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HYDROCONVERSI ON PROCESS US P VII1/GROUP VIB CATALY%JFSN&SF@%S
REFERENCE TO RELATED APPLI Cmm“mw‘ﬂm i s a continuation-in-part of U S
Ser. NoWO&9M3HE | 56 filed Jan%%o%oﬁ 999 which is a PCT/US00/01009
continuation-in-part of U S. Se U3/ 900, 389 filed July I 5, 1997.

FI ELD OF THE | NVENTI ON Thr s invention relates to the hydroprocessing of

Cat ol yo AV DRGD! b SRk

cat al yst @Se‘gjﬁ i q’

BACKGROUND OF THE | NVENTI O\I W I ow suI fur, |ow nitrogen
crudes decrease, refineries are processing etudes with greater sul fur and
nitrogen contents at the same tinme that environnmental regulations are
mandat iy = = C e he ) 5~ L A ip{gducts. Consequently, a
need ex¥s HITCFeasS e =rorent—oes gt on and deni trogenation

catal ysts. In one approach a famly of conpounds, related to
hydr ot dlhis tses comimpatioasmapartaf bi.Sk&dr. INd. O3 e $56 fided bererarpid 8pEHYOd. Wher eas

- X-ray diHitk 3¢5 comimansinSpdrasf $hevWBet. NG, (B/J0@B8Y qile@IuBy ES,q9uposed of
| ayered phases with posrtlvel y charged sheets and exchangeabl e ani ons

| ocated in the galleries between the sheets, the rel ated amoni um ni ckel

mol ybdRIEINOBE TRE INVEDNIEE@Nani ons in int erI ayer galleries bonded to

ni ckel oxyhydroxi de sheets. See, for exanple, Levin, D, Soled, S. L., and
Ying, J. Y., Crystal, Structure of an Ammoni um Ni ckel bedate prepared by
Cheni cal Pr éarlprwnnen relprﬁrtgdhﬁéyér@ﬁos@sswg obpetralsumzand giemigal 4191-4 |1 97

( 1996) The arat n reported by
Tei chnaredieEAGE T Sk ihetn SIS VIS ey, BT e d Sl Hr. 1
33 7 PCTJUSOOlOlOOQ -I3 ( 1987) and C. R
 cad. écrl“dﬁb'g"sf{f"img#w?r?@g%%%% (1i)87) ;Ind Viallocchl;l, Solid
State Toni Cs, GS (1993) 731-35. Now, when mol ybd ally
substituted for b tunsten an_anor phous phase is g‘mmwmwlmm h upon

BA BRI IN¥EOQNt i on, provides enhapn
hydr odeni t rogenat I on (HDN) catal yst activity relative to t e unsubst I tuted

(N - M) phas/es th%lgWYoﬁc:)vJ Hﬁfuwm g\lgen crudes decrease, refineries are

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.

In one approach, 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 layered phases with
positively charged sheets and exchangeable anions located in the galleries between
the sheets, the related ammonium nickel molybdate phase has molybdate anions in
interlayer galleries bonded to nickel oxyhydroxide sheets. See. for example,
Levin, D., Soled, S. L., and Ying, J. Y., Crystal Structure of an Ammonium Nickel
Molybdate prepared by Chemical Precipitation, Inorganic Chemistry, Vol. 35, No.
14, p. 4191-4197 (1996). The preparation of such materials also has been reported
by Teichner and Astier. Appl. Catal. 72, 321-29 (1991); Ann. Chim. Fr. 12, 337-



I n accordance with this jnvention there is provided.a process for
hydr opr ocessi ng a hydrocarbon feedstock, which process conpri s‘\e‘s.ﬂébﬁ&%cti ng

sai d feggﬁ;ﬂ o at hydroprocessing conditions, with a bul
conpri se o?ﬁglt9 | east one Group VIII net al and two G oup H@F@@r@é]}gﬁi whi ch |

catal yst conprises a bulk netal catal yst containing non-noble netal G oup
VIIl nolybdate in which at |least a portion but |ess than all of the

fromat ToblTBBnBnEE i dvetbanr ol Gl Fh SR IEn rbyBkatscaR, Soid °°'
hydr odengt.al mﬁh%ﬁapggﬁﬁ?ﬂ%' zation, hydroisonerization,

hydr odewaXxi ng, hydr of i ni ng and hydrocracking. In a specific
enbodi ment of the invention, there is provided a process for selectively
hydroconverting a raffinate produced from solvent refining a |ubricating

oi | feedst ockNefv 6lh&® Y Vis&Siurk @apﬁﬂang%bﬂmm&r%brthﬁgétémg;nO! | feedstock
to a solvent extraction zone and separating therefroman aromatics rich

extract amdrghqarpiase isprddubed afliicinapen decémpiion/mhadlp@terdly) U L 2003 (b)
. stripping the raffinate of solvent to produce a raftinate lced laving a
dewaxed BilfidetignopriovydasrnbaneedhydrodenitBienatiem dDNOG! st axtivityal boi | i ng
poi nt of no.greater than, about 6 C,. (c) passing the rafffinate feed to a
first hy{frl%}&\gfn% i‘ﬁﬁ”ﬁﬁ)‘ﬁé‘%&Nb ebRRAS§y the raffinate feed in the
presence of a bul k netal catal yst under hydroconversion conditions wherein
the bul k netal catalyst conprises a Goup VIII non-noble netal nolybdate in

whi ch atSUMMAR YO E THEANVENBIGRan all of the nol ybdenumis replaced by
tungsten TO produce a rirst nydroconverted raffinate; and (d) passing the

first hydroconverted raffinate to a second reaction zone and conducti ng
cold hydrofinishing of the first hydroconverted raffinate in the presence
of a hydr of i nizhcenydenteavythtthimaeentoan therg dy prioividesha prpcesmfitirt i ons. 1 n
anot her gngodi ment, there is pro i&ﬁd a process for selectively.

hydr oconY¥FHOPRecessing & hydrosa eaHOoek,oWhich PSS COMPRISEE CANBEIRE cat i ng

ol | feedsaok. whLoh SOURLISSS: @) cSARRNSE M & RSl MRLLSALING 0l of gedst ook
least one Group VIII metal and two Group VIB metals, which catalyst comprises a
bulk metal catalyst containing non-noble metal Group VIII molybdate in which at
least a portion but less than all of the molybdenum is replaced by tungsten. The
hydroprocessing process is selected from at least one of hydrodesulfurization,
hydrodenitrogenation, hydrodemetallation, hydrodearomatization,

hydroisomerization, hydrodewaxing, hydrotreating, hydrofining and

hydrocracking.

In a specific embodiment of the invention, there is provided a process for
selectively hydroconverting a raffinate produced from solvent refining a

lubricating oil feedstock which comprises:

(a)  conducting the lubricating oil feedstock to a solvent extraction zone
and separating therefrom an aromatics rich extract and a paraffins

rich raffinate;



and separating therefroman aromatics rich extract.and a paraffins rich
raffinate; (b) stripping the raffinate of solvent to produce a raffinate

f eed hawg@@flewaxed oil viscosity index from about 80 t gz&gﬁ,h (13}95 and a
final boiling point of no greater than about 650 C, (c) passi g{ e

raffinate feed to a first hydroconversi-on zone and processing th? raffinate
feed in the presence of a bulk netal catal yst under hydroconversi 6nlUL 2003
conditi ons wherein the bul k netal cat a\l yst PCT/ US00/ 01009 conprises a

non- nobl e met® GBURPNA 1hcn&§t|1§wapésq> NCOhiocroguce agatinate gediwveng azi ~s

.a. 14 JUL 2003 ' . : | | ,of | yb ' I d
by tungsten Lo pr cHTERel pidECoR aIsEanab G40 napaty > Pk Ting the
hydr oconvened raffﬂ)&ﬂ%gcﬁ({ig%yQgg%ia@tﬁgg}ﬁg%&ow@ré,i on zone to a second

g y

hydr oconver si on zone a process oconverted raffinate in the
presence of a hydroconversion catal yst under hydroconversion conditions to

produce a secend hyflkROMHeeralATthatedfebd fath Firs{ BY dRR8AVEGidhhSoresmNd _
hydr oconvened raffinate to a hydrofinishing reaction zone and conducti ng

col d hydrofi ni shi ngroetsdihg the eaffidatefeednomeanesernaf dfi alaile maak hralgsesence
of a hydrofinishing catal yst under cold hydrofinishing conditions. In yet
anot her enbodi rrentumdm‘rfe'géecqmwsidmdoadipioose\dmrf:'nrthsévluécmev:élcytalyst
hydroconvening a raffinate %oduced fromsolvent refining a lubricating oil
feedst ock whi ch coffippBees a Group VIII non-noble metal molybdate in which at least

a portion but less than all of the molybdenum is replaced by tungsten

to produce a first hydroconverted raffinate; and

(d)  passing the first hydroconverted raffinate to a second reaction zone
and conducting cold hydrofinishing of the first hydroconverted
raffinate in the presence of a hydrofinishing catalyst under cold

hydrofinishing conditions.

In another embodiment, there is provided a process for selectively
hydroconverting a raffinate produced from solvent refining a lubricating oil

feedstock which comprises:

(a)  conducting the lubricating o1l feedstock to a solvent extraction zone
and separating therefrom an aromatics rich extract and a paraffins

rich raffinate;

(b)  stripping the raffinate of solvent to produce a raffinate feed having a
dewaxed oil viscosity index from about 80 to about 105 and a final

boiling point of no greater than about 650° C;

(c)  passing the raffinate feed to a first hydroconversion zone and
processing the raffinate feed in the presence of a bulk metal catalyst
under hvdroconversion conditions wherein the bulk metal catalyst

comprises a non-noble metal Group VIII molybdate in which at least



(a) conducting the lubrigcating oil feedstock to a solvent extraction zone
and separating therefroman aromatics rich extract and a paraffins rich

raf finagg stripping the raffinate of solvent to prodM&e r i nate
feed havi n%oggIl ewaxed oil viscosity index fromabout 80 to a got?quII%S and a

final boiling point of no greater thantabout 650 C, (c) passing 1t¢1gu% 2083
raffinate feed to a first hydroconversion zone and processing the raffinate
feed in the presence of a hydroconversion catal yst under hydroconversion
conditions to prodé®erdoR Prticshikanodbal iremod pbdemum i replagkd pavsishnpgien he

hydr oconvened raffinate fron}thg first Q%/dr ocgnver si on PCT/ US00101009 zone
to a second hydr ocBhPERCER BishaYdrogopyeied sdalgie e~ WO 00142119 : .
PCT/ US00/ 01009 1 4 J U L 2003 hydroconverted raffinate in the presence of a

bul k I I 3 hyd i diti wh i he hul k I
D Tt el SR BRS BR RS AL e T
2 portion but | esszthan bbedi hiioAOHRIRAEI L ERlREaMPlhd Ungst en to

product a second hydroconverted Ta nat e; passi ng second

hydroconverted rafhidajcenveréd rffinale ini thBipesdrRRI {1 aRY d#88h gl o ONduct i ng
col d hydrofinishing of the second hydroconverted raffinate in the presence

of a hydrofi ni shi ngataltsaupder hydiecomadrsionycbrafitionstu prodacndisecods. | n
anot her enbodi nent of the present invention the catal yst conposition is
prepared by a procbhydragenyeriedngffings contacting the Group VIII non-noble
metal conmponent with the G oup VIB netal conponents in the presence of a

fit liquid i n.dur,i ti t .al f the & VI .B d/
g gulp Vi I| I:IUIno ogIgI‘IIgé?gIIl?n ggaflp?/ébclr y vg%pdaraI'ﬁr?alc to ghydxc')oufri)nishingan or

reaction zone and conducting cold hydrofinishing of the second
hydroconverted raffinate in the presence of a hydrofinishing catalyst

under cold hydrofinishing conditions.

In yet another embodiment there is provided a process for selectively
hydroconverting a raffinate produced from solvent refining a lubricating oil

feedstock which comprises:

(a)  conducting the lubricating oil feedstock to a solvent extraction zone
and separating therefrom an aromatics rich extract and a paraffins

rich raffinate; |

(b)  stripping the raffinate of solvent to produce a raffinate feed having a
dewaxed oil viscosity index from about 80 to about 105 and a final

boiling point of no greater than about 650° C;

(¢)  passing the raffinate feed to a first hydroconversion zone and
processing the raffinate feed in the presence of a hydroconversion
catalyst under hydroconversion conditions to produce a first

hydroconverted raffinate;

(d)  passing the hydroconverted raffinate from the first hydroconversion

zone 1o a second hydroconversion zone and processing the



The preferred catal yst conposition of the presenteinvention can be further
described as a bulk m xed netal oxide which is preferably sulfided prior to

use, anq,(y\q},yﬁgls represented by the fornula: (x)b (M-~ CPQ: ﬂfg%og\gﬁereln X

I S non-nob oup VIIl metal. preferably NI or Co, especCia
molar ratio of b: (c+d) is 0.5/ 1 to 3I'1, preferably075llto %LZ)UPJ
preferably 0.7511 to 1.25/1; The nolar ratio of c dis preferably >

, hore preferably >0.1 /1, still. nore preferably to 1 still nore
pref er agl y 1/3 %lélygro&onvm}ggr s Hbﬂif %YGB%’%C&RH lPLI% r’éﬁd?ﬁﬁf“dﬁ‘ amounts of

?/.b ég% |~3'50010100§mf3'ﬁy{i’%cﬁng"cféﬂ% g’é@éﬁ{)@e%g ?%%‘/ﬁt‘“ﬁﬁ?‘\éf v ﬁzzalslg
uni que X-rav di ffrc'é@r%;br‘i’sfésB%eﬁ&lghﬁﬁﬂap@r%ﬂiﬁlﬂ' molbdagiSwilchth é:f?a%t 53

Angstrons and d = O Anfistrons e mxed netal ‘oxide I1s rea

produced by the decesmonitut ¢itsharmaliofabe sl b@ehumﬂxm |dceE By @ £1E¥1 14).
(x)b(l\/b)~(~~)d ~Z wherein the m)lar-ratl%)’of a. 9 FB# ng

preferably 0-1; and pxpdixe xjecand hydracen aestedeat ffivede; above “and z [a t 2b +
6 (c+d))/2. The precursor has simlar peaks at d = 2.53 and 1.70 Angstroms.
Decorrp05|t|o? of the precursor may be effected_at el evated_ tenperatures,
e)  passing the second hydroconverted raffinate 10 a hydrofinishing
reaction zone and conducting cold hydrofinishing of the second
hydroconverted raffinate in the presence of a hydrofinishing catalyst

, under cold hydrofinishing conditions.

In another embodiment of the present invention the catalyst composition is
prepared by a process which comprises contacting the Group VIII non-noble metal
component with the Group VIB metal components in the presence of a protic
liquid wherein during contacting not all of the Group VIB and/or Group VIII non-

noble metals are in solution.

The preferred catalyst composition of the present invention can be further
described as a bulk mixed metal oxide which is preferably suifided prior to use,

and which is represented by the formula:
(X) (Mo), (W)4 O

wherein X is non-noble Group VIII metal. preferably Ni or Co, especially Ni, the
molar ratio of b: (c+d) is 0.5/1 to 3/1, preferably 0.75/1 to 1.5/1, more preferably
0.75/1 to 1.25/1;

The molar ratio of c:d is preferably >0.01/1, more preferably >0.1/1. stll
more preferably 1/10 to 10/1, still more preferably 1/3 to 3/1. most preferably
substantially equimolar amounts of Mo and W. e.g., 2’3t03/2; and 2z = [2b + 6

(crd)}/2.



e.g., tenperatures_of at.least about 300C, preferably about 300-450C, in a
sui tabl e at nosphere, e.g., inerts such as nitrogen, argon, or steam until
deconpogid éga3ijes substantially conplete, i.e., the amoni /ﬂldﬁlomlow
substantially conpletely driven off. Substantially conpl ete deconposition

can be readily established by thernogravinetric analysis (TGY), i.e., ‘
flattening of the weight change curve. BRI EF DESCRI PTI ON OF DRAA/\M)\@QH gure
| is the ?~-ray diffraction pattern of a NH,~Ni.;vioc_;~" ~~.; conpound

prepared by boiling precipitation before calcining (Curve A) and after

cai ci ni ng at ~e B1l.. Note that,the patterns f bat h t he precursor
and the " o B0 e ehiHly Soptena SutciR shi R B Koy lmehop pufiee

precurs j S AW Lhy a L ti t he sane

pl ace. %ﬁ%@g%?wgggl‘?‘é%g a‘%%e '1'%?2#%}9‘}&%%@%?2@2”} Sﬁt’%' t heta
(degrees). Figure 2 shows the X-ray diffraction patterns) by CuKa radiation
(~.=1.540y), of NH4-N -M, X-W-O precursors wherein curve Ais Mp.~W.I
curve B is Mithe/mix&d netaloxide issehdily pydured by the decompbbitios\Wa7~ curve E
is M0.1 W.9 and curve Fis MoON1. The ordinate and abscissa are as
descri b@serusorhaping the {PREFERRED EMBODI MENTS The catal yst conposi tion
according to the invention can be used in virtually all hydroprocessing
processes to treat a plurality of feeds under w de-rangi ng reaction
conditions such as tenperatu of Jir 0 0,-450C, hydrogen pressures of
from5 to 300 bar, liquid ho{ﬁﬁy)'égatm}étg‘é{)#pes of from0.05 to 10 h"'
and hydrogen treat gas rates of from35.6 to 1780 nB/nB (200 to 10000

SCF/ B). The term "hydroprocessi ng" enconpasses all processes in which a
hydr ocanifiteme®@ rholdreags 86a ik h.ﬂﬂf,ﬁﬁ@t;br%l (018; AR, Un3Sd, aiélaPr essur es
not ed above, and include hydrogenati or, ydrgtreatl ng,

hydr odedlefihed iabaveoand bydaod2nit 6 qgal)Ri oThe predurdeigs ahlikiripeaks at d

hydr odear omat i zati on, hydroi sonmeri zati on, hydrodewaxi ng, and hydrocracki ng
i ncl udi m2-Sélansk 1.VO MAypgitiemisacki ng. Dependi ng on the type of hydroprocessing
and the reaction conditions, the products of hydroprocessi ng my show

i nproved viscosities, viscosity indices, saturates content, |ow tenperature

properties, L at i i gt i Lon r. hy r si ng

el ude  saudotCEPRRBYSH of e BERRIeRr ob) pEPrREREE el RRibrBRIAHEET o

at nospherd c =R i a r 1 < i nd vacuum
resids, %bgéhtsp a rtagge%ﬂr‘g?ﬁgsg\%lg?géagﬁ@;z prgfegggfm%b)?gg?ﬁgﬁg?ﬁ% i-:n]“i:lopsch waxes
and m XtsuftebletditiRpherd, &.g., SntAs bechadigitrdpeAdardont ohseamphggiessi ng of the
present invention can be practiced in one or nore reaction zones and can be
pract i celdcompeisitiver iscmbstaetigllly cemipldte pie.ptheREAIMOBO0N G HdBtantdldy00/ 421 | 9

PCTNS00101009 s 1 4 J L_200 cocurrent flow node. .f3y countercurrent flow
nmode we cRERietely ABVEs Lifpdebsipriadlycamplete derampesiiien sam be siadikr current to

the flow_of ..hydr -cont aining treat . ~,{he c | yst osition of the
nvent | ontaeshes BY R aRrY AL irdtis b8P TiaAl Tealh R R ot AFERBIE bon t eeds
suitabl%hgﬁgegﬁghgprocessing as noted above. Exanples of hydrotreating

i ncl ude hydrogenati on of unsaturates, hydrodesul furization,

hydr odeni trogenat i on, hydrodearomati zati on and mild hydrocracking.
Conventional hydrotreating conditions include tenperatures of from 250 to
450C, hydrogen pressures of from5 to 250 bar, |iquid hourly space
velocities of from0.1 to 10 h'~, and hydrogen treat gas rates of from 90
to 1780 nB1lnB (SO0 to 10000 SCF/B). The hydrotreating processes using the
catal yst according to the invention nmay be particularly suitable for nmaking
| ubricating oil basestocks neeting Goup Il or Goup IIl base oi

r equi renBRYRF ﬁE@@RIPﬁ'@?\’ OF PHAWBNsand cheni cal feedstocks can be
hydr opr mrmm%ﬁw—present i nvention. Suitable
feedstocks range fromthe relatively light distillate fractions up to high
boili ng stocks such as whol e crude petrol eum reduced crudes, vacuumtower
resi dua, propepgrdleasphiaklag difFcien pien of BNBINALASE, Wy ckompolisg FOC
tower bottons, “gas ol ls 1 nclhuding coKer gas oils and vacuuni gas oils,
deasphal i : ; : i ini ! iAgldiy be a
C os 1 edIEp e U R AR e RGP BErplcaRinhR QUEREA) BRE afi) Lolopiiig &

quant i ti.ggeef (X% BRTReREALEtheANRHE fortbdeh IHeOm@esrsbsaRd e particul arly
useful with waxy distillate stocks, such as gas oils, kerosenes, jet fuels,
| ubricating oil stocks, heating oils, hydrotreated oil stock,

furfural -extracted lubricating oil stock and other distillate fractions
whose pour point and viscosity properties need to be nmaintained within
certain specification limts. Lubricating oil stocks) for exanple. wll
general ly boil above 230C and nore usually above 315C. For purposes of this



fix. WO 00142119 ~ 4 ~1JI 2003 having a boiling point of at |least 31 ~C, as
determ ned by ASTMU-1 1 ()0 test nethod. This hvdroconversion process of

t he i nvewmbippgzpy oduces a | ubr~catinb oil basestock neeti olfﬁ %g i) 0%
saturates and V 1 of at least 1 OS by7sel ectively hydroc {op 80

raf finate produced from solvent refinifng a lubricating ail feedstock. wiﬂ;e
sol vent extraction process selectively dissolves the aromatic cdr{'pdme in

an extra - whi | eaving the nore raf finic. nents in a

o £ naceeoaBE foR e APt s BB 2t R SARTREREEPria M

raf finat I ; i, j J phenol ,
furfur a|d§2ﬁ’|§ﬁﬂ23? ’fn%’% n-cocl$ ?B%%gf&@@isoﬁﬁ’ ﬁr‘gﬁf“@%@ﬂ{s&d%é*ﬁ? E'ltbgqgll | rati o,
ext ractimﬂat(ggmé@ture and nmethod of contacting distillate to be extracted
wi th sol vent, one ‘can control the degree of separation between the extract
and raffinate phases. The raffinate fromthe solvent extraction is
preferably under-extracted, i.e., the extraction is carried out under

condi ti ons suUdputeliashawetireaXfiayadi fractiehpattermsabyrCzi€d radiiatiensti | | renovi ng
nost of the lowest quality nolecules fromthe feed. Raffinate yield may be
maxi ni zdd=byb4€6A)s of NHheNeMao,ge 00 preautsoisonkereirocures #nfs MogmMWhower i ng
the solvent to oil treat ratio_and/or decreasing the extraction )

t enper at4ree BipMea7¥ mat eurvedmis MoosoVoentcueyg PaistMeo 300.0, fwvsth ispped of

sol vent ,gnd en sent to a.fjrst,hydroconversio nit containin .
vl ocol 18040506 ARyt P inMoo W | Tk o EuR Rl atiebs B PR of from
about 80, ;p-@?‘gqt 105 and a boiling range not to exceed about 650 C,

pr ef Qrabe 1&$€ 't han 600 C, as determ ned by ASTM 2887 and a vi scosity of
from3 to 15 ¢St at 100C. The stripped raffinate fromthe sol vent
extraction zone may be sol vent dewaxed prior to being sent to the first

hydr ocorRREFERRED EMBEODIMENTSt e feed is passed to a first

hydr oconver si on zone and processed in the presence of a bulk netal catalyst

under hydrocqpversion conditions wherein the bulk nmetal catal yst conprises
ni ckel ol ybd eecqtﬁly\ﬁhwnpa%lupaa?gﬁoré%ﬁottﬁi&dnmtlwgzﬁowﬁde@/lm@ t han

all of th l.vb umis . replaced fik V1 O
001 421191 BEFREEOHTh e B heand AR SE 2o R SRodrened® . ¢

1- dr oconeged ificdidfifibAddiie hf dsO8hipePatlitel DI fFHHOOAB\AT0SC Ry k8pén My then be
passed to a hydrofinmshng zone or in the alternative passed to a second

hydr ocompressaresofzfoom 5300 dar, JapsdHordy spioedvelbiities bt frgnz0106.tol 1) he case
of two hydroconversi on zones, the catal yst ~n3b03th hydr oconver si on zones
may be HAndhydsogen rastgasgatesafdremdg.a @ RO mirant308iy 18000 RECHB)K net al
cat al yst._may bg.,used in either the fi r[%il or second ti_éc]{Jo onver i On zones.
' the CHIRIEER HYArORSRECSSHeL  anooHTRESS S Bl PoGESES 8 WHCH A BYIOCaBHAN, one of
ol vacted s fealledShith Byt ATtHe Rt iaPe Pldp BB s RYRHRIEGR! 420

catal yst. drotreatin ysts  ar fhose con?al ni ng east one G oup
VI B and iﬁ&lu'd@Mrt{%ﬁa%ﬁ%d&bkﬂeaﬁﬁéﬁiyd%ﬂ&gIﬁjﬁdaﬁﬂn,%Wd?édeﬁlﬁttr@g%amh@

oxi de. The G oup H netal  is preférably nol ybdenum or tungsten and the

G oup VIhydrod¢rattailatipn diyeirabtaromaniaatiom hlyeromsomerigandn, by deadewaxing, ni ckel .
The hydroconversion condjtions in_either the first or second

hydr ocorfnérydsacrasking inpluding seleetive hidiperacking rI3apending en #¥0type ofhy dr ogen
f f ~300 3000..pri 2170 20786 k | i id_h |
Vel oot ¢ | DePOpracREiD At fos Trgcy R Aoifiohe.be pRaditissl Pirap s ipE 0D o
5000 SCL{h%V\( gﬁgﬁ@eé%@sc@@ft@visﬁ&%ﬂ%ﬁgk@g%Y@Fa?és%n%&ﬂﬂ%lv t%hg)etrg'ﬁpe fol I owed
e hydro

by a hydrotinishing zone. I'nishing zone corrects product quality
proper t i gapétied, wslafiiiey and Hepolatifatioh oF de@sifot hydro_ﬁi’&ebéﬁﬁgﬁﬁctlﬁd_é? hing zone
is characterized as a cold hydrofinishing zone with conditions including

t enper atredecedérutienrhydpécrhok A€%) raffinatesd hpdenraatesssils, @amosphericrand00 t o 3000
psig (2170 to 20786 kPa), liquid hourly space velocities of from0.1 to 10
and hydragenm gasanilsygekersgassoils, atmospheno and vs00unsiEsids, degphd)teabellsss/ m ) .
The catal|yst for. the derofi i shi zone may be either the hul k. netal

cat al ystIEANGilsgSIacK VYR €5 ARG TD FOBRCInMAES 250 KIS ISR allt s 10

"Lt on WO0R ity Yo R et AP leh o B E R B2
refract ofnt SEhdle RALAGN 2306 SHPLM be pribuE &M étder%ountercurrent flow or



PCTI US00101009 9 4 ~ U | .-2003 V113 netal is preferably noi vbdcnum or
tungsten and the G oup VIII netal is preferably a non-noble netal such as
cobalt swoeuaksl . The hydrofini shing zone may be precededpé)[y/U 5,0{0(3%I owed by
.~ ciew-lc~ng lone. The dewaxing nmay be either catalytic or solvent.

Sol vent dewaxi ng may be acconplished By using a solvent and chil{i gy Q)
crystallize and separate wax nol ecul es. Typical solvents include propane

fotone. oGO, KBLABGR ARSI e 5t Mo EbeRSss R oo Serng
an 8, 1Q/Hefeih4hé FrQisirRARCHSRE c%{g]rg%égcsur{’égi&%l‘{eeﬁci\g/%r(?ﬁg&r%?ﬁ-%f{ﬁﬁ]if-x clude

zeolites and silicoal um nophosp ecul ar steves are
preferreadai a3 udi ng at | east one of ZSM5, ZSM 22, ZSM 23, ZSM 35, ZSM 48
ZSM 57, SAPO 11, and SAPO-41. 'The high conversion activity shown by the
subj ect bul k netal catal yst has substantial process advantages such as
greater feed flexibility, smaller reactors, |ower catalyst quantities and
great er oper atcatalystiaompasjtiomopthednyentiomis particolatlysiustableefony dr ocar bon

f eedst ocks whi ch typi [ 1 bj ected to hyd Ki h i il

typi cal Rydreatng The huincaren Geds budableder hydrepraseas nB RN AbaYAt ai n a
bst 1 Lt . t | t.10 it , d

o eat or EERTREON Wyl ertihg Ao s Bepayii of drahBBS conpoands. The. feeds

can al Sﬁy@x%\d%s@f@ii’e}l#dcddg\gmo 'it%%en%ﬂ@ e%aroﬂgég%ﬁhgizfafigmaﬂgc}“ |g0-1 wt.%to

3 wm.% or higher. I'red, eeds tan ated in a known or
convent hy@ﬁcrmlﬂﬁr Coavertiitia! Hyldeotpdting! condeidts intludedempeedth@boft her eof .
For purposes of the present invention where it is desirable to produce a
Tube bases 386R° S G°Es by dengeneprassuireteo iviromes yo 250 wax - cpnd ioniiggpieedst ocks
i ncl udi ng f eeds g_eri ved fromprude oils, shale oils and tar sands as well
as synt Keocrigsefdeona b h tad Ochosad hydregsn teasmas ruesps fiamm 99tedd8A process.

Typi cal X3 ai N s.for the. preparation. of |ubricating base
oils ha%%nfﬁ&atlo [)Boqtﬁ)l %@Eﬁfﬁfﬁe J‘fy%mq%’."%\lﬁﬁ%ﬁﬁsﬁﬁPS‘IngQ‘hffagalﬁsﬁ ~ a ~ zoo3
about 33g.drd ' ) G - ~ T80 o

hydr ocr ac k(gt g{sg ﬂalrtg? 1(3 ilr1 n%r?gﬂl;, hﬁgc}}r& gtﬁég\tﬂggy%ﬁgk?l@z? fmﬁ%lgh?’gjlhgmﬁgﬁ%iops, vacuum
gas oi | basesadcks ngeing GeouplIBSGhvp 18] Bivé oldfequinehesitels, deasphalted oils,
sl ack waxes and Fi scher'fropsch wax. The feed is preferably a m xture of
gas oil froma cokcr and vacuumdistillation from conventional crudes with

a maxi num boi ling point of the coker gas qii not to exceed 1050F. Such
feeds may be ABAEE EANgEQSRegraleym andichsmicaldeedstoskragnrg hydraprossasedun) |

hydr ocr ackers,, h drg&}r aters ?nd sol vept .extraction units, an‘i'l]rray have wax

cont ent &1 BFORHeRes WY BF prseat nyshbony SuietlefEedv otk AR St Svent 1 on

also | neeifayldtidisAlAle HulibAL hp% Rith BYfibRIEAs seh BS AARAE BRude0T I e
suf'f an ourds and™t

renoval o nitrogen co he hydrogenation of aromatic

nol ecul @strpleasgntdiuded ¢rgles, fvegaim touelr Sesided) mepaed dedsphnited cestuat i | | at es.
Hydrotreating processes utilizing a slurry of dispersed catalysts in )
adm xt ueez.whm ghtatoskde ydaoblsnF6i0 tosres bgttassaghy oitnh gt dipgreokraggd @ls U. S.

g?r%i oyl ﬁ@ﬁévgggn’ngfallaagq?H'éggffnh%beg B0 GGEPEBA Eits THESErBLrar Sl ur ry
i i e Pat . 0 3.:297, 11 i oAl 700, 015.

The. ol urpYAAPR R SusesEERyopFound g iR T Rl e AP pigMiea (0t

var| Ous.qfu‘ﬁﬁﬁ'ﬁfg S'Fiv'dﬁkﬁgn{'ﬂdﬁegfsﬂ%)@@@%tﬁé PSS alsof pttisurigiusefull i ght

catal ytic cycle cracking ol stillates derived from petrol eum
coal , biwighevaxytdistilkasdtocke! suthalsgagioilspkerokénesyjes udsy lubbicatitgeds. On the
ot her hand, the present process is not useful for treating heavy catalytic
cr acki ngtanks) keatingsoils;ibgdyotrenedoil gtosko firfyral-gswacted dsbm¢ating aibsypckind

heavi er resids, which contain several percent .3+ ring aromatics,

par t i culaad atherdigiéllate fragtiaasiwhass|poyn pewnt a%ﬁérﬁsqqsg&ﬂrﬁ@erﬁléaw@ 198 ds,

ﬁ?cﬁislahcr?%ﬁ%%ﬁéq t?é'é?ﬁe?fgﬁpg?g%ﬁ_ﬁfc}aﬁhg ?gﬁ?ﬁln fﬁ@aéa?ﬁa%ééﬁ%&?& & éﬁgng‘fgtea}q?’iﬁ
o o, GBS v S L8 bt
the ref 'ﬁmsqﬂv%li&{%&‘?Hgo&?ﬂm%%e&ﬂﬁ%tspaﬁ B tHen R BEMHohABe Qo L €

oils, a



V1' O 00/42119 -13 1 4 J Ul 2003 appropriate p~trel cumfccdstock is rcfincd
to climnatc, as conplctcly as possible, oxygen, nitrogen, and sul fur
compoun i ve hydrocarbons including aromatics, an

i mpur i t%%?’gﬁqé\oul d prevent use of the resultinb white g‘."?ﬁ‘?f%"%{“ﬁ@g

phar maceutical or food industry. The feedstreamis contacted at

hydr opr ocessi ng conditions with a bul k catal yst containing tmn'ﬁkgmmﬂﬂiB
netals and at | east one Goup VIII netal, preferably two Goup VIB netals
and one Hanngobbeili@gapmne gt Inast 31l 5°Gorsed geshacati wA SIFMR-W 6(Tkast bul k

cat al yst cogggsitions of the present invention can be prepared by a process
wherei n &9ef. t he netal precursor conmponents are in solution or where not
all of the metal conponents are in solution. That is, a process which

conpri ses contacting at | east one & VI11 non-nqQble netal co nent with
Che G oup Vi B 15t AP TG ABESTRITTPRCSIAL ThF SRESNUOTTOQUGRS Gt MoNER G Bilwhor el 1

motal 3 araeiosopioe M s o A% b AP ot Y R aclhat B el BERGL ot o

the et ahgdfs@nvertif 4 MRarcEB80&d font f@v&ﬂ%gﬁgx{gﬁ%hﬂfﬂcﬁhﬁ% Rt al

conponentS in the presence of the erotic I qui rises xing the netal
conponentfeeddtstks UDke spleert extraetioh ipndcdsh eeleetivllyl disolvesttHE @romtid S essenti al
to the solid route that at |east one netal conponents is added at |east
partly i gomponeotsiid gt exteactiphasegvbibelaaivingthesmere pardffimatcomipenemts ah aof at
| east one @I t he metal copmponents, whi ch have been added at | east partly in
the sol i d24ingtephasendysphthgnasase disaputed betweenthegxtiacsend @ffiogieng tine
m Xi ng a eaction step. "Metal” in this context doe 0 an .the netal
M e et oyl engs Mhlvant Batrhfor SR RARTOT e et o
conponen AT || i ] :
compos 1 sanyLBb R, 2B cbffioftingthe BRMRTo bl it XabripRiahbShmre
conponentand mEGSH TR0 ERUAg AidRtht@to beagiramat ivith sdlvemeoiotanicaiadle and at
| east one netal conponent I's added in WD 00142119 . 1.1 . 14 J UL 2003
t he sol utthe degree of separatiombetveancthp entactand caffidaedhased. aBhe pdfinatg in t he
e netal s qofthe netal . conponents

solid state. ~4~herein at | east one_ of t
whi ch : i fEPA dhe solyeny HEACtIoR 1B Piﬁfg??bf)hﬁngﬁ‘l'?&r%‘l‘%ﬁ’é-ervéhﬁF?ﬁga‘aioq i8ast partly

motal - conpiisshb Endeidahaiont eief B e PURBREY Blo A Sl SRR &L arroun:
of this ehlyisfOHRANEMhel 18wRGCAMIRY niblelies o Ble fehis REBte GAERARRNT 1 1

the erotic liq at a netal conponent is added "at |east partly’in the
sol i d st deanaxidiined byajontrolligasitration cohditiensyfdradxaanipdnelvwdringatided as
solid netal conponent and, optionally, another part of the netal conponent
i s added sedventsobilttreat ratio and/or decraasing thoextraction tempeeatatel cIhd quid. A
typi cal ex le.is suspension of a netal.co ept _in erotic liquid in
whi ch t hdafitate fram ghe $f§§%'i‘ exaracngn HPEé%ﬁE“%%%%BP‘Fa} a%&&‘%‘pﬁ"bmﬂ Iy
partly di v I j 1 el [l X1 g | east
one. mot al T30 SRekRvbisrdtbSprbin  btoqthiveRd Btafiki THisTaimARY, ¢

| east onefeg@hal 2 SRSERIPMddxSoPBSRhHN BDGo8bUE POBERd & bollhg faalgk avt g
process alternatives can be applied: it is possible to first prepare a
suspensi axceéd abort 6G50°cypefeeatily ilesstthan 606t Co a$ detaimdineddyt ASAdd 2887

si mul taneously, or one after the other,k solutions andlor further

suspensi ol xBIspPsity AfTrams3 &0 V8¢ Shat) ¢1°G uEhe sawpesst finatofpBhdat s in the
erotic liquid. It is also possible to first ,conbine sol utjon i t her

si mul t ane¥U¥En} E3ragHen éP‘E‘%B‘aﬁ'ﬁ@ ﬁﬁw dewpxed RIISLR GEmE S Laod‘g‘cﬁlﬂf‘t her
suspensi ons;.and_ opt. L1y solutions either sinmultaneously or one after the
ot her. |3Q6H§F%B“$ngﬁﬁ&¢ng step, each netal conponent is added at |east
partly in the solid state, it is possible to prepare suspensions conprising
the netal conpppepFindtiteba i$paRkkd e hiﬂﬁﬁ?h:fdm@mrﬁaﬁ Rirlehid gragesabd er the
other or sinultaneously. It IS also possible to add the netal conponents as
such to & gespressicerofar bidkimétabeaialyseinderdsidrocavefsiom eomditiahs REEfeS00/ Ol
009 conponents. WO 00/ 42119 PCTI US00/ 01009 - 1S 14 J Ul 208 In all the
above- destr bilkdnems tatalysheompsipessickel roohhdatd ingwhichet d¢ast 8 pesihbulcan be
prepared by suspending a_preforned netal conponent in the otic liquid.
However , lgss than all o6 thpEwl vhdentg i57eplaged bHé”%ggﬁéF%P@ﬁUB?/a((?ﬁé‘)
precipitating one or nore nmetal conponents in the erotic liquid. "fh ¢
resul ti n~~ suspension can either be applied as such in the process of the
solid route, i.~. further netal conponents either in solution, slurry or
per se are added to the resulting suspension, or it can be applied after
solid-liquid separation and optionally re-slurrying of the obtained solid
metal conponent in the erotic |iquid.



Further, in all the above cases, instead of a suspension of a netal
conponent, it is also possible to use a netal conponent in the wetted or
dry st aye.ooMetibed or dry netal conponents can be preparegcqh%mmg@ or med
nmetal components or by precipitation as descri bed above and by subsequently
partly or conpletely renoving the erotfi-c | i quid. However) care sj 2ﬁ
taken that any erotic liquid is present during contacting. It mi tl% WOted
nati,ves are nples to illustrate

t hat the ,above praqce al t nly. so ex
the nixvAPQES! car{a@sﬂﬁﬁﬁeﬁ[‘fzy“'FjFQﬁ?\“t"ﬁBcatﬁ Hiatg rok‘?\’ef}‘é?l“rébrrponents that are

£o7t he Tibesterfibh b€y nf e Barida o BRI AR R PRERE PR oy 1Y
i nvent iyRBrfativel Khst QUG scMd Wdr&tﬁu@?&i%ln QERAIERER Phécaqggd at | east

partly in the solid state and Turther netal conponents are added in the

sol ut e hytiedfenishrig 201, AinaBe cAftCo MV Ghy&VEBAVERIoN Sordded @ial*ﬁaﬁ%o@ﬁlrt ly in
the solid state and two netal conponents are added in the solute state. In
anot hethydndnodivieesion zones maydic mdkpoeteht stabyseaacttdihgino theastenpani by i n t he
solid state and one nmetal conponent is added in the solute state. In still
anot herthehwlkgmetalcatalystanay be wsed imeither the fyshensesond dydoeavensianeast

tly_in th lid stat d furt t al [ t d inth
Dol ut & 2005t ol B s worRDes Whero b lomets Atel S PEApCLEOPIY 508 o1ahs 1 |
203 I i t tly inth lid
tat o 28Gesthe BRIl ATRRRDbE A PR PSR B et BRSATN  0 e i s
| nvent itpirolreatth alityth 87 thbSekohihinife afldis) JHRIGRIEIVIN Bnd ot Regpar e fi vt

a soluti'on conprising all metal conponénts necessary for the preparation of
a cert ane Gatp Y metapasipord @ng réfeaciubseguerinise.cThe Erbpp VdBemetdse
conmponents, Nor is it suitable for the process for the this invention to
add netiapreferabdy amiybdenyra s tungster gnd the GeowpMIl weal & preteradychoose t he
process condi.ti ons, sych aﬁwi‘tenper ture) pH or anmount of protic liquid in
such a "REMORIRIpeta] puchiafkePalk AN niEkFhponent s are present at |east at sone
stage conpletely in the solute stale. On the contrary, as has been set out

above, for tHa SQld el A Son AbnbARH: ih RRNIPIR il RGNy Lhe metal

conmponents tha re-adde east partty in the so state nust remain in
at | eashy@ryconyefsién g6héinshidietetiidratiré6f £B BOORS A2ESC, RYdrbPérs
invention. Preferably, at least 1 w.% even nore preferably at |east 10

wt . % angressstespfdtemai/toad000epsig (1570ta 267186 kRe), tepuad hourhpspeet s are in
the solid state duri naim' Xxi ng, based on the total ight_ of all added netal

conponefglpcigesof Fpmydl tadilapnd diyssasen treahgasosaies ohiremai0to;3000he sol i d
route, cal.zﬁtt%gtteckgﬁ)s %mll oxides. Wien it is desired to obtain a high
yi el d, SCRP, Ri n t of the bul k catal yst conposition, the use of
nmet al conmponents of which a high amount renmains in the solid state during

contacting is recommended. As in this case) |ow anbunts of netal conponents

remai n sol vedHdhydi®coRvéteionl done(sd aré ﬂftnafGDlWedDB?' aeiydtotisiiapeohs. endi ng
up in the wastewater during the subsequent solid-liquid separation is

decr easEBlk hydraflneshiegalone whitehtsgpredacidpulisy prepertiepsuahl as ¢alon, sabglayi d st at e
are added as . a susBensi on, the anpunt of soljd net aI? 'hn éogl S ,suspensi on
can be at@xigiRedT By hydrefinishiag zene pheharagisered s a0ld ARt ®ns whi ch

1 qui o) 247 wibireRdgl kbt TaPe SR SRR R e
PCT! USAOARDD oF ok Y0b 183080 PRIELI0 IR NabihobRpgist on | <

col l ecte ilter ca e wei of 'the solid and dried
filter ¢akeitiekd Y& t@f0t iRl %QBidfgdﬁEﬂr@dtS%ag&Bte@Q)f(fﬁineISGOnedOOQ ssf/Bndar d
techniques. | f several suspensions arc applied, the weight of the solid

netal c(89perB9a m’ami)t &Fheechialyst foesiee bydpdnssiung zons mayebeeithsar thobulich ot her
to give the total ampunt of solid netal conponents, cal culated as,netal

oxi des. metal satalyss, accbrdipg e the iINERGON ar mayabe a aoporikiretplhydieireaang d
conmponent s sucp‘

s a solid hinder agce present in.the filter c .. _t.he
Coort CatalRt-o e SPoticatmE Ghia LarS e ve oS PR e DTt LR 8, ght of
t he netal, conponents {A,the solid and drie I I I ase,
st andarﬂ‘?@%%%@é‘%"%h@” ’H%[agf‘ifiﬁoge B¥b? bﬁf%&i{bl&%&ﬁtéﬁ%‘é&%ngﬁ'&? XRF, wet
chemi cal analysis, or ICP can determ ne the anount of solid netals in the

filter cake. If the netal conponent, which is added at |east partly in the
solid state) is



added in the wetted or dry state, a filtration geperally is not possible.
In this case, the weight of the solid netal conponent is considered equal
to the i the corresponding initially enployed netal onent. The
t ot al \Ae%gﬁ)?&é all netal conponents is the amount of al |P%;{élf5§5rf§1%at are
initially enployed as net.al conponentsl- cal cul ated as nmetal oxides. It has
been found that the norphol ogy and texture of the netal corrpqn@ng le ch
remai ns 'ﬂ% Ieaft partlgl in the solid state during contacting, @/ erm ne
t he mor ph3Iegp! srirrefesrblyriaohbdeneminn tingsiealapdithe Empog il ometatansequent |y,
e.g., b ing metal conponent particles with a certain norphol ogy and
t ext ure‘}/rc?fﬁg{’%b? BHB‘I'YS’S’F ng;ﬂtsé‘ﬁ @f §obalt PRBIGKES LI ti ng bul k catal yst panicl es
can be controlled. "vlorphology and texture" in the sense of the present
i nvention ref re.v nme one size . distri ion,, surface area,
particle for nﬁ%fr]l r{)&glpt?slh&ﬁéligpézgﬁy'lboc Wﬁf%ﬁcfd §y 8&?@5%‘5?%}’%@#{%‘6 5ition
wi th hi glaneatialeyddwardfif n¥d iher! e j al
conmponents, which are gtnyzl)legesgmﬁ)earrcts‘l!t@pﬁéns[rg{éﬁlsegf'i g&&@@%@%@@&w .
FCTNSO0 1e¢omplikhdd BptushpOn Siakmt SHd EHIDIngOR! Arytialtze AdCsepare&vaRet al
conponents. It is desired that the total” poré volune and pore size
di st ri bunéleauksss. (Typsel seiventc mwhmegropancsambemnesaPafyrethkeoase as t hose
of conventional hydrotrcating catalysts. Conventional hydrotrcatinL
cat al ystiBclugaanethylethyl ketongomethyl igabuiyldeetone and mixtured diergnfef er abl y of

of 0.1.- 3 mh y of 0.1 -

‘S'h#- /o Gettalil dvaiife i adamispen é;axna:g%’éi?&mrﬁiég&rr%%&rcﬁﬂrm e

9 ¢ . ; !
catal ys iR rPRRENOKAR) sRER SA IR RRLA (R ORAGE AR ot 1y &
surface @pFOY A rihgaRdiedBaPTiedethid Profesrdd BERIAR ) l;&t‘éstac%]nelcﬁ’a%ghl{@g’, el g

and nost preferably of at Fast 100 m=/g, determ ne the H nmet hod.
For i nstZ8ie22 nZ8kieR3 cABNBAS! ZSMrASIZSMISESARD-Ch, dmasSAPOo4 Rl pore vol une
of 0.19 - 0.39 m/g and preferably of 0.24 - 0.35 m /g determ ned by
nitrogen adsorption and a surface area of 150 - 400 mrl g and nore

preferably of,.200. - 370 nwl g det.ermi ned, by, the B.E T. nethod., Furthernore
t hese net al cﬂgﬁf)glr@rﬁcg’@mﬁq?&c%‘éf@és %BVéhcﬁH?JFFEP@de%‘ﬁEF@?IYGF 2% | east
50 nm ; t f : r han 5000
2t and TriaRGRL B adant AR udh s B BRCH ERRTSAR, Xnlfler BT P
nedi an piater ehial gkt alBhElied AR$ gie@tctr%efa@&gﬁeﬂfbil@t-yjin'p@@u@rﬂu%ﬂ@' E&itol.

preferably in the range of 0.5 - 50 pm For instance, by chodsing a netal

conponent which is added at |least partly in the solid state and which has a
| arge nedi an particle dianmeter, the other netal conmponents will only react

ith the outer | f the | t al onent panicle. In thi ,

s0-cal I ed " cof b Bidiacarba teediipeks whick seaupipally subierisdde hydocseRiPBed. ' an
{ at hol d text f th t i ther b

i oveheisgn SEDREE EBlas e BFEasH AN E 20 Corpon ERESOBF By pr cpar i ng

t hese : 3 -d I Wl i uch
condi t1 saeh S SRERENA AilolRB RN €35 RER) POSAEh SRR, HRERVer o0,

sel ect i @fea¥dr RBASODNMBHA, I Bk fbhhaifld?%rrﬁ@'ﬂﬁlré Qﬂ§orﬁ?&1m. ITRftefcloys Eauit i ne
experi meEntation. 00142119 . 79 PCT/US00/01009 14 J U | Z003 As has
been setlsoutavelwsignificant stl@imcdnientpmanpingl frgm abuhitlek e tof wikk. et al
conponents which arc added at |east partly in the solid state, it is

essent i #ighenatf dessredethe fegds cambertrealeddn sporrm orconwdONBIMANYET ®mai ns i n
the solid,state d riglgﬂ/the. ~~~hole%ﬂgﬂissfof this solid route. It is noted
agai n t heduceithf SUHUEaRA/PLPIGEEn Gopt €@!-shoul d the amount of solid
metal s during the process of the solid route becomes zero. The presence of
solid netal c | SJ i q [ hsed]

i nspection at ?E};g{é@lo?gs ?ﬁ%‘tedﬁﬁ g?@tt gr?s%gfi aﬁ r@%’gﬁf %e%egg%?%l tgébrydri] whi {:ut?et he
metal s aB@seﬁ@gthhé?&d Ganl BY 99¥idé Varetyt waxedomsiningfeedstotid pchiding . O
course, nethods such as quasi-elastiC |ight scattering {QELS) or near
forward &edsderived i efudeasits, khalemoils and her sindslasdvgibasomibarc tdedp be used
to ensure that in no point in time of the process of the solid route, all
met al s aswch as thiose deriivedefrotmathe. Fivhemdropsdlsprosgss. ol ppscalowad-coptaampet heory,
it is believed that during the process of the solid.rqute, .the netal.
conponenfesdsigeks tordhe P&@i@i’é@"@ﬂlpfh@ﬂcﬁ@nm?%@]%gétﬁe H“[“‘glelé@{m%zﬁ’f’i’?@?f react
wi th each other. The protic liquid is responsible for the transport of

di ssol ved netal conponents. Due to this transport, the netal conponents
come into contact with each other and can react. It is believed that this
reacti on can even take place if all netal conponents are virtually
conpletely in the solid state. Due to the presence of the protic liquid, a

. o o v - o o -



conponents are added conpl.etely in the solid state. Preferably, at |east

0.1 Wwt.,% nore preferably at least 0.5 w.%and still nore preferably at
|l east 1 whodudfjot he metal conponents initially enployed in the solid route
are added as%g“gol ution ~_ WD 00l 42119 -?0 PCTNS00/ 01008CTAS80/430§% 2003

during the mixing step, calculated as '#etal oxides. In this way, proper
contacting of the metal conponents is ensured. The prone liquid tior pel. 1003
applied in the solid or solution route of this invention for preparing

cat al ystaboa 33&° Grar wgder.@ndiigeiude fesdsnpicdisasi raduertecrudes hydeearnasapsi ¢

acids, an rai cohol s such .as, net hanol or et h@nol. Pr ef erably, a liq'll“ d

conpr i sirﬂg‘UﬁF%r Ygretrealed ils, BinRSPHENIS BasI U S h BRC UMY ERRPES. Cokar sy @ls.
preferab - S s protihc Liguld i hi,s.solid ute. Al so

differ enhl%ﬁ\r,svg}’?@c fﬁa&idggu'%arﬁglgg‘ @pr@#@ﬂ.}%ﬁt'«ﬁe\gﬁgqsydm{f l[sﬁﬁcréol id route.
For inst-p,%g [ } : J : , , t in

et hanol to aﬁhggﬂéi&?‘?g?Eét?rggggpgg%g%lﬁg?{amgﬁ%(l:'gffrn%@ndgﬁ%@rldﬁa?é%ﬁﬂases, a

met al codip@N&tién e e@nu@ﬂﬂmmﬁmegi“ﬁmlmsxmm%ilﬂ%p@iﬁ%rﬁ{e MKeer. The
crystal water serves as protic liquid in this case. e nolar ratio of

G oup Vigistail oeredeket 1080°POBUEh fedddl magtiel deededfrdmeligtildtibnriewess r anges
generally from10:1 - 1:10 and preferably from3:1 - 1:3. In the case of
cor e- she(atmssphericiaret vaanum); hydrodracissrs s bydrogreateys dricesaluesti ekéracthien above
ranges. If nore than one Goup VIB netal_ is used, the ratio of the
di f f er erlinits; ang mayshaye Max coatepunef upItg 5856 oEMarecal . The sane hol ds when
nore than one Group VIII non-noble netal is used. In the case where
nmol ybdenum anﬁ t.ungsten.are

A

| i ed G VI B | h
ol ybdonam s Spetidt Bt Bkt Sventobadn G Iumyehs . 10 e

G oup VI ; [ : i ] I 3 en, or

m xt ur esc'%tl{lrgdtr‘@gf&ﬁg&’?gﬁégﬁ@gﬁp&%ﬁsﬂ%gﬁ% #&?\é@gggﬁgpg?r‘%%“e.%. , iron,
cobal t, ¢Urifs@hndsUndlihe! M&G%émmﬁaocff arBhedtRy mbleculed prosedi mmlipRNfoadil net al
conponent s conprising nickel, nol ybdenum and tungsten or nickel, cobalt,
nmol ybdenfisel ssuthtasnpestalaumsmapdistitldtasn Hidrqreatiog prodessescutslading arsturtne. | f

t he protqi}xp liquid is water, suitable_ nickel corrpongnts which are at | east
partly iof diseersed catalysis &n admixigreowiha hydpcadom o1k aregansralinkedwml e ni ckel

car bonat ES" SRR HOST BRr Mo et ! BhbSprarts ruRes Isteinding d nf cker
form at ellvx?dg?ﬁ&%mﬁ'}%)flh G ?g&‘[@ﬁ%’E@%@ﬁ%@st.@ﬁ%ﬁga&H@Qﬁkﬁbﬁng@l | “oxi de,

ni ckel a S suc S nic m al’l oys, ney nickel, “or rm xtures
t her eof : hydriotrebligg iiptiude @NBNPEL N8RS, 568 X9 BBRS 2dnd 2.360,008r (The i n t he
solid state during contacting, conprise water-insoluble nolybdenum
conponensisryuaydrapravsssibg pnoeass of thiannvention eari bie usadotioytbers vamouafesidsle,

| ybd [.tride,  al.um | yhdat e, | ybdi iid.(e.g. H-MO-~).
ol Y bdentilne Fa: o SH IR B doRERies: sh Hah et AT by Secirrns
Con . i M . ot
C oSl il a0 SRR g R it B S et o
tungst ena@aiiRiviige shitABR feEd2 O ftHefotfler HaN®4he PrdlenthridOss3is iklieful fFOST €n
nitride, alum numtungstate (also neta-, or poiytungstate) or m xtures
t her eof . tréldiseheavypomehitk aaekiggryckl 6iys OGO )c cakéngaavals, abtnogacan be

prepared by, e.g., precipitation. e.g., nickel carbonate can be prepared
froma ni)dkéVG@%I zmcf) beavieutesutsewhigh eontam scvemliperennt By rauig pragnaties.

appropriate a t of saqdium carbonate t is generally knpwn to the

SRPT Pod PRSI acn SR AN ORI e BRn GRS FRUcY TFSURe A Seay as to
obtain t i..ted r n e, conponents,
whi ch m?ﬁﬁ&%igx&etesaqrgor@qr@kﬁgﬁ@%b&#ﬁ%&é@gob %gﬁ@é‘?ﬂé@&sﬁﬁh&d’hﬁerred because
they are L Q. t sigpanment . Nickel carbonate is a

pr ef erre%flnﬁ?g ?%:g?rggf\g ta%lgnggﬁ%%églbg§ | east partly in the solid state
because when nickel carbonate is applied, CO evolves and positively
influences the pH of the reaction mxture. Further, due to the

t ransf or mat i oThefpreserdmedntionrndan Z0¥d-be tised ¢captoshae evidteesiinoreted up in the

wast ewat er. Preferred nickel conponents which are added in the solute state
are mineral oils. called white oils, are colorless, transparent, oily liquids obtained by

the refining of crude petroleum feedstocks. In the production of white oils, an



wat er - sol ubl e ni ckel components, e.g. nickel nitrate, nickel sulfate,

ni ckel acetate, nickel chloride, or mxtures thereof. Preferred nolybdenum
and tungwbeb/isg@gponents which are added in the solute state are

wat er - sol ubl e ol ybdenum WO 00/ 4211 9 PCTI US00/ 01009 14 HCTF0091009 5
tungst en conponents such as al kali net'dk or ammoni um nol ybdatc 1 ahso
pcroxo-, di-) tri-, tetra-, hcpta-, octa-, or tetradecanol ybdatc)'b wilb 2883
het er opol yani gn conpounds, Wo- Si . het er opol yani on conpounds, WP

het er opclPPEPPIBAICABewAdceas sk iscncéined do glmilBMC.cisnissupiats]y 2§ passibloy

het er opol‘{/yani on..compoun - V1o- W het er opol,yani on_conpou al kali et al
or ammoni’

. Co ds,
BEPuRYER f\egnggkaw FRINROUNGS, reactivgdy -'C?C“(S\m%‘lnﬁ‘t“aﬁg’stat e), or

car bonat &) ngstr o B RuPRER, Bt RRuH PR N RE R B AL nlle
conbi natd;pm ipe ﬂiﬁwccgﬁt&p%@%% ifdEpyl um di ol ybdat e and anmoni um

net at ungst at e. I's wthin the scope’of the skilled person to sel ect
further suitabl e conbinations of nmetal conponents. It nust be noted that

ni ckel carbonate al ways conprises a certain anmount of hydroxy-groups. It is
pref erred thathe fiecdstreamt is ebntagdsdatyhygiropros egsires eondiiiong Wwithri lmkkl car bonat e
be high. 1n the follow ng, preferred process conditions during the mning
and subs¥dalyst contauing ve CupupiliB mssalsiand et ksast ong Graup Wi smalpl, The

S SRR BT Pt o B A .
t .
nafur ol ldbL RSNSOI o e kg AL Ao b

erotic | beipiepardd By a prBEss iwhdrbi ARBL1H meal Brecufso?torippneAsardandl i ng of
t he conponents during the m xing step. However, if desired al so

t enper at solesombbowehdrbaoball bf mge pretaltconfpdnieatsearetn solutiqni Tharisdaf f erent pH
val ues can be aﬁpl ied. If the reaction step is carried out at increased

t enper at RFOEESS Whichse@pprsisorentapiingsas|least ons GuereV 3l aongble raeiel ng the WO
00/ 42119 PCTNSO00/ Oﬁgog =73 14 éUL ggS m Xi n& stﬁ_ge arc l%g;gr al lY’ pr eheat ed
to an i ntQTBERREPEIR NS CIOWP YAPIRetal fompoagiis in fiF pirse B " enper at ur e.
b) Reactj: " I DERI , are
gener al |§}‘?@Ei‘c‘%’§ eegegji"ﬁéggéhagﬁhgtneoqr;%g%g?ﬁ???@?@%ertal{ﬂr}l%gj rYggﬁéP time to
al | ow t hgopleartiaaredntsak@iopl ace. The reaction tenperature preferably is in
the range of 0 - 300C, nore preferably 50 - 300C, even nore preferably 70 -
200C and nost preferably in the range of 70 --~ 80C. if the tenperature is
bel ow t hBrogeskifon preparingfcatalystowdierein natigltof theametals apem solution. case of
water, the process is generally carried out at atnospheric pressure, Above

this tenperature, .the reaction i enerally carried out at in ased
pressure, prg#]eé’re%b& tb?ﬁ%ma%feﬁ%ef&%emf’@ﬁe ppg,r}tsméh%pggm}cgqﬁﬁ%ept at its
nat ur al : | : 1 | f YA ange of O
1%12) roPto il R i BeSBel BEmont: BhE EhA Y L BnE 700"
8. As hagehesltm@i mPtthreadeYeesseAfifl BURE sORd takiethdthaledshenddiednd t he
tenperature are chosen in such a way that not all the netals are dissolved
duri ng t bempenentson addepat |The paedy in dre dolkestare mMenalgl the Imiemg step wed r ange  of

1 mnute to several daies, nore preferably 1 mnute to 24 hours, and nost
pr ef er abihat the miesalrofiaydeast one af the wstal gomponess vhial haxe begresddadiati oned

above, the reaction tine. depends on tne tenBFrat re. .Proceis_.stf (1)

accordin agtppqrpllé( ’§d_f"‘ﬁts?|(5415‘|a EMANSANERORAE Valh 8,505?1158’1171 il l5‘%0 t he

?Eove- degftin eﬁcfxcga'cgoﬁ Qhehe "ﬁ\ﬁ’%talslﬁﬁh{s' dontédt dogs AbSeBN TR PR §PiRr epar e
e bul k catal yst conpoSition Dy a process conprising reacting in a

reacti onp{@ialiefBra Yat el Haﬁ%al@x‘mﬁod’fﬁ,%qkpmﬁﬁ&%l témpOhetitiagn and a
G oup VIB netal conponent in solution to obtain a

initially applied or as present in the bulk catalyst composition.

Generally, during the mixing step either at least one metal component 1s

added at least partly in the solid state and at least one metal component is added in



i9 .. w0 00/42119 PCTNSQOQ/ 01009 .?a. ~ 4 ~ ~f ~ "t003 precipitate. :~s in
the cast of the solid route, preferably, one G oup V111 non-nobl e netal
conponeylp édaigacted with two G oup VIB netal conponents.},-.lf,{}gooﬁ%@r ratio
of Goup VIB netals to Goup VIII non-noble netals appliecfln the process
of the solution route is preferably thl-same as described for th éamgm
route. Suitable Goup VIB and G oup VIII non-noble netal conponen X

e.g. those t er-sol ubl ¢ ni ckel, nol ybdenu nd tungsten conponents
descri be %\é@%e $tgte. PﬁéﬁMIP COrHRPRENIERTG ldeﬁsl\mam?.v HoHCrishides tatst al

- T I | i . h I
CommOneNt i efb opk o T s R B e M et T e
Lo, 1" 5as LRI A0, 0% BUSPRORLP, i BBeSYlskbedBh oL,

subsequeghliye R)CE§§STmcts‘%‘li%f:?oufqg]?rl'izﬁ%%bﬂxmcg’g?ﬁdf{c%t 'issaddgﬁs/"lh??ﬂxct%lmﬁt ain a

precipitate. Precipitation is effected by adding a G ou non- nobl e

nmet al sabtatsbimehhothaath@whemanatny & thitdmetdl @bnvporddt ieddedadm Mibtion
non-nobl e netal and the Goup VIB netal precipitate, adding a conpound

whi ch coppliisgsetaheompoa¢r innbe pedteaspsdt Adaratmetl comppnent isiadded 8a upon
tenperature increase or pH change or adding a Goup VIB netal salt solution
at ate LParty Bhdesalidistaip) aieans thatablggsipan Offége Ay leompanenaisd G oup
VI B nmetal .precipitate) .changing the t erature, changi t he pH, or

over | ng e HES B SeliE riRta CoranEoneh DS, BTN PRO (et SBRATR aBEWE  h ¢ i s
process H’ﬁﬁ{ i i: (VA : ] L h

convent i gﬁa @8? %p@\égsagia%&l'g‘gé’g})gmlgp%\%ic\(ﬁﬁ%%ﬁ% I”;;/?}Eéoér%?ﬁtcsﬁe&é&ca rier

i npr egnat@sicl éxantpieus a ¥ulperdtdir 8PP hittalRiom Sord ifFaqitBtiYiGuitirehvRichsai d
precipitate can be used without a support. Unsupported catalyst

conposi t thmenalds as leaki yartlgfpresen as @ salidpank opabab s partlyGhaswved i the pH can
be done by addi ng base or acid to the reaction m xture, or adding
conpound®rotilighiddeconpose upon tenperature, increase into hydroxide ions
or H ions that respectively increase or decrease the pH Exanples of
conpounds that deconpose upon tenperature increase and WO 00/421 1 9

PCT/ US00/ 010 h o B - H
QQdﬁg%p‘? wﬁx@fasﬁgﬁgfleE%&b%e{ﬂ)%%m& A asgﬁgfeﬂaﬁ?eatspe pH-arc

urea, nitrites, ail _ anmoni um hy I de, antoni um

car bonat @artly imthd ddlisstaRtandentREAE 858 n&lEsthpenés it Addedirihedaleut e,

sol utions of amoniumsalty of a Goup VIB netal are nmade and a sol ution of
a Group Wi, therfolobling pecats altematieesi canneiapplBad:ht sglassibbnt firse heated to
a tenperature of approximately 90C. Amoni um hydroxide is added to the

G oup VI BTERATI2 S\SPERSion Of FRcte) eRIpPONGNt IR dhe REMICIgvidanddg|add on i s added

to the G oup,VIB netal sol yii apd _direect precipitation of the Goup V1B
and GrouB‘r\}ﬁllt'i‘“?ﬂiﬁf*c?ﬁloé’er#{eéﬁﬁ%Bﬂﬁ&ﬁé’r\‘f%mgcﬂfﬁggh’lﬂ?eg Sﬂﬁ%eé‘ékosnscan al so be
conduct e : : r : - hj:ghar
e R Sl O S R S
accor di ngs hxot prssivde t8 figwt copiige selufonsipitMrinmrilainesadly oranadiepthd | | net al
salt, and ammoni um hydroxi de are m xed in solution together and heated so
t hat amother arsd wr subsequentlyaad furthepsuspensionsrand opsianapi satutigmscither

precipitation occurs. For instanc n, ni ckel , nol ybdenum and tungsten
corrponentsémblﬂé"%ﬁi-ﬁlly eHONGAREY B’Iet%?‘?m?ldyﬁ‘i“@éﬁﬁ}“%ﬁ $EePatach Wefabe ow 7.

| ndependent |y from t.her the soli r |_ut.Lon . i.S.ch in step
(i), the CP&%CI"{einﬁbs %\{Fﬂeelg “gé'f%ﬁ‘%‘{‘%,cﬁﬂﬁgéf’ﬁ?é%‘%rgf‘éﬁ%ﬁ%%%%&?"ggs and nore
pr ef er abl 1 i f | I e

char acterslxg}[gﬁggzbrgs;&trﬁéﬁﬁﬂééﬁ%ﬁ% ycs@l‘%ég]reﬁ?%: e%l&ggg@lrbl; egtlé@ﬁen%gsfbﬁﬂghﬁeadi ng
" Cat al ystejgeprpasiafieptie Gthef BEsimMEMebesly. ITRealboblsssibleabssid thompasi tion of
step (i) can generally be directly shaped into hydroprocessing particl es.

I f the aroumporentd agsuch tofa susperibk oc adlattipatofcaiipass ione @ themeltali ng from
step (i) is so high that it cannot be directly subjected to WO 00/421 j 9
=6 PCT/ UsSoofparay®s.14 J il | 2QB a shaping step, a solid liquid separation
can be perfornmed bciore shaping. Optionally the bul k catal yst composition,
either as such or after solid liquid separation, can be cal ci ncd before
shapi ng Process step (ii) It is preferred to add a binder material during
the process of the invention. Mdre in particular, a binder material can be
added during the preparation of the bul k catal yst conposition and/or the
bul k catal yst conposition can be conposited with a binder material before
the shaping step. The latter alternative is generally preferred. The bi nder
material can be added in the dry state, either calcined or not, in the
wetted and/ or suspended state and/or as solution. As has been nentioned
above, "binder material” in the sense of the present invention refers to a

o Y



If the binder material is added during the preparation of the bul k catal yst
conposition, the follow ng options are available: If, a g., the bulk

cat al ystwoewpasétion in step (i) is prepared according t%éﬁﬁso‘é%do@ rout e,
the netal conponents can be added to the binder material elther

si mul t aneously or one after the ot her: '3Al t er natively, the netal conponents
can be conbi ned as descri bed above and subsequently a bi nder mat er il &l Jafil

be added to the,conbi nedc{’ret | conmponents. It.is further possilble to

conbi ne part lea“t‘ﬁE ":‘?Qf’gﬂ céB’M‘é’ﬁ@% (R FUNCNSIARFIBREYDE Y MER one after the
ther, t t hi nder.. mat erial finally add th t
of "the nechPBbERbay sRERriLRy SRR B RO e b fonahu A heer ” or

| nstance, prbfielifBida! HEARRERGNs Y dbsikie 8 plRARL IRAYIspndion bgeapl 1 d state

during contacting can be first a f 'desire aped with the binder
mat eri al y&ﬁ@lﬁﬁﬂm@@m’@af moreféthhesmpdichs ﬁﬂ!ﬁ&%ﬁhﬂif&n tPRc aeklehd 0 the
optional |y shaped m xture. However. it is also possible to conbine the

bi nder wisuspanstanl canoeipeardret sppliedtabsusioiruthe [moaess afulictsolid wbstequent |y add a
metal conpopent at |east partly in the solid state. Finally, sinultaneous
addi t i on Bfhemaetal perponentsigthey in saiw USCIRTYOOPer e 3rg addé® thet al
conponent s d the binder material is passtb].g...;vl,orco~l.cr, the binder
mat eri al feﬁgﬁ%smeal%f’r HocanRe %@él&?i%&?fé?hé"mm@H&P%ﬁ‘?'aﬂf* ute in step

be hdaed SRR FeSleTAHE e PRRIeRiol, MERE colrapbAfindh e eEbn (b ne o

nore of the netal conponents before or after precipitation. If the binder
material is added as a solution) care nust be taken that the binder will be
converted i ntRurthee, inadll thesitadve cdies, irgréddeo a pugRedmsion dfhemetal @ofpoRent] hi s
can be done by adjusxing the pH conditions during step (i) in such a way

t hat prech 5 al$q pessitde te mse bimetel covponent isithe Metedawddy staves Westedidre

preci pitation o{ t he bi nder gre kno to the skil,led person and need no

furt her magtal ¢Qsppongnts gan beprenared fromy prefopned RERILAMPOHFIHAT BY cat al yst
b car i JTECRRRN A7k et Ul an By AR AVerfiyPBar o BHilefPal &1L o0 can

conposi tiRmowiith RIirefaNlihed| foweddt, EafCRAISBbE @iker et A1 frirtidwig s -

bi nder conposition can be shaped directly. Optionally, t'he bulk catal yst -
bi nder coprpsent during cantdeeingal ci ned and subsequently re-wetted prior to
shaping. This is especially preferred in the case where the bul k catal yst
conposition has been prepared VIB the solution route using nitrate and/or

anmoni um sal t Mor eover ddi.ti qnal binder . material can be added
SUbsequent "t o It FRSshPE s i the st RERERRS AHETRADIE 2 BPlvemde camples
composi ti @Njjydiratd #e Rﬁfi’hﬁsﬁé OHd ﬁ?r?d’e%ﬂg' frotSthRI iR er A rhaf b(lzrﬁboﬂrﬁ are
t he bul k catal yst conpos |o% ang to subsequently conposite the resulting

bul k cat athysireappliedin tisolid Foutd) ehdbrdee o bR difls. genbtdl Bn@dd ariticahe bul k
catal yst conposition can be subjected to a solid-liquid separation before
bei ng comheproceds of this tmeerdionder material. After solid-liquid separation,
optionally, a washing step can be included. Further, it is possible to
cal cine the bul k catal yst conposition after an WO 00142119 . ~g _

PCT/ US00/ 010 14

stcp and pri ¥ %h‘lﬁ@!ﬁéﬂ%o@g tﬁ%g%ﬁitsgﬂail Hgﬁ%ﬂ@p%@ éeﬁrgﬁé 8? ﬁ]%a 1?1%? hgr yine
ot al vt e B Bt o e eria
is are added in the solute state. For instance, one metal component is added at least

partly in the solid state and two metal components are added in the solute state. In

another embodiment, two metal components are added at least partly in the solid

state and one metal component is added in the solute state. In still another

embodiment, three or more metal components are added at !east partly in the solid

state and no further metal components are added in the solute state. Generally. the



added to the bul k catal yst conposition or vice versa and the resulting
conposition is m xed. As has been set out above, the nedian dianeter of the "
bul k cama padzipparticles is at | east 50 nm nore preferabl @84@?&’5 100 nm
and preferably not nore than 5000 stn and nore preferabl & € "t han
3000 pm Even nore preferably, the nedfan particle dianmeter lies in the
range of 0.1 - 50 mand nost preferably in the range of O0.5- SOp~ﬁ] I%izﬂﬁer
materials to be applied in the process of the invention may be a g]JU

mat er i alnymbesolapetat sampeneoisayihighapphdded atsicastpandie in the sojidk dpe@vdssi ng
catal ysts.. Exanples include silica, silica-aiumna, such as conventi onal
silica- é’t’ﬁ'ﬂﬁbﬁ ngég‘m b‘hﬁ\@ W SIE AT PO! GIHCH 1O MG BUTHNEBUOR | i ca, al umina
such as (pseudo)boehmte, or gibbsite, titania, zirconia, cationic clays or
ani oni ¢ clays such as saponite, bentonite, kaoline, sepioiite or

hydrotal i t qu waf) HY kb iy hETER! nolLB{ANE 6/ pRIAAERR: 3T8)RIdd C2
silica-alumna, alumna, titanic, zirconi a, BIHA Xt ur es ereof. These

bi nder s cgBprizen@BA!hed] mpeaEnBmedédsary RGthe 2aéptiorn bf h ecAhMRASS bl e to
apply precursors of these binders that,” during the process of the invention
are concenpedition andmny sabseghenthp ovpredgrtié lede konpenents SN draiblie precur sors
are, a ¢g., alkali netal alumnates (to obtain an alum na binder), water

gl ass (tsuitabledfionthe pradesaiarithadhis invention \wraddometal kamiponentalatdgasthi nat es and
wat er Mass, (to  obt all §a sirQ]ca al um na binder), ,a mxture of sources of a

di -, triParthhihe salid staiegnahio chaose theBFPCsEs GORFINPRM SUGH 254RTBPETABITGIL| e
salts of nesium -alum pum,. w0 4014211 NSQO0101009 14 J |1 J | 2D03
and or M BE Moo pras P iniRefi 4 way: Bel T ARase DRI dobihangyf are

r hl or oh ! i I ~On! i the

bi nder ravant af 1643 BBraL LBt Coniclly i HESOhNE SR Opithe T83raB ks 10,
VIl norhag bk seBb@ abdVel, € the sbHUE REuAPRALL the rétalloftdire Sibe mahhl yst
conposition and/or prior to being added during the preparation thereof.
Conposi tdompaneatshihatiere addesk atdeastipatt]yaimy thef sol idestate mausa irematyirbat leastri ed out
by inpregnation of the solid binder with these materials. The person

ski | | ed Ragtly e $0)id piadgEuLnE th eI RFPEeRSATi B IN¥EMRIANgues. If the binder is
peptized, it is also possible to carry out the peptization i n the presence
of Group VI B and/or Group VIII non-noble netal conponents. If alum na
I's applied asepladfy at 1y §4dACeva| %rerg?ét%fmwt leh&S10 Wehanbiange of 100
- 400 m'lg, and nore preferably 150 - 350 m/g; neasured by the B.E T.

met hod. prefergisiyearMeastme wi.o4 bethel metahaohponpenfsairahl theisolidiseatealugimgof 0.5 -
1.5 m /g measured by nitrogen adsorption. Generally, the binder material to
be addedmixinghmsgdeuethe tofal weightefail addedmetal componentsyi¢.cofadt metaly t han

e o oSt sSTREPL e B8 P SRS R it
catal ystysRARoR! dd g STHEn PHUESAela e STEE anfdl AR IR coblipder

material to be"a e pro Ion generally depends on

the desi¢ffp@Ghiby) the 18k dfitfethl a@hpsﬁéxﬁkmtwmeﬁmﬁ%ﬂamaun&ﬁﬂﬁhsmnts from
0 - 95 wt.%of the total conposition can be suitable, depending on the

envi sagesblichdtateydiiringpehiaciitig crechiomearated. tAs trathes cade Alovagmouhts dfe

resul ting unusual high activity of the conposition of the present

i nvent i ometabicatponentinemain sobisdin deeimatbegbaidathepmapntiod meahe of 0. ~ -
?~w.,"'o of the total corg)%si tion. 00l 421169 . rP P NS(30101009 14
J'J L oofpmponents ending up in the wastewater duning the subsequént solid-liqu

separation is decreased.

If the metals which are added at least partly in the solid state are added as a
suspension. the amount of solid metals in this suspension can be determined by
filtration of the suspension at the conditions which are applied during the mixing

step (temperature. pH, pressure, amount of liquid) in such a way that all solid



If in the process of the invention, a binder matcr~al ~s used, the
rcsultinlL catal yst conposition conprises the bulk catal yst particles
obt ai nedy,} (i) inbedded in the binder material. | rds,
during SﬁgQgé%@gss of the invention, the bul k catal yst paﬂ?ﬁ%gg@lggnerally
do not disintegrate but normally) the-ibrphol ogy of the bul k caiﬁéygt
particles is essentially nmaintained in the resulting catal yst co a4t dil&n.
Process steF (iii) The catal yst conposition resulting fromthe

above- desBRIchEd cpRERainghe sksRensi0asis sqHcpigddisrsebdlfijics Kake dl rasnalpt ng
conprises_extrusi.on lietizing, beading, and/ spray drying. It nust be
noted ¢ haveie shove sl yf oricafler e e welthotae Fomeidls £ by 1 ype

L L e
gener al | Yor hEQoRRlakAPLoRRIRARL EOAMIEY BAhELISocRSbhSEE: A0l beaded)

In the latter case) prior to or during the pfng step, any tives that
are convegich@ihér (o givethd @tdlamhdidtaireondanel cempoRnaddtdiathestmagdi tives
may conprise alum nim stearate, surfactants, graphite or m xtures thereof.
These addimtidessOfaoutse, Hdgerd fadmasnyidsheé cpmponents fihkersodidi cognsdnents
Further, when alunmna is used as a binder, it may be desirable to add acids
prior to $4s8 astiagnlidibiedenarcuypsens imthe fibemeake, the watghtabthis pelidredhani cal
strength of e extrudates, It s pr ferrigvt a binder material is added
o1 or Ot o Ghed Bidr st Be Sabreasted Brom fhe Tt dbs Bt RGmRORER SHBGGG st ep
is carrie i R f Qi . e Preferably, the
anount of%lﬁ%qddap%ﬁm‘g; gx ér?g"s?iﬂg'ﬁ C%SJS&SU ﬁ’%i%?‘g‘s@ga\égésh {ﬁtolﬁgfzi n the range
of 20 - 8{lorgiién §5&idstdly FAABFIXRE dleY TheRREAARAESRNLATP cafter an

opti onal dryﬂ%g step, be pfionley éalcingd. Calcﬁﬁai?on hgmever IS not
essent i al déterrhine the aaeamt of sdlid mewie i itlenfiltef cakecal ci natton is carried out
in the process of the in~~cntion. it can W7 4 JUu. ~0~ WD 00/42119 . 3t
_ PCTNSO0/ 01009 he done at ;s tenperature of, o.s~., froml UO - hOOC and
preferably 3~( o0 000C for ati varying trom 5.tq 48 hours.. 'rhe
dryi ng of the ﬁﬁ&séaetahﬁ‘rqmmwti ‘é’gE{f@n‘étaQFjFa a&!ﬁa,sﬁ lgf“%lﬁ'ﬂt sqlidiateatsur es
above 1 LLi l, pr S e ln fer di t he
obove 1 oieP b Ok RS SH o AR sl K AR DoRIBR Bl alet he
drying, nihelw8ight KPaRAHIND mefal E8mMploRett i9RvnkideFRDEqual t&met\@eigha@r fh@. These
addi tional proCess steps can be conducted either before or arter a binder

i s added, cate¢spongig thitialhuestpbnedrmeiaboomipehente The @ialeveight af alhtietl and
subsequent to re-wetting. It is believed that by appl ina any of the

above- dese9mpenents i Heameunfof abl metals thaggre ml%lbhsma%)ﬁe @s Mgtal i ng,
kneadi ng, or conbinaHhﬂns thereoL the degree of m xing between the bul k
catal yst CURPSEFHSorASHACHAS BEALR¥ ARt erial is inproved. This applies to
bot h cases where the binder material is added before or after the
application of any of the above-described nmethods. However, it is generally
preferred to agchdsieeehi fogRd 1Rk hdrpldlogl and teptuee oflthgirn@abosthponainy
alternative technique. If the binder is added subsequent to spray drying
and/ or anyhath ssmaitnis aeldasicpartlyue the badid stetd dumng contpawig, gy deiepnaker abl y

t horoughly m xed hy any conventjonal techpique prior tq, shapi ng. An
advant age%/l'tﬁmoéplgqbg&ﬁf‘%?w&ﬁ Ffghe “ﬂ‘hﬁ%‘apﬁ‘ FREPENHOBY %Q"P%‘g‘ffé’%é(r &-8obt ai ned

Above- desty apBline sredBnerti patiei Vi8R RO RphoRT ARG 1
app! | ed. - ARIrphOREY"R R oPThe! S IRNBARNK KR Banfdds O RAAArdliGl ng the

preparation at al yst conpoOsition and part of the binder

material cepriRoR@Yamdabx@ny’ inUhe eamRGf theggesan irention séfeptdgoreFur t her, it
is also possible 0 apply nore than one of the above-described techniques.

volume, pore size distribution. surface area, particle form, and particle size.

To obtain a bulk catalyst composition with high catalytic activity, it is

therefore preferred that the metal components, which are at least pantly in the solid



~4J UL 203 i~VO 00/42119 PCT/US00/ 01009 -32 1n all the about process
steps the anount of liquid nust be controlled. 1 f. c.g., prior to

subj ect i W @03119at al yst conposition to spray drying, the @auusoooioobi quid
is too low, additional liquid nust hhg.added. |If; on the other hand, c.qg.
pnor to extrusion of the cataivst conposition) the anmount of quhdelﬁaBoo '

hi gh, the amount of |iquid nust be reduced by, e.g., solid liquid
separ ati A AUFIRE OMACRG. BFG RPTOYS MAURIGHPBORGHS. ot iSalpsised thar dhe wowd, | f

re- et P wéplﬁnéﬁﬁﬁﬁoiﬁggwﬁ”%ﬁﬁfhpg B ireep s GS%BE@ESSQSEQLL: Ibf s
appr opr PR ey ibe S o hofEoP i aR bR (e Beal A IR’ oot o

l'i qui d ChsivientiohBEh PAREREENS LeRBystd dertslI¢ hide hgaoiyﬁ"ahﬁnaﬂ@mbh@ts no
additional drying step is hecessary prior to applying spray drying and/or

any al trel/gyatrieterablctind.quel arl/gs hegre pgefefably g0, | -3 mygpndfmssied to carry out
any of the above techniques in such a way that the resulting, e.g., spray
dried ®refemblyefbd 2ophgaleiermined bynitrogeraadsarpuing. Bbrdsivshd whi ch al | ows

P oo e S ] Fugitomlng it
120 - Ry B R R e BRI sl @ *°

cat al yské PR 8gsraiRdel hd Abre PRALmb I SFRAERLOSH Pl didBaist ale. I

principle, 1t is rocessi ng catal'ysts such a onvent 1 onal

hydr odesefetably oftat deasan00 poss,idetemiined WIBt the 8. B 7! dledtflds Forsheafle)f a |
bi nder material or precursor thereof. In other words, it is possible to
carry oigkedcarbanateioarvbe dbesani whithhas agotal pore volumne 0§ 0uiRer®38 mlke bi nder

TS e R 2 L 0SS b el e fena
Y PRSI B3Py 35 R A 1290 I b RuBBEGERE, 11

present I'nvention prio step. e cont this

descri [B.EON, mefhoda BurtietiRdre thest ndlaIcififori¥rit® sho@ldtHaoe ahAaediag st ep” means:

it can be added during the preparation of the bul k catal yst conposition,

and/ or psuirdedimneter of ahizapr Epamgmara poéferdtdy ulléast 400 hys tand grpfesatly on  but

prior to the WD 00142119 -33 14 JUL 2q03 ;addition of the binder

nat er i #Pt moxethan 4000 wn and mase psefomblviant masetthen 3000 umonEven miege bi nder

material,.b prior to spray dying of. any.alternative t hod, ,and/ or during

and/ or Pﬁfﬁ@iﬁﬁéﬁﬁ P léﬁrpayuﬂ@sd%etsf {‘ﬁ-ﬁy‘ teanag ol 0o wad HEH3BMYSt i or to

t he shapi tepJdt is p Lbl.e to add.a . conventional hydroproccssinL

cat al ysPEe Sﬁﬁhﬁﬁ&?f%%ﬁﬁgﬁérég HIPep OF 19512045 ?'t‘m?ofﬁ’i"ﬁ el desired, the

CONYENichifhnehy HHRF RARIEHAT16RE HAY in THY sOid Tkt S BHIGH Fas'P1digd N9 appl i ed
of t urt

in the process e 1 nvention. ernore, a cracking conponént may be
added gwedidvgphiRcl®dhapesr, dhe biter Picsiedimponeiis mdll.onfy edaacivithaheonponent in
the sense of the present invention is any conventional cracking conponent
such aouteatiayer af &bdqxsgp maetrbodomopohent paraael iln abissasth sascalisis 5,
(uItra;stableb"zeolite Y. .zeoljte X, ALPO s, SAPQ s, anorphous cracking
conponefRre-shedh sycyyred bullaeatalyshpargelesiace QbBinedereof. 1t will be clear
that sonme materials nay act as a binder and a cracking conponent at the
sanme tinme. For instance, silica-alumna nmay have at the sane tine a
cracki ng an 'ﬂ%#ﬁ 11O i t ; ARemept may be
conposi ted %]?EQ% o%plfn\%ﬂ?%“dr]rg?%Phg}\%ﬁ%’??@fﬂgta&%g%ﬁt%gbI e ?r‘gt al prior
t o bei ibg achigvedibvesppMini sulvableypriefaraiedlyietal compamiehis@r bysteparipg i or to
bei ng added during the preparation thereof. Conpositing the cracking
conpondhasewnetal ampponents byshensbave descyitied praeipiwtionyndessiuchpr egnat i on of

t he cracki.ng conponent wth these materials, The cracking conponent can be
added AONGPENS thaa 8%“31’0%""(9"5@598)’ éf‘ét‘??@“‘ﬁﬁ"és‘;d?mf:ﬁv@hﬁ’ﬁ BT BFFEHOR 0 t he
shapi ng st ep. wever.. it is preferred t t . i nent during
t he CO%BBPﬁPﬁg?%PE%’Q‘f%‘W\/& o W?P&e’?’?gggyel{agpﬁé?gﬁ%ﬁ}ggﬁtgﬁgg' on the
envi saged catal ytic application of the final PCT/US00101009 cat al yst
conposition which of the above-descri bed cracking conponents is added.



WO 00/42119 3 14 ,i:11 2~~~ .~ zcolitc is preferably added if the
resulting conposition shall be :~hplicd in hvdrocracking or fluid catalytic
crackin . r cracki ng conponents such As silica-alum ionic

cl ays aﬁrg({&‘%%r ably added if the final catalyst conpos%eilwgés%ogﬁtg be used
in hydrotreating Applications. The anddnt of cracking material that is
added depends on the desired activity of the final conposition andJthél}
application envisaged and thus may vary fromO - 80 w.% based on the
total weight d¥s hasdcentssl put abwyepinsictainnhe marpkology anduextves ofdiceri al s can
be added _in addition to,the netal copponents already, added in step (i).
Theee. maftSiRLAUMPOTRAIS oty aifecDien 1 TEBRERAT1Y ‘A dMosP A RiRg 16 Fssentinbna

hydr opr o i t gl reparation. Suitablie exanpl.es, are,.phosphorus
conpoundgﬁﬁggg%ﬁ%ﬁcog%gmﬁgf P‘?’]’B‘?ﬂc—"& SEECQF'Wﬂy 66'??{3&&183!“’ éaldgf‘i“&nal
transiti guqABLAL S i r,J0 res ther :

Sui t abl e pﬁggpg or l?g‘%%'(r:roﬁ%ggnégtﬁ%ﬁt@gug&mrgﬁ? ﬁ%tcgh‘] ’?é)’ﬁg é?‘slﬁﬁggﬂﬁggi c acid,
or or ganiifateSRASE Horl@TROUREN BhesiRhRekSs aeﬂﬁgﬂmgrde@@s BeirdgRd at any
stage of the process of the present invention prfor to the shaping step
and/ or subsiedeeames acroheT b ppisageesd fesalidihetaheohiphiditg patietdsalanicssipept i zed,
phosphorus conpounds can_ al so _be used for peptization. For instance, the
bi nder c&8 dstectrshby yisuabinspeetiernat lagst i hthepdinmeterwfthe polod padidies inci d or

with a m xture of phosphoric.and nitri¢ acid. Sujtahl e.additional
transi ti OWIfB g melalate cqmprisabisilaraer fanbR NAYE SHEILP L HSIb i L npr

ol ybaens b8 Metss ki as ARt es R R sae R QEL S pe FER toaBl “appi e
in the fQeménmfichiark KoVt gf thlt@ﬁng’llaegtﬂaegsdﬂ Iso 'u¥9<??6‘k‘ﬁ@lﬁ‘@q{a?iﬂmse

t ungst en conponents that are descri ove for the solid route.
met al s cao gugnaddate of tlapraiesgef ik sblié roues el mailstdhe i fiRsstteistivent | on
prior to the shaping step. PCTNS00101009 CvO 00142119 35 14 J Ul ~D-3
;part fromadding thcsc netals during the process of the invent~on, ~t is
al so possible tpo co site the fipal catal yst, conposition therewith. It is
~. 9., ppossi bW ithgys ?‘é‘@ﬂmé& be baund Prany é*aq%vygﬂs g@wﬁgi BRoRLIRS Hean :
i mpregnat I On: i§l t S e Nk ses of the
B! eanal k3 e A EATRE! Bk Ak AN BlorldMES SRS Blegacbeq fERRSCeS, of L he
conpri se raixgid fregat [cabt SARR), réadt WitladabRbthér. IBRPBLIL Yidudd id REpOHAILIBY
contacting the catal yst conposition or precursors thereof vmtﬂ a sul fur
cont ai ni rgr thenpanspdrt afcissadved srea campoashisuuehtpdhsgem spolrt, ititeemeral
pol ysul fides. The sul fjdation can generally be carried out subsequently to
t he pr ep&OHmACGRENISICONRINIQIcRNiASt MilhRack ethrraAnd @n reagt. gt isdbelieyed fataddi ti on
of a bi nc{gr material , and/ gr fubsie%gentlly to the, addit.i on”of thf %t}i nder
materi al ‘BETEHHBY CAFVENIPEE Prarg 1 L MERHMRROERHYE Y TBAY SOTREAYY dr yi ng
and/ or a Y r : ' j

any i LQidahie) 3?&?%‘8% npﬁ?é}(cg of?ﬂéﬁﬁﬂ}é@ﬁqux, & Qmagg%ﬁéﬁdnggir%%]ﬂt o

conposition to spray dryrng amd/or any ernative net

shapi ng, cantfdien&URae SHRMis6IVOardedisBguériby fatedsyddscebapadbie.dme It is
preferred that the sulfidation is not carried out prior to any process step
t hat revearesnchef alpraiicdduikdating tHefprdesssiafttbe soléd rowgiisidwrefooch process
steps are, e.g., calcination or spray drying or. any other high tenperature
t r eat mentconpideras gssentialc d st regatjejbean b ANNHOEs PY anY CORKRNUQNZ yst
conposition i.s subject to spra i ng_and/ or an |ternati.ve, tecghni que,
Che”oui 1 1eigne S Ross iRl ARt nERle8iarl r By SRRTbHEETH or Tany
of these . Ltianally to, or instead of, a sulfidation step, the
bul k cat aﬁégp%g%ﬁ\gﬁhh})% may be prepared fromat | east one netal sulfide.
1f, e.g. the sol id route is applied in step (i), the bul k catal yst
conponent can be prepared form nickel sulfide and/or nol ybdenum sul fide
andl or tungstlaronewréfethed ¢rhbodrmanbéthessol tbroues idunmg msxing et bh netdli xed bed

processes, the sulfidation PCTI US00101009 is preferably carried out
subsequerronponents ahagied cotrpietahydn the selppsiate] Preferablyuanicast 0.1 wt.%.,

more preferably at least 0.5 wt.% and still more preferably at least I wt.% of the

metal components initially employed in the solid route are added as a solution



w0 00142119 -36 PCTI US001.01009 1 4 JUL ioa~ to the last calcination step.
Preferably) the sulfidation is carried out ¢c~.~ .~~ini, i.c., the

sul fidatygyglsgeanted out in a separate reactor prior to |oadi ng t he

sul fidcd catal yst conposition into the hydroprocessing uniRCTUSPPHEhnor c,
it is prcfcned that the catal yst conpo¥ition is both sulfided c~.i sirrr
and iii silrr. Catalyst Conpositions of this Invention The presenf JU]L 2003
invention further refers to catal yst conpositions obtainable by any of th
above- dederinpahe priviogsters calmiatedrasometnl bhidepr és elnis Wayugnoporcopactiagns to a
cat al yst nposi ti on conprising bul k catal yst particles wherein the bulls
cat al ystoggmmelaégompméés gosuredoo wt. % of at |east one Group VIII
non-nobl e nmetal and at |east one Goup VIB netal, based on the total weight
of the bulk catalyst particles, calculated as netal oxides and wherein the

comos 1 one eHsoE R RY Fe Badiid Bths ot sllior Adlis ot BuEhisbaugfir
non- nobl Ryt glri A CaikiR1 CEOUE MY EbrBRE Holid! ExBRBIAr HEfhad falAs been found

that in this case, ul k catal'yst particles are sintering-resistant.

Thus t hecarbokyHc atidsaafd alcehoRfsuchashnethaaal 6f stpknplaiPré ferfsly i Slig@dnt ai ned
during use. The nolar ratio of Goup VIBto Goup VIII non-noble netals

ranges geompaising waenmsuch as miztur®s afan pitasthel abd wéterand3mbre pfef&rablyn t he

case of a core-shell structured particle, these ratios of course apply to
the met aMatddpuashaspiatic nguigna this solid remie Apsmdidiesentprgpc linpidseoal i s

com g L B S B LA R, LSRR AT o
Group VI [l aABioR YT EmER %bo'ﬂﬂ?r%ﬁgm @t‘ﬂapéﬂo{ ﬂgam%ﬁft%m %%mum and!

tungsten are present as et a enunaungsten ratio

pr ef er abhjetall @mpdhenfeln soae cabes) almethl Lomiponkhr &di be LR FhrhdiMolves

non- nobl e nmetal conprises nickel and/or cobalt. It is further preferred

t hat t heirGteopn\irgstab palterc ohlpr ciystal vatentsrmed aopravic Iiquighdeinscasend

tungsten. Preferably, conbinations of nickel/nolvbdenunitungsten and W
WO 00/42,119 7_ PCTNS00/01009 1 ~ ~t~~ 2JU3 cobal t/ nol ybdcnum tungstcn and
ni ckel / cobal Ugpl ybdcnuni t u t cn used. Jhese t s of precipitates
Ropear Lo be dsrByier e pREFOSHIE o §eoun Vifiarar ¥RER el AR
precipit { 4}%@ I . I I3y} piesept as
oxi di c cgﬁrfé};%ddiddéo‘%gtfa}t 8%%%@%‘%‘3&%{@& gfg@ agfﬁ{r?{eﬁtgglggtﬂgﬁy]st gsjﬁlglosi tion

has beentisditdsedd@orsvhéll SirGceddd pantidtes) thdseeatos maydincuiiehe absve I n the
followi ng the bulk catalyst particles (in the follow ng desi gnated as

"parti cl earigeswirooreathan pnederaup V1B meetahisalsgdt theonpiosifithe diffdrent{erqupesent
i nventi OQ/\g |1 be. descri Ped in.nore detail:
IB metals is generally not critical. The same holds when more than one Group
VIII non-noble metal is used. In the case where molybdenum and tungsten are
applied as Group VIB metals, the molybdenum:tungsten ratio preferably lies in the

range of 9:1 - 1.9.

The Group VIB metal generally comprises chromium, molybdenum,
tungsten, or mixtures thereof. Suitable Group VIII non-noble metals are, e.g.,
iron, cobalt, nickel, or mixtures thereof. Preferably. a combination of metal
components comprising nickel, molybdenum and tungsten or nickel, cobalt,
molybdenum and tungsten is applied in the process of the solid route. If the protic
liquid is water, suitable nickel components which are at least partly in the solid

state during contacting comprise water-insoluble nickel components such as nickel



Preferably the particles have a surface area of at._|least 50 nm=/g and nore
preferably of at least 100 m/g neasured VIB the B.E. T. nethod. It is
further RpHYeRgderred that the particles conprise 50 - 100 wt.9% and even
nmore preferably 70 100 wt. % of at |east one Group VIII nofCHEMD18t al and
at | east one Group VIB netal, based on'the total weight of the particles,
cal culated as netal oxides. The amobunt of Goup VIH and G oup M Ll 2003

- nobl tals . ily be, ined VIB TEMEDX. It is_desired that
the_ por ¢ REPSHAE WERTHAGER IS nioKe| PRPTRRBIG PirkelbeRRN CrBickr L raAt6ane. ag
these pan bRERDYTRE vEeRs RSkl By uiiEstt e Blelphod. icken Biteys fighe

f er abloy:0f o0l id | _oor : - / d
Pt or atisnifkeiAmolybdbnli BloRt RancTHicidl! 6 iRt BbrcBr Sunafydlt L9 S0 oS!

por es srablydjdehidNcdmpohén:s, \Qﬁkhﬂfrg%ﬂktastl BARBYRIHPSSld Ry | Cl es

r
preferably "have a nedl an dianeter of at |eas ~0I nm nore preferably at

| east | dhtavtinggedmprizeavatet-yngodiblewnslybliemuiinpéneanduowae pref erably not
more than 3000 pn. Even nore preferably, the nedian <.,. WD 00!'42119 . 1g
. PCTNSODpbybdgoem-(di- &g tr2posdpamii yhdendimacarbede, Imalgbdanutrhpitridege of 0.1 -
50 ~tmar]d nost prctcrably in the range of 0.5 - 50 pm It was found that
the bul KREEHRIRINO toraelyhdireacad éa8r HoMQ 9t melxhdenymdauifidadri on pattern

which differs from catal ysts obtained by co-m xi and conventi onal

v opr deLguTesghERoTT F TR udrhE O g P PR n B AR e EHER ARRY act o
pattern of : al.y S : { . e

essenti all?il lgEggkgggz{iggg?lﬁgp%gﬁ@c a@aﬁ%%@%géﬁ osdltﬁl‘ehdtrr @30 eé s%'eg _
conponendifide (WS- éhd WB,Fkahgfied cardide anhpsaad scidde.gbaewaonLacted with a
nol ybdenum and tltngsten conponent as descri bed above, the resulting bulk
cat al yst Hp@h,0i, c1985 Oy tinglstemanitridd, abdnmumamngstaty (alsé treswt oon pattern whi ch
conpri ses peaks at_d values of (4.09), 2.83, 2.$4, 2.32, 2.23, 1.71, (

1. 54), 1p<lytungstaiekor mixuzesbereaindiiess sompanentsare sencsalposemmergielks are

h b d/ | i ity. or di i i sh 1.
The ter mARRRE0T EEn BF Freshced B Sk PersibuStenit ar MPELTP R B Be hoce
peaks "Egezgar oapéhteckgli gmoﬁaéssulmekémwa@érﬁmaﬁen sg%&&% @yl y no further

peaks contained Int raction pattern. e precipitate for catalyst
obt ai neda;lspmﬁhetesmhunhmr Jodiim dagsorat€.NRrig generatlyimoXrtaythelskilledct i on
pattern which differs from catal yst obtained by co-m xi ng and conventi onal
hydr opr opessen it chaosd Wistppeaipitaiiom donditionpimgneh b avay d5de optasn thecdesited X- r ay
diffraction pcattern of a Ni-MoWprecipitate as prepared by the sol ution
route haBopebelegyand G¥Nies of 2.52. 1.72 and 1.46. Generally) it is
possible to performthe above-descri bed process in such a way to obtain

bul k catal yst particles characterized by an X-ray diffraction pattern that
does contai n [¥igkh&trdl | Hefd cBRPONERNA! FRIG maldl§ dofilif€, TBhAd/op MIBeIgatSs
applied in this process as starting materials. O course, if desired, it is
al so posthidinetal care pyefeerddisecanmutiiey avé levetdetrimenad ethenivitosmeht.a way as to
obtain bul k catalyst particles characterized by an X-ray diffraction

patt ern Blickel cothanate isrgprierred masalecomepanrend wa%a@déﬂ gelpastpartlt I dgst one
of these al conponents. I|I. f, e.g., a.high. ,f... 00/ 42119.

PCTNS00/ Ak 8tate & %“Sithf“LP‘F‘f(e)cfég‘g%%iﬁalﬁﬂ’%@%@ﬁ’%&ﬂg&ﬁéﬁv%i chis
at | east i BALdoYs bk SRS SRE LehcaibAlBittlel N ARRt 36L |0 e anetifdiioflor! f Lhi s
met al conponent I'S ed 'n e formof large’particles, snmall anbunts of
this net ghripaaRAREIC OB ErboRRE dokf nbhénd upd 1kt Whiiawhiepn pattern of the
resulting bul k catalyst particles. Generally, if the solid route is
applied, at |east one of the nmetals is anisotropically distributed in the
particles. The netal of the netal conponent that is at least partly in the
solid state dPréfegrediméckedompanents whicheareradded 1w BicoHite stagiaten t he i nner
pan, i.e., the core of the final particles. CGenerall t he. concentration of
this met Naemsalpklegucks! mﬁqnqn}se.e-&mcclgegmraf&f m@ﬁel %*&fﬂiq-@r 65] acgjate st 959
and in nost cases. at _nmost_90%.of t concentration of thi al in the
core of Phcé‘egﬁﬁﬁr‘fil%eg.r "ﬁﬁﬂrﬁ%?h,ererqﬁﬁ)dgpeﬁ’éeéjnmgm%%mt’ﬁa@dpﬁgg%& al of a netal
component. o fdhehsy \?Pi@h!a‘? ahgeé NERAUNNE sEhahfe (terglbemeNidtnbaiit € 15

al so anisotroprcally distributed I'n e particles. Mdire inparticular) the
concentration of this metal in the core of the particles is generally |ower
than the concentration of this netal in the shell. Still nore in
particular, the concentration of this nmetal in the core of the particles is
at nost 80% and frequently at nost 65% and often at nobst 50% of the
concentration of this nmetal in the shell. It nust be noted that the
above-descri bed anisotropic netal distributions can be found in the

o " Y b1 I g, L T



WO 00142119 --10 ~ ~ ~ a.~. zoo03 those descri bed above. The particles arc
enbedded in the binder material that functions as glue to hold the

parti cl her. Preferably, the particles are honbgen i stributed
W t hin taﬁ)eéog?ﬁlger. The presence of the binder thus | eads P&%@”ﬁ@ﬂvgto an

i ncreased nmechani cal strength of the-£fnal eatal yst conposition. Generally)
the catal yst conposition of the invention has a mechanical strenpgtigl 2003

e~t pressed, as side crush strength of at least 1 Ib./mmand preferably of at
| east 3 5 JURSSICREADPRRFNAS Swshidsudkalbmakpk or ammoamem enolybdate (afsonmy . ~ The

bi nder material, generally ,contains 0 - 90, wt. % of , t he up VIB and G oup
VI T norP5T8BPe dredHrsCHAi Py 0ce-s 87 &%Fﬂdﬁcﬂwlywz’c‘{be%\& ticles. The binder

wth any SRRt o RS IS ERE PRb AT o ool I R K catalyot -
conposi th&@rd{ifo]yﬁrﬁ@n %b%poﬁh@s.qwmctgog?:ly it bn @Swgﬁgsq rNit-S/Fq-Q‘gs' red

activity of the catal yst conposition. r ano rom 5 wt. % of
the tot a}beteﬁdﬁ@%ﬁibﬁ@oﬁ%uhasﬁ@b-wwhc‘i’&@%@?&‘a&ﬁbrﬂ@oﬁfi@uﬁ‘d&{ hfagescpat al ytic
application. However, to take advantage of tHe unusual high activity of the
conposi t oroamofonivra tungstates (hlsvendtaqpard, hdea-, anpohitengtacyaranadlngsi n t he
range of 0.5 - 75 wt.%of the total conposition. |If desired, the catal yst
conposi t‘ihGFPQfay conpose a suitable cracking conponent. Suitable cracking
conponents are preferably those descri bed above. The anpbunt of the cracking
conponent is preferably in the range of 0 - SO w.% based on the total

el gt ot epRaLALYSLA ARSI W AR BRLRL KL BHRLVcADBRSE, hiyEa 2 ot

conposition nay Comprise conventi oha ropr bi nder
mat eri al §cié'Eﬂd%@Wﬂd@gu%m@@.eﬂhﬁt&f&gﬁ-@ﬁr%%(ﬁ%inﬁﬂéﬁ iSWSkePEABERAENT
catal yst generally conprise any PCITNSOO 01009 of the above-described bi nder
mat er i al amatohigmadikisigbdaeandanimoniife metMOn@tade? 1118 vaithin tREEdGON1009 14
J~~. ~a~, 3 hydrogenation netals of the conventional hydroprocessin

cat al yst thgeskalled pgrsonnpisticet farthgpswitable combinationsiafimetshcomiposentst gl s such
as conbi nati ons of iCkfci( ﬁr gobalt wi t h nol ybdenum qr n~ngsten. Suitable
convent i BH&t b%?ﬁ“@p‘?‘é&@ cheareanale abyays,¢mpEses a cepaip dMmAMtialg cat al yst s.

These ca S n.be i r r

Furt her braroRy Sl afy srb ST Rt o SARGRE TS Shas B8 st s,
convent i gR{kl YarBbRSRMWe highhydr oprocessing catal ysts such as phosphorus
conpounds, additional~transition netals, rare earth netals, or m xtures
thereof. Suitable additional transition netals are, e.g. rhenium

rut heni um rhodi un} iridium chromum vanadium_iron, cobalt, platinum

pal | adi um cobathe follaykiag; preferyastieniegass eanditings dunng Kiq mipagandet al
conpounds ,generally are prese in the oxidic formif the catalyst

conposi tf‘bl%eﬂﬁgmtfgéﬁ”%ﬁgpﬁ@aﬁ&ﬁleﬁ?”q?eﬁBt he sulfided formif the catal yst
conposi tion has been sulfided. The surface area of the catal yst conposition
preferably is at least 40 m'/g, nore preferably at |least 80 m/g and nost
preferabhy at Mi@jﬁ% stegd n¥/g. The total pore volume of the catalyst
conposition is preferably at least 0.05 m/g and nore preferably at |least O
| m/g as det @heipredessyconditeonspluriogi the mixing stepragenarallpings cridoalpdsi ti ons
wi th high mechanical strength, it may be desirable that the catal yﬁt
conposi t 15 8-&f Passible A9 add iablrrampongnisay ampkicpisrereragure at their natwral p

(if a suspension or solution is applied). Generally, it is of course preferred to keep
the temperature below the boiling point of the protic liquid, 1.e., 100°C in the case
of water to ensure easy handling of the components during the mixing step.
However, if desired also temperatures above the boiling point of the protic liquid
or different pH values can be applied. If the reaction step is carried out at

increased temperatures, the suspensions and solutions which are added durnng the



Characterization Methods 1. Side crush strength determ nation First, the
| ength of, e.g. an extrudate particle is neasured, and then the extrudate
particl evo®so/sulpp ect ed t o conpressive | oading by a novabl epcphééda%mo he force
required to crush the particle is neasured. The procedure is repeafed with
at  ~i WD 00/42119 -dZ PCTI US00/ 01009314 J' JL 2~~3 | east 40 cxtrydayig 703
particles and the average is calculated as force ( Ibs.) per unit IengtIh

2. \Water porosinetr~~ The pgore volune of a sanple is determ ned by

§.”F? i ng HENEREP S1a8encra) s BECHFACAJA o PR CARRGLICMPRREVER MRIGh Grobe wat er i s

determn ihts_vaol.u added or the weight increase of the sanple. The
pores spg(g%ﬁﬁ%ﬁh%écaFl‘PﬁﬁnBVa?W&errent ally adding water froma burette to

the sanple, with vigorous shaking after each addition, until the first sign
of wetness at the outside of the sanple appears. Another possibility is to
saturate the sanple contained in a tube fitted wwth a porous bottomwth
water in an ultrasound bath. The excess water (the water not residing in

t he poreb) isReactworestely] B centrifugation and the difference in the dry and
saturated catal yst weights is then used to determne the total water

upt ake. From Nﬂyeg,alltmetaﬂ)oﬁmmotnmaivs beah cuiked.dlicy 3re Zeerally naitatod aof t he

| ose on i %ni tion (LO) A.sanple.is mxed well to prevent inhonogeneity. The

wei ghed ARBMANEEPSEMHIEIqra qariis perpd @f tisneato iave hetraghan ue taked

i bl ible.is th t . dr yi I ffle f
ohaCt he PlabBoT B Histiof b Bfeipre bl i WhaReF B8P o Stolcarar o thie
t t ' . 15 . RN
Sampl e | DrleiaBly, SOT- B08C cVaf HONRICabRGY OB C g AR EPrdtErab I =

acgor di nhe rang@@ff7QP L QBOPO. fiptHEkempepdtlite is Helow the Bbhgdpoint of theWO 001 42119
.a

protic liquid, such as 100°C in the case of water, the process is generally camied
out at atmospheric pressure. Above this temperature, the reaction is generally
carned out at increased pressure, preferably in an autoclave. Generally, the
mixture is kept at its natural pH during the reaction step. The pH is preferably in
the range of 0 - 12, more preferably 1 - 10 and even more preferably in the range
of 3 - 8. As has been set out above, care must be taken that the pH and the
temperature are chosen in such a way that not all the metals are dissolved during

the reaction step.

The reaction time generally lies in the range of 1 minute to several days,
more preferably 1 minute to 24 hours, and most preferably in the range of 5
minutes to 10 hours. As has been mentioned above, the reaction time depends on

the temperature.

Process step (i) according to the solution route

As mentioned above, alternatively to the above-described solid route for
step (i), it is also possible to prepare the bulk catalyst composition by a process
comprising reacting in a reaction mixture a Group VIII non-noble metal

component in solution and a Group VIB metal component in solution to obtain a



PCT/ US00101009 ~ 4 JUL ~c9c3 where a is weight of the sanple ( in gram, b
is the mass of the crucible and the sanple before drying and/or ignition
(in gramyo @pgie is the weight of the crucible and the sarg&;hbRbe dryi ng
and/or ignition (in granm). In the process according to the present
invention, a Goup VIII non-noble netaf ftont ai ni ng conpound in sotgtJiUm (Bmd
a Goup VIB netal -ccntai ning conpound in solution are reacted. Thus, %

I 1d i) h I wh d bt qj
br eci pi ¢ aPEetREE TR e Fasd ohti. S0t Dubo PAFicEA 95T @a g8l and t he
G VI B i ni : i |, dded h
Feacti on REGTTHELE B iR BB BT o e B PP ROERES  eact f on
mi xture. nmetrHEIalr?étE)@BfG"f?@p VIBemERII &S cabsp 8411 N&I-xomktﬁﬁgIagser#g#pdgEe

reaction m xture, r 1nstance by stirring,” i ncreasing

solvent, diep@icess dhiictselMRIMAIOHIE s preder@bliothe Ry fSkidEBbe®Torcthare|iag the
pH The netals may be dissolved in any erotic |iquid such as water)

car boxyl i cowtei daiitablaGrowgl ¥oBangd Grmlp ¥élleiohanstie npalpeotapona@iteare, o/g.

m xtures thereof. O course, a erotic liquid nust be chosen whi ch does not
i nt er f er eth@servetae splubls pickek, inelybdenumand tufigstoh gbirpoahtssieacmbertided as

eal pi § bV arihg Relidroup. TEthsECouP hhanmeble gt dorgoneRiaie. Y DC
d i pti | e . | | i th | the t t d pH
o e’ Sl S i ECoaBheles riPulel o SR it b R B oo £
sol bul e i BhM@hRIN eaﬁmﬁgh&ﬁ@ eurwéxrl bhthdrkhisahfibe meartbcmére&g%at ed

chl orides sul fates, drated s at es, ‘heteropol yani on conmpounds of Ni - Mo-W
(sol ubl e mixhatlinBelutidhesyspehsionra s sacanil Psolablrenie dse aldédadirch {Heg! ubl e
in boiling water). It is also possible to add G oup VIII non-noble

met al - contdllrdisgplvompihemdaction nhxmre andsubseqeenthy bempredipitaedt i e of
addition, but where solution is effected in the reaction m xture. Exanples
of these conmpounds are netal compounds which contain so nuch crystal water

cyrstal wat o RUTERGIOT HRURG I Rela Guotion doTe st EsST0Ri0e 0 371 1L

| ~c~ neta ; ' ' j =
et cacTeoiea RHE TR Y ML TR P B oo ion 304 1 da e and

het cr opol p&haowhivhnghe Grdap of [ITCaoMnobI¢ s randehy GrouphlIB metat ratipiedter ) ,
het er opoi yani on conpounds of N -M-W (noderately soluble in cold water).
Sui t abl e @A as@mpeuad whacke compberasrthe meitals @sdunleasesriystrestplsder mi xt ur es
thereot: Suitable chrom um nol gbdenum a thun sten <scziorrpOQnds ggﬁ sol ubl e
chr oni um PREADBEOR HPOR HANRGTABYE dncreass or PRghange of adding Aurei¥tPi o t he

reaction g I i 0, . I I are
ndded as Shetal i AgluRRh Ht 4 PEnpfhiE amdiin 32T e Glo P MERRIGRS,
SUbSeqUentrﬁé’tab@nd)(}%ﬂxypW_Btrﬁ&ita\l“p}é’tifvﬁﬁeglﬁkﬁ%ir\% tHe RATPAAIE cRBAgGhe (Y1 t abl e
G oup VIB netal salts which are soluble inwater are amoni um sal'ts such:as
anmoni um giHvadnibdatiag theramountof the solvett The ipegtipitateabt@aned avith thed r adeca-
nol ybdat e, anmoni um para-, neta-) hexa-, and pol ytungstate, alkali_ metal
salts, silpre¢essappearsae hsvohigh eatplyicEatwityl dnsoaiagdorbe gpayentvmg| ci c

o, RSP SR SR S
ot 1 - soEEB 0t iphdepm el Sad ol ¥l FATDE, QBRI FE YRERCLS

the react ihdlied & on.Eme?Ig?%n% &I@ga&ﬁ%%mﬁwsmﬁe@mwags whi ch
contain so nuch crystal wat that updn tenperature increase they wll

di ssol ve ibulk keialysesynChaigihg Waé pH. cdrbé dene byaddang ik @rneidio thal t s may be
added in suspension or as such, and solution is effected in the reaction

m xture. Seadtani mixmwre, vokdding carpdynds; mhictkadecomapeseorarny empaiawohpounds of
Co- Mb- W (noderately soluble in cold water), heteropolyani on conpounds of

Ni - Mb- W ( ribersase u1td hydraxsdieiqns ardi dionsttbatrespeetively ingEease o5 desieass Hise

above, it i ossible to add the Goup VIII non noble netal caontaining
conpound EHI% EI’I@ SUY SATRPOHY Ith%ﬁ?&rﬂ?%ﬁ YPORISTIRE TS KICF e 20dy's,  at
various tenperatures and pHs, in solution, in suspension, and WO 00/ 42119
.~ S



PCT/USO0/A 009 9 4 JIl~ 2d1,3 as such, sinultaneausly and sequentially.
Five precipitation nmethods ~~~ill be described in nore detail: Sinultaneous
preci pi t &g @u2@fe @ constant pH, in which process a G oup I&J ga&&-oaybl e
met al - contai ning acid salt conpound is _added slowy to a AT W essel
containing a erotic liquid which is kepf'at a constant tenperatuyre, wth
the pH being kept constant by adding a base containing Goup V1 4 JUL 2003

nmet al - contai ni ng conpound sol ution. The pH is set such that (at the chosen
reaction [@H‘B@? B’tctﬁ?‘g)g OB ASETCHSE g Fg}ﬂ a&’ch‘[ﬁ%s MUBLES. &PYUANYM ‘F.V"rﬂ(é‘t“'al - cont ai ni ng

conmpound | i n, solution or as such, . It was found that the
preci pi taf@%ﬁ‘%&@@?#hl’@ m%uWaﬁ“ngae‘Fati vely large particle size

dependi ng on the dosing speed (with | ow dosing speed |arger than 10 pm (as
measured in the slurry with near forward scattering (Malvern)) and a | arge
surface area ofn 3Q611Bt/adive pro®ess acordigdl thanddufoPfdfié Roldtdbf | N which
process both the Goup VIII' non noble netal -containing conpound and the

G oup VI BumetariunosaigiofianQrauprg OB mektal sre analddand awbjutmnd s Gubupkédusly to
a reaction vessel containing erotic liquid and a conpound whi ch deconposes
upon t enpBerreble metal aisaican hadee Bxh sohidionasiee hoatedde naemperatine gfH.  The
tenperature of the reaction vessel is kept at the deconposition tenperature

of said cePRIe¥HBatelNIPHi s Adaenpie bygraxade snaddedatoribe (aqupy IHmednge, and

the pH at _the beginni f th tion differs. f t he t3nal ft

br ech oi ¢ afdBom; £ NEeraRpKHY AT abiK MRl SelIaR ISR Aot R N IBR 5
thod h | ] . ' .

g‘reeciopi t:ﬁeor%,rs%:l%ﬂ%ﬂ%d]ﬁ%%&g@%{t%&@%ﬁiﬁz @iﬁ‘gﬁﬁﬁrangbrﬁgbu#e?gﬁﬁ:ont ai ni ng

conpound h&nABESnithA Sbihgdhedts’ GREH. OThi¥ §78@dss CaR b orfduded MlBwer
met al - cont ai ni ng conpound di ssolved in erotic liquid (or ~~ice ~~ersa) and

a  wo oofexicrlture ahdfor decreaded pressur€od diglmmmemparathtecindiGemengassts upon
tenperature increase ,rnd thereby increases or decreases the pH The

t enper at uPEES8MIS he reacti on vessel is kept at the deconposition tenperature
of said conmpound. In this case precipitation is effected by pH change, and
the pH at the beginning of the reaction differs fromthe final pH attcr
precipitation. : Wl i it i t hod
had a rel ati velléta'slxrr\g’?f hg'a%&‘%g?’i?ézéégf g‘!eoﬁ\g\/le@n{o?%gﬁg%gdngﬁ%wald?“%@sﬂ%nrat her
found t haineidlssal@ A Lp O 11 Chidedl sYltBanhmm&RiIROMEEowdecdte atikedlihy ended up
in the precipitate was larger than in any of the other precipitation

met hods deslotiohadgethevand Keatld soitipttaatmomiaas dai veoredf and theHpHiis lawered
process the G oup VIII non-nagble metal-containing conpounds, i s, added sl owy
to a react® daRH aswBIchqyREIRIANAY OCFWSp For pnsianes Wg‘éﬂt“g‘ﬁﬁr’r@ob’&ﬁiﬁﬁ‘émd

dissolved in.protic liquid. or vice.versa. .The I ept. .su t t the
chosen regﬂgi ?S%‘%%’Pﬁ?’i’ﬁ’}éﬁ aBar %Qﬁ%}ﬁdt Bicﬁw{?%hocrﬁgg l%a}@a%éyﬁsg&}céﬂ%gé&gase to
the reactihon vessel. Solution of the metal conpounds in their own crystal
water w th subsequent evaporation of the water so that precipitation
occurs. In this nmethod the G oup VIII non-noble netal -containi ng conpound
and the Goup VIB netal -contai ning conpound are mxed in a reaction_vessel
and heat ed. Afindeperdiently drorofwhetkerrthe abkid oheoldiosrroute isvhpesminedep (1),

optionally under vacuum to effect.precipitation. One enpodi nent. of, t he
plroesent i %%Yﬁspgh‘l&a@l‘I{Lééia!f@YQ‘CFOéPRﬂSBE@SErc??ng{)h‘éO’BPEﬁ%%’lr&)@r?r%f"reier@ Pal yst

conposi ti on_conpri si.ng.a VL] n I : et al

Cheron & BpSa sty otk Rartbts PARRIPE RARRE thE chBtic A REQUPIERRIET 81
G oup V1B - t1ad BLAG: i TG & i reaction

T vtore T SHRRCAROR BeeieATBRED e HkaBld | CARIAL CompREk RS I e G 1o
VO 00/ 42118vertich."

The bulk catalyst composition of step (i) can generally be directly shaped
into hydroprocessing particles. If the amount of liquid of the bulk catalyst

composition resulting from step (i) is so /sigh that it cannot be directly subjected to



14J Ul 2D3 precipitate,~s not n~ekel nolybdate tn which at |east a
portion but Icss than all of the nol ybdenumis replaced by tungsten.

Subsequ precipitation) the precipitate may be isql t he
liquid gurydd%rzl&@d. Al'l conventional isolation nethods suc%cg.s ?/{){Ogg]ti on)

centrifugation, decantation may be useét- Also all conventional drying
met hods are suitable such as oven drying, spray-drying, etc. {%hg)L 2003

pr eci pi tatszfl can also be dried at roomtenperature. Optionally,..~he
preci pi t atEPYE ReR ol tinekk wearanomegdic poheaned befors sisyptere such as

atr, ste .in.steamand o en-cont ai ni ng at nosphere or j.n inert

at nospherPtiagally tgﬁ@P%Fa‘f‘t\égfﬁmpsﬁ‘@“c%gﬁcqseﬂ‘ Oré‘?‘l‘:éﬁﬁiéﬁjgﬂﬂ bet ween
100- 600C, erabl y, between .350-500C, 1n a further enbodi nent of the

sol ution Sﬁg&ﬁ&§n'§$ar¥?1%c‘w§]§grh°§?ﬁﬁgﬁﬂ'}?n afiller is added to the reaction
m xture and/or precipitate. Fillers may be added to the catal yst
conposition to dilute the catalyst when it is too active or to adjust the

density. Phoees g‘téﬂ,l(ﬁjs can be added either in suspension or as such at any
stage of the process and conbined with any other conponent added. Suitable

tillers includeisyzeferraditoopdds dariengnaetial guting tlegproeesstefdhéyrdicapbacessi ng
catal ysts, fresh hydroprocessing catalyst, clay, and m xtures thereof. The
pr ecur sorMesmscrarticelan abindchmaterialidap berasisedatiining bagregargeampfithenet hods,

i ncludin varjation of. the bgilin econposi ti on net hod used by .Tei chner
and Asti &Ik ﬁakﬂ}ﬁ%ﬁowma%w@sﬁ%wsmla ATV SO RO IR AR FTPORiteRur 6 of
a nol ybden: L: alt and.a ni roxide. .Direct

pr eci pi tgg%%%& rprﬁp %bﬁr Sif)fﬂ%ghﬁpﬁ@&“ﬁmgpl 0 e%gegﬁge@%tév%g&gnfr&nar epar e
the prec 0 I ] V&l - sal f
okl e e B a8 AR Bl Ay B DD 58 ™0 T2 o
.I'H "1 +mnthewettedhhd/drrsebpemiddystate Redror assdhinicn. and hasibgst grRntighéd arc
ammoni um conpounds, c¢.g., ammoni um nol ybdatc, ammoni um netatungstate, while
t he ni ckeéboge] thindgr rhaterial’ imi theatnseoof ﬂit/nyq:rasem inventwngsfers to a bodsoi | i ng
deconposi tion rrethog) the salts arc dissolved in water to nmake an acidic
sol ut i on,2NEfQTcA PRRAVESRT fdFPT-onal NHAOH i s added to nmake a basic sol ution.

The solution is then heated to boiling to drive off ammonia and form a
precipitate which is filtered and dried, e.g. at 100-125C. 1In the direct

preci pi tati onfikd Bitfder nitési A isYaddbE dURhY RHE bPepstid ORIk catalyst
composition, the following options are available: If, e g., the bulk catalyst
composition in step (i) is prepared according to the solid route, the metal
components can be added to the binder material either simultaneously or one after
the other. Alternatively, the metal components can be combined as described
above and subsequently a binder material can be added to the combined metal
components. It is further possible to combine part of the metal components either
simultaneously or one after the other, to subsequently add the binder material and
to finally add the rest of the metal components either simultaneously or one after
the other. For instance, the metal component which is at least partly in the solid
state during contacting can be first mixed and if desired shaped with the binder
material and subsequently, further metal components can be added to the
optionally shaped mixture. However. it is also possible to combine the binder
with metal components in the solute state and to subsequently add a metal

component at least partly in the solid state. Finally, simultaneous addition of the



salts are dissolved in water, NH4OH i s added to fgrm a basic solution, and
the solution is warnmed. A warm e.g., 90C, nickel salt solution (aqueous)

is slo to the initial solution, a precipitate is fornmed, the
sol utiwqg(gﬂg& filtered and dried. In either the boilindJ&OHPBL tion

met hod or the direct precipitation nmethbd, washing of the filtrate is
mnimzed to prevent |eaching. In general, all of the corrponentﬂ_/}utﬂ%@li,
M, W i\fH  are mxed i,n s ion together and heated to a pH <7 to form

| ut :
the preciPfebgampenents ﬂf‘ﬁéh‘bgtf@&wwcr' peepubleThYIorspygr.gbe HRdApl i shed by
ei t her of_two net hods: .. adding all of e conponents together with an
excess ofméﬁ%ln?aé’%%a%ﬁ]é%éve}%gﬂﬁerceg%%ﬁ@ﬁt@tgﬁaokﬂgwlﬁéﬁﬂcﬁd o drive off
t he ammoni a such that the pH <7 (heating nay be at |ess than 100C,
preferably about 50-90C); or (2) adding together one or nore separate

sol utions of |eacsSIRBARTENMC i§!agpn&@ﬁ$ stEE?i)t [HRWinBEF fndtchihl chA bEAGHF RS e

recovering the resulting precipltate. 1h another enbodi nent, a binder can

be added therdaeaohwhiktuliexetthemes abmdiiadRnt & mRiwitiRbAe Bafmidrelof thofRei ty. The
bi nder can be silica, slumna, silica PCT/US00I 01009 al um na or ot her

mat er i al $ogyoments befkreoonafier pracipitatienbi nders. when utilizing a r:.. WO
00142119 . a ~~ . 14 J 1J~ f~Q- binder, the anbunt may ranLC from about
|-30 mt % of the finished catal yst, preferably about ~-2(> w % of the

fini shed catgal . AT .eC: i h d | f
or opar at i on b biRSeT REAERECS E6r s > BUBIaT S e e b OEE Pinder ng
prepar ati on FethB °f RE'BrEchrS8rars agtdiph | ]
or cour sor bt T StioF Ay P e etk et ot BP B RS iy o b,

For exanmbeadore jaoimO shd pHToRERIBIRIdUEHE S1€p €9 8Géies wilyi thap gas
conpri sing HASr?nﬂtghydr ogent,) e.g., 10%H, /H?—?ggt el evated tenperatures for

a peri od poécipitawors of thecbwmder bccwsl Suideblehwndaxosfos the precrtationtof thesual | y
at the p%i,nép of HAS breakthrough in the exit gas. Sulfiding can al so be
ef f ect ed,OINGETATE knowp to-tbsiskyled peyppneand peedine semthergxplanatiog. ditheur over

R T M S TR

oy g SRR Lot e vl e i
of the bulk catalyst- binder composition and optional solid liquid separation, the
bulk catalyst - binder composition can be shaped directly. Optionally, the bulk
catalyst - binder composition can be calcined and subsequently re-wetted prior to
shaping. This is especially preferred in the case where the bulk catalyst
composition has been prepared VIB the solution route using nitrate and/or

ammonium salts. Moreover, additional binder material can be added subsequent

to the preparation of the above bulk catalyst binder composition.

As has been set out above, it is preferred to first prepare the bulk catalyst
composition and to subsequently composite the resulting bulk catalyst
composition with the binder material. Optionally, the bulk catalyst composition
can be subjected to a solid-liquid separation before being composited with the
binder material. After solid-liquid separation, optionaily, a washing step can be

included. Further, it is possible to calcine the bulk catalyst composition after an



virgin or cracked, to synthetic fuels such as coal oils or shale oils. The
HDN process is particularly useful wth feeds containing high | evels of

ni troge at | east about 500 wppmtotal nitrogen co i t rogen
removal qug%/?nfweast about 50% preferably at |east about WW&@ESS

condi tions applicable for the use of tR& catalysts described h?rl.eLUl

vary w dely depending on the feedstock to be treated. Thus, as'the"boiling
poi nt of the ffeq i pcreases, the severity of the conditions will also

i ncr ease.OPHoB éq’l“i) Wy SCRATHIOSENILrViRE FICP Wad PAS 10 ppMpsItogndMithons for a
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for hydrodenitrogenation, nost HDN catal ysts will also show

hydr odeswid@edite abhé¢ bulk(ddDBY stamzipasttyon Gomseaeesse and thichresudahglopsippsiivh

processes described herein will be useful on feeds containing both nitrogen
and sul fuP MZR4- wi 11 be particularly useful on feeds high in nitrogen. The
following exanples will serve to illustrate, but not limt, this invention.

Exanple 1. Preparation of NH4-N - Mb- O Phase (boiling deconposition as per

ol ybaat e (0. 4% "6 Pl REBNaEdve, e theltian A e U cHaPAT BN BSs o s
Ni ) wer e iglas kb 80inii nd®I@ refepdblyat *P%ﬁWoo M, dnBrefRFaE1Y oY nidie SRAHR! €d 4. 3.

To this solution, a concentrated NH4
5000 pun and more preferably not more than 3000 um. Even more preferably, the

median particle diameter lies in the range of 0.1 - 50 m and most preferably in the

range of 0.5-50upum.

Binder materials to be applied in the process of the invention may be any
materials that are conventionally applied as a binder in hydroprocessing catalysts.
Examples include silica, silica-alumina, such as conventional silica-alumina,
silica-coated alumina and alumina-coated silica, alumina such as
(pseudo)boehmite, or gibbsite, titania, zirconia, cationic clays or anionic clays
such as saponite, bentonite, kaoline, sepiolite or hydrotalcite, or mixtures thereof.
Preferred binders are silica, silica-alumina, alumina, titanic, zirconia, or mixtures
thereof. These binders may be applied as such or after peptization. It is also
possible to apply precursors of these binders that, during the process of the
invention are converted into any of the above-described binders. Suitable
precursors are, e g., alkali metal aluminates (to obtain an alumina binder), water
glass (to obtain a silica binder), a mixture 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



solution was added. At first, a precipitate formed which on further

addi tion of NH40H di ssolved to give a clear blue solution with a pH of 8.3,
and addigd NHAOH (~250cc) was added until a pH of 10 d. The
sol uti ow(\&/\gdgﬁlﬁle"’at ed to 90C for 3 h during which anmoni a 5?@’%&\@@@@@% and a
green precipitate formed. The final pHPay between 6.8 and 7. The

suspensi on was cool ed to roomtenperature, filtered, washed wi fih #&t BB and
dried at 120C qverni ght. About 18.6g of material was obtained. The sanple
anal yzed fYongiligen e prepireos anpmbciay aBd/attaniogic Thy )xchasehaidral act i on
spectra Qfl the pha & mat ches th attern reported by Tei chner. PCT/US00/Q
009 Exanpf 81U Sé’g&fcatqréﬂ'xblfrcﬁl 788t vl 0. ~W; - O by boi | i ng deconposition:
WO 00/a2119 .;). !'na 1 liter flask, 13.7? g amoni um nol ybdatc (U. U75 nolts
Mo), 18.7 g anmonium nmetatungstatc ( .U75 nolts W and B.6 g n)ckecl

n-trate hexahveidbfied (thddifBiRatialmiG e Siindit it 83866 \ab MREAT SO

that the resulting pH equal e I's solution, a concentrated NH40H

sol uti on 4mBeOe Grouwp Y [fKAGE nEBle hefah§rivy tberRHEohPosiRd Wi][ﬂh $hdBuIRt , sone

precipitate remai ned. The solution was refluxed at -100C fc~r 3 h. During
t hi s heatdatajyst deenpostopiahdice pitics sobeing ddadedidveing the paepabdtion theredfi on and
on furthg& heating, a green precipitate fornmed. The heating was conti nued
until t hebprpesidinBdhe berdasenaterigl with apy ofithessumptatesmel beegrmieshpetdby o room
t enper at u,

re_filtered, washed with water and dri at 120C.qverni,ght. 18
grams of 'WREERAfon QF%%?‘HSHMGFH@“N-‘FSQ)T“EI‘FF‘F[SagﬂTecPFQ%&‘ﬁS b‘?tl?%%“tphase
is given y i : j o] : i e wo | ar gest
3 aDLven iy GHEI AR ATBRALC P AR PUD Lt i | o g
di rect pregsshilé & &y oubtie dertizafibn il Afkpreden @G RupdMP @B tRbYpdat e
(0.1 nole Mb) and 24760 g of ammoni um net at ungst at e Fo.l nole W were
di ssol vedVilh n8@énalde afetalad@npgnentng a sol uti on pH of -5.2. To this solution
0.4 noles of NH40H (~30 cc) was added, raising the pHto -9.8 (solution A).

This solution was warned to 90C. . A second solution was prepared by addi ng

58. 2 of nickel, nitrate, (0, 2 nol,es N ich was .di ssol.ved in 50 cc of
wat erg(sol ut i iﬁalemaﬁ(’ﬁ applirdasnder thprurtags area refera E}'U\%‘ss‘" baéﬂ"%er opwi se

at a rate, i 10, i I U AT /@{ggp' t gstate
sol uti on."ﬁf%qeg%ﬂ Z%’edﬁtgggﬁﬁkgp‘t%ﬂ@&mmawg@%ﬁg 0 {yg@o{ﬁ&t$'wi/\Ias
added. Thingthods PERShere VEILAR dfake afunfinBhis g&férwirsmerra 600.5301 51 nut es
whil e the tenperature was nmai ntained at 90C. The material was filtered hot,
washed wi milyghoeasnaedby natndgetr adsbriptiorl 20C. Approxi mately 38 g of materi al
was recovered. PCT/US00101009 WD 00142119 ;Z . Exanple 4. Preparation of ~
~~H ~-N-M.S-|~[0.5 W5-0 by controlled pH precipitation: 1 4 ~ a ~ ~aa3

Generally, the binder material to be added in the process of the invention
has less catalvtic activity than the bulk catalyst composition or no catalytic activity
at all. Consequently, by adding a binder material, the activity of the bulk catalyst
composition may be reduced. Therefore, the amount of binder matenal to be
added in the process of the invention generally depends on the desired activity of
the final catalyst composition. Binder amounts from 0 - 95 wt.% of the total
composition can be suitable, depending on the envisaged catalytic application.
However, to take advantage of the resulting unusual high activity of the
composition of the present invention, binder amounts to be added are generally in

the range of 0.5 - 75 wt.%% of the total composition.



Two solutions ~~~erc prepagred with the sane anbunts of nickel, tungsten,
nol ybdenum and ammoni um hydr oxi de are described in Exanple 3 (solutions A
and B) e‘m’\e’@% hgat each solution contained about 700 ce of Wﬁ}Gr. The two
sol uti ons &' %dded into a separate vessel initially con®&i’ 5%/014)% cc of
wat er held at 90C. Solution B (the acirdfe sol ution) was punped lgt{)%tm@
vessel at a constant rate of ~lI5cc/mn) while solution Ais add rough a
separate punp which is under feedback PC control and set to maintain the pH
at G S. On m Xif g thtpracgss ebthgtinverian. prigiodpr materiflos need. Theresblungy was
stirred at 90C for 30.m nutes% filtered hqot, washed %/ith ot water, and
dried at SPHOYS! OMPRHUOB COBRrises thebutl sutaly stpprigics OBMEh T ER bphene

DBT): 1..5-5 f: | S ,Of I 1-4. | d |
boat whi deggefin MTRHRE mARGE e SR P Rso b E ol Pt Pana "ol aced

into a Li; f h 3 | 7 i ut one
our i ¢ 1 K8 st SEACca Ve paTRRk e R0 Bl SR A B il 370c
N2 was swht efsrphefdgyesftiht BWiiesalys: pheitieddedsémidlemaprahed imthe20 cc/m
the tenperature increased to 400C, and held there for 2 hours. The heat was
t hen shutresdlfingrodtdips comipdsyisén.cool ed in flowi ng HS/H- to 70C, at which
point this flow was discontinued and N2 was added. At roomtenperature, the
gquartz tube was renoved and the material transferred into a N~ purged gl ove
box. Cat al%'ysts were evaluated in a 300cc nodified Carberry batch reactor
desi gned Acesystepfif) hydrogen flow. The catal yst was pilled and sized to
201 40 mesh an ne tgf %gl was I.gaded ilgt oéa Sttﬁi n essdsteil basket ,

sandwi ched bet WEeRRE PLERIPEFULNTEFYIENE JIQR the 450¥E dgycTiBed R S e,

cont ai ni oYY ROV Mo | QPHEREd ] i .10 : ocl ave. A
hydr ogen@%eomvv%\f/es?gg%??n&rﬁ mng%sgggﬁﬁﬁ%%ﬁﬁﬁig?ggg{nép Egﬁ%ﬁ y %’e pressure
was mai ntidadfts, andit spedsParyvisg Nit rAufidskndledIhat i€ the GiihigsOtompasition is

PCTI US00/ 01009 WO 00/42119 - ~3 1 4 .~ |~ 1 '~9~3 tcnpcraturc was raised
to 350C dp be-gppligdghsivmatyper igactons, ifluidizedéreds( inovimRedsaex panded eds,or

until 7 hours was reached. A small aliquot of product. was renpved very 30
mi nut es at?{opba%lapygé)&%wm GrinG oc bRa4IBg S 2eBri BARAYEH 101 hé%&b%‘? sion as

well as t Si t e.r ' 0duc ' :

vl onoxBUEAINES Hehlye . M i FREF LDnBHE A B PhBRE R i idaflonns =
Chi anel |'i . - : j ;

descri bedb%aﬁe?ﬁg{thaealtﬁ?%rl %,%éh}i%g%r(tgﬁ} (%ﬁ%ri] Qﬁa?{iéeﬂ{a? gﬁgf}c ’odr'? xaﬁlgtléﬁczsé}r}%ﬁ?gl ative
to BP dur¢onyehtionalgpusdédino faailitate shapinig cun be edded)0Dhesernddititdsanayf a

catal yst with high hydrodenitrogenation activity, whereas high

sel ect i vi¢dmprisd alBnAnum steanate, surfapBnisy graphitesorampdures yhereaf.t Ahesegh

hydr odesul fur.i zati on activity. The resultsg show that partjal substitution
of tungst¥IH¥es AN Vs 8 LAY AIRRC POl &%‘PE“{%‘%{FPa \énb?fbé’f Atially

hi gher fo - r.si . On: - e | < alyst is
Al S0 shovil e SOE £limafy 3t B By HARR P TLlBpAD: e SipRe St T

catal yst Sstéﬁ_@u@%é MRt Atid{Nncreabé thelmeCRAMBAI Sfdhgdh of\Hel exitiidated, DBT
Conversion Tests Wth Tungsten Addition by Different Preparation Schenes

Ktotal r~ ; CHBIBP CCatal yst Preparati onExanpl e #350C | 350Ct echni queNH

-Ni -Mo-O ~ boilin decomositionl1l06 ~ 10.4 i NHA-Ni - ~boiling

deconposi t i on2lt7s prefecred vbatvbinder matenialjis afded pripr Keihgishapgrfers7 i 12. 4Mo
5W5-01 ~NH4-Ni ~control | %d H4181 ~ 12.0 t Mo Wg-OPre arationVi .inl Al ~(~zl

i mr e~nat [ BRber, 1§ pj;e%rrg Bha the5hapjngseep Is carmed out inthe presence of a

liquid, such as water. Preferably, the amount of liquid in the extrusion mixture,

expressed as LOI is in the range of 20 - 80%.

The resulting shaped catalyst composition can, after an optional drying
step, be optionally calcined. Calcination however is not essential to the process of

the invenuon. If a calcination 1s carried out in the process of the invention. it can



Exam~e 6. WO 001 42119 PCTI USCO 01009 1 4 J U ~ =8~ . S.~ A seri esengf
catal ysts were prepared in accordance with the pcneral prepar att onUsd

of exa c., boiline deconposition) but ~~/irving
rel ati C'gj(f\(g) |2g)lls? by changi ng the anmount of anmoni um nol yb g}@%&l Qgpmmnl um
met at ungst at ¢ added to the sol utions. - Beconposition was cf'fccted as

descri bed I n Exanple ~. The catal ysts so prepared are shown in Table 2
al ong wi heir catal ytic act|V|t|es for DHI neasured as described i

Exanpl e ’c BB 1RED SCMBEIRHEIC X ot Lof! TW@tﬁQﬂotV‘qorchB‘ld RISHAaP L ot TesY 9" G ?h

V t Rel at \\/ lyst, S | eA

ol ybdat e B Rmatey e Pl 8 4B o druire S e s B ARt ot ot al |
i g e =

~43. G ~154 ~11.6NH -Ni Mo SW-0 ~ 18357-10913.1718.74 ~43. & ~17i ~10.2NH
-Ni Mo W-0 ~18983-9518. 5411. 0943. 62 ~158 ~11.5NH4-N Mo QN ~-0 ~
18983- 9224 diona} prBcesd S1epd: ~141 ~10.5 The data show that the nost active
catal yst contains an approxi mtely equinmolar m xture of tungsten and
nmol ybdenum Exanple 7.
In a preferred embodiment of the invention, the catalyst composition is
subjected to spray drying, (flash) drying, milling, kneading, or combinations
thereof prior to shaping. These additional process steps can be conducted either
before or after a binder is added, after solid-liquid separation, before or after
calcination and subsequent to re-wetting. It is believed that by appiying any of the
above-described techniques of spray drying, (flash) drying, milling, kneading, or
combinations thereof, the degree of mixing between the bulk catalyst composition
and the binder material is improved. This applies to both cases where the binder
material is added before or after the application of any of the above-described
methods. However, it is generally preferred to add the binder material prior to
spray drying and/or any alternative technique. If the binder 1s 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.

[t must be noted that combinations of the above-described processes with
respect to the binder addition can be applied. For instance, part of the binder
material can be added during the preparation of the bulk catalyst composition and
part of the binder material can be added at any subsequent stage prior to shaping.
Further, it is also possible to apply more than one of the above-described

techniques.



A series of catalysts werge prepared as described in Exanple 3 (dl.\rl.e{m_ 7903
precipitation) in which equinolar m xtures of Mo and Wwere preci'pitated
but t heywy content was varied. Deconposition was eff scri bed
in Exarr‘pﬁae@ﬁlulghe catal ysts so prepared are shown in Tabﬁ’?@%ﬁﬁ@hﬂggvﬁth
their catalytic activities for DBT neaséred as described in exanple ~.
"fable 3. Variation of N ckel Content in NH4-N -M. SIV.~-0 Catal ysts
WO 00/ 42119 PCTI US00/01009 ~ ~ JUL ~~~~ . 55 . ' ~ Ammoni um ~ ~~mmpnhi um
“ickel ' htot'® @ fhegibsyeipragtssistensehe amaui ofReuid wust b eongraled. | 1l ~ ~
350C " i Jj_('ataiyst,. ~arpple i, ! ~ . . hcxahytlrate ~ 350C ' . | i |,
i lel | \Crg'rBF’?QFY W‘é!l%“’bg%CQ‘@QV)S?&OTEB%%@PPBW ing, theamogntof 1 g5 |
1'1 ~ 13.40,Vh :d ¢~ . =0 b . .G I -INi |4 N ~, SM
ow c- otodRRn 1 WEeNE oy BT e e b B arpduheR BBy ddmorssan o
~87.3 ~148 cxfSonCof Mexbighy¥ohRsoHHIG e nij@al 1y with
variations in Ni fromO. 75 too%?é-, zli t'hgugﬁqd;ﬁgggggggqfié%gf@ﬁ?%ﬁgh a

maxi mum amebnuf 1iqua8 riist bexadpted By, du s e6li@%iqald s‘@h@hi)bﬁt\ﬁay@%.e prepared in
whi ch the quantity of NH4OH used in the preparation was varied. The

cat al yst diltvatienpdeqamtatibn, or avepordanaantdoi fieeessaogatie rasutiagrmiaberthlican Exanpl e

3 except .that the_anpunt of NH40H in solution A was varied to change to
NHAOH Ni beolragd ard pubsgauantiy se ranvertnd io peertats asaunke Hor Dédemplavia i on was

Tablo idgﬁﬁﬁ%%%?%#?fﬁéivﬁt@?ﬁ?é&% o PG bgiamn isoadial bf BmoAg! Bbsor i bod
at al yot o spRbridel 0 Fep B0, i Syl BebisORa T Ehg R DR RL B tawist at en

itratel g td f HE | el 2
R i L el R AR VR S L

~58. 21413ikt8sshPy pHiods6 apalyiry sfiragAr§ingl/shd/6R8ny-46otnatiik w3hAHABRG- 104 ~_
| 7. 6524. 687. 3 ~41164 ~11.44:1 ~19086-106 ~17.65 ~?4.6 ~S7.3 ~55 ~161 ~12.1
Wi | e dechapuigtFwhess itipprefeaedte serysmmsann®he pbaee tgehninpesigssuchi not a

~ all. of the ni um porti on of, the ecursor, the preparati.on of the
precur sorw%ll}'at the resu?tmé? €.g8., spray dried arld/or kneaded compogmo contains an

amount of liquid which allows the composition to be directly shaped. Spray

drying is preferably carried out at an outlet temperature in the range of 100°-

200°C and more preferably 120° - 180°C.

Apart from the binder materials described above, it is also possible to add
conventional hydrodenitrogenation catalysts. These catalysts can be added in the
spent, regenerated, or fresh state. In principle. it is hydroprocessing catalysts such
as conventiona) hydrodesulfurization and possible to add these catalysts instcad of
a binder material or precursor thereof. In other words, it is possible to carry out all
the above-described process alternatives wherein the binder material or precursor
thereof is replaced fully or in part by a conventional hydroprocessing catalyst. In
principle, the conventional hydroprocessing catalyst can be added at any stage of
the process of the present invention prior to the shaping step. Within the context
of this description, "at any stage of the process prior to the shaping step” means: it
can be added during the preparation of the bulk catalyst composition, and/or

subsequent to the preparation of the buik catalyst composition but prior to the



WO 00l 42119 - 56 . 1~ ~ ~ ~~ | ~ E~O~ the catalytic.utility of the

deconposi tion product can be affected by the amount of '~HaOH enpl oyed.
Thus, trwo%,gﬁq%i veness of the deconpo-sition produce as a catal ist S
enhanced when the NH, OHINi ratio in the preparation of t he¥EB9M0sp
compound is fromabout 1:1 to about 4331; preferably about 1.5:1 tol‘ ?@Pz@}
4:1, and nore preferably about 2:1 to about 4:1. While not w shi nb

bound by any particular theory or mechanism there is sone evidence the
NH4OH Ni 24ditipp of shesbndenmagrit Wb pheseg tmdibmsuhscijvent he teadsiposof | on

pr oduct . an&!{e 9. TT(@B]cat al ysts of exanples 1 and 2 were conpared agai nst
st andar d‘*’gﬁﬁb rraateial Nt PA104]19 §PTEY 1dying RE By alterntiyA regthad..omaim (| ow

sul fur aHtO dig@el 0 | feed‘)@. Thia feed cont ?i ned. 510 gggm sul.fur, 50 wppm
ni t r ogenS ARG G OF SHOICGHERT OSRRY Bryang PRADY ytsmatiycanoippd byherienicihg st s
were tes : : : 1 9. 0of. 1880 of H2. relative
activiti %@%&@ %tgéqg{squgg'gﬁ%hg%@af ?é%e%ggg%gﬁﬁﬁggé‘%m% Lfgz‘DIY S-ep@.”niabl e 5.
Rel at i verHaydd ' hMEH 1h8 $hi | ati ve Vol unetric
DS At L dshng Ep i) il i P E B SRR e i 250, 50

NHA- Ni | h¢lfophodeSsiDg chtalstGhay be milled Ubfo%,l%eingabgﬁéd irsthe psbedrdar d
HDN HDS cat al yst, the NH4-NI Mo phase is the bul k phase with no tungsten,

and the MigSnxentienvo i W;-0 is the bul k phase with partial substitution of W
for Mb. The NHa-N Mb-O catalyst is also representative of known conpounds.
The catalyst of this invention is illustrated by NH4-N ,, oMbo. SW. s- O and

the data ShOWF{nqﬁergnl'lgr%[ 2 38Y ri]rtlgaggmggnent may be added during the process of the

| present invention. A cracking component in the sense of the present invention is
any conventional cracking component such as cationic clays, anionic clays,
zeolites such as ZSM-5, (ultra-stable) zeolite Y. zeolite X, ALPO's, SAPO's,
amorphous cracking components such as silica-alumina, or mixtures thereof. It
will be clear that some materials may act as a binder and a cracking component at

the same time. For instance, silica-alumina may have at the same time a cracking

and a binding function.

If desired, the cracking component 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 cracking component with any of these metals may be

carried out by impregnation of the cracking component with these materials.

The cracking component 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.



amoni um ni ckel tungsten.,-mol ybdate for HDN activity: ~aanpie 10.

Preparation of a bulk catal yst conposition according to the solid

PCTI USOQJ@ out e: ... WD 00/42119 _ 57 . PCT/US00/0 go/fToobi ||

~ U~ 18 1@8{%&%m um di mol vbdat ¢ ( 15, 33kg MO, ) arc di BEppsmdiont Q75
liters water. Subsequently 28.Skg ammoni®um netatungstate (24 G3)k V\@Q? is
added to the solution. The resulting solution is preheated up t’d4 9410 .

?G Skg NCO, (.19.7i Eli) p er. is mxed with water and the resulting
paste is gg’cfé’ﬁl”?& @mﬂablw? 56 ldros B HatEr emRBRIilem shall deuwgicdie sol uti on.

Th L] 1 Xt R d f 7 h 9C. | .

Prgp;(ra%ltj | ﬁ'%‘?'gfm K B G PPl srabingr SaHEs Btk caBooRes S1dit Fon rout e:
| 1-11¢; . , AN i, ; S,. , 18.7

anmoni um Aoca Ao 8 fushi SRS b KRES e iR R &Rl T 7 ©
hexahydr atemp@s:h i%lnrggﬂagsosd\{'ls)cdviﬁr}ﬁ'd%ﬁlémﬁgﬁfpﬂlfbuﬁggs.”ﬁh\@’%h?&dﬂﬁlmgﬂés' (I)l‘the

resulting pH equal e To thr's solutio a concentrate Sution

(about 60fantnaiwbat isddedd depehds hrethetidshirdRtivig. ofAhe tiab cOPIpBEitiof QRE
precipitate remai ned. The solution was refluxed at 100C for hours. During

t hi s heat theggpplicetipnenivisaged enditlssomayg d ary i @ 8¢ WeAs, talsae onaheitétah and
on further heati ng, a ?reen precipitate formed. The heating was continued
until t heVsigheidhegamiysiicompesitidden 6.8 and 7.0. The suspension was cool ed
to roomtenperature, filtered, washed with water and dried at 120C
overnight. 18 grans of material were obtained. Exanple 12. (sanple 21

10587) 657g of I: \tﬁé@;ﬂj . { £ . i ording to the
pr ocedur e de_sc_rula%égglépéla;’l aﬁpKPgt_zséh?!fy%&‘ qéjgﬁ)c\?\%jds&ag elgs{igéﬁ&égﬁof an aqueous
s: urry tcoa@m»gahlem ?a?x%d?faldfak(%lm) mgggr eﬂ?és??n?&ﬁ%[ﬁ%ﬁ!&%%h‘yﬁﬂa@fiaf%% m
alum nate and al um num sul fate). e resulting N - M- ulk catal yst -

al um na codgabduning consersidmé ydraprycessirmeicasly8OprepatationarSui@blof 31 % was
obt ai ned. The resulting conposition was subsequently extruded and the

ext r udat e8XafBples@re phosphorns comperngdsh NI cHIMPAUSSS aheorsedaigingt | y

cal cined at 385C.for, one r??ur in air, :
compounds, additional transition mefals, rare earth metals, fillers, or mixtures

thereof.

Suitable phosphorus compounds include ammonium phosphate, phosphoric
acid, or organic phosphorus compounds. Phosphorus compounds can be added at
any stage of the process of the present invention prior to the shaping step and/or
subsequent to the shaping step. If the binder material is peptized. phosphorus
compounds can also be used for peptization. For instance, the binder can be
peptized by contacting the binder with phosphoric acid or with a mixture of

phosphoric and nitric acid.

Suitable additional transition metals are, e.g., rhenium, ruthenium, rhodium,
indium, chromium, vanadium, iron, cobalt, platinum, palladium, cobalt, nickel,
molybdenum, or tungsten. Nickel, molybdenum ,and tungsten can be applied in
the form of any of the water-insoluble nickel, molybdenum and/or tungsten
components that are described above for the solid route. These metals can be

added at any stage of the process of the present invention prior to the shaping step.



wo ouiaz2l t 9 . S$ . PCT/US00/01009 1 ~ J Ul 20QB«Exanple 13. (sanple ?
1105981 The process of Exanple | 2 was repeated except mat instead of the

al um na wB9eRMLON) a silica sol containing 1 Uw.%sili plied.
Exanpl e 14. (sa?rpl e 2110591 ) 657g of a N -M-Wbul k cat af(ia/‘rs @@%@gsition

obt ai ned according to the procedure destri bed in Exanples 7 or 8 x\ﬁ L @ged
to 51 Og of a boehmte paste containing 125g boehmte. The rebuf}l 3 3 te

was m xed at 6QC to,pbtain an LO K of 42% The resulting conposition was
ext r uded) ‘HAE Oah%ﬁfﬁag @1%8@‘%'%&6}& ‘%‘écPfPHCSE)Qér%‘F HVEDUORHApPs01 ~.

(sanple 2 T r e gdescripbed 1n anple 7 ,or,, 8 was re t ed
except thﬁ)gsé un%on%%@sgggg‘gﬁtnaﬁf!ﬁ?lﬁ(ép‘f%pf}f’gﬁggg?ﬁc%[hofltﬂ%é'ibul’%%ke?i? al yst
conposi ti fis . ' i-ed: N~ No- Lk catalyst - alum na
composi t1 oo TBhekaRANE g EafaR cbiris o Man it B BB ot
nitric acicdmpeistngifled! thtbeni®ayl ting mxture was nixed at 70C while
evaporating water until an LO of 34% was obtai ned. The resulting
conposition was extruded, dried and cal ci ned as described in Exanple 12.
Exanpl e 16. Amroni um nol ybdat e, amoni um tungsten andl or ammoni um chr omat e
are di ssol ved TaicdPreesfsenetherprasant inventigacfos prepering bepsilatatabyst s i ncr eased

to 90C. The G oup VIIl salt is dissolv in a secqn eactor and heated to
90C. Ao PTROSY ﬂ@eﬁirg’cé(‘}'&&l’”css atsh’igfj?‘r'%‘i StFBa&“gﬂ"Sactt?'T Breangralsi ¢

Stirring cgs SR dhipiiEme AR it 6eiRuisths per€or $IRR" 2 S
o aried oo eonsii BUEROING S A el A RO qfgRgec P tate
pr eci pi t atpobysuifeddso dTtef subfiaapbiecdn genetally beadried pitRbséfuchtRIBahoi tate
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 catalyst composition to spray drying and/or any alternative method,
and/or subsequently to subjecting the composition to 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, €.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 suifide. If, c.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



from ammoni um di nol ybdat e, anmoni um nmeta tungstate and Fc( 111 (NO,), ~)
HOin 98%yield conprising 41.2 wt.% Fe, 03, 21.3 w.,' MO, and 3G9 wm.%
W3. Th area of the precipitate was 76 m'/g. Th une as
measur egﬂligél{’%?%o nm by BET using the adsorption curve vvagcﬁaioil?\{ériﬁlg.

Exanpl e 18. The precipitation nethod ofl6 Exanple 16 was used to prfpﬁgemg '
precipitate from N (C03), 6H, 0, (NH4) 6MO, OZ44Hz0, and (NH4) ~Cr ~0,) nU8 %o
yield conprising 52.2 wt. % N O 29.4 wt.% MO03, and 1 G6 wm.% Cr, O~ The
surface dPdac dast calsinitim; sen-aPecioeadlygbe sulfidativngs gporedvaliavsiasi.eeasur ed
up to GO.nmb ET usin %#he adsorption curve was 0.27G m/g. Exanple 19.
The preci‘BFﬁH¥ﬁ JORIE 58TV <¥ Ot A piePande FeaCI Pk ROk 9 Ipp@inartac aullidsdi pit at e

f Ni ~6H, O +~) ~ H~ 0 d (NH-)~ in 87.7%vyiel d
ccr)(r)rg]ri ISI( %’%‘X? CW&%@"‘QQ%W?&%’%A%H%’i‘%grceﬁ\\?frl.”g]/%rér 20%P IJeé-"rg‘?lrface
area of tjg %%hﬂg&:&@oﬁg%@ii&?% l%t'h/sglﬁ&-&gg.gg@?%iﬁ?"iﬁ@as measured up to 60

nm by BET using t on curve was g. anple 20. A 250N
raf fi nate was processed at raffinate hydroconversion conditions in a snall
scale pilot unit over both a conventional N M hydrotreating (HT) catal yst
and t he Wuhtalystt Gomypausitiorstof théelnwsmion y, operating conditions and pil ot
plant test results are given in the Table G below. The relative conversion
activity for thee prasent inventoon fixthe referPGT a8l ComPOSitiond obtainable by

CLAI MS: A r&c ss for selectjvely hydroconverting a raffjnate produced from
sol vent ra&® ﬁ@a&omﬁf‘-’ﬁmq RPFOSESSEE o EYESHGEMONHtBH Presapt iInyertion pgrtains
conduct i t ubricati. oil feedstogk to a solvent extraction zone and
coparat i 18 4 PEpIYFT SomBhYSn RemmrETey bikesa Rt PRRY Wik s e 2"
raffinat e hRRI e 1¢ 5) Hcﬁ'q finate
feed hav?or?éélgkmge Cgﬁﬁ\}i%sg’ggs?dt)@q{th{aga??%a\rén?g{‘)%s?o%qﬁo a oa{)@i{eOS and a
final boimef ap@iadieasi onOGI6BRAMIB A, Bdxedtonthe 16ial weight of the bulk

catalyst particles, calculated as metal oxides and wherein the bulk catalyst

particles have a surface area of at least 10 m*/g.

Catalyst compositions comprising bulk catalyst particles comprising one
Group VIII non-noble metal and two Group VIB metals are preferred. 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



(c) passing the raffinate feed to a first hydroconversion zone and
processing the raffinate feed in the presence of a bulk netal catalyst

under hygpqpas4er si on conditions wherein the bulk nmetal c nprises
a non-noble netal Goup VIII nolybdate jn which at |east gﬁ@gérfotﬁ{ogﬁ%ut | ess

than all of the nolybdenumis replaced -Hy‘ tungsten to produce a first
hydroconverted raffinate; and (d) passing the first hydroconventiegul 283

ffinate t d ti : [ | d hydrofinishi f
e 1115t RN ECON R AT ARG IRl HOEALY BOLYRRE G Sngyanors Micshi ng
tal yst | of i ni shi di. t g2 f | ectivel
nvar ovonver FEh B A hatals AghEH o6 WotheEaRgumen AR PaniRest ng”
oi | feedstuq;&kop\(rp)ic;&cgi MRfd i§‘?§r‘nag\%h ‘ﬂ?”‘gt%i- ng the lubricating oil feedstock
ct separ

to a solvent extr I on zone an Ing therefroman aromatics rich
extract and a paraffins rich raffinate; WO 00/ 421 19 .-,. PCTNS00/01009 ~
4 J Ut ~c~~3 (b) stripping the raffinate of solvent to produce a raffinate
feed having a dédwemethlonie peferaisiytpresentex okidiocampotnddof theabout 105 and a
final boiling point of no greater than about 650 C, (c) passing_the
raf fi nat e CPEEEPQNSIIRE Metals. pyd1ibe satabrss Fomposition g bpr:melésiedgsxﬁ fdicraf fi nate
feed in the presence of a bul k ,netal catalyst under hydroconversion

condi ti on§°ﬁﬁ)é¥4§5ﬁ°? € BRTESPRBAIE ’@Sfai?-yst conpri ses a non-nobl e netal
Goup VIl nolybdate in which at |east a portion but |ess than all of the
nol ybdenum i s replaced by tungsten to produce a first hydroconverted

raf finate; (d) |R3gskMGoWitE th¥@ﬁﬁ9ﬁ{/\é§{§c Shfctds| (LD HeSrol b G&igﬁz{téa as

hydr oconversi on zone to a secon nversi.on zone and” processing the

hydr oconvepharitiesth Whieli are pretdift iptias engkysotomptsitdbaoftivepsan isddrionst
under hydroconversion conditions to produce a second hydroconverted

raf f i nat e;wiflde gesssibad inmeoredetmld hydr oconverted raffinate to a
hydr of i ni shing reaction zone and conducting col d hydrofinishing of the
second hydroconverted raffinate in the presence of a hydrofinishing

catal yst 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 mi/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 pm

and more preferably not more than 3000 pn. Even more preferably, the median



under cold hydrofinishing.conditions. 3. A process for selectively
hydr oconverting a raffinate produced fromsolvent refining a |lubricating

oi | feec\;;,b%}gzw?i ch conprises: (a) conducting the |ubri Catpk?ﬂ)sﬁd/é]osgeedStOCk
to a solvent exftraction zone and separating therefroman aromatics rich

extract and a paraffins rich raffinate;*8b) stripping the raffinate of 3
sol vent to produce a raffinate feed having a dewaxed oil viscositb*ﬂﬁhgw
from about 80 to, about 105 and a final boiling point of no greater than
about 650 Pefticle dipmgiepbrs mthe rapzeolidUsod) oroaed mast preferabi prn-theapnpassi ng
the raffinate feed to a first hydroconversion zone and processing the
raf fi nat e of 8t P HiMe presence of a hydroconvcrsion catal yst under

hydr oconversi on conditions to produce a first hydroconverted raff pate; (d)
passi ng the hydroconverted raffinatc fromthe first hydroconvcrsion zone to

o the. pr oxencdl BHETSHRMAD I AR BV a Fomdes PRy Bt SEeRER S cbhai 11 one
wh int : : ' - al VI

ol y beiat e T ishibn FakEhn A AforC ROR ERERR AR P TMRInaARED, T tenum
i s repl acednbontionayhyroprocddkREUGealsts dbedIded iRy eiicd TR kingte; (e)

passi ng the second hydroconverted raffinate to” a hydrofinishing réaction
zone and cloffchcabn pgttent df thedndk icatadyst pgrtidles bempeises)dindyde fecablyer t ed
raffinate in the presence of a hydrofinishing catal yst under cold

hydr of i ni §psendialysensistsref, paakstharantensinstogthe skasted metabc@npprangs.nift he bul k
metal cat %lg,s rtxic. g] hryede'i)g??cgtﬂ?cgna@/ hgshl?eefnocroﬁgc%éd 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 of 2.52. 1.72

and 1.46.

Generally, it is possible to perform the above-described process in such a
way to obtain bulk catalyst particles characterized by an X-ray diffraction pattern
that does contain virtually no peak characteristic to the metal components applied
in this process as starting materials. Of course, if desired, it is also possible to
choose the amounts of metal components in such a way as to obtain bulk catalyst
particles characterized by an X-ray diffraction pattern still comprising one or more

peaks characteristic 1o at Jeast one of these metal components. If. e.g., a high



(X)b (M~c ( ' !'d ~z wherein X is a non-noble Gouyp VIII netal, the nolar
ratio of b: (c+d) is 0.5/1 to 3l1, the nolar ratio of c:d is >0.0111, and z
=[2b + ]/2. 5. The process of claim4 wherein t r tio of
b: (c+d) \Qé 8/4211% to 1.511. G The process of claimb5 wh rceﬁﬁjs(ﬁﬁoé&ﬁol ar
ratio of b:(c+d) is 0.75/1 to 1a5/1. -*M 00/42119 . ~~a . PCT/ USOO gflleo%u
~t, .~~~L~~"~~~ 7. The process of claim4 wherein the nolar ratio ‘c (9

is >0.111. 8. ThF process of claim7 wherein the nolar ratio of c:d is 1110
to 1 O 1. 80ufhe d@@'@écwp@n@nw@ct‘nwblqasttwlmnahc saltd gaurderigg i s 113
to 3/1. 1 roc

t.h
condi ti on OPWCPH&% 'ﬂ&/kﬁ%@dﬁ%‘ S?Wﬁgr%'h‘ Sia {r{lg{ijglélhcjﬁﬁé E?Eg\s/e(r)fsl ?pom

300 to 42 S 2370 to 20786
Pa). 1 qarele PR AR 81 UEF i i tWﬁé’%@cd AabiaPBben <1 oat
gas’ 1 at eSdﬂ?raﬁfleﬁnﬁﬁ?@mt&tﬁ@@@sxﬁﬁﬂ%@uﬁ\g@ hRsBORRRLMT) . 1L The process of
claim2 wherein t hydr oconversion conditions in the second

hydr oconversion zone include tenperatures of from 300 to 420 C, hydrogen
pressures of from 300 to 3000 psig (2170 to 20786 kPa), liquid hourly space
vel oci ti es of Genemlby, if the sbﬁdandtehydlppged atrleast ogasafnlaﬁ metas 1§ rom 500 to
5000 scf/B (89 to 890 m /nB). 12. The process of claim3 wherein the

hydr oconvéﬁ@PBﬁp@éHm|dﬂstahgteﬁnntth@pmms hijkee aretrivadribe Betal soanpongny that

t t f f f f 300 3000
Pt 576 7% PRI e sPlig st Ayrnbyhe Saia POGR K Efrestily CoRFemaicd A o 10

and hydr Og?é]m%refeg%n %% trh%tciﬁ% BFQ'T rﬁ’ﬁ@l?&@n 13s %%ng?ﬁyé%e(c%%c% trgagn g/ m )

13. The process ‘clal SWhet rotinishing conditions
i ncl ude t g Ricthlingte aliter g@m 25%&%8]@%% bmr&a%znﬁ&wg%%naﬁn figam 300

to 3000 psig (2170 to 207 , liquid hourly space velocities of from
cases at most 90% of the conccntratxon of this metal in the core of the particles.
Further, it has been found that the metal of a metal component that is applied in
the solute state during the solid route is also anisotropically distributed in the
particles. More in particular, the concentration of this metal in the core of the
particles is generally lower than the concentration of this metal in the sheil. Still
more in particular, the concentration of this metal in the core of the particles is at
most 80% and frequently at most 65% and often at most 50% of the concentration
of this metal in the shell. It must be noted that the above-described anisotropic
metal distributions can be found in the composition of the invention,

independently upon whether the composition has been calcined or not and/or

sulfided.

In the above cases. the shell has generally a thickness of 50 - 1000 nm and
preferably of 100 - 500 nm. The amount of these particles in the catalyst
composition of the invention preferably lies in the range of 5 - 100 wt.%, based on

the total weight of the catalyst composition.

As previously been mentioned, the catalyst composition comprises

additionally a suitable binder material. Suitable binder materials are preferably



WO 001 42119 PCTNSO00/ 01009.-b5 ? 4 J UL ~'D.Q-t).1 to | O and hydrogen
treat gas rafts of from50U to 5000 scf/I3 ( 89 to 890 nB/nB). 14. The
process vah ofhArdn 2 Wherein the hydroconversion catal yst i B-thRed@ERN

hydr oconversion zone is the bul k netal talyst of step (c) 15. The
process of claim2 wherein the hydroconvgrm on catalyst in the secpadUL 2003
hydr oconversi on zone is a non-bul k netal hydrotreating catal yst containing

of ol aim ﬁegfﬁb%’%ﬁbﬁo G She roETU SRR SrBFBad anah?ﬁg@qrmwn&?rﬁe@%ﬁé?i?on
S oop i b AGIH o ABER0 RIS Srfb|RGobahRtY Rl e N BihBlesfEPT D€
or 1G whem@mbgemeo@ngtmsxvfbﬁtmewhm theBihgeeemy Perscﬁw&%%rbnﬁmw G oup

VIIl metal is a non-noble netal. 18. The proceérE of clains 1,

wher ei n sdtadsrgenieraltyheo swinceedsedhectaniarn suength @fm‘uinaasmm«a of furfural
phenol or N-methyl-2-pyrrolidone. 19. The process of clains 1, 2 or 3
wher ei n f semposskon.nGeneradly, theneatalyst eempositivored theinmedepr dgs nact ed to form
an under - extract e(iiéraffl nate. 20. The process of clains |, 2 or 3 wherein

the col d WYHRNANIGH HFH%‘hsFéafeﬁgedpfﬂ%%éaéwﬂiystmngﬂbpf aeastdylbdawmandg. 21 .
doven g SSFBIATSRL R Ieasbihina FEeRRrRY 24 &beutBhy P temitet A 125 20
Igteap;gggﬁmg gﬁhgdnggﬁxgrln%ag lgBnélRYRPEddains CARhYY) 6 BRVERIPVHEIRE

Group VIII non-noble metals which are also contained in the particles. The binder

material generally even contains these metals if it has not been composited with

any of these metals prior to being combined with the bulk catalyst composition of

step (1).

The amount of binder depends on the desired activity of the catalyst
composition. Binder amounts from 0 - 95 wt.% of the total composition can be
suitable, depending on the envisaged catalytic application. However, to take
advantage of the unusual high activity of the composition of the present invention,
binder amounts are generally in the range of 0.5 - 75 wt.% of the total

composition.

If desired, the catalyst composition may compnse a suitable cracking
component. Suitable cracking components are preferably those described above.
The amount of the cracking component is preferably in the range of 0 - 80 wt.%,

based on the total weight of the catalyst composition.

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



23. The process of claim 22 wherein catalytic dewaxing utilizes a 10 ring
nol ecul ar sieve. 24. The process of claim23 wherein the 10-ring nol ecul ar

si eve i at | east one of ZSM5, ZSM 22, ZSM 23, ZS 48
Vg AR Fetfusyfihh

ZSM 57, and SAPO-41. 25. The process of clains or 93 wherein
hydrofini shing catalyst is a non-bul k mdtal hydrotreating cataly i R

i ncluding at | east one G oup VIB and at | east one Goup VIl ﬂnét-'ifi 6. The
process OL é:l ains.| , 2 or 3 wherein hyd%i ni shing catal yst is _the bulk
metal  hydPTP8ERALRN Bstals pé the convenpang) kdrepresesangicaiddest greerelly the G oup

V1B | | ybd d the G I - nobl
e Tt 8L cbSpRk tBAERAPInd LGS SRR HOGeSHSs Hhcas Tobihinkfard loms 1P ¢
Cuftha o A ot e AR R GERREA SABER ofid, e o 1 the

hydr oconv ay&ioRRod8iig catal98are, ¢.d- hydrotreating Tatalyst&d T h of
clains 1, 2, gr 3 anre t he h)r/cdrcogp'r o}(l:ergsrieﬁgmgrsglau}éses Sﬁﬁsrcrc}ugxggg@ﬁpg“ ng

bed processws.spdit, rdgencpateduet frgvhodiweed by the process of clains 1, 2, or 3
wherein said product is a lubricating oil basestock having at |east about
90% saturates and neets Goup Il or Goup Ill base oil requirenents.
JAYACA{l AL ALR An. A{. As. AH . Ar. Ay. Ay. A A&s. AsY . .

CA&l . AL A . Af 5FRthagmages the gqialyploomposition mgy agmprise any compound that is
.A9.A.A!F.AV.A&H.ﬁ\H.AQQ/.A& A .As.A.A!.A&%{A.A.A A Als, LA LAs. A
| A9A. A<A. FOVRRHIORS! X resenl Py OTRPROCAEF IRBCARHY SRSU S 3R Mx >

2XV} xsnhcmgg%fg ,%a]dgi&iﬁ a},ﬂsfga %gfl]@@k%%%tﬂﬁé}b?%ﬁﬂk&ﬂk%ﬁal cRa] cR

ajcaJca]calc al'calc™alcal]c
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a] ca] ca] caidahg ahrdmiich Dediadjues niron, Zdblatta ptatinua) gzl kedjumn) adpttabick¢lt a] ca] cal
ca] ca] ca] ca] ca&ca] cal ca]ca]calcalca]ca]calca]calcalcaljcalcal]callL;* S f
molybdenum, or tungsten. All these metal compounds generally are present in the
oxidic form if the catalyst composition has been calcined and/or in the sulfided
form if the catalyst composition has been sulfided.

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 least 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.
Characterization Methods

1. Side crush strength determination
First, the length of, e.g. an extrudate particle i1s measured, and then the
extrudate particle is subjected to compressive loading by a movable piston. The

force required to crush the particle is measured. The procedure is repeated with at
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In the process according to the present invention, a Group VIl non-noble
metal-containing compound in solution and a Group VIB metal-containing
compound in solution are reacted. Thus, the metal compounds are in the solute
state when reacted to obtain a precipitate. The Group VIII non-noble metal-
containing compound and the Group VIB metal-containing compound may be in
solution when added to the reaction mixture or else will become dissolved when
present in the reaction mixture. In the latter case, the metals are actively dissolved
in the reaction mixture, for instance by stirring, increasing the amount of solvent,
changing the temperature, changing the pressure, or changing the pH. The metals
may be dissolved in any protic liquid such as water, carboxylic acids, lower
alcohols such as ethanol, propanoi, etc., or mixtures thereof. Of course, a protic

liquid must be chosen which does not interfere with the precipitation reaction.

If soluble salts are added as such, they will dissolve in the reaction mixture.
They will subsequently be precipitated with the Group VIB metal. Within the
context of this description soluble means soluble in the solvent at the temperature
and pH of the reaction mixture. Suitable nickel, iron and cobalt salts which are
solbule in water are nitrates, hydrated nitrates, chlorides, hydrated chlorides
sulfates, hydrated sulfates, heteropolyanion compounds of Ni-Mo-W (soluble in
boiling water), heteropoly anion compounds of Co-Mo-W (soluble in boiling
water). Itis also possible to add Group VIII non-noble metal-containing
compounds which are not in solution at the time of addition, but where solution 1s
effected in the reaction mixture. Examples of these compounds are metal
compounds which contain so much crystal water that upon temperature increase

the metal compound will dissolve in its own cyrstal water. Further, non-soluble
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of Co-Mo-W (moderately soluble in cold water), heteropolyanion compounds of

Ni-Mo-W (moderately soluble in cold water).

Suitable Group VIB metals are chromium, molybdenum. wngsten, or
mixtures thereof. Suitable chromium, molybdenum, and tungsten compounds are
soluble chromium, molybdenum, and tungsten salts. Said salts can be added to the
reaction mixture in solution, wetted, or as such. If soluble salts are added as such,
they will dissolve in the reaction mixture. They will subsequently be precipitated
with the Group VIII non-noble metal. Suitable Group VIB metal salts which are
soluble in water are ammonium salts such as ammonium dimolybdate, ammonium
tri-, tetra- hepta-, octa-, and tetradeca- molybdate, ammonium para-, meta-, hexa-,
and polytungstate, alkali metal salts, silicic acid salts of Group VIB metals such as
molybdic silicic acid, molybdic silicic tungstic acid, tungstic acid, metatungstic
acid, pertungstic acid, heteropolyanion compounds of Mo-P, Mo-Si, W-P, and W-
Si. It is also possible to add Group VIB metal-containing compouds which are not
in solution at the time of addition, but where solution is effected in the reaction
mixture. Examples of these compounds are metal compounds which contain so
much 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
such, and solution is effected in the reaction mixture. Suitable non-soluble metals
salts are heteropolyanion compounds of Co-Mo-W (moderately soluble in cold
water), heteropolyanion compounds of Ni-Mo-W (moderately soluble in cold

water).

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
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temperature, with the pH being kept constant by adding a base containing
Group VIB metal-containing compound solution. The pH is set such that
(at the chosen reaction temperature) precipitation occurs. The Group VIII
metal-containing compound is added in solution or as such . It was found
that the precipitate prepared by this method had a relatively large particle
size depending on the dosing speed (with low dosing speed larger than 10

um (as measured in the slurry with near forward scattering (Malvern)) and

a large surface area of 100 m*/g or more.

[£%]

Simultaneous precipitation, in which process both the Group VIII non-
noble metal-containing compound and the Group VIB metal-containing
compound are added slowly and simultaneously to a reaction vessel
containing protic liquid and a compound which decomposes upon
temperature increase and thereby increases or decreases the pH. The
temperature of the reaction vessel is kept at the decomposition temperature
of said compound. In this case precipitation is effected by pH change, and
the pH at the beginning of the reaction differs from the final pH after
precipitation. It was found that the precipitation obtained with this method

had a relatively large particle size (larger than 15 um).

1,2

Precipitation, in which process the Group VIII non-noble metal-containing
compound is added slowly to a reaction vessel containing Group VIB

metal-containing compound dissolved in protic liquid (or vice versa) and a
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precipitation is cffected by pH change, and the pH at the beginning of the
reaction differs from the final pH after precipitation. It was found that the
precipitate obtained with this method had a relatively small particle size
(between | and 10 um). It was further found that the amount of Group VIB
metal compound which actually ended up in the precipitate was larger than

in any of the other precipitation methods described above.

4. Precipitation at a constant pH, in which process the Group V111 non-noble
metal-containing compounds is added slowly to a reaction vessel
containing Group VIB metal-containing compound dissolved in protic
liquid or vice versa. The pH is kept such that (at the chosen reaction
temperature) precipitation occurs by adding acid or base to the reaction

vessel.

n

Solution of the metal compounds in their own crystal water with
subsequent evaporation of the water so that precipitation occurs. In this
method the Group VIII non-noble metal-containing compound and the
Group VIB metal-containing compound are mixed in a reaction vessel and
heated. Afier solution of the metals the water is evaporated, optionally

under vacuum, to effect precipitation.

One embodiment of the present invention pertains to a process for the
preparation of a catalyst composition comprising a Group VIII non-noble metal
and a Group VIB metal wherein a Group VIII non-noble metal-containing
compound in solution and a Group VIB metal-containing compound in solution

are reacted in a reaction mixture to obtain a precipitate, with the proviso that the
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Subsequently to precipitation, the precipitate may be isolated from the
liquid and dried. All conventional isolation methods such as filtration.
centrifugation, decantation may be used. Also all conventional drying methods

are suitable such as oven drying, spray-drying, etc. The precipitate can also be

dried at room temperature.

Optionalily, the precipitate is thermally treated in oxygen-containing
atmosphere such as air, steam, in steam and oxygen-containing atmosphere or in
inert atmosphere. Said thermal treatment is conducted at a temperature between

100-600°C, preferably between 350°-500°C.

In a further embodiment of the solution method of the present invention a
filler is added to the reaction mixture and/or precipitate. Fillers may be added to
the catalyst composition to dilute the catalyst when it is too active or to adjust the
density. These fillers can be added either in suspension or as such at any stage of
the process and combined with any other component added. Suitable fillers
include used hydroprocessing catalyst, regenerated hydroprocessing catalysts,

fresh hydroprocessing catalyst, clay, and mixtures thereof.

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 a 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 emploved.
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¢.g., ammonium molybdate, ammonium metatungstate, while the nickel salt may

be the nitrate or hydrated nitrates.

In the boiling decomposition method, the salts are dissolved in water to
make an acidic solution, after which additional NH4OH is added to make a basic
solution. The solution is then heated to boiling to drive off ammonia and form a

precipitate which is filtered and dried, e.g. at 100-125°C.

In the direct precipitation method, initially the molybdate and tungstate
salts are dissolved in water, NH4OH is added to form a basic solution, and the
solution 1s warmed. A warm, e.g., 90°C, nickel salt solution (aqueous) is slowly
added to the initial solution, a precipitate is formed, the solution is hot filtered and
dried. In either the boiling decomposition method or the direct precipitation

method, washing of the filtrate 1s minimized to prevent leaching.

In general, all of the components, the Ni, Mo, W, NH,, are mixed in
solution together and heated to a pH <7 to form the precipitate, i.c.. the precursor
compound. This may be accomplished by either of two methods: (1): adding all
of the components together with an excess of ammonia to dissolve the components
and then heating to drive off the ammonia such that the pH <7 (heating may be at
less than 100°C, preferably about 50-90°C); or (2) adding together one or more
separate solutions of each component such that the final pH is <7, in each case

recovering the resulting precipitate.

In another embodiment, a binder can be added to the bulk mixed metal
oxide to maintain particle integrity. The binder can be silica. alumina, silica-

alumina or other materials generally known as particle binders. When utilizing a
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After recovering the precursor product, regardlcss of preparation method,

the precursor is decomposed at temperatures ranging from about 300-450°C in a

suitably inert or air atmosphere.

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/H,, at elevated temperatures for

a period of time sufficient to 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.

Any hydrocarbon containing feed which also contains nitrogen may be

treated with the enhanced catalysts of this invention. Thus, the HDN process with

these catalysts may range from petroleum distillates to residual stocks, either

virgin or cracked, to synthetic fuels such as coal oils or shale oils. The HDN

process is particularly useful with feeds containing high levels of nitrogen. e.g., at

least about 500 wppm total nitrogen compounds. Nitrogen removal is at least

about 50%, preferably at least about 80%.

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.

RANGE °C V/V/HR

FEED TYPICAL | TEMP. PRESS, SPACE H, GAS RATE
BOILING °C BAR VELOCITY SCF/B
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naphtha 25-210 100-370 10-60 0.5-10 T 100-2.000
diesel 170-350 200-400 15-110 0.5-4 500-6.000
heavy 325-475 260-430 15-170 0.3-2 1000-6.000
ras o1l
lube o1l 290-550 200-450 6-210 0.2-5 100-10.000
residguum 10-50%>575 340-450 | 65-1100 0.1-1 2.000-10.000

While the invention described herein shows enhanced activity for
hydrodenitrogenation, most HDN catalysts will also show hydrodesul furization
(HDS) activity. Consequently, the catalysts and processes described herein will be
useful on feeds containing both nitrogen and sulfur, and will be particularly useful

on feeds high in nitrogen.

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

Example 1. Preparation of NHg4-Ni-Mo-O Phase (boiling decomposition as per
Teichner and Astier procedure):

In a1 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 to 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.

Example 2. Preparation of NH4-Ni-Mo.5W 5-O by boiling decomposition:
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ammonium metatungstate (.075 moles W) and 43.0 g mickel nitrate hexahydrate
(0.15 moles Ni) were dissolved in 300cc of water so that the resulting pH cqualed
4.3. To this solution. a concentrated NH40H 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 dissoived to give a
clear blue solution and on further heating, a green precipitate formed. The heating
was continued unti] 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 sW 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 to 90°C. A
second solution was prepared by adding 58.2 g of nickel nitrate, (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
molybdate/ammonium metatungstate solution. A precipitate begins to form after
1/4 of the solution was added. This suspension which was at 2 pH ~6.5 was stirred
for 30 minutes while the temperature was maintained at 90°C. The matenal was
filtered hot, washed with hot water, and dried at 120°C. Approximately 38 g of

matenial was recovered.
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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 control 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 5. 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/H~ 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 H>S/H> to 70°C, at which point this flow was discontinued and
N> was added. At room temperature, the quartz tube was removed and the
material transferred into a N7 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
liquid feed, containing 5 wt% dibenzothiophene in decalin was added to the
autoclave. A hydrogen flow of 100 cc/min was passed through the reactor and the

pressure was maintained at 3150kPa using a back pressure regulator. The
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converted or until 7 hours was rcached. 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 biphenyl (BP) and
cyclohexylbenzene (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 catalyst with high
hydrodenitrogenation activity, whereas high selectivities of BP reiative to CHB

‘indicates a catalyst with high hydrodesuifurization activity.

The results show that partial substitution of tungsten for molybdenum
results in catalysts that are substantially higher for DBT conversion. A standard
supported Ni-Mo on Al2O3 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

Ktotal @ | CHB/BP @ |
Catalyst Preparation Example # 350°C |  350°C

technique ?

NHa-Ni-Mo-O | boiling decomposition 1 106 10.4

NH4-Ni- boiling decomposition 2 17 10.2
Mo sW 5-O 2

NH4-Ni- direct precipitation 3 167 i 12.4
Mo sW 5-0O '

NHg-Ni- controlled pH 4 181 i 12.0
Mo sW 5-O preparation 5

Ni.Mo/AlhO7 ! impregnation 129 - 6.4

Example 6.
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A scries of catalysts were prepared in accordance with the general
preparation scheme of cxample 2 (i.c.. boiling decomposition) but varyving the Mo
and W relative ratios by changing the amount of ammonium molybdatc and
ammonium metatungstate added to the solutions. Decomposition was cffected 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 5.

Table 2. Comparison of Activity in DBT Conversion Tests with Variation in |
Relative W and Mo Content

[ Ammonium | Ammonium Nickel | ™total | CHB/BP
moiyvbdate | metatungstate nitrate @ @ 350°C !
Catalyst Sample (®) ®) hexahydrate | 350°C
: (8)
NHg-Niw-0 | 18983.97 0 36.95 43.62 128 11.3
NHg4-NiMo W ¢-O | 18983-125 2.65 33.62 43.62 132 14.1
l NH4-NiMo 1W -0 | 18983-101 7.94 25.87 43.62 | 154 11.6
NH4-NiMo <W s-0 | 18357-109 13.17 18.74 43.62 17 10.2
NHg4-NiMo 9W 1.0 18983-95 18.54 11.09 43.62 158 11.5
|
| NHg-NiMo gW ;-0 | 18983-92 23.83 3.69 43.62 141 10.5

The data show that the most active catalyst contains an approximately

equimolar mixture of tungsten and molybdenum.

Example 7.

A series 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 catalytic

activities for DBT measured as described in example 5.

Table 3. Variation of Nickel Content in NHg4-Ni-Mo_sW 5-O Catalysts
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: ! Ammonium |  Ammonium Nickel 'Kiota  cHp/sp
! i molybdate | mectatungstate :  nitrate : l@ @ 350°C °
Catalyst ~ Sampie : {g) () . hexahydrate | 350°C
f I ng ! t
NHg-Nig 7¢6Mo s W <=0 19086-110 | 17.65 | 246 Coa3es g g
' NHg-N1y gMo W ¢-O : 19086-82 17.65 24.6 : 58.2 | 107 124 .
: NH4-Niy 2¢Mo ¢W <-0 19086-111 17.65 24.6 ' 72.75 174 | 1.0 !
| _NH4-Nij sMo ¢W <0 | 19086-112 17.65 246 | 873 148 | 955 |

Catalytic performance does not change substantially with variations in Ni

from 0.75 to 1.5, although K appears 1o go through a maximum at about 1.25 Ni.

Example 8. A series of catalysts were prepared in which the quantity of NH40H
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 5. The
catalysts so prepared are shown in Table 4 along with their catalytic activities for

DBT measured as described in Example 5.

Table 4. Vanation in NH4OH Addition to Preparation

Catalyst Ammonium | Ammonium Nickel cm?> Reota | NCHB/B
NH4OH/NI molybdate | metatungstate nitrate conc l@ P@
moie ratio Sample () (g) hexahvdrate 350°C | 350°C

(® NH40H
1:2 19086-96 17.65 24.6 41.65 6.8 102 10.5
11 19086-97 17.65 24.6 38.2 14 137 10.4
2:1 19086-82 17.65 24.6 72.75 30 167 12.4
3:1 19086-104 17.65 24.6 87.3 41 164 11.4
4:1 19086-106 l 17.65 24.6 87.3 ] 35 161 12.1

While decomposition of the precursor compound will drive off most. if not

all. of the ammonium portion of the precursor. the preparation of the precursor and
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catalyst is enhanced when the NH,OH/Ni ratio in the preparation of't
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he precursor

compound is from about 1:1 to about 4:1, preferably about 1.5:1 to about 4:1, and

more preferably about 2:1 to about 4:1. While not wishing to be bound by any

particular theory or mechanism, there is some evidence the NH,OH/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 again

st 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 579°F, 650

psig of Hp, and 1850 SCFB/B of Hy. The relative activities of the di

catalysts are summarized in Table 5.

fferent

Table 5. Relative Hydrotreating Activities on LSADO Feed

Catalyst Relative Volumetric Relative Volumetric
HDS Activity HDN Activity
Ni.Mo/Al»O3 ] ]
NH4-NiMo-O 0.25 0.50
NH4-Nij gMo sW 5-0 | 1.4 2.05

The Ni, Mo/Al,Q, catalyst is a standard HDN/HDS catalyst, the NH,-Ni-
Mo phase is the bulk phase with no tungsten, and the NH-Ni, Mo :W ;-O 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 NH,-Ni, Moy sWs-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 1o the solid

route:
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1010% () - ylo(yﬁ‘l&(l)k};—alrg:monium dimolybdate (15.33kg MoQ,) are dissolved in 575 liters
water. Subsequently 28.5kg ammonium metatungstate (24 69kg WO,) 1s added to
the solution. The resulting solution is preheated up to 90°C. 26.5kg NiCO, (49.7%
N1) powder is mixed with water and the resulting paste is added to the ammonium

dimolybdate/ammonium metatungstate solution. The resulting mixture 1s 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 dissolved in 300 ml water so that the resulting pH equaled
4.3. To this solution, a concentrated NH,0H solution (about 600 ml) was added
until the pH reached 10. At this point, some precipitate remained. The solution
was refluxed at 1_00°C for 3 hours. During this heating, the precipitate diss‘olved
to 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. The
suspension was cooled to room temperature, filtered, washed with water and dried

at 120°C overnight. 18 grams of material were obtained.

Example 12. (sample 2110587)

657g of a NiMo-W bulk catalyst composition obtained according to the
procedure  described in Examples 10 or 11 was added to 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 1n air.
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Example 13. (sample 2110598)

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

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

Example 14. (sample 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.

Example 15. (sampie 2110469)

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, 461g 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 stirmng in 20
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i1s dried overnight at 120°C and calcined at 385°C.
Example 17.
The precipitation method of Example 16 was uscd to preparc a precipitate
from ammonium dimolybdate, ammonium meta tungstate and Fe(I1I{NOQ,), ® 9
H,0 in 98% yield comprising 41.2 wt.% Fe,0;, 21.3 wt.% MoO,, 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(CO,),#6H,0, (NH,){MO,0,,#4H,0, and (NH,),Cr,0, in 87.7% yield
comprising 52.2 wt.% NiO, 29.4 wt.% Mo0Q,, and 16.6 wt.% Cr,O, The surface
area of the precipitate was 199 m*/g. The pore volume as measured up to 60 nm

by BET using the adsorption curve was 0.276 ml/g.

Example 19.

The precipitation method of Example 16 was used to prepare a precipitate
from Ni(CO,),#6H-0, (NH,),H,W,0,,, and (NH,),Cr,0, in 87.7% yieid
comprising 44.0 wt.% NiO, 42.4 wt.% WO,, and 11.8 wt.% Cr,0; The surface
area of the precipitate was 199 m*/g. The pore volume as measured up to 60 nm

by BET using the adsorption curve was 0.245 mi/g.

Example 20.

A 250N raffinate was processed at raffinate hydroconversion conditions in
a small scale pilot unit over both a conventional NiMo hydrotreating (HT) catalyst
and the bulk metal catalyst. Feed quality, operating conditions and pilot plant test

results are given in the Table 6 below. The relative conversion activity for the bulk
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(c)  passing the raffinate feed to a first hydroconversion zone and
processing the raffinate feed in the presence of a bulk metal catalyst
under hydroconversion conditions wherein the bulk metal catalyst
comprises a non-noble metal Group VIII molybdate in which at least
a portion but less than all of the molybdenum is rcplaced by tungsten

to produce a first hydroconverted raffinate; and

(d)  passing the first hydroconverted raffinate to a second reaction zone
and conducting cold hydrofinishing of the first hydroconverted
raffinate in the presence of a hydrofinishing catalyst under cold

hydrofinishing conditions.

2. A process for selectively hydroconverting a raffinate produced from

solvent refining a lubricating oil feedstock which comprises:

(a)  conducting the lubricating oil feedstock to a solvent extraction zone
and separating therefrom an aromatics rich extract and a paraffins

rich raffinate;
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dewaxed oil viscosity index from about 80 to about 105 and a final

boiling point of no greater than about 650° C;
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under hydroconversion conditions wherein the bulk metal catalyst
} comprises a non-noble metal Group VIII molybdate in which at least
a poni—on but less than all of the molybdenum is repiaced by tungsten

to produce a second hydroconverted raffinate;

(e)  passing the second hydroconverted raffinate to a hydrofinishing
reaction zone and conducting cold hydrofinishing of the second
hydroconverted raffinate in the presence of a hydrofinishing catalyst

under cold hydrofinishing conditions.

4. The process of claims 1 to 3 wherein the bulk metal catalyst is
represented by the formula:

(X), (Mo), (W), O

wherein X is a non-noble Group VIII metal, the molar ratio of b: {c+d) 1s 0.5/1 to

3/1, the molar ratio of ¢:d is >0.01/1, and z = [2b + 6(c + d)}/2.

5. The process of claim 4 wherein the molar ratio of b:(c+d) 1s 0.75/1
to 1.5/1.
6. The process of claim 5 wherein the molar ratio of b:(c+d) is 0.75/1

to 1.25/1.



s 109E#& ()- 10%E#& ()- .S10%E#& ()- 1L no|[:-410E# 8109&E#& ()- 6109EH#& () -

4 109E#& ()- 210%H#& ()- 9010%EH& ()- - 10%EH& ()- opg~bAA10EH
L1098 600 009868 () -2 "10%t& ()- 10%t&' ()- M 0001008
L10%:& () - 10E#10E40 (| [: AA1OE# 910%:& ()- M L10%t& ()- 93T0TAaPYqLo%
410%& ()- 9, 10%& ()- O MLOY%& ()-:2%K|[: AA10E# sL- 100%:& (3 0L
F10%R (). L(L0%& (). L 1006 ()- LFYL0v& ()-  s#10%i& () KrifotAiss -

L 10%:& ()- ~ @L10%:& ()- " 610%:& ()- ~310%& ()- " 110%& ()- O010%& ()-

bA410# rl0%"z& ()- "10%"z& ()- F10%h"z& ()- 10%"z& ()-

V10%" 2& () - 10#108=| [ AATO# 100@" 7& () -. " 10%"7& ()- ¥ .10%"7& ()-
@ove" 78 8 *T00g" jéL(PIQCCSWf/& yip § )”-h%?‘[”:‘ﬁﬁI%ﬂ’zaéﬁ‘z%ﬁ/&idiyé()z‘ﬂ' v
9%L0%" 2& ()-y "MO%"z& ()-  10%"z& ()- 10%"z& ()- S10%"z& ()-

Hi#-. | [:-410z"z ~910%" z& ()- 9710%"z& ()- ~Y4910%"z& ()- 9f210%"z& ()-

L. 10%" 2& ()- gl- 10UR'#&ids) P e () e 2
0o () 105Era (1 PrassR DL TP aRgAhe mohliiS el i TSR
109E#& ()- nt 109E#&' ()-° f109E#& ()- : 10%EHE& ()- 3 AL0YEH& () - #+

9. The process of claim 8 wherein the molar ratio of ¢:d 1s 1/3 to 3/1.

10.  The process of claims 1, 2 or 3 wherein the hydroconversion
conditions in the first hydroconversion zone include temperatures of from 300 to
420 °C, hydrogen pressures of from 300 to 3000 psig (2170 to 20786 kPa), liquid
hourly space velocities of from 0.1 to 10 and hydrogen treat gas rates of from 500
to 5000 scf/B (89 to 890 m*/m?).

11.  The process of claim 2 wherein the hydroconversion conditions in
the second hydroconversion zone include temperatures of from 300 to 420 °C,
hydrogen pressures of from 300 to 3000 psig (2170 to 20786 kPa), liquid hourly
space velocities of from 0.1 to 10 and hydrogen treat gas rates of from 500 to

5000 scf/B (89 to 890 m*/m°).

12.  The process of claim 3 wherein the hydroconversion conditions in
the first hydroconversion zone include temperatures of from 300 to 420 °C,
hydrogen pressures of from 300 to 3000 psig (2170 to 20786 kPa), liquid hourly
space velocities of from 0.1 to 10 and hydrogen treat gas rates of from 500 to

5000 scf/B (89 to 890 m*/m?).

13, The process of claims 1 to 3 wherein the cold hydrofinishing
conditions include temperatures of from 250 to 360 °C, hydrogen pressures of

from 300 to 3000 psig (2170 to 20786 kPa), liquid hourly space velocities of from
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16.  The process of claim 3 wherein the hydroconversion catalyst in the
first hydrconversion zone is a non-bulk metal hydrotreating catalyst containing at

least one Group VIB and at least one Group VIII metal.

17. The process of claims 15 or 16 wherein the Group VIB mezal is

molybdenum or tungsten and the Group VIII metal is a non-noble metal.

18.  The process of claims 1. 2 or 3 wherein solvent in the solvent

extraction zone is at least one of furfural, phenol or N-methyi-2-pyrrolidone.

19.  The process of claims 1, 2 or 3 wherein feedstock in the solvent

extraction zone is under-extracted to form an under-extracted raffinate.

20.  The process of claims 1, 2 or 3 wherein the cold hydrofinishing step

1s preceded by or followed by dewaxing.

21.  The process of claim 20 wherein dewaxing is solvent dewaxing

under solvent dewaxing conditions.
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22, The process of claim 20 wherein dewaxing is catalytic dewaxing

under catalytic dewaxing conditions.

23.  The process of claim 22 wherein catalytic dewaxing utilizes a 10-

ring molecular sieve.

24.  The process of claim 23 wherein the 10-ring molecular sicve
includes at least one of ZSM-5, ZSM-22, ZSM-23, ZSM-35, ZSM-48 ZSM-57,
SAPO-11, and SAPO-41.

25.  The process of claims 1, 2 or 3 wherein hydrofinishing catalyst is a
non-bulk metal hydrotreating catalyst including at least one Group VIB and at

least one Group VIII metal.

26.  The process of claims 1, 2 or 3 wherein hydrofinishing catalyst is the

bulk metal hydrotreating catalyst.

27.  The process of claim 25 wherein the Group VIB metal is

molybdenum or tungsten and the Group VIII metal is a non-noble metal,
28.  The process of claim 4 wherein X is Ni or Co.
29.  The process of claim 4 wherein X is Ni.

30. The process of claims 1, 2 or 3 wherein the raffinate from step (b) 1s

solvent dewaxed prior to the first hydroconversion zone.



31.

32.

7 4 JoL T
-66a-

The process of claims 1, 2, or 3 where the hydroprocessing includes slurry and ebulating bed
processes.

The product produced by the process of claims 1, 2, or 3 wherein said product is a lubricating oil
basestock having at least about 90% saturates and meets Group II or Group III base oil
requirements.



