAAIRAIE thkreof. These binders may be applied as such or after
2:119086-8217. 6524. b72. 753Ul 671 2. 43: 119086- 10417. 624. G87. 3411CAI | . -14: 11908

G 10Gl7. 6i 2pepdzatn- 1§ is 2150 passible Wapphy prdcursons of thehe bpdseuthabrduringpound
wll drive ng;f nost .Wiefh not all. of the aécmoni umogo&%i on Oé thi§:) Erecursor,
the prepar atfORFO5FSE Aths BXERLQ) arg f@nY Fred Mt apy iad the phyeydeseribg
deconposi ti : t ! : Sltg, oyed.
Thus, the ep;heoc%?%%{ﬁ{eag?@?&t%ﬁgr%g%bﬁ%(’)’g‘?{ﬁlgﬁj pr og%{&g% ! %gfag%ét is
enhanced whahrina BidE) Water d1as8 (idobithin PsidieabAIdeP) adhixth& of alkali metal

aluminates and water glass (to obtain a silica alumina binder), a mixture of

sources of a di-, tri-, and/or tetravalent metal such as a mixture of water-soluble

salts of magnesium, aluminum and/or silicon (to prepare a cationic clay and/or

anionic clay), chlorohydrol, aluminum sulfate, or mixtures thereof.

If desired, the binder material may be composited with a Group VIB
metal and/or a Group VIII non-noble metal, prior to being composited with the
bulk catalyst composition and/or prior to being added during the preparation
thereof. Compositing the binder material with any of these metals may be
carried out by impregnation of the solid binder with these materials. The person
skilled in the art knows suitable impregnation techniques. If the binder is
peptized. it is also possible to carry out the peptization in the presence of Group

VIB and/or Group V111 non-noble metal components.

1f alumina is applied as binder. the surface area preferably lies in the

range of 100 - 400 mz/g. and more preferably 150 - 350 mz/g. measured by the



precursor conpound is fromabout 1:1 to about 4:1, preferably about 1.i:1
to about 4:1, and nore preferably about ?: | to about 4:1. Whif¢ yyot2003

wi shing to be bound by any particular theory or nechanism there is sone
evi dence H N ratio causes the Ni-MWO phase to ¢ i e
decorrposi"??ggmgégduct. Exa>r>~li 9 The ﬁgt al ysts of exanpl Egﬁlg%gdr@%?v\ere
conpared agai nst standard supported N catal ysts for the conversion of a
LSADO (|l ow sul fur auto diesel oil feed). This feed contained S 10 wppm

. 0 : . :
The cai al yBra TwaranpASrie A sgiime pERRERbgtice 1 prérdalh psht sthas of G5 -
The relatiyv VRN fi ot 1 . catalysts are sunmarized in Table
S. Table 5. ?gglﬁlytgiﬁ\}géﬁgg?gg rﬂggg ?%%L%m?ﬁl es on LSADO Feed

(Catal ystRel ative Volunmetric HD~ Activii~Relative Volunetric HDf~" |
Activit~~Ni .M!Al ~(~., 1 INH4-N Mo- () U. 2>u. >11IN -14-Ni 1. ~M ~w.;-c~ ~1.~

~ _ ~ ~ .1 a 1. GzrefalWOtBObHRIEP MaRTIAISO0 BreClides i3 heTprecis, of\MbeAhveéRtiopat al yst

i é_a st andar d HDN HDS, cat al_%/st , the NHa-Ni - M phase is the bul k phase with
no tungst eh3s kessicaReyNg-ACINity-thappheshplk-catalyst epmpraition pase cafalytipart i al

bstitution. f ._The, NHa- Ni, Mb- O cat al i | sQ.. tati f
cnown compaiaby Al CiPsreRur By RndRed ERERE Kiterd PsEpiiReTifE New i
i, ~Mb~, . SW,. & - ' i ckel
Lungst en: not TRl CRpHRlan G os ARCLESITIRB, BRCaoui B e Tl £
cat al yst compaddltto e atdedridithgpictesef thelindenio ?e_':nelrzﬂl_\} B&p iz inl tHe

|

di nol ybdate (15. 33kg Mb03) are dissolved in Q75 liters water. Subsequently
28. Skg anmdesitad sasbatuebiedinal caalysorgmpositions Bisdedamountsdraw| Ut 9Hn. The
resulting soluti.on i s preheat.ed u 0 90C., 26. ~kg.Ni CO.; (49. 7% N ) powder
5> xed whio it A GREOY BenRr he sptable. fepeiding on Hie s aTEn U

di nol ybdat | t i I 1 he. i S
oo YDt kSR CAR AL WIS Bk o B VRGBSR eh >
conposi ti oact@ﬁ?omtmcdmpbﬁﬁoﬁ off tid pres¢ruheentidh, didder ahfiuntd ke addedl
ammoni um nol ybdate (0.07 noles M), 18.7 g ammoni um netatungstate (0.07

mol es W) aredget@rdlyimthskeangeiof et €7 hutdhydithe totdlocomspomitiens Ni ) wer e

di ssolved in 300 M water so that the resulting pH equaled 4.3. To this
solution, a concentrated NH40H sol ution (about 600 nil) was added until the

pH reached 10. t i (o] { j ' o ution was
relluxed at 1OQ®‘F O({%'t@yﬁoéudr?ﬁ'os&?cﬁ (rgﬂg ﬁaLrghﬁgﬁaﬁﬁﬁ%ﬁ&%g@ﬁpﬁ%se

di ssol ved &gir@éivg, felfdtBang Med@ingObad/oP BpRRdirgthg. i It hilebe MRAdd that ifaher een
precipitate lurmed. The héating was continued until the pH reached a val ue

bet ween 6. tatalystl cBmPositiandsa0bé2ppBed in slurry type reactors. fluidized beds,

moving beds, expanded beds, or ebullating beds, spray drying or beading is
generally applied for fixed bed applications, generally, the catalyst composition
is extruded, pelletized and/or beaded. 1n the latter case, prior to or during the
shaping step, any additives that are conventionally used to facilitate shaping can
be added. These additives may comprise aluminum stearate, surfactants.
graphite or mixtures thereof. These additives can be added at any stage prior 1o
the shaping step. Further. when alumina is used as a binder, it may be desirable
to add acids prior to the shaping step such as nitric acid to increase the

mechanical strength of the extrudates.

It is preferred that a binder material is added prior to the shaping step.

Further. it is preferred that the shaping step is carried out in the presence of a
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the above-described methods. However, it is generally preferred to add the

binder material prior to spray drying and/or any alternative technique. 1f the

binder is added subsequent to spray drying and/or any alternative technique, the

resulting composition is preferably thoroughly mixed by any conventional

technique prior to shaping. An advantage of. e.g.. spray drying is that no

wastewater streams are obtained when this technique is applied.

Furthermore. a cracking component may be added during catalyst
preparation. The cracking component may serve as an isomerization enhancer.

The cracking component can be any conventional cracking component such as
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g carried out Ey impregnation of the cracking component with these materials.

The cracking component, which can comprise about 0-80 wt.%. based on
the total weight of the catalyst, can be added at any stage of the process of the
present invention prior to the shaping step. However, it is preferred to add the

cracking component during the compositing step (ii) with the binder.

Generally, it depends on the envisaged catalytic application of the final
catalyst composition which of the above-described cracking components is
added. A zeolite is preferably added if the resulting composition shall be applied
in hydrocracking or fluid catalytic cracking. Other cracking components such as
silica-alumina or cationic clays are preferably added if the final catalyst
composition shall be used in hydrotreating applications. The amount of cracking
material that is added depends on the desired activity of the final composition
and the application envisaged and thus may vary from () - 80 wt.%. based on the

total weight of the catalyst composition.

1f desired. further materials can be added in addition to the metal
components already added. These materials include any material that is added

during conventional hydroprocessing catalyst preparation. Suitable examples
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The processes of the present invention for preparing the bulk catalyst

compositions may further comprise a sulfidation step. Sulfidation is generally
carried out by contacting the catalyst composition or precursors thereof with a
sulfur containing compound such as elementary sulfur. hydrogen sulfide or
polysulfides. The sulfidation can generally be carried out subsequently to the
preparation of the bulk catalyst composition but prior to the addition of a binder

material. and/or subsequently to the addition of the binder material but prior to

subjecting the calalyst composition to spray drying and/or any aliernative
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method. and/or subsequently to subjecting the composition 1o spray drying
and/or any alternative method but prior to shaping, and/or subsequently to
shaping the catalyst composition. It is preferred that the sulfidation is not carried
out prior to any process step that reverts the obtained metal sulfides into their
oxides. Such process steps are, e.g.. calcination or spray drying or any other
high temperature treatment in the presence of oxygen. Consequently. if the
catalyst composition is subjected to spray drying and/or any alternative
technique, the sulfidation should be carried out subsequent to the application of

any of these methods.

Additionally to, or instead of, a sulfidation step, the bulk catalyst
composition may be prepared from at least one metal sulfide. If, e.g. the solid
route is applied in step (i), the bulk catalyst component can be prepared form

nickel sulfide and/or molybdenum sulfide and/or tungsten sulfide.

If the catalyst composition is used in a fixed bed processes, the sulfidation
is preferably carried out subsequent to the shaping step and, if applied,
subsequent to the last calcination step. Preferably, the sulfidation is carried out
ex situ, i.e., the sulfidation is carried out in a separate reactor prior to loading the
sulfided catalyst composition into the hydroprocessing unit. Furthermore, it is

preferred that the catalyst composition is both sulfided ex situ and in situ.

One or more of the reaction zones of any or both of the
hydrodesulfurization stages. may contain a conventional hydrodesulfurization
catalyst. Suitable conventional hydrodesulfurization catalysts for use in the
present invention includes those that are comprised of at Jeast one Group V11
metal, preferably Fe. Co or Ni. more preferably Co and/or Ni. and most
preferably Co: and at least one Group VI metal, preferably Mo or W. more
preferably Mo. on a relatively high surface area support material. preferably

alumina, Other suitable hvdrodesulfurization catalyst supports include zeolites.
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Eb@ 3% 0%@-efnployed ArBIdHb 10 when the noble metal is selected from Pd and Pt. It is
within the scope of the present invention that more than one type of
hydrodesulfurization catalyst be used in the same reaction vessel. The Group
VIII metal is typically present in an amount ranging from about 2 to 20 wt.%,
preferably from about 4 to 12%. The Group VI metal will typically be present in
an amount ranging from about 5 to 50 wt.%, preferably from about 10 to 40
wt.%. and more preferably from about 20 to 30 wt.%. All metals weight
percents are on support. By “"on support” we mean that the percents are based on
the weight of the support. For example, if the support were to weigh 100 g. then
20 wt.% Group VIII metal would mean that 20 g. of Group VIII metal was on

the support.

It has been found that in this case, the bulk catalyst particles are
sintering-resistant. Thus the active surface area of the bulk catalyst particles is
maintained during use. The molar ratio of Group VIB to Group VIII non-noble
metals ranges generally from 10:1 - 1:10 and preferably from 3:1 - 1:3. In the
case of a core-shell structured particle, these ratios of course apply to the metals
contained in the shell. If more than one Group VIB metal is contained in the
bulk catalyst particles, the ratio of the different Group VIB metals is generally
not critical. The same holds when more than one Group VIII non-noble metal is
applied. In the case where molybdenum and tungsten are present as Group VIB
metals, the molybenum:tungsten ratio preferably lies in the range of 9:1 -1:9.
Preferably the Group VIII non-noble metal comprises nickel and/or cobalt. It is
further preferred that the Group VIB metal comprises a combination of
molybdenum and tungsten. Preferably. combinations of
nickel/molybdenum/tungsten and cobalt/molybdenum/tungsten and
nickel/cobalt/molybdenum/tungsten are used. These types of precipitates appear
1o be sinter-resistant. Thus. the active surface arca of the precipitate is remained

during use.
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The metals are preferably present as oxidic compounds of the corresponding

metals, or if the catalyst composition has been sulfided. sulfidic compounds of

the corresponding metals.

Preferably the particles have a surface area of at least 50 m*/g and more
preferably of at least 100 m?%/g measured VIB the B.E.T. method. It is
furthermore preferred that the particles comprise 50 - 100 wt.%. and even more
preferably 70 - 100 wt.% of at least one Group VIII non-noble metal and at least
one Group VIB metal, based on the total weight of the particles, calculated as
metal oxides. The amount of Group VIB and Group VIII non-noble metals can

easily be determined VIB TEM-EDX.

It is desired that the pore size distribution of the particles is approximately
the same as the one of conventional hydrotreating catalysts. More in particular.
these particles have preferably a pore volume of 0.05 - 5 ml/g. more preferably
of 0.1 - 4 ml/g, still more preferably of 0.1 - 3 ml/g and most preferably 0.1 - 2
ml/g determined by nitrogen adsorption. Preferably, pores smaller than 1 nm are
not present. Furthermore these particles preferably have a median diameter of at
least 50 nm, more preferably at least 100 nm, and preferably not more than 5000
pum and more preferably not more than 3000 un. Even more preferably. the
median particle diameter hes in the range of 0.1 - 50 um and most preferably in

the range of 0 5 - 50 um.

The surface area of the catalyst composition preferably is at least 40 m*/g,
more preferably at least 80 m*/g and most preferably at Jeast 120 m?/g. The total
pore volume of the catalyst composition is preferably at least 0.05 ml/g and more
preferably at least 01 ml/g as determined by water porosimetry. To obtain
catalyst compositions with high mechanical strength. it may be desirable that the

catalyst composition of the invention has a low macroporosity.
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It was found that the bulk catalyst particles have a characteristic X-ray
diffraction pattern which differs from catalysts obtained by co-mixing and
conventional hydroprocessing catalysts obtained by impregnation. The X-ray
diffraction pattern of the bulk catalyst particles comprises. and preferably
essentially consists of, peaks characteristic to the reacted metal components. If,
e.g.. nickel hydroxy-carbonate has been contacted with a molybdenum and
tungsten component as described above, the resulting bulk catalyst particles are
characterized by an X-ray diffraction pattern which comprises peaks at d values
of (4.09), 2.83, 2.54, 2.32, 2.23. 1.71, (1.54), 1.47. Values in brackets indicate
that the corresponding peaks are rather broad and/or have a low intensity or are
not distinguished at all. The term "the X-ray diffraction pattern essentially
consists of " these peaks means that apart from these peaks, there are essentially
no further peaks contained in the diffraction pattern. The precipitate for catalyst
obtained by the solution route has a characteristic X-ray diffraction pattern
which differs from catalyst obtained by co-mixing and conventional
hydroprocessing catalysts obtained by impregnation. For instance the X-ray
diffraction pattern of a Ni-Mo-W precipitate as prepared by the solution route
has peaks at d values 0f2.52, 1.72 and 1.46.

Also as previously stated. the catalyst composition may comprise
conventional hydroprocessing catalysts. The binder materials and cracking
components of the conventional hydroprocessing catalyst generally comprise
any of the above-described binder materials and cracking components. The
hydrogenation metals of the conventional hydroprocessing catalyst generally
comprise Group VIB and Group VIII non-noble metals such as combinations of
nickel or cobalt with molybdenum or tungsten. Suitabie conventional
hydroprocessing catalysts are, ¢.g.. hydrotreating catalysts. These catalysts can

be in the spent. regenerated. or fresh state.
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As will be clear from the above, it is possible to add the Group VIII non-
noble metal containing compound and the Group VIB metal-containing
compound in various ways, at various temperatures and pHs. in solution. in

suspension, and as such. simultaneously and sequentially.

The precursor compound can also be readily prepared by one of several
methods, including a variation of the boiling decomposition method used by
Teichner and Astier in which a tungsten compound is added to the initial mixture
of 2 molybdenum salt. a nickel salt and ammonium hydroxide. Direct
precipitation and pH controlled precipitation may also be used to prepare the
precursor compound. In all cases, however, water soluble salts of nickel.

molybdenum and tungsten are employed.

Preferably, the molybdenum and tungsten salts are ammonium
compounds, e.g., ammonium molybdate, ammonium metatungstate. while the

nickel salt may be the nitrate or hydrated nitrates.

The decomposed precursor can be sulfided or pre-sulfided by a variety of
known methods. For example, the decomposition product can be contacted with
a gas comprising H,S and hydrogen, e.g.. 10% H,S/Ho. at elevated temperatures
for a period of time sufficient 1o sulfide the decomposition product, usually at
the point of H,S breakthrough in the exit gas. Sulfiding can also be effected. in
situ, by passing a typical feedstock containing sulfur over the decomposition

product.

Process conditions applicable for the use of the catalysts described herein
may vary widely depending on the feedstock to be treated. Thus. as the boiling
point of the feed increases. the severity of the conditions will also increase. The

following table serves to illustrate typical conditions for a range of feeds.
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FEED TYPICAL TEMP.® PRESS, SPACE H; GAS RATE
BOILING C BAR VELOCITY SCF/B
RANGE °C V/V/HR
naphtha 25-210 100-370 10-60 0.5-10 100-2,000
diesel 170-350 200-400 15-110 0.5-4 500-6.000
heavy gas 325-475 260-430 15-170 0.3-2 1000-6.000
oil
lube oil 290-550 200-450 6-210 0.2-5 100-10,000
residuum 10-50%>575 340-450 65-1100 0.1-1 2.000-10.000

The following examples will serve to illustrate. but not limit. this

invention.

Example ] Preparation of NH4-Ni-Mo-O Phase (boiling decomposition as per

Teichner and Astier procedure):

In a 1 liter flask, 26.5 g ammonium molybdate (0.15 moles Mo) and 43.6 g
nickel nitrate hexahydrate (0.15 moles Ni) were dissolved in 300 cc of water so
that the resulting pH equaled 4.3. To this solution, a concentrated NH4OH
solution was added. At first, a precipitate formed which on further addition of

NH4OH dissolved 1o give a clear blue solution with a pH of 8.3, and additional
NH4OH (~250cc) was added until a pH of 10 was reached. The solution was

heated to 90°C for 3 h during which ammonia gas evolved and a green
precipitate formed. The final pH lay between 6.8 and 7. The suspension was
cooled to room temperature, filtered, washed with water and dried at 120°C
overnight. About 18.6g of material was obtained. The sample analyzed for Ni
at 26.6 wt.% and Mo at 34 wt.%. The X-ray diffraction spectra of the phase

matches the pattern reported by Teichner.
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Example 2 Preparation of NH4-Ni-Mo.5W 5-O by boiling decomposition:

In a ] liter flask, 13.2 g ammonium molybdate (0.075 moles Mo). 18.7 g
ammonium metatungstate (.075 moles W) and 43.6 g nickel nitrate hexahydrate
(0.15 moles Ni) were dissolved in 300cc of water so that the resulting pH

equaled 4.3. To this solution, a concentrated NH4OH solution (~600cc) was

added until the pH reached 10. At this point. some precipitate remained. The
solution was refluxed at ~100°C for 3 h. During this heating. the precipitate
dissolved to give a clear blue solution and on further heating. a green precipitate
formed. The heating was continued until the pH reached between 6.8 and 7.
The suspension was cooled to room temperature, filtered. washed with water and
dried at 120°C overnight. 18 grams of material is obtained. The X-ray
diffraction spectra of the phase is given in Figure 2 showing an amorphous

background with the two largest peaks at d=2.58 and 1.70A.
Example 3 Preparation of NH4-Ni-Mo §W 5-O by direct precipitation:

In a 1 liter flask, 17.65 g of ammonium molybdate (0.1 mole Mo) and 24.60 g of
ammonium metatungstate (0.1 mole W) were dissolved in 800 cc of water giving

a solution pH of ~5.2. To this solution 0.4 moles of NH4OH (~30 cc) was

added, raising the pH to ~9.8 (solution A). This solution was warmed 10 90°C.
A second solution was prepared by adding 58.2 g of nickel mtrate. (0.2 moles
Ni) which was dissolved in 50 cc of water (solution B) and maintained at 90°C.
This solution was added dropwise at a rate of 7 cc/min into the ammonium
molvbdate/ammonium metatungstate solution. A precipitate begins to form afier
1/4 of the solution was added. This suspension which was at a pRH -6.5 was
stirred for 30 minutes while the temperature was maintained at 90°C. The
material was filtered hot. washed with hot water. and dried at 120°C.

Approximately 38 g of material was recovered.

'g
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Example 4 Preparation of NH4-Ni-Mo 5-Mo 5W 3-O by controlied pH

precipitation:

Two solutions were prepared with the same amounts of nickel, tungsten,
molybdenum and ammonium hydroxide are described in Example 3 (solutions A
and B) except that each solution contained about 700 cc of water. The two
solutions were added into a separate vessel initially containing 400 cc of water
held at 90°C. Solution B (the acidic solution) was pumped into the vessel at a
constant rate of ~15cc/min, while solution A is added through a separate pump
which is under feedback PC controi and set to maintain the pH at 6.5. On
mixing the two solutions a precipitate forms. The slurry was stirred at 90°C for

30 minutes, filtered hot, washed with hot water, and dried at 120°C.
Example § Catalytic Evaluation Using Dibenzothiophene (DBT):

1.5-2 g of the catalysts of Examples 1-4 were placed in a quartz boat which was
in turn inserted into a horizontal quartz tube and placed into a Lindberg furnace.

The temperature was raised to 370°C in about one hour with N7 flowing at 50
cc/m, and the flow continued for 1.5 h at 370°C. Nj was switched off and 10%
H7S/H7 then added to the reactor at 20 cc/m, the temperature increased to

400°C, and held there for 2 hours. The heat was then shut off and the catalyst

cooled in flowing H2S/Hj to 70°C. at which point this flow was discontinued
and Ny was added. At room temperature, the quartz tube was removed and the
material transferred into a N purged glove box. Catalysts were evaluated in a

300cc modified Carberry batch reactor designed for constant hydrogen flow.
The catalyst was pilled and sized to 20/40 mesh and one gram was loaded into a

stainless steel basket. sandwiched between a layer of mullite beads. 100 cc of
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autociave. A hvdrogen flow of 100 cc/min was passed through the reactor and

the pressure was maintained at 3150kPa using a back pressure regulator. The

temperature was raised 10 350°C at 5-6 deg/min and run until either 50% DBT

was converted or until 7 hours was reached. A small aliquot of product was

removed every 30 minutes and analyzed by GC. Rate constants for the overall

conversion as well as the conversion to the reaction products bipheny! (BP) and

cvciohexvibenzene (CHB) were calculated as described by M. Daage and R. R.

Chianelli [J. Cat. 149. 414-27 (1994)] and are shown in Table 1. As described in

that article. high selectivities to cyclohexylbenzene relative to BP during the

desulfurization reaction are a good indication of a catalvst with high

hydrodenitrogenation activity. whereas high selectivities of BP relative to CHB

indicates a catalyst with high hydrodesulfurization activity.

The results show that partial substitution of tungsten for molybdenum results in
catalysts that are substantially higher for DBT conversion. A standard supporied

Ni-Mo on AlpOg3 catalyst is also shown for comparison. The high CHB/BP ratio

suggests that the catalysts are active for HDN.

Table 1. Comparison of Activity in DBT Conversion Tests With Tungsten

Addition by Different Preparation Schemes

Kiotal @ CHB/BP
catalys! preparation technique example # 350°C 350°C
NH4-Ni-Mo-O boiling decomposiiion ! 106 10.4
NHg-Ni-Mo W -0 boiling decomposiuon 2 171 10.2
NHg4-Ni-Mo W 5-0 direct precpitation 3 167 124
NHg-Ni-Mo W -0 controlied pH preparation 4 181 120
Ni.Mo/Al2 05 ympregnation 129 64

Example 6
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A series of catalysts were prepared in accordance with the general preparation

scheme of example 2 (i.e.. boiling decomposition) but varying the Mo and W

relative ratios by changing the amount of ammonium molybdate and ammonium

metatungstate added to the solutions. Decomposition was effected as described

in Example 5. The catalysts so prepared are shown in Table 2 along with their

catalytic activities for DBT measured as described in Example 3.

Table 2. Comparison of Activity in DBT Conversion Tests with Variation in

Relative W and Mo content

ammonium ammonium nickel nitrate | Kegyai CHB/BP
molybdate metatungstate | hexahydrate @ @ 350°C
Catalyst Sample (€3] (g) ) 350°C

NH4-Niw-0O 18983-97 0 36.95 43.62 128 11.3
NH4-NiMo ;W o-O | 18983-125 2.65 33.62 43.62 132 14.1
NH4-NiMo 3W 7-0 | 18983-10] 7.94 25.87 43,62 154 1.6
NHy4-NiMo sW 5-O | 18357-109 13.17 18.74 43.62 171 10.2
NHy4-NiMo W 3-0 18983-95 18.54 11.09 43.62 158 1.5
NH4-NiMo gW -0 18983-92 23.83 3.69 43.62 41 10.5

The data show that the most active catalyst contains an approximately equimolar

mixture of tungsten and molybdenum.

Example 7

A serics of catalysts were prepared as described in Example 3 (direct

precipitation) in which equimolar mixtures of Mo and W were precipitated but

the nickel content was varied. Decomposition was effected as described in

Example 5. The catalysts so prepared are shown in Table 3 along with their

catalvtic activities for DBT measured as described in example 5.
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ammonium ammomum nickel Kiotal @ CHB/BP
molvbdate metatungstate nitrate 350°C @ 350°C
Catalyst Sample (g) (2) hexahydrate
(8
NHy4-Nig 75Mo §W 5-O 19086-110 17.65 24.6 43.65 17 13.0
NH4-Nij gMo sW 5-O 19086-82 17.65 24.6 58.2 167 } 124
NHg-N1| 235Mo W 5-O [ 19086-111 17.65 246 72.75 174 1.0
NHz-Niy sMo sW 5-O 19086-112 17.65 24.6 87.3 148 9.55

Catalytic performance does not change substantially with variations in Ni from

0.75 to 1.5. although K appears to go through a maximum at about 1.25 Ni.

Example 8

A series of catalysts were prepared in which the quantity of NH4OH used in the

preparation was varied. The catalysts were prepared in accordance to the

procedure described in Example 3 except that the amount of NH4OH in solution

A was varied to change to NH4OH/Ni molar ratio when the two solutions were

mixed. Decomposition was effected as described in Example 3.

The catalysts .

so prepared are shown in Table 4 along with their catalvtic activities for DBT

measured as described in Example 5.

Table 4. Variation in NH4OH Addition 10 Preparation

Catalyst ammomum | ammonium | nickel nitrate cm? Kiotal | BCHB
NH4OH/Ni molybdate | metatungstate | hexahvdrase conc @ /BP @
mole ratio | Sample (®) (®) ® NH4OH | 350°C | 350°C

1.2 19086-90 17.65 24.06 43.65 6.8 102 105
bl 19086-97 17.635 24.06 38.2 14 137 14
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about 4:1. and more preferably about 2:1 10 about 4:1.

While not wishing to be

bound by any particular theory or mechanism, there is some evidence the

NH,4OH/Ni ratio causes the Ni-M-W-O phase to change in the decomposition

product.

Example 9

The catalysts of examples | and 2 were compared against standard supported Ni-

Mo catalysts for the conversion of a LSADO (low sulfur auto diesel oil feed).

This feed contained 510 wppm sulfur, 50 wppm nitrogen, and 30.6% aromatics

; with a gravity of 39.8° APl. The catalysts were tested at 304°C. 650 psig of H».

and 1850 SCFB/B of H2. The relative activities of the different catalysts are

summarized in Table 5.

Table 5. Relative Hydrotreating Activities on LSADO Feed

Catalyst Relative Volumetric HDS Relative Volumetric HDN
Activity Activity
Ni.Mo/AlhO4 | ]
NH4-NiMo-O 0.25 0.50
NHg-N1) oMo 3W 5-0 1.4 2.05
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The Ni, Mo/A),Oj; catalyst 1s a standard HDN/HDS catalyst. the NH4-Ni-Mo
phase is the bulk phase with no tungsten, and the NH;-Ni; oMo sW :-0 is the bulk
phase with partial substitution of W for Mo. The NH;-NiMo-O catalyst is also
representative of known compounds. The catalyst of this invention is illustrated
by NH4-Ni) oMoy sW s-O and the data show the clear advantage of ammonium

nickel tungsten molybdate for HDN activity.

Example 10

Preparation of a bulk catalyst composition according to the solid route:
18.1kg-ammonium dimolybdate (15.33kg MoOQ3) are dissolved in 575 liters
water. Subsequently 28.5kg ammonium metatungstate (24 69kg WOs) is added
to the solution. The resulting solution is preheated up to 90°C. 26.5kg NiCOs,
(49.7% Ni) powder is mixed with water and the resulting pasle—is added to the
ammonium dimolybdate/ammonium metatungstate solution. The resulting

mixture is reacted for 7 hours at 89°C.

Example 11

Preparation of a bulk catalyst composition according to the solution route:

In a 1-liter flask. 13.2 g ammonium molybdate (0.075 moles Mo), 18.7 g
ammonium metatungstate (0.075 moles W) and 43.6 g nickel nitrate hexahydrate
(0.15 moles Ni) were dissoived in 300 m! water so that the resulting pH equaled
4.3. To this solution. a concentrated NH40H solution (about 600 ml) was added
until the pH reached 10. At this point. some precipitate remained. The solution
was refluxed at 100°C for 3 hours. During this heating. the precipitate dissolved
1o give a clear blue solution and on further heating. a green precipitate formed.

The heating was continued until the pH reached a value between 6.8 and 7.0.
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dried at 120°C overnight. 18 grams of material were obtained.

le 12 1 7

657g of a NiMo-W bulk catalyst composition obtained according to the
procedure described in Examples 10 or 11 was added 10 1362 g of an aqueous
slurry containing 125g of alumina (prepared by precipitation of sodium
aluminate and aluminum sulfate). The resulting Ni-Mo-W bulk catalyst -
alumina composition was subsequently mixed at 80°C until an LOI of 31% was
obtained. The resulting composition was subsequently extruded and the
extrudates were dried at 120.C for about 90 minutes and subsequently calcined

at 385°C for one hour in air.

E‘xamplg 13 (qamplg 2110598)

The process of Example 12 was repeated except mat instead of the alumina

suspension, a silica sol containing 10 wt.% silica were applied.

’ le 14 2110591

657g of a Ni-Mo-W bulk catalyst composition obtained according to the
procedure described in Examples 7 or 8 was added to 510g of a boehmite paste
containing 125g boehmite. The rebuffing paste was mixed at 60°C to obtain an
LOI of 42%. The resulting composition was extruded. dried and calcined as

described in Example 12.
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The procedure described In Example 7 or 8 was repeated except that alumina is
present during the preparation of the bulk catalyst composition. To 755g of the
resulting dried Ni-Mo-W bulk catalyst - alumina composition containing 60g
alumina. 461 g water and a small amount of nitric acid were added. The resulting
mixture was mixed at 70°C while evaporating water until an LOI of 34% was
obtained. The resulting composition was extruded. dried and calcined as

described in Example 12.

Example 16

Ammonium molybdate. ammonium tungsten and/or ammonium chromate are
dissolved and combined in a first reactor. The temperature is increased to 90°C.
The Group VIII salt is dissolved in a second reactor and heated to 90°C.
Ammonium hydroxide is added to the first reactor to form a basic solution. The
Group VIII metal solution is added to the first dropwise with stirring in 20
minutes. After 30 minutes, the precipitate is filtered and washed. The

precipitate is dried overnight at 120°C and calcined at 385°C.

Example 17

The precipitation method of Example 16 was used to prepare a precipitate from
ammonium dimolybdate, ammonium meta tungstate and Fe(III(NO3); ¢ 9 H,O in
98% yield comprising 41.2 wt.% Fe,03, 21.3 wt.% MoOs, and 36.9 wt.% WO:..
The surface area of the precipitate was 76 m*/g. The pore volume as measured

up to 60 nm by BET using the adsorption curve was 0.147 ml/g.

Example 18

The precipitation method of Example 16 was used to prepare a precipitate from
Ni(CO3),#6H,0. (NH;),M0O,0,,24H-0. and (NH4),Cr,0; in 87.7% vield
comprising 52.2 wt.% NiO. 29.4 wt.% MoO;. and 16.6 wt.% Cr,0; The surface
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2. The process of claim 1 wherein the Group VIII non-noble metal is

selected from Ni and Co and the Group VIB metals are selected from Mo and W.

-

3. The process of claim 1 wherein two Group VIB metals are present

as Mo and W and the ratio of Mo to W is about 9:1 to about 1:9.

4, The process of claim | wherein the bulk multimetallic is

represented by the formula:

X (Mo). (W), O

wherein X is a Group VIII non-noble metal. and the molar ratio of b: (c+d) is

0.5/1 to 3/1.
5. The process of claim 3 wherein the molar ratio of b:(c+d) is 0.75/1
10 1.5/1.
6. The process of claim 3 wherein the molar ratio of ¢:d is >0.01/].
7. The process of claim | wherein the bulk multimetallic catalyst is

essentially an amorphous material having a unique X-ray diffraction pattern

showing crystalline peaks at d = 2.53 Angstroms and d = 1.70 Angstroms.
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9. The process of claim 1 wherein at ]east one of said metals in the catalyst

composition is sulfided.



