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rei"dt'és to an i nproved ‘Brocess for preparing al cohdls by the Oxo process
More particul a2POPBORREE i nvention relates to an inprovement in the

hydr ogenati on step f‘t @4 ess characterized in the use of Cer{%%ﬂ[ﬂ
Jboulk 10 v Miﬁjﬁn cat al ysts conpri sed of at |east one
Goup VII N:%id1 east tvvo tals. BACKGROUND OF
*THE | NVENTI ON The O<o pr ocess is well kno ‘mmand is generally

-described in detail in 15 Kirk-Q hner, Enc ope % of Chem cal Technol ogy,
Mol une 16, 3rd ed., John Wley & Sons, pp. 63788 1981. 1n the well known

Oxo process, olefins MR@VEDW%S@@RWARH@GM@OHGDS” monoxi de
‘and hydrogen, general I'y charged a ”@ ;@ _""'i'—n_g'a"Ts —mxtures, in the
presence of a cobalt Oxxo catal ysﬁi\?’i 6xg Mto forma 20 m xture
of Oxo al dehydes and al cohols. This Oxo reaction is typically carried out

at- syn gas pressures of from about 10.33 MPa to 31.00 MPa (1500 to 4500
psig) and at tenperatures of from about 65C to 230C. Thereafter, the

preduct—m xtsurecontaining_the alconol' S and al dehyd

then be treated by known neans to hﬁdrogenate t he_ al dehydes to form
addi tional quantities of the 00977 1 0 J UL 1003

2 corresponding al cohols. These alcohols, in turn, are widely used as
chemi cal i nt er nEbiisdnesntion r@héesﬁaramﬂmprqyreé podcess fostpireraring glcowséng@nt@;o
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catal yst, vvm ¢ hmtultemethic h)ehsgmatlmi cﬂdgmo eymprisdd dfeatrleasy ohe Gréup Vil rowo
reactor. "Denet.al | ecl Q E for rry(Jjati rea(it i on product or crude Oxo
al cohol pr oduct npRle meta at least two' Group eta

BACKGROUND OF THE INVENTION

The Oxo process is well known in the art and is generally described in detail in
15  Kirk-Othmer, Encyclopedia of Chemical Technology, Volume 16, 3rd ed., John
Wiley & Sons, pp. 637653, 1981.

In the well known Oxo process, olefins are hydroformylated by reaction with
carbon monoxide and hydrogen, generally charged as synthesis gas (syn gas)
mixtures, in the presence of a cobalt Oxo catalyst in dissolved form to form a
20  mixture of Oxo aldehydes and alcohols. This Oxo reaction is typically carried out
at syn gas pressures of from about 10.33 MPa to 31.00 MPa (1500 to 4500 psig)
and at temperatures of from about 65°C to 230°C. Thereafter, the product mixture
containing the alcohols and aldehydes is recovered and can then be treated by

known means to hydrogenate the aldehydes to form additional quantities of the
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i .reaction product which is substantially depleted of the transition netal
cobalt cat avyst/arsggui red for the hydrofornylation reacti onpcsuguoooere Oxo
product will generally contain cobalt in an amount of from about 0.05 to
3.0 wt.% calculated as el emental cobalt. The concentration of al déffyti XK
the crude Oxo al cohol product is genergally 15 from about 20 to 75 wt.% The
next step in the Oxo process is the hydrogenation of the crude al cohol
product whi i Y PI | i SSuI ato
51700 vpa CBpPRdHE ARl RiEs Boft, h BRECALT SRR BEEHS, el

nol ybdenuminteintbefatesrin theakalufande abHplasiiciderse detengents delvenspardithelliben al um na as
t he hydrogenation catal yst. Because of the high content of

car bonyl - cont ai ni ng conmpounds present in the crude al cohol product the use
of relativ J kd-h id i i | dots: Vst s has
been requi ?é rih?lgger E‘ggﬁ%ﬁaggﬁ% éﬂ%ﬂgmgé?#&egl&sﬁg gf%‘%hgl%}éﬁgf&%%gﬁ/uct. 25
The usesof dissolweditdtialt camtyatsythe aldehydetead hicdhdgeodiicisamdataction bg-paddietsol Oxo
product is disclosed, for exanple, in US-A-5,030,77.4, issued July 9, 1991,
and EP- A- 03 with s asielic ReFamingnts, gsnerallpitd feemiave the dstalvess] 1 o
JU . QD03 -3pifOchaifdy QARAP tHh Stot PoREnLoP EQRBAY infstbd FdbyLIRE 1BNHE Q@ENat i on
steps and hydrofinrshing steps of a co%alt cafal yst oxo“process for the

pr epar at i orresgforal cohol s by the hydrofornylation of olefin are carried out
using a trinmetallic catal yst conposed of netal oxides, particularly nickel
oxi de, nol ybdenum oxi de and cobalt oxi de supported on alum na or an

al um naresi |'DéhetaMedUhfdréRenPRto N RActiH é}rbd&d of erude ONe flc A BRRIGE Withe! oses

trimetallic catalysts such as an anorphous ni ckel nolybdotungstate
conposi t i orreactian presiichyhich desubstantipdlydeplstedzafithe transitiophaetpl eahakitcataliksent i on

is based o I SCOVEr h rtai t N sef ul

i n the o ESBRAEPE S Bikatoni BT hlul pueh AR Ok ofRABL YA ReRe T 2
Oﬁo pL OgeSScont%irped’balﬂimanrahﬁﬂil ht/6f ﬁahaalbwte(domiln.prv@t?,essalhﬂatkclnaévelmntame art.
The rhodi um oxo process enpl oys, varjous, cat st for i ncl udi ng

| i gand- modi P&l fh?cfdme?ntraﬁl%ei[awmi ip;thei o Dxogeaho RESIAS egepeighids, and
unnodi f{ed £hR4b4e3S 3k %gbs. The |igand-nodified rhodi um hydrof ornyl ation
process is typically carried out at |ow pressures [0.7 - 3 MPa (100 - 450
psi)] and | ow tenperatures (80C - 120C). The ionic phosphine |Iigand process

or eseur o | TrcmberdR the fsa PR Btmamoetan SR R Ehat dfpetaat;
Ki r k- & hrrer whikh iy gip@aiidicariell dubatbesurebastiubobogs3 M t0781.00 M (708dto, John
Wley & Sons, pp. 902-919, 1996. SUMVARY OF THE | NVENTI ON I n accordance

with the pr&98rasig)nsing pefidecbimetallic spbalt aadimelyhdspwn oxidss o wigksliand oxo
| hol b : f i i i i h
al coho {rg%)i}ﬁdtﬁ@gr?b)\(ﬁggu]%%q{eg o@rga{rhfyhg'a@r{hmgy&alogédaaan \efgfa%t. QRERAdeSgEs the

steps of: y ormylation o rocar bon Stream conprising at | east
one ol ef i n thelldgh edntenbof Cdrbod-cofBinine- comPouEd, presamt iclthe ammadeCialcobdlef i ns

b ti f said olefin wth b i d_hyd in th
o esence. of PRI BB RIS brie Pieegtee Vi Fletetena PR AE AT Rosor ouct
whi ch cont abdf réqfifea iy braePidtRhidké theesiRRILIEld of alk8hol product.

25  The use of bimetallic catalysts in the hydrogenation of crude alcohol Oxo product is
disclosed, for example, in US-A-5,030,774, issued July 9, 1991, and EP-A-0343819,
published Nov. 29, 1989.
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1.0 JIJI 1D03 -4 (b) hydrogenating said crude al cohol product of step (a)
to reduce at |east a portion of said carbonyl-containing compounds,t

al cohol s; characterised in that step (b) is conducted in the preseﬂcpeﬂﬁfm@ﬂ
bulk multinmetallic catalyst conprised of at |east one Goup VIII non-noble
netal and at least two Goup VIB netals, wherein the ratio of Goup VIB to
Goup VIl metals is from10:1 to 1:10. Optionally, the crude reaction
product of step (a) is denetalled to recover therefrom hom)geneous

o o RS SRR T 0
! o gt s o gty omma e

step (b) %l ona Wh B(
t her ef r oY rgwﬁlﬁmogot@m@%ﬁ Wﬁ'ﬂj‘ qytlueamééams Gisatagst %Oaﬂrepse of meta

car bonyl - gcant %RH Y Qi
distillation ?@p&%sr&hydro i ni’ gﬂc"ﬁd by Eﬂgé gg%ﬁ%%ﬁ@%gdggoﬁ%?@@g a na
subst ant i aldnyelyuine-stitx bhewlfidpd @ddiabn- smlﬁdm fprref erred enbodi ment the

hydr of ormyl ati on catal yst is selected froma rhodi um containing catal yst
and a cobalt-containing catalyst. In a preferred enbodi nent the

hydr of or nyl at i \o-599/@B52 d|§¢$osés ﬁﬂﬁ’&bulc @a%élbﬁ@ﬁucmtéﬂ afedrphous riicker ef erred
enbodi nent of the Eﬁgesent [ nvent ion the G.oup VIII non-noble netal is

sel ect ed Mplyhdatnastale comagsiion a@%tﬁ‘[i""@ﬁﬁ“%@%’lago%?@“’%l ected from M and
W I n another preferred enbodi nent of the present invention two Goup VIB
netals are present as Mo and Wand the ratio of Mo to Wis about 9:1 to
about 1:9. In Vmprammenms@amwr@hgdatm that cerkpin muliisesiellic eatelists on t he

bul k mul t )

wherein ><él r?'g}sg#ugng%w ?ﬁ{aﬁ%ﬁ & %ﬁéﬁaebggm#'%? 'Em%)ccggﬁ ?taoy\%gog (c+d)
Is 0.5/ poc&sl, preferably O. 75/1 to 1.5/1, nore preferably 0.75/1 to
1.25/1. 10 (~(J 1 ?2(1@B -4a In still another preferred enbodi nent of
the present invention the nolar ratio of c:d is preferably >0.01/1, nore
preferably >0.Apédralidtrhbdiumzaeaiyzee Do phicysslié kAowmin the art. The rhodium oxo

process employs various catalyst forms including ligand-modified rhodium, rhodium modified
with fonic phosphine ligands, and unmodified rhodium catalyst. The ligand-modified rhodium
hydroformylation process is typically carried out at low pressures [0.7 - 3 MPa (100 - 450
psi)] and low temperatures (80°C - 120°C). The ionic phosphine ligand process is typically
carried out at higher temperatures greater than 125°C and pressures in excess of 6 MPa.
The rhodium oxo process is discussed in Kirk-Othmer, Encyclopedia of Chemical Technology,
Volume 17, 4th ed., John Wiley & Sons, pp. 902-919, 1996.

SUMMARY OF THE INVENTION

In accordance with the present invention there is provided a process for preparing
Oxo alcohols by the catalyzed hydroformylation of olefins which comprises the steps of:

(a) hydroformylation of a hydrocarbon stream comprising at least one olefin selected
from C4, Cs, Cg, C;, Cg, Co, Cyg, C11 and Cy, olefins by reaction of said olefin with carbon
monoxide and hydrogen in the presence of a hydroformylation catalyst to produce a crude

reaction product which contains carbonyl-containing compounds; and



WO 00141988 PCT/ US00/00977 1 0 JI~I. 1~~~ 5 10/1, still nore preferably
113 to 3/1, nost preferably substantially equinolar anmounts of M and Nyl 7003
e.g., 2/3to 312; and z =[2b + 6 (c+d))/2. In another preferred enbodi nent
of the present invention the bulk nultinmetallic 5 catalyst is essentially
an anorphous material has a unique X-ray diffraction pattern show ng
crystalline peaks at d = 2.53 Angstrons add d =1. 70 Angstrons. BRI EF

DESCRI PTI ON OF DRAWNGS 1o Figure 1 is the X-ray diffraction pattern of a
NH4- Ni - O. SMb- 0. 5W O conpound prepared by boiling precipitation before

cal cini ng (@r(ﬁfh@roé’é?ﬁtnﬁ’d E c%é%lcﬂhd?ﬁro@hctaofﬁ af tdiFedBeBitled¥Oh Poktidat t he
patterns for h"the precursor and t deconposi |on product of the

pr ecur sorofzeid agehong- @ntalm@gcmmpmdﬁ@ almbobkaks at essentially the sane

pl ace. The ordinate is relative intensity; the abscissa is two theta
(degrees). 15 Figure 2 shows the X-ray diffraction patterns, by CuKa

radi ation (~, <hakxtised mftham%(@monuum 2 the pmséns@r@‘avwwaumwnce Ais
Mbo.9, W.i, curve Bis urve Cis Mos W, s~ curve Dis Mo.3

V. ~,  curSAsalgsticampissd; of wplesst enedarewn VI pon-Robip@etdl and Aleart v re i
absci ssa P11 OF THE

| NVENTI mﬁ%@alf?@%@ﬁﬁt{h’g?ﬁ&%@ér‘oﬁb &) g}:;?ngnpﬁﬁ@dl%gfﬁfnﬁ §6a:lrf gg—r‘i—yllg\lcont ai ni ng
conmpounds” refers to any hydrocar bon conpound cont ai ning at | east one

b d 2 ,
Compounds. § ncl aaiaRGafe b Ricyp BBEs2h s CRREET FARARF iebdhom
aci ds, kehmneganeemd'lwdsofomwtatmtcetaﬂs/st dittogkpdrate theefiotroesseitially t he

O O bR ol o AR e Sh B b P L

ol ef i n f eegtBbrHt-ormtaiRingicOmpaufdsEhdivitidy Becdied febd 8 siepgppnched Cs  SUBSTI TUTE
SHEET (1tIJLE 26) 00141988 PCT/ US00/ 00977 6 C,B nonool efi n. The
preferred ol efins i ncI ude anyl enes from petrol eum cracki ng, heptenes,

oct enes, nonengsrigHy Qﬁ@ﬁ@%ﬂ@@offsféb% fs%?sglllé’d"ﬁ}He@&e?fthé?éﬂr&ﬁ'@%%k%ol@ C4

ol efin, and octenes romdinerization and codi neri zation of 1sobutyl ene and
1- and containing a reduced amount of said carbonyl-containing compounds; and optionally, the

product of such distillation step is hydrofinished (by hydrogenation) to provide a substantially
pure alcohol product. ' :

In a preferred embodiment the hydroformylation catalyst is selected from a rhodium-
containing catalyst and a cobalt-containing catalyst. In a preferred embodiment the
hydroformylation catalyst is a cobalt carbonyl catalyst.

In a preferred embodiment of the present invention the Group VIII non-noble metal

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

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

In yet another preferred embodiment of the present invention the bulk multimetallic
is represented by the formula:
(X)o (M0)c (W)4 O;
wherein X is a Group VIII non-noble metal, and the molar ratio of b: (c+d) is 0.5/ to 3/1,
preferably 0.75/1 to 1.5/1, more preferably 0.75/1 to 1.25/1.



2-butenes. 5 Cobalt catal yzed hydrofornylation is typically carried out at
a pressure of 15-30 MPa and a tenperature of about 120C - 190C Cbbﬂlt
catalyst is present inits active formas hydrido cobalt carbonyl JUI 7003
concentration of fromO0.05-3.0 wt.% preferably 0.05 to wt.% cal cul ated as
met al based on ol efin feedstock. The syntheS|s gas typically has to a H2
:CO volune ratio in the range of 0.9:1 to 4a-5: 1. After separation of the
cobal t catal yst fromthe crude reaction product the crude al cohol product,
which is hydrogenated in accordance with this invention, will contain a
subst :itgti al lormptur arianh\ehrcgfdrefefﬂcédi)amb&dumemttcﬁithé pgesempmnTh tid«sthdr‘gdbr fatne optrduced
as a result ydr of or atio ction e rbonyl - cont ai ni ng
conpoundd$ Pr‘ififeﬁP@Y Pﬂglﬁjdén%fﬁcﬂ’é?f%@ &t & smochPrr?Fﬁfagg', Ui@?‘ér s and ethers,
and the crude al cohol product will contain 20 wt. % or nore, nore typlcally
40 to 60 wm.% of al dehydes and ot her carbonyl conmpounds which are to be
hydr ogenated to the desired al cohol product. 20 The catal ysts enployed in
the process of the present invention may be used either in the first
hydr ogenati on step of the Oxo process or in the final hydrofinishing
(hydrogenation) step, or in both. When used in the first hydrogenation
step, the expected advantage will result in enabling this step to be
carried out at relatively 25 | ower pressures, i.e., less than 10.34 MPa
(1500 psig) and/or a relatively |ower tenperature, i.e., less than 160C
while still achieving a desired conversion of carbonyl-containing conpounds
to the al cohol product. Wen used as the catalyst in-the final
hydroflnlshlng step, which is also a hydrogenation reaction, its expected
advantage is that the carbonyl number (ng KOH g) may be effectively reduced
to 30 levels less than 0.2 ng KOH g in the finished al cohol product. It is
expected that SUBSTI TUTE SHEET ( RULE 26) WO 001419S8 PCT/ US00100977 1 0 J
UL 2003 7 use of the trinmetallic catalysts in the hydrofinishing step wll
provi de the desired carbonyl nunbers at superior conversion rates when
conmpared with binmetallic catalysts. The hydrofinishing step is preferably
carried out at about 5.51 MPa (800 psig) and 130 (266F). This step effects
trace renoval of carbonyl species by 5 hydrogenation. According to the
i nvention, the hydrogenation catalysts may al so be used in the
correspondi ng crude al cohol hydrotreating step of the rhodium catal yzed Oxo
process. Additionally, the hydrogenation catalyst may be used in the
hydr of i ni shing step of the |0 rhodi um catal yzed oxo process. The rhodi um
catal yzed oxo process is well known in the art. The rhodi um oxo process
enpl oys various catalyst fornms including |igand-nodified rhodium rhodi um
nodi fied with ionic phosphine |igands, and



unnodi fied rhodium catal yst. The |igand-nodified rhodi um hydrofornyl ation
process isv\;d/@ilg:@lggy carned out at low pressures [0.7 pc3dbaofsd0 ~ 450
psi)] and low ~ 5 tenperatures (80 - |20C). The ionic phosphine | igp@? | 0t
process is typically carried out at higﬂer tenperatures greater than 55 )
and pressures in excess of 6 MPa. The odi um oxo process is discussed in

Kirk-Q hme Encycl opedi a of ,Chenj cal Techngl ogy, Volunme . 17, 4th ed., John
Wley & Soh ) mesg predargbly 165 3 | fepst AereaRLY Sta_vvﬁﬁlbheqtgmﬂ@f_éwunts |
i ncor por at GﬂMgﬁniiW,ﬁerf“ﬂ%o? .él;jaelzgfgq,a,lg%g@g];@.ed in the practice of this

K al ysts

i nvention are bu tinetallic ca nprised of at |east one G oup
VIIl non-noble netal and at least two Goup VIB netals and wherein the

rati o of oup VIB netal, to Gioup VILI non-ngble netal is from10:1 to
o0 Tt i Bhothesy prferiel ambodament ol tbetprsﬁna RYRROR therbil Fdtmaalicy st 25
conprised ef; J i Rds £, 580kk Y4 d the

t wo Grogp \Y/ %}9%2? a %H%wa%%mwl%??&?}gaggglf gérsr%gﬁ it%lhaltXEI %lﬁ/edlyzg%c?gng‘a ﬂ%@ to Whbe
about 9:1 siovdbpotysthllihe pSUIBSTH ATV AhiisErdn(sRvd d 2670 Ang¢rdind 41988

PCT/ US00/ 00977 ~ ~ 8 The preferred bulk trimetallic catal yst conpositions
used in the practice of the present invention is represented by the
formula: 1")b (M—~c ( ' B@EE@@SW@N@F PRAWINER VI I non-noble netal,
the nolar ratio of b: (c s O. . prereranly 0.75/1 to 1.5/1,
nore preferably 0.75/1 to 1.25/1; The nolar ratio of c:d is preferably
>0.01/1, re preferablly >0.411. still e .l ref.er apl 10 to 10/1,
still ndr ggbgué‘?ér gbﬁvb%rgy tdétjf’?}aql?n iﬁmﬁf;i‘ é\llg‘bﬁ{‘/ﬁsﬁ)&'pgm? al“PYPEYRRT ol ar
amount s of pMyardchyboifing precifdtib® bdfors cé’l@ﬁir?%(f&[ra@ AY dd (£Fted)odlctnind lae
essentially anorphous material has a unique X-ray diffraction pattern

showi ng cr 904l (Guree By aVate that the-patterng foxrhpsh therpgenwer gnd-the degompgsitionns. ~ 5

The m xed I hde | i pk.QduC e It f

pr ecur sor ﬁ%@ﬁbgﬁ(ﬁg By éo"ﬁ“n%??%& {mrgﬁar\?%h %%‘{b E%gg gg&%ﬂt\}/@y&?g? rﬁmﬁel s a
G oup VI pree-TiedrdinaRtistelative éntemsitgy the absodssais wolthéts (degieed). 1, preferably
0-1; and b, ¢, and d, are as defined above, and z = [a + 2b + 6 (c+d)]/2.
The prePursor has simlar peaks at d = 2.53 and 1.70 Angstrons.

Eegonposi LBl {HAS/sPhE Sk APbirfiRYioh aRbhSChy €uilda BlaRYBhEO=1 SABSA LT es.,

NH;-Ni-Moj.x-Wy-O precursors wherein curve A is Mogg, Wo.1, curve B is Moy 7Wo3,
curve C is Mogs Wy s, curve D is Mogs Wy, curve E is Mog) Wy, and curve F is
Moy W). The ordinate and abscissa are as described for Figure 1.
20
DETAILED DESCRIPTION OF THE INVENTION

As used herein and in the claims, the term "carbonyl-containing compounds" refers to
any hydrocarbon compound containing at least one carbon atom doubly bonded to an
25 oxygen atom. Carbonyl-containing compounds includes, but is not limited to,

aldehydes, acetals, carboxylic acids, ketones, ethers, and esters.
The olefin feedstock for the hydroformylation reaction is typically a commercial

olefin feedstock which may include linear and branched C, -Cj; monoolefins.

30  Preferably, the olefin feedstock contains a significant amount of a branched Cs -
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25 tenperatures of at |east about 300C, preferably 300-450C, in a suitable
at mospher e,w@g ofta10dgnert s such as nitrogen, argon, or stRamsdAidol7
deconposition Is substantially conplete, i.e., the amoniumis 10 Jub 103
substantially conpletely driven off. Sybstantially conplete deconposition
can be readily established by thernogravinetric analysis (TGY), i.e.,
f1attening of igonah0fhe GRANAS CUENE incille TISVEHAYR pGRIRED LHdpRg used i n
the practicé?o Che pr ese nventron can be lf)repare poy any suirtable
means. One hepiehesB@dses] SorknéindddvdeasLiromrtedctiaddtionfof QUBShEEWSFC,SHEET ( RULE
26) ~ 0.1l Ul 203 wo ooiat9aa rcTiusooi 009~~ 9 the netals are in

sol ution. @dsfy and pyteneselrern rtimenizatign end codimerizationcefnisehidyviese ppd dhandyr esence
of the protj'_gutél{egui d conprises mxing the netal conmponent and subsequently
reacting the restulting mxture. It is essential to the solid route that at

| east ore nmetal conponent is added at |east partly in the solid state
during the 5 mxing step and that the netal of at |east one of the netal

conponent s Gavakisatalized hedsafomaledomis typigalty ¢ramied gutiaha prassueiof d 5S0dylBa

Crop, "ot B iimpRRtaled ob'P0RCS P Rl IR i sty PR-RRR HFRC' 1 0T

but presentasibydAdéestalt AESEAPLING conderiration o Froffe 0 B5- X WRIs aitfeably 005 al |y
applied or as present in the bulk catal yst conposition. t o Generally,

during the taiwti%galsulatedastmatal based enealefin fredsipcka The syrtbesisngasitypigal s at

| east paytlyyl | j t ! one netal conponent is added
in the gdc;l u IéIZ g%p@@%rrﬁtgolﬁxtﬁ%?ag?@%%ﬂ%%éggﬁts% 1are added at least partly in
the solid state, wherein at | east one of the netals of the netal conponents
whi ch are adgded at I,eastgtﬁart e solid stgte remai ns_ at tLeast partly

y in th
in the sol iofteh saparation i FH‘@L%“ AR framy, theceuide geactinn BN thegrde That " a
nmetal conp I ded: il o ; ; s,anount
of £hi s ot B B e e A e R S e
the protic 4 suhstadtialTpraporiomef atrbonylrontitting sorapoieds 'vdticH amsprogenetliag ai n t he

solid state" ans ,t hat .at. | east part, .of e nmetal conponent is added as
20110 mid o TeSUFn it DR OB ORGP ioTn e, CHA PR AR o BoUacs
component i gaBARRNAS addehPldsl h@hlg)fotnitss, BREA| and MRS GRAH the chide aliobbl C
liquid. A typical exanple is a suspension of a netal conmponent in a protic
liquid ~i n piefest willecomiaimR0ivg. %t o wmars, mase tyRicallyedbin 6@ avtdo.sef aldehydey

optionally i i : i | LA i tal yst
conpositi onB€mJ é%g%%ﬁé@ézégﬁ%‘?}g%gﬁlﬁg{ey& IH ﬂ)l}ﬂsrg%%-é_@gﬁ gtrﬂgé Qgﬁr&ﬁ Legf‘ éé)rh rsgd t hat
t he metal cpmodoetents, which are at |least partly in the solid state during
contacting, are porous netal conmponents. It is desired that the total pore
vol ume 3hd pore size distribution of these netal conponents is

appr oxi mat elrye b4ig1y$Ee Wnpicyel 1R AR Bcéé?@?%}_zérr@%{ iﬁﬁ@ﬁ&ihﬁ&ﬂ%nﬁe&em%rmt .
Convent i onal hydrgtrea I ig SUBSTI TUTE SHEET ( RULE 26) 00141988 |

PCT/ US00/ 007 fisst Chydlthgenasion- step ofatled os prpsassr af lip thavénal hydrefigighinge of

0.05 - 5 m/ f.erabl f 0.1 &0/ | 0l -3 m/
and nost prg%fgrcgg%ﬁ?}?r %%lploqr s l?ﬂq"gﬁgéepe drr:i[é)l(rj 5#“%{ S 5’@‘8’&%“%{ gog?t ’ittl)lg. )

Pores with gxglictdeidantag@ il redultain dnablih@ tkisgtepetoabe Yaried quiteseanlatively
conventional hydrotreating catalysts. Further, conventional hydrotreating
cat al yst28 5lQyeseprassuieshave lasssihan dde34 MR 6F509; peigh ard/en angelgiivehy lowsre
preferably ast. 5 P Vo) ] ,

det er mi ned \?%ma‘?e% %@B&f"w@?%@ Eébrj | nstl{lgngctgi %%l?gkﬁe‘g %gfregl(lgﬁgt% Eem%%%o e t%‘:,hosen
whi ch has acubbayl-qoataning comporaids Go 1 alcéhad Producy Wiheh psedfasrthblcytalybt . 24 -

0.35 nm /g determ ned g{ ,ni,tro%gn adsor ption g{](g a syrface area of 150 - 400
m2/ g and rotke Hnal kydseligishing sisp, whichoisnglsey aghydspganation geactigny Hie ekpeetedet hod.

Ft!rthernor ] I e&eﬂé j ' ter
of at |east %g%fnﬁ%% lﬁb% tgfggg}ebﬁgﬁl%&%?&@a%g%) %lm angﬁ%@g’;ete),r gég;ﬁ ;éhn%{rermr e
t han 5000 wiewveldlesithan P.Leh@KaH/y imthe finished atvahol3@6duch, Itvis expectedrthat
preferably, the nedian particle dianmeter lies in the range of 0.1 - 50 ~, m
and nost preferably in the range of 0.5 - 50 ~.m For instance, by choosing
a netal conponent which is added at 15 |least partly in the solid state and
whi ch has a | arge nedian particle dianeter, the other
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metal conponents will only react with the outer |ayer of the |arge netal
conponent p hl In - this case, so-called "core-she}}lrt red bul k
cat al yst pa?\{(lsgqiéggggre obt ai ned. 20 An appropriate norpt%pggél&gﬁrm Heﬁﬁmrﬁ]
of the metal conponent can either be acfﬂ eved by applying suitable 03
preformed netal conponents or by preparing these netal conponents by the

e et BB AE! bR oS oAk BN MR e B
preci pitati eab&eyndhnhiRs aﬁ%ﬂpé}ﬁ)r”@&ﬁe@%nrﬁ%' WRer®6BRIphTAN Ak Blletdfc As has
been set out above, to retain the norphol ogy and textpure of the netal
conponent s witalykts.aFle bduefihistting staptis pafarably icarriet@us of abbug t5adleMPiat (806

tial that,th t t al t at | t tly, [ [
he Sol | d sPutk il (HE e TPoruEE Bres Mo ebiof oo PHaies B not ed
agai n that hidioper@isignti al that in no SUBSTI TUTE SHEET ( RULE 26) ~0J U

L 2003 WO 00/ 41988 11 PCT/ US00/ 00977 case should the anmount of solid netals
during the process of the solid route beconmes zero. The presence of solid

T b G BBt S B A A
conpri sed i $oh@pofding E@be AIBShOMAYSORBANG sRb of iRl rl(%(ﬁﬂféli AlyzeHOx0PH6&8s. S

met hods such as quasi-elastic ITght scattering (QELS) or” near forward
scattering viddilonally thelywnogeoatidmecatalyst nayl bp @sesldn tealy dndBuislieg stepdf the ensur e

that in no poinat in fi of the process. of the solid route, netal s are
it he B PRl sRalyaREos mopss TERARTREY il orbarocist Rovdbnaioi |
sol ution rouke aaf THY ThoédiBNbk®Npro&dss PEBPIBYd NEAri6d adebyst CRImBeindMingr Ot i C
l'iquid. Exanples include water, carboxylic t o acids, and al cohols such as
net hanol or ligandmedifiepr dpdiugp| shodimm jeedifed ovifhr iastiephesphine digandwsandi xt ur es
of an al coh . : r abkh: ' [ &.d 1 quid
"n thi e sol rampaicdFheiu ARt TeHEHFLAR el el BydfSRitnihufh phpoees

si mul ta_neousi# yyljiallyhnfarﬁe:d bat atolotwe prasaired [IT‘Y ant P4 (1005-{?1598%)@)]_&11'6010];&dd a
suspensi gn of a nmetal conponent i.n ethano| to an aquequs solution o

anot her fet dfmRsaEH¥he EEQ QL l?dﬁ%‘cé’g%ﬁ’g{“eélgﬁﬁ BIOCeSS AH By camied gul s ed
whi ch di ssol o 11 td . tal S

proti c I quicy et jorbferifls okl anall3071C anl BieflS ) oftBlebe SPESTRS
‘chrom um mRhoditenwxe processt sndisoussed i ukizk-Otleere EncySopedibl ef Ghemjzal/l | |

non- nobl e s.,are . 0. .51 L0N bal,t ickel ] xt t her.eof .

Pr ef er abl y%%%ynyto?%ﬁe bf 4edy ?03’8388%% gonﬁbppcﬁh%{&lléi ﬁ%g%zf}l?keé'f‘fe

ol ybdenum  cfrhidhiid BsleBy iRorporA&Eby ref@@biet , Mol ybdenum and tungsten is
applied in the process of the solid route. If the protic liquid is water,
sui t abl é%ni ckel conponents, which are at least partly in the solid state
during cont i S i Lyt l: j: ni ckel
carbonat oy el FRTRIGT 8 phhciP S D LeRGH Ble GRRARERIRIA ElaBR:
form ate, nimkmpris@ébofat feasi mnerGrokp [ VIikohornkiie metal akélat easysvaiGroumVikel

oxiae, ni ckel all oys such as nickel - no denum al.l oys, ..Raney ni ckel.,. or

mi xtures thePg _anél}yl{e%p éhmtlngéjﬁ!@}—}? éﬁﬁp"ﬁﬁ@m"s, rc\}d%iS%HF&P%'naﬁelrﬁ%@t Bpartly
in the solidyshafeRn Qu" 110 1§ QO URGEHE tht AP caBfysWBESL Hhlks HiBlaflicnBlyhdenum
conponents such as SUBSTI TUTE SHEET ( RULE 26) 1 QJ U~ 20~~ W 00/41988
PCT/ USO0?50 0 Scprnpirizedrof grisd@noupnV(IHinonenotiletmétil, prefedahly iNi loy Kdemdrihe bydGriap

nmol ybdenum nj,{J i d um nol ybdat | ybdi Cj e. . VA o]0

ol ybdenum oUi gtts Slo SR B Rafdpet T P of M Vil o RSB aRou
conponents whpch are at least partly in the solid state during contacting
conprise tungsten di- and trioxide, tungsten 5 sulfide (WS and W53),
tungsten carbide) tungstic acid (e.g., HZW4 - HBO HzWO0" - 9HO0)) tungsten
nitride, alum numtungstate (also neta-, or polytungstate) or m xtures

t hereof . These conponents are generally comercially avail able or can be
prepared by, e.g., precipitation, e.g., nickel carbonate can be prepared
froma nickel chloride, sulfate, or nitrate solution by adding an
appropriate anmount of sodium carbonate. It is generally known to the
skilled person to choose the precipitation conditions in such a way as to
obtain the desired norphol ogy and texture. In general, netal conponents,
which nmainly contain C, O and/or H beside the netal, are preferred because
they are less detrinental to the environnent. N ckel ~ 5 carbonate is a
preferred netal conponent to Ih@%ﬁ y in the solid state
because when ni ckel carbonateqﬁgﬁgggﬂFgﬁ, ,&39§¥%@s and positively

i nfluences the pH of the reaction m xture. Further, due to the
transformati on of carbonate into COz, the carbonate does not end up in the
wast ewater. Preferred nickel conponents which are added in the solute state

. o o — - o o v .



chloride, or mxtures thereof). Preferred nol ybdenum and tungsten

conponent s } added in the solute state are watery @I{) | ybdenum
and tungste\rllwg?pr%)@%ggnts, such as alkali netal or ammoni Lﬁ@ﬂg# @3?8 (dl s 2003
peroxo-) di-) tri-, tetra-, hepta-, octg-, or tetradecanvol ybdate), M-P

hét er opol yani on conpounds, 2s W-Si het eropol yani on conpounds) WP

het er opol yani,Qn ¢ . i het eropaol yani on _conmpound Ni.-,Mo- W

het er opol yam}ﬁﬁrﬁgﬁg‘gﬁ‘ﬂgi‘i‘m%ﬁ‘ﬁﬁ? yﬁre%ogl}p(g%@xp% e@ﬁ%r%%%iﬁaé’,mglﬂ{%ﬁe[’t net al
or anmoni um ihidneich & e regéllteﬂoomgmugara-, hexa-, or polytungstate), or

m xtures thereof. SUBSTI TUTE "SHEET ( RULE 26) 10J UL ~~~3i W 00!4]988
13 PCT/ US00/ 00977 Preferred conbi nati ons of nmetal conponents are nickel
carbonate, tungstic acid, and mlm ?@' Anot her preferred

conmbi nation is nickel carbonate, Y11 ybdat e, and anmoni um
metatungsf§ate. It is wthin the scope of the skilled person to sel ect
further suitable conbinations of netal conponents. It 5 nust be noted that

ni ckel car boweareind{ isen/Grogp il nossnoblegustalathe motauratio of bhieddbisyd. Yl eupsd, 1t is
preferred th h f. hydr ox [ [ . in the nickel carbonate
be hi gh. An ‘grﬁe%earbfya@m%régﬁo&y%?prﬁreé%é’??%/IBRZ%Z{’al ysts used in the

practice of the present invention is to prepare the bul k catal yst
conposition by a process conprising to reacting i reaction mxture a
n ﬁb’@#

3 gina ]
Group VIII erafiptef] c:doispiuelerebly 0 lutmera praterablicodddlvstBl meara
conmponent, i I t g el | solid
R T R e L e
two G oup VI &uiméblat aneumoofiMoand Wie.gixdl/3io 3/af amd 0+ [Z-péichd)B2mretal s to
Grobp VII1 non-noble netals applied in the process of the 15 solution route
is preferably the sane as described for the solid route. Suitable G oup VIB
and Group VI e BRBHRY aﬁnngﬁcﬂls (GAERATAS LS Xaf difilaBASE Yk sn WDl ©

ni ckel , nol ybdenum and tungsten conponents described above for the solid
route. Furt heystdliogpeaksiat d FéhShahgstromsaad dcohpdAegstonas.e, e.g., cobalt or
iron co nenis. .Further G.oup VIB . nmetal ¢ enfs are..e. chrom um 20
conponente.  The mietl I Rt R EhBul iR TR BE YeRathdindh 8 PR -
sol ution, subpéMstheforgfulés such. If soluble salts are added as such, they
will dissolve in the reaction m xture and subsequently be precipitated.
Suitable Goup VIB netal salts which are soluble in water are ammoni um
salts such as amoni um di nol ybd Qﬁg‘p@k | tetra- hepta-, octa-,
and tetradeca 25 nol ybdate, ammo iU par -@Wﬁc—’? hexa-, and

pol ytungstate, alkali nmetal salts, silicic acid salts of Goup VIB netal s

such as |l ybdi c. siJ i.ci c.aci d | ybdi ¢ silici.c tungsti.c id,.t iC
2o d, “retht NDRRIE X, 4 ORin YR Stobdronls Fieldholt: BB P o B hisoantd tor
Mo- P, Nb- S, pibfdtabiginc \MhdPb, ¢ dad dpard s de RSOV aBUBST T $1EED) CREAE 26)
~ 0 ~a ~ z~~~ WD 00l 41988 PCT/US00100977 14 to add oup VIB

metal - cont ai AfCRErseokAs Simidar pRAkscat dar 25hard 1.40 d9esH9mh at the tine of
addition, but where solution is effected in the reaction m xtwe. Exanples

of these conmpounds are netal compounds which contain so nuch crystal water
t hat upon t eMseompaesition of rtbageedinmey may Ibedeffsctddy et ielevatedi tenpearatures, at.gyat er .

5 Furth - sol ubl t al | t b ded | ' d h,
e ool o on Bt B e oL DT S e SPGB A
metal salts gl ekesARPhY aittdRn CABRPUNSeah, tRHIMEHpERIeEH 3t aliystafialpl € i n
col d water), heteropolyanion conpounds of N - M-W ( noder at elgylssol uble in

}

col d wat er) . cOmpleteedet,i the ammoniami is substantisdlyt conapletglyndrvenr effi Pubsiangially
Precipitation is effected hy adding a oup, VLl h non-noble netal salt.
solution at &°TR %Fﬁ‘f%@ﬁ%& il Eﬁqr%ﬁ%hesf)aﬁgﬂﬁgo%t TRPBRYHRHES| WAYES al
and the G oupTEB Nl fdtieRIn@Gfitiel vidight chBeEiree. conpound whi ch conpl exes the

metals and rel eases the netals for precipitati on upon tenperature increase
or pH chafige or adding a G oup VIB netal salt solution at a tenperatwe and

pH at which e Grqup VLI non-noble I a oup. VI B net
precipitate, Hhé‘ﬁaﬁaé‘iﬂxg f%’ép(fsgﬁﬁﬁr‘gf%rlg,lt%gE&%g?cﬁggfﬁlg Bﬁge%tr "f\}ég\/\%rl r?ﬁn tkhee
anount of t her&nkateryt anyTiGale Sfdaid, OdeSueinhnddsl a Wethod Whéreli it H 9f appear s
to have high catalytic activity. In contrast to the conventi onal
hydr opr ocessi ng catal ysts, which usually conprise a Garner inpregnated with
G oup VIl non-noble netals and G oup VIB netals, said precipitate can be
used 20 wi thout a support. Uns sitions are usually
referred to as bul k catal ysts. g@ﬁgﬁwsﬁghﬁé@m done by addi ng base
or acid to the reaction mxture, or adding conpounds, which deconpose upon
tenperature, increase into hydroxide ions or Ht ions that respectively

i ncrease or decrease the pH Exanples of conpounds that deconpose upon
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WO 00141988 is PCT/US00100977 ~ O JUL 2003 netal nitrate is nmade. Both
solutions are heated to a tenperature of approximately 90C. Anmoni umg jyi 2803
hydroxi de is added to the G oup VIB netal solution. The Goup VIII

non-nobl e nmetal solution is added to the Goup VIB netal solution and

di rect prewiguousss on of the Group VIB and Group VIII nonPebb$w®/ 08t al
conponents occurs. 5 This process can also be conducted at | ewer
tenperature and/ or decreased pressure or higher tenperature and/or
increased pressure. In another illustrgtive process according to the
solution route, a Goup VIB netal salt, a Goup VIII netal salt, and

anmoni um hyd ti,0n t eth and 0 heat ed. so t hat
amonia i s drﬁ%}é’g&%% mrg(?ﬁﬁhe rqg‘ﬁgrLl (t)l%ﬁecro gfn(g th‘i—fngtta v&{?%’ﬁe“g T Eci pitation
occurs. For ithspremes ofiiba pmttcklﬁjuld eEhpH3eke Riitthg Mm@ﬁﬂg&ﬁaﬁdhcﬁoiﬂdonent S are

applied, precipitation typically occurs at a pH.below 7. |Independently from
whet her the SBpsegrestly %Ftﬁt& tBpTesR)tipgmixgure, N isessentia) do the selid Tong st 15

catal yst co Vi r nsi sts
MQS! beOmetl SRR %&ma dt %ﬁ& Vfaag, nﬂrge sBf; @Eﬁ{carm'ﬁ{% oR

essentially of bulk catalyst particles characteristics of the
bul k cat alsystmipingtsiep land thata@c mietpd df 4t deagti ane b£the metal Forepdmehtk whizh Abyest

par il es. 1 PoryBORLHIRPY BE0Y PTG g Holrmaie o' £ B b BorBRSkE on | s so

high that it dasngode i afrﬂ%ic}ﬁoﬁbtb% epieRr ih ®hid c&Menidoes Hdt@iban dhesol i d
liquid separati on can be perfornmed before shaping. Optionally, the bul k
cat al yst conpesdaltin dts, m@i‘lﬂlﬁé"?mhbu%ﬂé-ﬁmom pmea} C@Eﬂ’quﬂd’l jughyiag theapetrlat i on, can

be cal ci ned Q@itn fr?en?ﬂqmggﬁ’y aﬁ)%e&r g'teas At ggcﬂé ﬁﬂ?&zﬁglg %ggsltp)‘dl k catalyst

particles is at [east sO nm "nore p y at nm and
preferably not nore than sO00 gm and nore preferably not nore than 3000 pm
Even nor eltpr deaerally.yduring gherrpigingrstepsithérel leaSopSERUESHERTs (AR 26) WO

00141 988 PCT/ Je) | t “y nge of
0.1-50 ~.m ar%%gpn‘g }Q%rzé‘ee ogglsHi 1 N t%ﬁea%g%ﬂeag@ '%’ - gﬁﬁ% Qﬁe{ﬁn lglli%nder
material is skt statetdrallpmetphmﬁponents)iretahdhdcmtlakmmrﬂ)cbnmsblﬁd siatej t can be
any material that is conventionall lied as a binder. in hydroprocessing
catal ysts. V@?%Fte@aﬁt (o Ggéhes’?‘?tlal\é&??@i Ipgt a°-°§}pﬂﬂel“|‘%?vg’§ﬁ(,aFF_ %{’é ‘&Efnvent i onal
si lica-al um ngst %i %Wﬁﬁ%h&gmﬁ' refihin R ayeskt ﬁ&rﬁ?"ix?ﬂfe%ﬁ& %ﬁtesddri'ngfme al um na
such as (pseudo)

entire process of the solid route. That a metal component is added “in the solute

state" means that the whole amount of this metal component is added as a solution

of this metal component in the protic liquid. That a metal component is added "at

least partly in the solid state" means that at least part of the metal component is

added as solid metal component and, optionally, another part of the metal

20 component is added as a solution of this metal component in the protic liquid. A
typical example is a suspension of a metal component in a protic liquid -in which

the metal is at least partly present as a solid, and optionally partly dissolved in the
protic liquid.

To obtain a bulk catalyst composition with high catalytic activity, it is therefore
25  preferred that the metal components, which are at least partly in the solid state
during contacting, are porous metal components. It is desired that the total pore
volume and pore size distribution of these metal components is approximately the

same as those of conventional hydrotreating catalysts. Conventional hydrotreating
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or gibbsite, titania, zirconia, cationic clays or anionic clays such as

saponite, b i kaol i ne, sepiolite or hydrotalcite, ] S .
t hereof. Pr g&@%ﬂh{\lg%l nders are silica, silica-alum na, %m(g&%%?t aljliﬂc:’uL 1003

zirconia, or mxtures thereof. These bi ngers may be applied as such or
after peptization. It is also possible apply precursors of these binders

that, during the process .of the inventi re_converted |nt ny, of the
above- descr | LS srnerally haye laélﬂrf'e"%‘%‘@&#gbo(%s' g,x%l,/g,é)_r@fgr,ablm ‘ngq)? ‘b e,

al um nates ( i lyum i , S i ilica
bi nder), a m&lgrteﬁ?%@%%m}gpigﬂi ngrreﬂg%bédgldﬁ?ngt ﬁé%@%sgn% g\\gt eé Bgllggé’%st@x’zr?%&logﬁ{ ain a
silica al um mitrogEnradesrptiom Porestwithea difiméter smallet émndfnm ari geneiatly not poeshnor

tetraval ent netal s_ucg as a m.xture of m-sol uhl e j&l ts of nga?‘nesi um

al um num andfgengsntiopgihydrireating satalyss. & icenveatigual yydyofeeating eatalysts| ay) |
chl or ohydy ol i ' 2 i , bi nder
mat eri al dgnaygelggllag r}rlggé;]a't% g}cfa €met fﬂﬁa gf @gé%q\b/l /éng?(iaﬁmé% }Jg‘?rqgﬁ'zf%l%&&gg 1]
non- nobl e nemd anpmast ptefierbisy g ac agpold0tmdg, vdetdimided Yiukhe BET ahsthéd. For

conposition and/ or i.or to bein dded during the prepayation thereqf.

Conposi ti ng {RENs H@k?l GRERogpteLan BF £ Sﬁ'iW’?‘tﬁh }iagéé%ta rsﬁg{wfdb{%a@sged out

by i npregnat i i4Nd@ra s W 1

skilled in tikrllggaa?P F&E%\l;@wsl&gt é4l e%%#%rﬁ%&?@ﬁlet eﬁmtl% g%.aa{b?pmﬁﬁ%der is

pepti zed, i tsurfacahea ofd56 i H0@ ni*(y aalrmyrequefetably X (00e3 10zat/p determiriet dy

presence  of Vi nd/or Group VIII1 non-noble nmetal conponpents.,

SUBST! TUtE S%E%ﬁ)%mgtﬁ 2 ﬂhmgﬂsﬁg% CP??PWW%VE% ].D_P@l‘t@fwt a7
al umi na i g r n the

range of 100 lﬁ%g{engfg,ﬁgsrﬁormr’e 5?3#&3@?)? 265&% ﬁm%%%’p&ngllg?ﬁ@bgysuér@ﬁo%y t he

B. E. T. net hothan 36@0 puorandwadre peeferhibly met mbrertharm300 \pn Eemabérg prefetably, thenge  of

0.5 - 1.5 m/[g,measyred,. i t.rogen adsorpty pn. .5 General t bi nder
material to BSIUZHE 'cﬁea ’a‘i{"g&ﬁlﬁ%ﬁh{ﬂ?trwe td|€|'159/ %%‘?Wéi ﬁ'{?ﬁ{g@&t‘%%st
conposi tion fingef 6.3t-0yirh CFaGhdtitickybyddhoddidg aGanslasdufshbnt whivh aGdded af
bi nder materjal, the activity of the bulk catalyst conposition may be

Ceduced. 15helastprely inhe soisLstate ard Hhishdis AdaTer métion gameleianeter, Ahaopt v
reduced. I¥he | i . dhe
O Paar o urit ESimp BRIl bhiy, rBhot ifh 8 ohtel Hyer BF Mo/ BleCAMPRbARN |

dependi ng onpartieleedn i thdgemde c sé-adlledi topgpghellt atrotared-Houlkv edtalystopdrtikles are
advant age of fhe resulting unusual high activity of the catalyst

conposi tion, © f2%98r amounts to be added are generally in the range of 0.5 -
75 wt. % of the total conposition.

20 An appropriate morphology and texture of the metal component can either be
achieved by applying suitable preformed metal components or by preparing these
metal components by the above-described precipitation under such conditions that a
suitable morphology and texture is obtained. A proper selection of appropriate
precipitation conditions can be made by routine experimentation.

25
As has been set out above, to retain the morphology and texture of the metal
components which are added at least partly in the solid state, it is essential that the
metal of the metal component at least partly remains in the solid state during the

whole process of this solid route. It is noted again that it is essential that in no
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15 The catal yst conposition can be directly shaped. Shaping conprises
extrusion, pelletizing, beading, and/or spray drying. It nust be n?@eﬁjttzhﬁt
if the catalyst conposition is to be applied in slurry type reactors,
fluidized beds, noving beds, expanded beds, or ebullating beds, spray
drying or herdisngsi s generally applied for 20 fixed bed appus@z07dns,
generally, the catalyst conposition is extruded, pelletized and/ or beaded.
In the latter case, prior to or during the shaping step, any additives that
are conventionally used to facilitate ghaping can be added. These additives
may conprise alum num stearate, surfactants, graphite, or mxtures thereof.
These additiv aggg g ri h I ep.
Furt her, V\hencgge] %%ig}lﬁ&lcs qbggé&?s/mg{a iﬁg@ﬁﬂ% £ }(%%15% (get%gégflu{r]g lﬁée to add
aci ds prior thecdmes zhapiThg psdseee i Gblidmeral comprisiny ghriicles cunr @sdebé he
mechani cal styength of the extrudgt es Ié, S x};{ref er r,gd t hat a hinder
material is AFFEEdBY viPalipsoeetion ahlepst i ghe fiageterefthesojid ppsticies injwhieler r ed t hat
the shapi ng shepeiafs FSEdrhRRlePidlarkd} hARTHOWDTRAER 0P Visid lighti Be cSilieh as

SUBSTI TUTE SHEET (RULE 26) . WO 00141988 PCT/US00/ 00977 "1 18 wat er .

Pref erabl 5, tmethedssueh anquasi-¢lestiel light scafteriag (QEES)oer neprxfomvard seatisriegssed as LOT
isinthera - 809 i i tion can,
after an opt r\%ﬁ%}f%&%&?\ﬁg %%hggﬁllgcgggéogpc{a?3%51??3&83‘?%?5%%%5“@%%%@i on,
however, is notimesdsértpredess dffthessobditontenall metalsiage in dirersolnck svaté., it can be done
at a tenperature of, e.g., from 100-600C and, preferably 350C to 500C for a
time varying £rom0.5 1 . e.drying.of the aped particles is
general ly caril}eenéot(l)cu]?qué?tﬁen%gpéfﬁrtggSoe{%o%eso‘lgﬂwou{éo()fl%nls énvﬁ tc?netltpf ed

grrbodi ment ¥ tﬂiﬁpaﬁigg ahtgt;'tt @arpeeay tr;:%aﬁa ligaids Lﬁuag@teeﬁt%cumesmaycaﬂmﬁiyng, (flash)
rying, mlling neadi ng, Qr conpinations thereof prior to shaping. These
addi t i onal® pr# s‘é“ds%l@ﬁ'@géaﬁ"h Heametpanglion whpngl ¢ Fraferablys a liguigrcompagne a bi nder

i's added, af t\gferSRbh & b@itSoRRROASIH AR walkP bR Rore pralrhfly vtk & fgd | on and
subsequent to re-wetting. It is believed that by applying any of the

above- descr i bascprotischquid)ire thinsolidgpuly. d¥lga differentprotic liguiys danybengpplied | | i ng,
kneadi ng, or g I nat.i.o: I . Qf . Xin e he bul k
cat al yst conpsglgfrﬁ%ingﬁ}sgﬁlﬁﬁ?%%%gﬁﬁg%rf:%gfl%%%é’ﬁ?}sgmlss@)%%v%gg #\I’f}?cgggﬁ)pl ies to
bot h cases whdr £ rhdid bormgbeentrint etharall tb Saradguedud edlotien of aabther nehe

application of any of _the above-descri bed net hods. ) er, it .S generall
D b ret 4 o AGRONTE. B T Cored PG Compon £ S apey VRS SR OF oy

alternative t&ahadMevardrl ThOEyRhIRGHET sérfes’ pashid Biduid #bmaddent to spray drying
and/ or any alternative technique, the resulting conposition is preferably

T IRLE SR TR A NS E T T O
mixtures thereof. Suitable Group VIII non-noble metals are, e.g., iron, cobalt,
nickel, or mixtures thereof. Preferably, a combination of metal components

20  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 carbonate,
nickel hydroxide, nickel phosphate, nickel phosphite, nickel formiate, nickel

25  sulfide, nickel molybdate, nickel tungstate, nickel oxide, nickel alloys such as
nickel-molybdenum alloys, Raney nickel, or mixtures thereof. Suitable
molybdenum components, which are at least partly in the solid state during

contacting, comprise water-insoluble molybdenum components such as
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obt ai ned when this technique is applied. 25 Furthernore, a cracking
conponent may be added during catalyst preparation. The cracking cO@RRREN:
may serve as an isomerization enhancer. The cracki ng conponent can be any
conventional cracking conponent such as cationic clays, anionic clays,
zeolites swoloaPsZSM 5, (ultra-stable) zeolite Y, zeol it BCHUSIROMET s,

SUBSTI TUTE SKEET (RULE 26) WO 00141988 PCT/ US00100977 ~ ~ 19 SAPO s,
anor phous cracki ng conponents such as silica-alumna, or mxtures thereof
It wll be clear that some materials ngy act as a binder and a cracking
conponent at the sane tinme. For instance, silica-alumna my have at the
sane tinme a I ] bj.ndi g f Wa\; : { t.hescracki ng
conponent ma;;/ﬁ @E@%ﬂpggftég fvr\nﬁ?%ﬂ%’ g’%ﬁ%de(x}}% c?iredtl%l’ qﬁﬂ%‘?‘%ﬁ"’% ﬁ‘l(()lg’p VI

non- nobl e netalkimipm onolytxatee inmdybdonpad i(e.e4 HyMol,), meolyhdekuns sstibidg,sor
conposition and/or priaqr . to,being.added durin he, .por epar ati.on .t her eof .
Conposi ti ng tnﬁ'ét/u{:ef él%’ﬁo g F%H%&Hﬁ%‘tle tire e“a‘f?f}“’fige"ﬁsh‘@@gh ﬁ%taéﬁlegmr?ﬁ?fybe carried
out by i npregmadei solid s@teOduring & ofitactiilgl doshpEitRAFEH divekd tridkeREuABd@r | al s. The
cracki ng conponent, which _can conprise_ about 0-80 wt.%_ _based _on the total
wei ght of 5t haulfide 4S5 tand cWS:)péingstae ¢atdideq fipssticasidd &¢-24 HEWR0T 8@ of t he
present invenf i pri 0 hapi y (hikg | referred to
add the cracE%’%SGTS cgﬁr'rbdgheth%gaszfar ?gga%oﬁphﬁgﬁuﬁkﬁg&%ﬁeh (%lfgoe rgftﬁde{n?

Cener al |y, wipplytungstateher raistuves-thkaendr Thesd comprnkints gregenqualiyesonsnearaialbydded,

depends on . th nvi si oned catal ytic application of .the final .catalyst
Conpos: ti on. SKAaE A can BE PlspaRl Buit £ RERBIARP ¢ RoniPked srRoR BB oS t | on
shal | be applpreparet! Nfrétytdi afiEIRE chvgder sulfatef |odi sitraat @llutionCbg radeing ngh. Ot her
cracki ng components such as, silica-alumna or catiaonic clays are preferably
added if Y¥he 2PprABmate 2mqpatRf sodivpocaranats- s ser’a@llﬁé@awmorf@@dﬁlekl%ati ng

appl i cati ons pekBeioNBosRthéHredpiaGlh SaliRhEmis@ih 4 WA asits oBERARE digRgnds on the
desired activity of the final conposition and the application envisaged and
t hus may var yndrphoingy-a8dtextwreq based on the total weight of the catalyst
conposition. 25 |f desired, further materials can be added in addition to
the metal COTRABRMSmatal EaonBilE Whic HERS LB (210} hilbt HOGesRBYheTaL € |
that is added during conventl onal hydroprocessing catalyst preparation.

Sui t abl e examptasare prefBtdB $T¢atsTHeSHE SRS (RtiEnt2lo) the DIroNment.O Bckel

T US01 009 By IO BAIS T RSHRSERar BYe' HARCR TRy ] Qg Ot 1 i o

state because when nickel carbonate is applied, CO, evolves and positively
influences the pH of the reaction mixture. Further, due to the transformation of

carbonate into CO,, the carbonate does not end up in the wastewater.

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

para-, hexa-, or polytungstate), or mixtures thereof.
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transition nmetals, rare earth netals, fillers, or m xtures thereof.

Sui t abl e phosphorus conpounds i ncl ude amoni um phosphat e, phosphorig (i 1d7003
or 5 organi ¢ phosphorus conpounds. Phosphorus conpounds can be added at any
stage of the process prior to the shaping step and/ or subsequent to the
shapi ng stvapood1$sst he bi nder material is peptized, phospHRaTASEWATFounds can
al so be used for peptization. For instance, the binder can be peptized by
contacting the binder with phosphoric acid or with a m xture of phosphoric
and nitric acid. 10 Suitable additiongh transition netals are, e.g.,

rheni um ruthenlun1 rhodlun1 iridium chron1un1 vanadi um iron, cobalt,

D e bl TSR o Dl S R R B G s !

wat er - i nsol usx{deniamakaium @Ridybdﬁwmrap”réfeﬁéd comnBigitn Romplaneabsndd)at are 15
descri bed above for the solid route., These netals can be added at any stage

of the proce¥8mppingydimglypate, ﬁ&mn@mersﬂatpwwe fIt vitkinitsgeonsede et al s
during the plcenes Pﬁ&odés@l’e&%ﬂﬂ:’?%ﬁxﬁbﬁ: bRLHARRE hidral Bempdibil yoat al yst
conposi tion therew .g., poOssi etomrpregnatet i nal

catal yst conmostibeinoted dhat hickel carypratgpiweyseampnies & cerric amnpumt of mgraapy of t hese
nmetals. 20 The pro esse? fgr iierﬁ ar i ng EHe bul k cat al st cBrrB 'lt' ons may
further conpBioues It BlHeTeq 4bats %T%"B’ Y Rrg BelePamkelcarri ed out
by contacti ngarbdited@inidhyst conposition or precursors thereof with a

sul fur-cont ai ni ng conpound such as el enent ary sul fur, hydrogen sulfide, or

pol ysul fi des e sul fi n can ner carried out subsequently
Do The. r cpafaegRsbE membdsy PreramEdny Lt es R IS

addi tion of gyBitRHeE Hkéfatetthe b%ﬂ@éé?élys‘%%@ﬁﬁé&kﬁiﬁtl&)y atRodeBecigfflisingon of the
bi nder material but prior to subjecting the catalyst conposition to spray

dryi ng aridl oreagting il &eteprsion visixtuse oGrougURET npumeblshmetal cqmopertgp WO

001 41988 PCTL S 9% Groi, e ol O Rl A0 o RS Nk 430 e 19

the conposition 16 Spray n or an ern r've ‘ne ut prior to
shapi ng, and,{rolthesweas:fumatdoudtroutshmfan@l;t,%ecatoaby‘ﬁm conmolsie trhepal. 1t i s

preferred that the sul fidation i not, carried out prigr rocess step

t hat reverts""?‘1’&%"“8’[‘)%1&F‘i*}%‘a‘?ﬁ’éti2 @ ftil COMPPRADFS. d’é‘gar ig’c 5 process

steps are, o ?Vﬁi fleAfittb Trod) VEIP hay-néH1Y d@istdp ﬂéwmqhbgfoc&bghtmerrper ature
i n

treat ment presence of ox Consequent é e cat_ally

conposi tilén s@utimlb]ogtﬂt @@rafcrablmrtéq/smwaws d dor thepolid r@rtfnaswﬂb et echni que,
t he sulfldatl | d b u he_a ion of any
of these net %Peq a‘?lﬁg ?ﬁé&)bﬁéj n?én?élt g&g"o fgmgaﬁgu ggsteon st ep,

t he bul k cat &la;és-bolﬁlﬁlmﬁibkblt mlybdawnbmdpﬁmgaamedmbdmmsalcsdﬁbashbowaéorrret al

Ifid the solid d. the bulk catal t
an be pr epafEde G ST CIOPNIE "RAAPOE SPGB G R and) or

tungsten sul o} g6n components. Further Group VIB metal components are, e.g. chromium
20 components. The metal components can be added to the reaction mixture in

solution, suspension or as such. If soluble salts are added as such, they will

dissolve in the reaction mixture and subsequently be precipitated. Suitable Group

VIB metal salts which are soluble in water are ammonium salts such as

ammonium dimolybdate, ammonium tri-, tetra- hepta-, octa-, and tetradeca-

25  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
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15 If the catalyst conposition is used in a fixed bed process, the
sulfidation is preferably carried out subsequent to the shaping step and,

i f applied, subsequent to the last calcination step: Preferably, t hé 0 JuL 2003
sulfidation is carried out ex situ, i.e., the sulfidation is carried out in
a separateypemadgr prior to loading the sulfided catal ystcrasop@siiti on into
the hydroprocessing unit. Furthernore, it is preferred that the 20 catal yst
conmposition is both sulfided ex situ and in situ. One or nore of the
reaction zones of any or both of the {wdrodesul furization stages, my
contain a conventional hydrodesul furization catalyst. Suitable conventi onal
hydr odesul f ur.i i .or use in.the. present. i nventi 25 includes
(hose that Apai8 Sublh (B Mot ko Bhe (5Gpihay BicR RS Flin cAlEoH dfer 201 § e,
Co, or N, nimeofudaitiontut whee seldémis effecteddin Ghaesdtion rktred Bxymples and at

| east one Group VI netal, preferably Mo or W npre preferably Mo, on a

rel atively Hefghessspmaewnds aeametahcamuounds:ehicharontain 89 apshicysal Waeha. Ot her

sui tabl e hy d I i i 1S Ky ts higl l4,5,es, anor phous
silica-alunﬁﬁg,ﬁgmo&g%b ?%%gﬁ?%@%?ﬁ%?&%fHﬁ%@%%ﬁhg?glaggféﬁgé%%sban al so be
enpl oyed, 5 prBfréerq oy-soluble SIBSRIT DR tSHIdETd (Rblisper@ion and” d8Quel) 1t4¢ 988

PCTI USO0/ 009771 O JLL 10 22 the nobl e tal is l.ect from Pd and Pt.
It is withi ns°¥‘1%‘ nésc%%ge f“??%eewﬁ?l@g érm“ufenvﬂﬁt?@f)Ho?'ﬁél%lmegaqtsﬂ&rf“%ne type of
hydr odesul f usetetépolyaRion adorpotiidsbel 06-84b-Wn (rhétRratedyTRolublRCini N Waksp! . The
Goup VIIl metal is typically present in an anount ran?i ng fromabout 2 to
20 wt. % pr ereisrensixanion samaends ofiNirlMo¥ (mpdesately pelutde mygoldpvatet al will 5
typically be present in an anount ranging fromabout S to 50 wt. %
preferably frreabonnidireliOredted\o-ohtairPd'shediPiiate. rEdifitaB0h ¥ difeltBd GPOUt 20 tO
30 wt.% A1l netal weight .percents are on support. By "on support” we nean
t hat thelperaddingss Graipb¥Ekdomnobihmetabsghsolyiontdta tempereture aropH ekanpl e, i f

t he support r 0 j K n 9 VI et woul d nean
that 20 g. oﬁoﬁ%&f 6%%6%?{)%%?1 581 g?/\%%tr%gal taﬁg ‘%Eﬁ%“ﬁ Qﬂgén ‘Hl H{gcgﬁlﬁlecén f ound
that in thisaddiges cbiapound! whickicampiekesptht trhatdle andirelesentier merRBi it ant . Thus,
the active surface area of the buyl k catal SC\H}PIFarti cles is, nai Qh{l ned during
use. The nol BFCIPUAIOR uBPn ESRRFFANTE @q??s@bﬂé g° HoMdmsLt Sronm ranges

general |y frgefal&itlsohitibh ad 8 deripepinde akd YHT 4t Rick’ the Gréup VI hbenewse of a

core-shell structured particle, 15 these ratios of course apply to the
met al s caht ampebandrGrons WRean¢tal prerdpitate cpnging tthroteripemiy @ thangingiige VI B et al

contained in#h i i - | i ta.cal . The
camehol ds. vk roweting B kil BFL! G, ‘The RERGHGI dbuiRla Btk diER T

t he case wheprecesnbpfedasrtorhaenbigh waglytie activitg. dnessindst &s therugentomdl net al s, t he
nmol ybenumaungsten ratio preferahbly lies in the range.of 9:1-1:9.

Preferably, ﬁﬁit@%eiﬁ“&uf)ﬁ@ﬁtﬁ’ ‘ﬁBﬂy Hﬁ’ﬁﬁ% cAUPHie % SAGFT dRRregRalsde it gy or
cobalt. It igrdup™MilielonRoblkidtadarid @oup VEB el savd BreoBitatk caObisedES a

conbi nati on of nol ybdenum and tungsten. Preferably, conbinations of

ni ckel / m8P y bEhawASUPRPSt cHnsupRprice Satplystraomppadons ire wvaly esferegddo as

ni ckeUcobal t { iRyl ?r@.u%ﬁﬁgﬁgttﬁgﬁgr&n;@%mm%%@ § o9facmn%0¢1 itates

appear to be sinter-resist S, e actrve surface area of the 25
preci pitate tesctioenmixnme oluadding csupouiidse whidhallsompesepumheteriptigtup, esent  as
oxi di ¢ conmpounds af thg{atf:(?{ar.espo i

[Hil.n tals,.ar .if the gataleyt
conposi tion MEE25JRR 1y ahs A dt 117 itgﬁéﬁﬁf)"&‘jﬁéjé“"é‘?a‘s‘f REOEER? e@f)ondi ng
netal s. SUBSHlTUEmpidsEof doRidetmdiOthat dedbmMid 4:h8S Serdprdtrt/ ihi¥edde QR 77

25 thereby increase or decrease the pH are urea, nitrites, ammonium cyanate,

ammonium hydroxide, and ammonium carbonate.

In an illustrative process according to the solution route, solutions of ammonium

salts of a Group VIB metal are made and a solution of a Group VIII non-noble

SUBSTITUTE SHEET (RULE 26)



Preferably, the particles have a surface area of at |east 50 n2/g, and nore
preferably of | east 100 nR/g neasured via the BET nethod. It is
furthernorea]&@ﬁ@rgggd that the particles conprise 50- 106~ HU598/00214 evienjut 2003
nore preferably 70-100 w, % of G oup VIII non-noble nmetal and G oup VIB
metal , based on the total weight of thddparticles, 5 calculated as netal

oxi des. The anmpunt of Group VIB and G oup VIII non-noble netals can easily

be det er ni n@gtal, pidrateEio Emik. Both pejudensi are eaterhio o femprsptlares P appipsimatdbut i on of

e PRrL 16l 3,AR01GH RS NS4SR b VS, SOOI .

preferably WIPpacenybleunRalodolRiddSis added @, theWreuPVEB ehéhl yol@iorDarkdt dirdtt/ 0,
still nmore preferably of 0.1-3 rrI/c? and nost preferably 0.1-2 m/g

det er m ned PrpcipitationgifitheGeennpVIB and SreupeY Hbnon-nelle axctal pampenpenthaeeuas.nm ar e
not presgntay.. r nr. rLi ] I I di anet er
of a1 chot Tub PieRS R afo He RGP dg St BB TR elor R g PR a PP o
nmore than SRiQRerVemperatet 400/ ilkirédsed plksardiot nore 15 than 3000 pm Even nore
preferably, the nedian particle dianmeter lies in the range of 0.1-50 pm
and nost preferably in the range of 0.5-50 pm The surface area of the

catal yst co bil referably s at | 0 , re ferably at

enat 80 moroast AlsPéiedhaitst sSufha IR SopSipnoie, « PGS S8 reid a0

vol ume of thGrewys Wlly fietat 6410 @Al hin@ibniin Rydtbaida bleymiakd iresshtidh @pethiéd ghdand

nore prefer at |east 0.1 m/g as determ ned by water porOSi%r%é To
1

bly g .
obtain &4t aﬁiﬁéftd 8 it cammenia i driveni ofh 2pe thamtt & Ycz:}vqr%g@ i pHa
desirable t : Str GO Ay as; o] r 0544t It was
fonnd that PRAPRaT fls FaoTRRalch, WMl idkel, WATRREARET PRd gt
di f f ract i oncqmapdnrents ardapphiedli grécipisation aypicaily acyat st ofif deloed7.by co- m xi ng and
conventional hydroprocessing catal ysts obtained by inpregnation. The X-ray
diffraction pattern of the bulk catalyst particles conprises, and
bref erabl y_aBanidetty Yrob0RRLAESHS B of Wil e {Rlober? e restinfl bulk L 2003
WO 00/ A1988 PCT/ US00100977 24 of, peaks characteristic to the re%ct ed net al
conponenf s. catalystecognpositioo pedfetablyraomprisesrandanere ipsefelablbyrconsistsassentally oh a
nmol ybdenum t st en conppnent .as descri.bed apqyve,, the resulti bul k
Catalyst pallik PHESSE SRRRAERRARN 85 aREEHRE 50 S e Y Refe
conpri ses pdedesibed heteidets. of (4.09), 2.83, 2.54, 2.32, 5 2.23) 1.71, (
1.54), 1.47. Values in brackets indicate that the correspondi ng peaks are
rat her broad andlor have a low intensity or are not distinguished at all.
The term "t = WA L entd.al, | i Lol:hese
peaks neans FI{tﬁﬁ étu fki%’)aé@#gtfc?gﬁb%lﬁg% gﬁ%g'g{fg%l@f% ecmeéca gy?gg(ﬂoﬁgﬁf éﬁnr)%sélgg t her
peaks ca@nt aipaiglesnlftthe adiohtr af Hiquid gfiahd bulk. cafelyst pompogifivmiesd bighcthatait y st

obt ai ned by the solytion route has 10 a characteristic. X-ray diffraction
pattern whi EAMRE ﬁ?eeagecﬂyo?ﬂ%éeﬁ% # %ﬁ?‘&ﬁn‘"éﬁp’b@ S&‘b‘fﬁwrﬁ@%@ﬁ%}m&oﬁ%ﬁeﬁ?i onal
hydr oproces @emrﬁeﬂtteéfa&tsﬁ%ﬁﬁ%m@qaw_mmﬁgmtybmmfo@mohn&nﬁn aesicher X- 1 ay
di ffraction gatte_rn. of a Ni-M-Wprecipitate as prepared by the sol ution
route has pé8Rresaid liguideieperstion, can 8¢ calgingdbefaee shagigg. Al so as previously
stated, the catalyst conposition may conprise conventional 15

hydr opr ocessi ng catal ysts. The binder materials and cracki ng conponents of

t he convgnt iTheahedidtldiafiene 0$ Heulk akalysspargeloeisalt least SO, sxmra?wfaﬁbltyhe
above-descri bed bi nder materials and cracki ngpconponents. The hydrogenati on

netal s of t HEleasnddmmandiprefprbbpraleers thag R amyand mereapraferably. slynpise

G oup VIB a I - I conbi nati ons of nickel or
cobalt 20 ququ@:d %%e%‘}ue%q’gér}eg 8%‘5?‘3‘5&’%3"1“?%3{1 (ra&(?f%nventi onal

hydr opr ocessi ng catal ysts are, e.g., hydrotreating catal ysts. These

catal ysts can be in the spent, regenerated, or fresh state. As will be
clear fromthe above, it is possible to add the Goup VIII non-noble

nmet al - cont ai ni ng conpound and the G oup VIB netal -containing conpound in 25
vari ous ways, at various tenperatures and pHs, in solution, in suspension,
and, as such, sinultaneously and sequentially.
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SUBSTI TUTE SHEET (RULE 26) WO 001419S8 PCTI US00100977 "~ 25 The precursor

conpound ca readily prepared by one of several Lncl udjn

a variationggf&ﬁﬁgﬁgoiling deconposi ti on net hod used bypéﬁi@ﬁﬂgp72nd%ﬁshﬂgm%
in which a tungsten conpound is added tg the initial mxture of a

nol ybdenum sal t, a nickel salt, and ammni um hydroxi de. Direct

precipitatiqon and .pH controlled precipitatign y al so be _used to prepare
t he precur sgﬁa“@@ﬁﬁﬁﬁ}ﬁdbe qaﬁgedeFO.&-gg &g ar}ﬁ‘d’(?@\tr@‘ie?er%ﬁ? &&&Wloéﬂsséfq%n'of

ni ckel , nmol ybdenum and tungsten are enployed. Preferably, the nolybdenum
and tungsten salts are ammoni um conpounds, e.d., amoni um nol ybdate,

anmoni um net at ungstate, while the nickel salt may be the t o nitrate or

hydrat ed ni {fraier nidi€iall GAREPRSEE pRH&GHHS 6F the adtalpst coipokities itan eengul f i ded
by a variety of known nethods. For exanple, the deconposition product can

be contacte ' S IS 0% 2, at
el evat ed teqrr.gl\({a}i‘rritaa't1 6l?aég§fc8§9é§ﬁfg§iggr9¥>%%§o?s”? Ilﬁ%&éaﬁ ?tl&chr nrtg ce,-[s(s)ﬁguqa I ébt he
deconpositign product, .usually t he .poi nt .of H2S breakt hrough in the exit
G Burti o RehEn Beugtyafes ! sbbwalttiRo. Mot o5, Somebiat DSy Eind,

f eedst ock containing sulfur over the deconposition product. The process of
the present Siliggepatedaluaying andsaluming-coated) siliGreliminacsuchtas| (pagude #od 20 of
at | east one Goup VIII non-noble netal and at |east two G oup VIB netals.
Pr ef er abl e, ot hmbbsitej titapia, Gimwapia)/IcBtidmic @laygporVkhionicethlys sush fasosapbitd, t o
1:10. In a preferred enbodinent, the Goup VIII non-noble netal is selected

from N and beofits] khdleheEcpitititd/bBhymRbtalcite,or Hk®eds@Rert s 0 MeiBralsind¥rs ZRe

met |hods of catalyst forrmulation and preparation described herein, are
appl i cabl e t.g:.L hg;:ab - e I : C S i j tion,
this catal ytss?lcé’aﬁh eaéglé%’ Z‘g{nggﬁ&g%g%’r %gft%lhi)r%gbgr?ﬁ? %?ésﬁe;}} rgfﬂqegﬁiﬂﬁrg&é?;t al yst
in the 0%0 PrOGess. SUBSTI TUTE .SHEET. %tRUL@ .26? W%O 1419188 PCT/ US0Q/ 00977
~~~~~ 20%8Y 8T AL YA RLeER L0 5 IF Isg PORAIOIE 3O APRIY YRS Bt ot
limt, this jnventjon,  Exanple 1 Preparation of NH4-N -M-0Q Phase oi ling
deconposi t i SRFSaPIErs that, durieg therkiogess Péﬁledpb%lamaée conyefted intq apyofthg | a5k,
26.5 g amoni um nol ybdate (0.15 noles M) and 43.6 g nickel nitrate
hexahydr at e aboverdesaribess bindgrs,Snisably preshsers e, 880 alcalomeipdtadvmiwteshlie t he
resulting pH equaled 4.3. To this solution, a concentrated NH40H sol ution
was added. Atbtdin asalunsingbmder)) watee gl fe dbtal x bilica bindet) h@ mizthe of alkalof
NH40H di ssol ved to give a 10 clear blue solution with a pH of 8.3, and

addi ti onal Nh&@hlﬁﬁm%de&eagw (tendbitdin & gilita0iluskina\Bindég as hsistturd b€

solution was heated to 90C for h during which ammoni a gas evol ved and a

green praci phhRke of gg{regi-, AdFor (bR aleR Ay S\.?:?xta}[y%%i&cﬁng oft %tezﬁogg%fe salts

suspensi on was co00 to Yoomtenperature, | tered, washed wat er and

dried at 120 erni ght ., About 6. Of L al t al T npl e
15 anal yzed %(Eor?lx%rh{es‘ ’MBW. %@%ﬁl\%’%@%&ﬁ’%@ % ngé?f?dr)};jg/&é? F‘rﬂ%@? ion
spectra of the phase t ches .t he ttern . reported by Teichner. Exanple 2
Prepar ati on CE‘PY) QINPQ%B{.?SW’BW@‘B&?%&%“%NEE@& sition: 20 1nalliter
flask, 13.2 g amoni um nol ybdate (0.075 noles M), 18.7 g amoni um

nmet at ungstate (.075 noles W and 43.6 g nickel nitrate hexahydrate (0. 15
noles Ni) were dissolved in 300cc of water so that the resulting pH equal ed

SUBSTI TUTE MfEedirddRtherbiAder matéridl nlay be cup@iteiOwib M Gea® YUY mM¢S0Gmaee a7 27
4.3. To this solution, a concentrated NH40H sol ution (~600cc) was added

unti | 20  Group VI non-noble metal, prior to being composited with the bulk catalyst
composition and/or prior to being added during the preparation thereof. Compositing
the binder material with any of these metals may be carried out by impregnation of
the solid binder with these materials. The person skilled in the art knows suitable
impregnation techniques. If the binder is peptized, it is also possible to carry out the

25  peptization in the presence of Group VIB and/or Group VIII non-noble metal

components.
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the pH reached 10. At this point, some precipitate remained. The solution

was refl ux Cfor 3 h. During this heating) the i Dl 190
di ssol ved f‘goy’b‘ég cl ear blue solution and on further Pﬁfgzlﬁ’@&to&zfgrl!egﬁjm i
precipitate fonmed. The 5 heating was E7onti nued until the pH reached
between 6.8 and 7. The suspension was cooled to roomtenperature, filtered,
washed wit ter and dried at 120C oyernight.. 1 rans of materjal is

obt ai ned. Qﬁ\éﬁs@?aags agpyiad; as Achindss, fgﬁé\#%a &r#sragwgsfé mghegqavwﬁ( If i gure 2
show ng an hi. T and

1 70n 10 ey 43 RN 130 3D IRyE Hrar bR (OBTP ApdE T

preci pit at ipore véloma of thd dlemirfal ia pkeferdbly G tigp mhgaofr@.bi-und wilgydatieed(®: 1 nol e
Mo) and 24. 60 of, anmoni um netatungstate (0.1 nole W were dissolved in
800 cc of v%'t‘%g%nd‘idwrﬁ@orh solution pH of ~5.2. To this solution 0.4 noles of
NH40H (430 cc) .was added, raising the pHto ~9.8 (solution A). This
solution was warned to 90C. A second 15 solution was prepared by addi ng
58.2 g of nGedesdllynither bihder ffteRalnol iesadde)l habilash cambytidi mtioity elthn the Slicc of

wat er (solution B) and.maintained at 90C. This sol ution was added dropw se
at arate o?ataS;YSéesvm?ﬁlﬁl?w ?%%at%lbﬁ%?\‘i%‘i’r%?{}]bé%ﬂséﬂ%n‘% ding aOUMigEt at e

This suopentREfAl el ePeohp Subctal il kil afhe lidfectO THElc e e 2cded.
while the tenpetaf binderasteritnbakdied gater8BGlepins othe desitedwasivity dfttheed hot |

washed wi t h.hot ter, and dried at 120C roximptely 38 g of material
was recb({/gr%?ﬁ cﬁﬁmﬁ’ﬁ'p‘?oénws\groép%ﬂ”gﬁ PROYES ﬁ(ﬁlﬂb&l f%?@’-%’)ﬁg%?ﬂ@-ws@%t rol | ed
pH preci pi t @hi &néuitaﬁle:mﬂoeﬁ@ilngtdnotﬂé HEE R BRARGhpplitAiohNBoS@0E, Ayt s of
ni ckel , tungsten, mol ybdenum and anmonium hydroxide as are described in
Exanpl e 3 (abhuoegoes the wsdti®) uswwebbigh rativigaohtheodatalyst compasitipmeainddsout 700
cc of water, The t SUBSTI TUTE SHEET. (RULE 26) O7q ! 4,1 200

501 91080 pCHPOREDB s, Mes ' LE SrITE IRohE TARERAT 0% 6 1S o pér%fiﬁ‘evg"é?\éig
initially cesthgsitiong 400 cc of water held at 90C. Solution B (the acidic
solution) was punped into the vessel at a constant rate of ~I5cc/mn, while
solutiom A is added through a separate punp which is under feedback PC
control and t j L: p : ) mXl 5 Dt”ﬂiﬁ‘ utions, a
precipitat eTgﬁrcﬁ%a?ysgﬁdg%%@?{l/%mﬁst%? }rre ?tﬁle}g Sgit{gégogﬁ %1 @ggB%) lrls%%\%gﬁg%l%’t ered
hot, washedpelletibinigptbeadihgr anddord sphay ettyiag. [ aMst Beangtbd thatCift ey tatalyst

Eval uati on Usi ng.Di benzot hi ophene (DBT): 1.5-2 g.of..t at al yst s, of

Exanpl es 1- ao%& 105} 5c19409 APRYe d&rsﬁ%&ﬂﬂ TRATIRES: %B‘éh?eﬂett’ ’n“ﬁ°¥§’§r‘?‘§’a’ into a

hori zontal emhlidd badie opBsLIRtiAS %ﬁdé, @f)ﬁy?ﬁﬁkg%f@ﬁ%miﬁgng ralliNgpplied ¥y at ur e
Wi

was raised to 370C in about one hour w ing at 50 cc/m and the
fl ow cod®i niiged bed appBeations, geneedly, KR oatalysveanepnsitionf & exvandedopeliztred 2 was

t hen added I ccl t . r i_nc . 0C,
bna ol d t hepybrteatBR ih fle 1Bter e B (0ot Bl BRI RAAE s S ARAMIE A0
cool ed in fhewdsyehiday dsed 10 GacititateVshaping) oamtbet dtided.f Thevevadlitives cnay i nued
and N2 was 15 added., At roomtenperature, the quartz tube s renpved and

the mat eri aFOMPHSfs FAANPEYM, Stegrate, NourfiGiaglsy GRRRIE, byx migRres agreof,ethese

eval uated i ; | : r i ONESh fiehifegnst ant
hydr ogen fl 33&?“?— e&glat?g‘l@igés(itﬁ%a}gg{ggfp lg%f tggl}j&%iaggl %Eeg 5%?3""6 rrgésh h gﬂrillg&one gram
was | oa@éd iwusedoasaa diraien!itamy deadssiridds kendd acidsiniiohtdthoshapiog stepl gk ras of

mul lite beads.. 10Q .cc of 20 liquid feed optai njng.5 w. % di benzot hi ophene
in decalin \Rggcéﬁ‘géﬂl‘%"&eaﬁﬁ e %B%‘?‘S\Q}é@e‘)ﬁgtﬁﬁ&’ﬁ@éh“‘%t% of 100 cc/nin was
passed through the reactor and the pressure was nai ntai ned at 3150kPa using
a back pressure regulator. The tenperature was raised to 350C at 5-6

deg/ m n and It isrprefettied tlst taHzndes 084tOBI invaddedmriozrto ¢t shapingt st¢p. Funiben; $t isas
reached. A s | al,igyot, of product s 25 renpved ever: m, nut es and
el yoed by P inatte suehind BOF Breoritd oo6 By hF PSR O SRS 351 he
conversion to the reaction products bi phenyl (BP) and cycl ohexyl benzene
(CHB) were cal cul ated as described by M Daage and R R Chianelli [J. Cat.

149, 414-27 (1994)] and are shown in Table 1. As described in SUBSTI TUTE
SHEET (RULE 26)
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1 0J UIl. 2003 WD 00/41988 29 PCT/USO0/ 00977 that article, high
selectivities to cyclohexyl benzene relative to BP during the ,
desul furi zat‘f"@rqmr“éé@t ion are a goad indication of a cat gp}Q{SO%OQQWhi g“’nD JUL 2603
hydr odeni trogenation activity, whereas high selectivities of BP relative to
CHB indicates a catal yst with high hydriddesul furization activity. 5 The
results show that partial substitution of tungsten for nolybdenumresults

i n cat al yst svateraPrefarebly,tbe emauntafiliquidi igrike extasiopamxiusenaxpristsd. as AQk igndar d

supported Ni--wg n At203.catalyst is also shown for conparison. The high
CHBBP ratio ‘&4 dglﬁBSO%gﬁ}p/?he catal ysts are active for HDN. to Table 1
Conparison of Activity in DBT Conversion Tests Wth Tungsten Addition by

Different Preparation Schenes Catal ystPreparation Techni queExanpl e #lt Tot al
@ 350CCHBI BA h@ sdtingishaged patalxsh gionipagjtion can, after an optional drying step, be

deconposii : 0 - Ni . - I . TR .
decorrposist ! 8%%%%1}/0@%: E:a[cwétlgﬁl,vﬁg%r Esetgb? essential. If a calcination is carried
preci pi t at i anibtcahde4idhidat tetdpefaitdofDe gl foal 1603-606PC and, preferably 350°C to
preparation418112. ONi,, Mo/ A1203i npregnati on1296. 4 Exanple 6 A ser.ies. of

catal ysts “(p fou palirag) vamyingcleem dah et Sapauss. tTihe dguing o4 thexshaped partiglss 15
schene of -] , 1.1 ition) but varying the Mo and W
relative r?t(%%ggl“g{/g"c’ﬁ%dng‘?tﬁég gk%gﬂﬁggﬁ@@%ni um nol ybdat e and anmoni um
nmet at ungst at e added to the sol utions. Deconposition was effected as

described in Exanple 5. The catal ysts so prepared are shown in Table 2,
al ong wi tth Rt Predesres srbediment; Hag raidlyst grompat i 4s SHEECISES ol suray idsuas;

Exapgl e 5. 2@ SRy g,%liﬁgj%aﬁﬂgtgr_r%%binat%r@ tﬂéi‘eo??@@r WO 985S0

Tab 2 Conparison  of ActiVvity in nversi on Tes Wth Vartation in

Rel ati ve W aatditimalqupeeshsteRCRh bscondosd zithethetorg ot afgaailindenisnddednafior ybdat e
(g) Ammoni um Jgﬁﬁﬂfqldpdgsse%g}aﬁon, before or after calcination and subsequent to re-wetting. It is
believed that by applying any of the above-described techniques of spray drying,
15 (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 is
20 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.

25 Furthermore, a cracking component may be added during catalyst preparation. The
cracking component may serve as an isomerization enhancer. The cracking
component can be any conventional cracking component such as cationic clays,

anionic clays, zeolites such as ZSM-5, (ultra-stable) zeolite Y, zeolite X, ALPO's,

SUBSTITUTE SHEET (RULE 26)



(g)Nickel nitrate hexahydrate (g)Ktotal @350CCIiB/ HP @

350CNH4- Ni W 018983-97036. 9543. 6212811, 3NH4- Ni Mo, | W 9- A 8983- 1252, 6533. 6243.
6213214, INHARORY 128 7- 018983- 1017, 9425. 8743. 6215411, 6NEETISOBO8RA/5- Dl aiy6 2003
109i 3.1718. 7443. 6217110. 2NH4- Ni Mo, 7W 3- O 8983- 95t 8. 5411, 0943. 6215811. 5NH4- N
i Mo, gW 1- O 118983-92 123.83 13.X® 143. 6% ~14110.5 The data shows that the
nost active catal yst contains an approxi mately equinplar 5 m xture of

tungst en andARSsismemhens exrekipg eomponesisspesasofilicaaaluming er parturep thegeafed as -~
described i i LR LAt o i,C | [ xtures
of Nb and WHnBHEoB g g ihe R Rl o dsind D o oF ot el &
Deconposi ti ¢t s t@hd. ot BEtanse, ditivs-hivadah mdy hvebatasendtimd Aerakingl andt S so
prepared are shown in Table 3, along with their catalytic activities for
DBT neasur e@ bidiggBaetisfed in Exanple 5. Table 3 Variation of Nickel Content
i n NH4- Nis- Mo, SW $- O Catal ysts Catal yst Sanpl eAmoni um nol ybdat e

(g) Ammoni'um net at ungstate (g) Nickel nitrate hexahydrate (g)KTotal @

350CCHI i | B Pf desired, the cracking component may be composited with a Group VIB metal
350CNH4- N~0. 7g/|\/b, S5W 5- 019086- 11017. 6524. 643, 6517113. 0~4-N 1. OM 5W 5- 019086-
8217. 6524. 658%/21 8 Lroup Niih neg-noble mstal wyige ofsoweomppsitedwith therbully satalyst | oNH4-

Ni | . gMb, 5W 5 - 7. 6524, BAT. v nee d
not " Shange SamEPSPS ko prte tS bBHE adadlMuing dlPpBBlh bertl GORERARR, OO0 |
appears to ghe tdatkingboraponent witham ofheset métal2 mayi be GHRETHE BT EmpHgaatidrRUL E

26 101J | 2003 .
) 10 oliJ the cracking component with these materials.

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

15  component during compositing with the binder.

Generally, which of the above-described cracking components is added, depends on .
the envisioned catalytic application of the final catalyst composition. A zeolite is
preferably added if the resulting composition shall be applied in hydrocracking or
20  fluid catalytic cracking. Other cracking components such as silica-alumina or cationic
clays are preferably added if the final catalyst composition shall be used in
. hydrotreating applications. The amount of cracking material that is added depends on
the desired activity of the final composition and the application envisaged and thus
may vary from 0-80 wt.%, based on the total weight of the catalyst composition.
25
If desired, further materials can be added in addition to the metal components already
added. These materials include any material that is added during conventional

hydroprocessing catalyst preparation. Suitable examples are

SUBSTITUTE SHEET (RULE 26)



WO 00/ 41988 PCT/ US00100977 31 Exanple 8 A series of catalysts were prepared

i n whicht |ty of NHAOH used in the preparation was varied. T ;
catal ysts \r/ﬁ?g&%ﬁé ared in accordance to the procedurepggwqof%%mi n Egé{%lmem
3 except that the anmount of NH4AOH in solution 5 A was varied to change to
NH4OH Ni nol ar ratio when the two sol 8 ons were ni xed. Deconposition was
effected as described in Exanple 5. The catal ysts so prepared are shown in
Tabl e 4 al dhesphorus compoundsaberium cempainds,i fluoe-sontaininpBPNMeands, éddisionalescr i bed
in Exanple 5. .Ffable 4 t0O Variation.jn NHaOH Additign to Preparation

Cat al ot NARBTARE i e s BB Llethe b POHAS IS o ( o) Ammont urm

net atungstate (g) N ckel nitrate hexahydratecnB8 conc 40HKTotal @ 350CKCHB/
BP @ 350C1: 219086-9617. 6524. 643. 656. 810210. 51;

119086- 971 Augsbla phssphpmsic@mpounds: indlgds amgwaiung phaspbate, piEsohaitlacid30r119086- 1
0417. 6524. 687. 3411641 1. 44: 119086+,10617. 6524. 687. 35516112..1. Wi | e

Qecomod 1 Ry ProREhatcrioRpa, BRSDReS Rorpounfs 27 B¢ Fa e &Y #Benof a1t of
the amoni ype Bﬂfc&és?{ki&ftotm@ sRApRELIEtEP and/bh SulREQRA! & HRNshapinlgh@ed el sor and

the catalytic util _%.of t he deconposition product can be affected by the
anount of NERASEmagsiad jeepeptized, phospherus Lowpeunds sar slseoetused Swmqepiizationi on

Drenar - oS RREE B3 BEARE R DS A O A i 45
preferably cxvatha tisark of phéspRotic shdhitriaradid.
10

( Suitable additional transition metals are, e.g., rhenium, ruthenium, rhodium, iridium,
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

15 described above for the solid route. These metals can be added at any stage of the
process prior to the shaping step. Apart from adding these metals during the process,
it is also possible to composite the final catalyst composition therewith. It is, e.g.,
possible to impregnate the final catalyst composition with an impregnation solution
comprising any of these metals.

20
The processes for preparing the bulk catalyst compositions may further comprise a

( sulfidation step. Sulfidation is generally carried out by contacting the catalyst
composition or precursors thereof with a sulfur-containing compound such as
elementary sulfur, hydrogen sulfide, or polysulfides. The sulfidation can generally be

25  carried out subsequently to the preparation of the bulk catalyst composition but prior
to the addition of a binder material, and/or subsequently to the addition of the binder
material but prior to subjecting the catalyst composition to spray drying and/or any

alternative method,
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nore preferably about 2:1 to about 4:1. Wiile not wishing to be bound by

any particul a eor mechani sm there is sone evidence the N
rati o causes {}lee(? %ﬁwo phase to change in the decB@ryH§pQ PH7 produc'\ﬁ ‘“ﬁtomj
Exanpl e 9 SUBSTI TUTE SHEET ( RULE 26) 1 0J UL 2603 WO 00l 41988 32

PCT/ US00J009?7 The catal ysts of Exanple3! 1 and 2 were conpared agai nst
st andard supported Ni Mo catal ysts for the conversion of a LSADO (Il ow sul fur

aut o di esel ofid/qredpsequenilys tq é‘éﬁecéléﬁtth¢ ﬁ@ap@ltpwbﬁp@tﬂdrmg agxgl/qx/ppm

her o oot ed oot SHOTB AE ot o b basBl suediil op Wopl 'S e
activities of cdtilgst@ofipesiast. Iﬁﬁtlﬂéﬁéﬁré@ﬂﬁf&e%ﬂlﬁ@i&ﬁbr?—%%dt@aﬁ@ﬂ'dﬁt Prior’ ﬁ»bl e 5

Rel ative Hydrotreating Activities on LSADO Feed Catal ystRel ative Volunetric
HDS Acti vi tyR@rtyapqog@swgp@h@tt revertsHig obtained metal sulfides into their oxides. Such

o/ 120, ct aPSEES EPR o Rendeirief) ppSEn o o St Rk nESRE c o | &

t he bul k phaS&eaMn'eht iAQhé pregsice bf oR@n! Oensblientily, if MDA S- c@nip‘ésﬁtbﬁ! 1§)U| k
phase with partial substitution of Wfor M), The NH4-Ni Mo-0 cataly IS

al so repr esens¥y¢cied t@fspmcﬁmns@ﬁé(en%almwveatc&nw@, be St“lﬁdﬁth)fhmlﬂd onis
|1 db | d
of | amont um no%RETeq bt sBHsdnchffo B ARG RF R RRP Mol ° 20 e B0 O°

Preparation of a bul k catal yst corrp05| t| on accordl ng to the solid route:
| 8. 1 kg- ammoni um dj nol ybdate (15. 33kg are dissolved in 575 liters

wat er. SuB8 eq@é‘ﬁttloyal%t%l@@ 1&ﬁ?ﬁ§‘nﬁ’fum ﬁ\’t‘aﬁd&fl%gj&qpaﬂ@ bulk catkyst \AQnP0$1§0%1dded to
the solution. g e t«‘aﬂtetd'ﬁtqn B ey mlﬁgsqﬁ%d% esu}a,@%ﬁte %% ;ilf&i N GO

(49.7% 20 Ni) p I'Ss mxe h wat'er ~an In past 1% added
to the anmoni the dbuhmlcytatiat eiommnmtummapwpgmﬂafrensohaﬁcl osulﬁd'ehemd&:sul ting
mxture is reac ﬁ%gfor ti] at 89C STl TUTE SHEET ( RULE 26) ~0
J~)t ~~D3 WO GvPpenum spi anpl e 11 Preparation of a bulk

cat al yst conposition accordl ng to the solution route: In a 1-liter flask)
13.2 g anmoni um nol ybdate (0.075 noles M), 18.7 g ammoni um netatungstate
(0. 075 nollés Vi theaprlalyst. @mpositiokeis used rintae fixed dieg diracass,5theosulidationeis Ni )

wer e di ssol ve SQ at, t he r |.tin uaked 4.3 To

thi s soruti on PPy afieadit floafihol Bond RghE SR shR s B Rpitnidntiag "ot
the pH reachethelldst dAlcifdtiof spppl RieferablyEthp selfidpiidraisecabpsipouest sithhRe.sleut i on
was refluxed at._ 100C for 3 hours. During this_ heating, the greC|p|tate

di ssol ved to §hifidationissaried oybingpsepaatsreagior Rriprte, tqaﬁmg the sulfided cafalysteen
precipitate f Qf)mf)gsttlon into the hydroprocessing unit. Furthermore, it is preferred that the

20  catalyst composition is both sulfided ex situ and in situ.

( One or more of the reaction zones of any or both of the hydrodesulfurization
stages, may contain a conventional hydrodesulfurization catalyst. Suitable
conventional hydrodesulfurization catalysts for use in the present invention

25  includes those that are comprised of at least one Group VIII metal, preferably Fe,
Co, or Ni, more preferably Co and/or Ni, and most preferably Co; and at least one
Group VI metal, preferably Mo or W, more preferably Mo, on a relatively high
surface area support material, preferably alumina. Other suitable
hydrodesulfurization catalyst supports include zeolites, amorphous silica-alumina,

30  and titania-alumina. Noble metal catalysts can also be employed, preferably when
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to The heating was continued until the pH reached a val ue between 6.8 and

7.0. The su I was cooled to roomtenperature, fil e it h

wat er and d??g(gﬁgwimc overnight. 18 granms of material f’@ﬁ@@”%ﬁ@:ﬂngoﬁﬁl 2003

Exanpl e 12 (sanple 2110587) 657g of a Igzl\/b-Wbul k catal yst conposition

obt ai ned according to the procedure 157described in Exanples 10 or 11 was

added to 13 f a s.slur C ai.ni_ng...12 of al um,na r epar ed
g'@ 1obik )f'n%{sa(l) gl'sjquc"f?d .o%i’é{ ana(r};t.a *t 15.'191th1n5t313 fsg?;%) 9%613435%13

by precipitation o I dm-aru € an um num-'s lting

Ni - Mo- W bul lavetoal ti&tmore eadoing @y;ﬁmg&bﬁésﬁlﬁn\i@ﬁoﬁ dhiaRaRNisey ifihsesnat 80C
until an LA of 31 %was obtained. The resulting conposition was

subsequent | {eaetianr gasel BhedGronp Va)tmetalais sepically drasentda aatamxpotrapgingdromabout 90

(sampi o 21 Fobay0PRav %, SRE=0F et apna 80P S cis et Lpeldl R ©
instead of tipeaBy BEIpRAeUS RANSICURL ra@%%x?'ﬂ)&rﬁaﬁ&it SO et Y] @rekerablly. fforfii | | ca

was appli ed. ExarrFI e 14 (sanple 2110 25 6579 of a N -M-W bul k
cat al yst corpsile fot) whiemprdmorcpreferabhyitem abew 20rte 36wt %- B sestal tyeedghtn

Exanpl es 7 | ] S ?#B I SHEET
(RULE 20G) B%C%t%fﬁﬁﬁgoi%}ﬁeﬁ%gﬁgp %?Qggﬁggll' } %ég%/ %%5 %E b-(l:;onannl {rrlll%ng 1259
boehlmt te. Theighebfitht bm;gaoﬁasmteemmd é@ﬁﬁgﬁ@ls@po@g&d?mg%imo ggtﬂeﬁizogirtd%_Z% The
Beaml ¢ 12, G pbmes! peuimenitat 3@yt Grorny [ pEatCor oS SHOEd i n
Exanpl e ;4 or 8 was repeated except that alumna is present during the
preparation of the bulk catal yst conposition. To 755g of the resultiing
dri ed N - MoItWabbedn foandthasinthiswase) thedmtipadal yst partictestass sintegrattanal Thispa, 461

water, and a small anmount qQf, nitric acid were .added.. The, r.esul ti
L rure nas D e sperdoah of and bk dhuafyeh Geiles i€ Fintpingd Subne 366508 was | 0
obt ai ned. ThgldremHb tdfrtgroagxrn;% :té i(}féhp'\mn%hfdé@ﬁdmeﬁﬂé Bthgdd QeI RRh as

described in Exan&l e 12. e 16 "Amoni um nol ybdat e, "amoni um t ungst en
and/ or anmonPum:&hpedrprederably frhing 3 di 128 dindhel caserafiamege-shellbstruchused pasticleor . The
tenperatuyre g s_inere 0_90C. t.5 V alt i I in a
second rlgactﬂ(k)cr§e 5%9 Sh(th?Og’crj}et ?})p&c)&) El}fm%ﬁﬁlsu%ng%gﬁa?doﬁ gfaé %hse 11335‘§ﬁ$‘8 o¥ﬁ§e first

reactor to fdiffsrert Gdap CVIROdtal @ontaihed ikdtieibulk| datalyse tpattictal igtdenerallg nadlded to
the first dro_gwi s,F with stirnng in 20 m nutes. Afier 30, m nutes, the
pr eci pi t at e Fidcalj Thesame holds whemewre thaw ops Seeyn VHI gop-gobieinagtalgy applisght  at
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Exanpl e 16 was used to prepare a precipitate from ammo ate,
ammoni um neseolybangsy mngstem datiee prefdrilp Jje8 inOtheixdngen of $94-yi% | Rieferabhy, i the ng

41.2 wt . % Fe203 3w, % My03 d 36..9, W ,,% W3 h f f th
preci pi tzét e%\’zﬁggp yéﬁﬁ‘ﬁf"é’.oblfﬁiéwgﬁlodrog‘%\/%?%k%g‘ndr{%racso F“éd‘%ﬁﬁfuﬁ%‘ preferréd i °

the Group VIB metal comprises a combination of molybdenum and tungsten.

Preferably, combinations of nickel/molybdenum/tungsten ~and
cobalt/molybdenum/tungsten and nickel/cobalt/molybdenum/tungsten are used. These
types of precipitates appear to be sinter-resistant. Thus, the active surface area of the
25  precipitate is remained during use. The metals are preferably present as oxidic
compounds of the corresponding metals, or if the catalyst composition has been

sulfided, sulfidic compounds of the corresponding metals.
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25 to 60 nm by the HET nethod using the adsorption curve was 0.147 m | g.
SUBSTI TUTE BIEET4(9MRELE 26) ~ 0 JIJL ~~~3 WD 001 41988 BET/RSTH/UBI0/ 0@876l 00
Exanpl e 18 The precipitation nethod of Exanple 16 was used to prepar aJ -
precipitate fromN (CO )z6Hz0, (NH4) 6M230OZ44HZO, and (1 VHg) ZCr20, in 87.7%
yield conprising 52.2 wt. % N O 29.4 w.% MO, and 16.6 w.% CrzOQ,. The

surface 5 aPeterablytthepftieled lpiveatsarficesard O arRag. 50Th¥g, pad enote bref@allg ofreasur ed
up to 60 nmhy the HET net hod usi ng_the adsorption curve was 0.276 m/qg.
Exanpl e 19 3HeashlBR mpia messsrednae MsdBBT msthads els fisrthgrmors pgtaredgheiphe e a

T s e

surface are¥lDhoh-heblpiftdl ahd GreupMIB hl€Al,Based. onfthe tosireeiyiet of ke paticteqsur ed
up to 60 nmby the BET nethod using the adsorption curve was 0.245 m/g.
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26C3 1. A pﬁﬁﬁ?@anie%iﬂy@#eﬁd%ﬁe%d%%@iﬁ@ﬁ?' s by the catalyzed

hydr of or myl at'i on of 0 I'”ch conprises the steps of: 5 (a)
hydr of ormyl ati ng a hydrocarbon stream conprising at |east one olefin

selected from¢c4, C5, C6, C-, C3, C9, Co, Cl1, and Cl2 ol efins by reaction
of said ol eflithdesired thagtheparesizeslistebutionritbepastdes is appioximately dhsanisrasy
hydr of or myl gt.i e cLi . '

contai ns car odr%{&l &%%O?illtv g‘?ﬁﬁnhghf‘gﬁg%ﬁlﬁﬁﬁa&yég tl\}(i)&?bgn ﬁ%?@g‘ggg%sf ghgg?sd crude
react i ono pr halecprefekatdy aporéyolutner eII08-5atl/p emsic prefevalily @f (0f-49al/gl still

e oo e TR, S e Tl S e,
of ‘at | east aRRfptiInO PR LDy, POEs SRkhG HBL &lnnRRek At Jreqat. BuiMhefhotePthese
particles preferably have a median diameter of at least 50 nm, more preferably of at
least 100 nm, and preferably not more than 5000 pum, and more preferably not more
15 than 3000 um. Even more preferably, the median particle diameter lies in the range of

0.1-50 um, and most preferably in the range of 0.5-50 pm.

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
20 volume of the catalyst composition is preferably at least 0.05 ml/g and more
preferably at least 0.1 ml/g as determined by water porosimetry. To obtain catalyst
compositions with high mechanical strength, it may be desirable that the catalyst

composition has a low macroporosity.

25 It was found that the bulk catalyst particles have a characteristic X-ray diffraction
pattern which differs from catalysts obtained by co-mixing and conventional
hydroprocessing catalysts obtained by impregnation. The X-ray diffraction pattern of

the bulk catalyst particles comprises, and preferably essentially consists
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VIB netals, wherein the ratio of Goup VIBto Goup VIII netals is from
10:1 to 1:10. 2. The process of claim1l, wherein said hydrofornylati®g Jy. 2003
catalyst is selected 20 fromrhodi umcontaining catal ysts and

cobal t-containing catalyst. 3. The process of claim?2, wherein said

hydr of or mywatob/emsscat al yst is a cobalt carbonyl catal yst.POBUSPI00RE process
of claim3, wherein said bulk nultinetallic catalyst is a trinetallic

catal yst conprised of two Goup VIB netals and one Group VIII nonnoble

metal selected fromN and Co. 5. The ffocess of claim4, wherein said

G oup VIB net aI s are Mo and W SUBSTI TUTE SHEET (RULE 26) WO 00l 41988

PCT/ US0010097 el craractetid offe Sacidl el 5535l 1£ 31 Biekay ks 1 the

rati o of l\/bto | rocess PXYwher ei n
sai d bul k rrulchnbtmitahhs beanatoatay&tl wigh nemﬂyaﬁlemledmﬁ umgsttallﬂeoxﬁqpcsdml & ~)b (M)~

(tea Oz V\/nere )5({%) G{l VII non-nobl e nmetal, and the nolar ratio of
b: (c+d) is e@;” Xk erf %ngwécap%%egrgcls%areplar%ﬁemem@eﬁaw he ratio

of b:(c+d) i Qilt@ragtﬁ/n]pa‘t&n]w}ﬁé}ﬂ-eon%nsg‘fea@sr ACEPuellor ¢.69)M .83, 2’!{1{3&%2“ sai d bul k

multinmetallic cataly is essentially an anorphous materi’al” having a uni que
X-ray diffsrack33oh 7}b,a(t1t5é),r1 hoVlveg in bragkefssingicate that the akesponding-peaks3

Angst roms e‘tn% {jrafhellb?og AH&&{ aQrgsalmé terylﬁ E%Cx%? %uasheamégr urt her

conpri si ng: separa i'ng reco ¥ therefrom

an unfi ni shedersD"tid xahrpﬂxffpercddmpitteﬁi drsmﬁ‘all)edbdslétdbf 'hbhéieqfehlfh' méan§ithal by

hydr ogenat i on) the product of step (c) 1Q provide a substantial]l y pure

al cohol proddet fiom these negks, ptPEfEé‘é"se%fm’(?]lblnPnf!@herfpﬁ?lish‘@nt%ﬁﬂﬂ itag ng: (e)
denetal l'ing t4; a Vi refrom
ot R R R S R Uk R

cobal t-free crddactatigish¥iraypdiiacton wttteuhwt:mhtda‘femsfr@ﬁ oataly% ohtainwir ey of

car bonyl - cont ai ni rg\gc?%g rude al ctohol pr oduct

ounds
beconi ng t he Ty [Tgtbve?‘bSﬂa})gydé%ﬁrgfeéséqgaﬁfgyég %ﬁﬂeg APFe2PIR: process.
SUBSTI TUTE SHiEstaftdlthe X&hy difftdatiof patteBer AGTHILIH prepRT:e agplepa}ed by 2003 38
The process of claim 10 wherein the unfini shed al cohol product streamis
Oxo al cohol s tBoItulionerje baspseks b Valns 226 1 Ba8dr¥ - cont ai ni ng conpounds.
Also as previously stated, the catalyst composition may comprise conventional
15 hydroprocessing catalysts. The binder materials and cracking components of the
conventional hydroprocessing catalyst generally comprise any of the
above-described binder materials and cracking components. The hydrogenation
metals of the conventional hydroprocessing catalyst generally comprise Group
VIB and Group VIII non-noble metals such as combinations of nickel or cobalt
20  with molybdenum or tungsten. Suitable conventional hydroprocessing catalysts
are, e.g., hydrotreating catalysts. These catalysts can be in the spent, regenerated,

or fresh state.

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
25  various ways, at various temperatures and pHs, in solution, in suspension, and, as

such, simultaneously and sequentially.
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MB109%& () - - Inkavib 1 k( 36.5 \grae@higyn molybdate (0.08 mdles@iq))anh 43.6 g nickel

oo 1y xa e exhdrdd 4L HEalEND) vl Bebied i 0D et et fodd 5. o @
109%4&' () -! Kre%ﬁﬁﬂg/fﬂ'ﬂéﬁ&léa 4 BHPh %35@(@{5‘1’1,_@6%3%&&& NH,0H solution was added.
109648 () - @ 10O () - y- mt 100448’ () - +f 1D () -

10948 () - & Dok gre@m&mdww aMbrthemad ncmwmbmlﬂ ylissolved to give a
10 clear blue solution with a pH of 8.3, and additional NH40H (~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

15 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.

Example2  Preparation of NHs-Ni-Mo.sW.5-O by boiling decomposition:
20 Inal liter flask, 13.2 g ammonium molybdate (0.075 moles Mo), 18.7 g ammonium

metatungstate (.075 moles W) and 43.6 g nickel nitrate hexahydrate (0. 15 moles Ni)

were dissolved in 300cc of water so that the resulting pH equaled
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10 Example 3 Preparation of NH4-Ni-Mo 5W 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
15 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 a pH ~6.5, was
20 stirred for 30 minutes while the temperature was maintained at 90°C. The
material was filtered hot, washed with hot water, and dried at 120°C,

Approximately 38 g of material was recovered.

Example 4  Preparation of NHy-Ni-Mo s-Mo sW 5-O by controlled pH
precipitation:

25 Two solutions were prepared with the same amounts of nickel, tungsten,
molybdenum and ammonium hydroxide as are described in Example 3 (solutions

A and B) except that each solution contained about 700 cc of water. The two
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tion 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

5 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

10 temperature was raised to 370°C in about one hour with Ny flowing at 50 cc/m,
and the flow continued for 1.5 h at 370°C. Ny was switched off and 10% H9S/Hp

was 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 HpS/H» to 70°C, at which point this flow was discontinued and Ny was
15 added. At room temperature, the quartz tube was removed and the material

transferred into a Ny 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
20 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
temperature was raised to 350°C at 5-6 deg/min and run until either 50% DBT
was converted or until 7 hours was reached. A small aliquot of product was
25  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
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suggests that the catalysts are active for HDN.

10 Table 1
Comparison of Activity in DBT Conversion Tests With
Tungsten Addition by Different Preparation Schemes

Catalyst Preparation Technique | Example # | Kyg¢a) @ 350°C CHB/BP @ 350°C
NH4-Ni-Mo-O boiling decomposition 1 106 10.4
NH4-Ni-Mo sW 5-O boiling decomposition 2 171 10.2
NH4-Ni-Mo sW 5-O direct prectpitation 3 167 124
NH4-Ni-Mo sW 5-O | controlled pH preparation 4 181 12.0
Ni,Mo/Al;03 impregnation 129 6.4
Example 6

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

15 scheme of Example 2 (i.e., boiling decomposition) but varying the Mo and W
relative ratios by changing the amount of ammonium molybdate and ammonium
metatungstate added to the solutions. Decomposition was effected as described in
Example 5. The catalysts so prepared are shown in Table 2, along with their
catalytic activities for DBT measured as described in Example 5.

20
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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
10 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 NH4-Ni-Mo §W 5-O Catalysts
Ammonium | Ammonium Nickel KTotal | CHB/B
molybdate | metatungstate nitrate @ P@
Catalyst Sample (g) (9 hexahydrate | 3g90c | 350°C
(8)
NH4-Nig 75Mo sW 5-O | 19086-110 17.65 24.6 43.65 17 13.0
NH4-Nij oMo sW 5-O 19086-82 17.65 24,6 58.2 167 12.4
NHy4-Niy 35sMo sW 5-O | 19086-111 17.65 24.6 72.75 174 11.0
NHy4-Nij sMo sW 5-O | 19086-112 17.65 24.6 87.3 148 9.55

15  Catalytic performance does not change substantially with variations in Ni from

0.75 to 1.5, although K appears to go through a maximum at about 1.25 Ni.
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mole ratio | Sample (2) (2) hcxa?s')drate NH4OH | 350°C | 350°C
g

1:2 19086-96 17.65 24.6 43.65 6.8 102 105

11 19086-97 17.65 24.6 582 14 137 10.4

2:1 19086-82 17.65 24.6 72.75 30 167 12.4

31 19086-104 17.65 24.6 87.3 41 164 114

41 19086-106 17.65 246 873 55 161 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 the
catalytic utility of the decomposition product can be affected by the amount of
NH,OH employed. Thus, the effectiveness of the decomposition product as a
15  catalyst is enhanced when the NH,OH/Ni ratio in the preparation of the 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-0 phase to change in the decomposition product.

20 Example 9
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The catalysts of Examples 1 and 2 were compared against standard supported Ni-
Mo catalysts for the conversion of a LSADO (low sulfur auto diesel oil feed).
This feed contained 510 wppm sulfur, 50 wppm nitrogen, and 30.6% aromatics
with a gravity of 39.8° APL. The catalysts were tested at 579°F, 650 psig of Hp,
and 1850 SCFB/B of Hp. The relative activities of the different catalysts are

summarized in Table 5.

Table 5
Relative Hydrotreating Activities on LSADO Feed
Catalyst Relative Volumetric HDS Relative Volumetric HDN
Activity Activity
Ni,Mo/Al, 05 1 ]
NH4-NiMo-O 0.25 0.50
NHg4-Niy oMo sW 5-O 14 2.05

The Ni, Mo/Al, O, 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
The NH,-NiMo-O catalyst is also

representative of known compounds. The catalyst of this invention is illustrated

with partial substitution of W for Mo,

by NH,-Ni, ;Mo,;W,;-O and the data show the clear advantage of ammonium

nickel tungsten molybdate for HDN activity.

Example 10  Preparation of a bulk catalyst composition according to the solid

route:

18.1kg-ammonium dimolybdate (15.33kg MoQ,) are dissolved in 575 liters water.
Subsequently 28.5kg ammonium metatungstate (24 69kg WO,) is added to the
solution, The resulting solution is preheated up to 90°C. 26.5kg NiCO, (49.7%
Ni) powder is mixed with water and the resulting paste is added to the ammonium
dimolybdate/ammonium metatungstate solution. The resulting mixture is reacted

for 7 hours at 89°C.

SUBSTITUTE SHEET (RULE 26)



D 1098&' ()-= D 1099& ()-= D 1099& ()-= D 1099&' ()-=
D 10%& ()-= DI10%9& ()-= D 10%& ()-= D 108& ()-= DI 10%8& ()-=

$9YS?EKMV ASD! 1098&' ()-= D 1098& ()-= D 10989& ()-= D 10%8&' ()-=

5V&! DI 10994 ()-= KQUZ[ kti M ASD! 10984 ()-= D 10084 (
DI 1098& (WOSUmIB0IRE () -
DI 1098& ()-= D! 1098& () -
DI 1098& ()-= D! 1098& () -

10

15

20

25

DI 1098& () - =
33

Example 11 Preparation of a bulk catalyst composition according to the solution

route:

In a l-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 100°C for 3 hours. During this heating, the precipitate dissolved
to give a clear blue solution and on further heating, a green precipitate formed.
The heating was continued until the pH reached 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 compaosition obtained according to the procedure
described in Examples 10 or 11 was added to 1362 g of an aqueous siurry
containing 125g of alumina (prepared by precipitation of sodium aluminate and
aluminum sulfate). The resulting Ni-Mo-W bulk catalyst - alumina composition
was subsequently mixed at 80°C until an LOI of 31% was obtained. The resulting
composition was subsequently extruded and the extrudates were dried at 120°C

for about 90 minutes and subsequently calcined at 385°C for one hour in air.

Example 13 (sample 2110598)

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

suspension, a silica sol containing 10 wt.% silica was 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
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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
10 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.

15 The Group VIII salt is dissolved in a second reactor and heated to 90°C.
Ammonium hydroxide is added to the first reactor to form a basic solution. The
Group VIII metal solution is added to the first dropwise with stirring in 20
minutes. After 30 minutes, the precipitate is filtered and washed. The precipitate
is dried overnight at 120°C and calcined at 385°C.

20 Example17
The precipitation method of Example 16 was used to prepare a precipitate from

ammonium dimolybdate, ammonium meta tungstate and Fe(III(NO3)3 ¢ 9 H20 in
98% yield comprising 41.2 wt.% Fe203, 21.3 wt.% Mo0O3, and 36.9 wt.% WO3.
The surface area of the precipitate was 76 m2/g. The pore volume as measured up

25  to 60 nm by the BET method using the adsorption curve was 0.147 ml/g.
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Example 18
The precipitation method of Example 16 was used to prepare a precipitate from

Ni(CO,),»6H,0, (NH,)MO,0,,44H,0, and (NH,),Cr,0, in 87.7% yield
comprising 52.2 wt.% NiO, 29.4 wt.% MoO,, and 16.6 wt.% Cr,0, The surface
5 area of the precipitate was 199 m%g. The pore volume as measured up to 60 nm

by the BET method 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% yield comprising
10 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 the BET

method using the adsorption curve was 0.245 ml/g.
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(a) hydroformylating a hydrocarbon stream comprising at least one olefin

selected from C,, Cs, Cs, C, Cg, Co, Cyg, C11, and Cy2 olefins by reaction of said olefin

with carbon monoxide and hydrogen in the presence of a hydroformylation catalyst to
produce a crude reaction product which contains carbonyl-containing compounds; and
10
{ (b) hydrogenating said crude reaction product of step (a) to reduce at least a

portion of said carbonyl-containing compounds to alcohols;

characterised in that step (b) is conducted in the presence of a bulk multimetallic
15  catalyst comprised of at least one Group VIII non-noble metal and at least two Group

VIB metals, wherein the ratio of Group VIB to Group VIII metals is from 10:1 to
1:10.

2. The process of claim 1, wherein said hydroformylation catalyst is selected

20  from rhodium-containing catalysts and cobalt-containing catalyst.

‘ 3. The process of claim 2, wherein said hydroformylation catalyst is a cobalt

carbonyl catalyst.

25 4. The process of claim 3, wherein said bulk multimetallic catalyst is a trimetallic

catalyst comprised of two Group VIB metals and one Group VIII nonnoble metal

selected from Ni and Co.

5. The process of claim 4, wherein said Group VIB metals are Mo and W.
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8. The process of claim 7, wherein the ratio of b:(c+d) is 0.75/1 to 1.5/1.

9. The process of claim 1, wherein said bulk multimetallic catalyst is
essentially an amorphous material having a unique X-ray diffraction pattern showing

15 crystalline peaks at d = 2.53 Angstroms and d = 1.70 Angstroms.
10.  The process of claim 3, further comprising:

(c) separating the product of step (b) and recovering therefrom an unfinished

20  alcohol product stream; and

(d) hydrofinishing (by hydrogenation) the product of step (c) to provide a

substantially pure alcohol product.
25 11, The process of claim 10, further comprising:

(e) demetalling the crude reaction product of step (a) to recover therefrom
homogeneous cobalt catalyst and to separate therefrom essentially cobalt-free crude
alcohol product which contains 20 wt.% or more of carbonyl-containing compounds,

30 said catalyst-free crude alcohol product becoming the feed to step (b) of said

catalyzed hydroformylation process.
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