BULK Ni - Mo- W CATALYSTS MADE FROM PRECURSORS
CONTAI Nl NGAN ORGANI C AGENT FI ELD OF THE | NVENTI ON

wQ 208m366Tthi s i nvention relates to bul k tri-netedt1/082005/033284
catal ysts for use in the hydroprocessing of
hydr ocarbon feeds, as well as a nethod for preparing
such catalysts. The catal ysts are prepared from a
catal yst precursor containing an organic agent.
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[0002] Environmental and regulatory initiatives are requiring ever-lower levels
of both sulfur and aromatics in distillate fuels. For example, proposed sulfur
limits for distillate fuels to be marketed in the European Union for the year 2005
is 50 wppm or less. There are also regulations that will require lower levels of
total aromatics in hydrocarbons and, more specifically, to lower levels of
multiring aromatics found in distillate fuels and heavier hydrocarbon products.
Further, the maximum allowable aromatics level for U.S. on-road diesel, CARB
reference diesel, and Swedish Class I diesel are 35, 10 and 5 vol.%, respectively.
Further, the CARB and Swedish Class I diesel fuel regulations allow no more than
1.4 and 0.02 vol.% polyaromatics, respectively. Consequently, much work is
presently being done in the hydrotreating art because of these proposed

regulations.

[0003] Hydrotreating, or in the case of sulfur removal, hydrodesulfurization, is

well known in the art and typically requires treating the petroleum streams with



catalyst is usually conprised of a Goup VI netal wth
one or nore Goup VIII netals as pronoters on a
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catal ysts that are particularly suitable for
hydr odesul furization, as well as hydrodenitrogenati on,
generally contai n nol ybdenum or tungsten on al um na
pronoted with a netal such as cobalt, nickel, iron, or
a conbi nation thereof. Cobalt pronoted nol ybdenum on
al uni na catal ysts are nost wedely used when the
limting specifications are hydrodesul furization.
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preparat| on of such materials also has been reported

by Teichner and Astier, Appl. Catal. 72, 321-29
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ammonium nickel molybdate. Whereas X-ray diffraction analysis has shown that

hydrotalcites are composed of layered phases with positively charged sheets and
exchangeable anions located in the galleries between the sheets, the related
ammonium nickel molybdate phase has molybdate anions in interlayer galleries
bonded to nickel oxyhydroxide sheets. See, for example, Levin, D., Soled, S. L.,
and Ying, J. Y., "Crystal Structure of an Ammonium Nickel Molybdate prepared
by Chemical Precipitation," Inorganic Chemistry, Vol. 35, No. 14, p. 4191-4197
(1996). The preparation of such materials also has been reported by Teichner and
Astier, Appl. Catal. 72, 321-29 (1991), Ann. Chim. Fr. 12, 337-43 (1987), and C.
R. Acad. Sci. 304 (1), #11, 563-6 (1987) and Mazzocchia, Solid State Ionics, 63-
65 (1993) 731-35.

[0005]  Another relatively new class of hydrotreating catalysts is described in
U.S. Patent Nos. 6,156,695, 6,162,350 and 6,299,760, all of which are



[ 0005] Another relatively new class of hydrotreating
catal ysts is described in U S. Patent Nos. 6,156, 695,

W® 26836850 and 6, 299, 760, all of which arei hcor@DUSH0e%033284
herein by reference. The catal ysts described in these
patents are bulk multi-nmetallic catalysts conprised of

at least one Goup VIII non-noble netal (X) and at
| east two Group VIB netals, wherein the ratio of G oup
VIB netal to G oup VIII non- noble metal is from10:1

to 1:10. These catal ysts are3 prepared froma precursor
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e)/2 and the nolar ratio of a : (b) is 0.5/1 to 3/1;

and wherein said catal yst after
[0006] While such catalysts have proven to be superior to hydrotreating

catalyst before their time, there still remains a need in the art for ever-more
reactive and effective catalysts for removing heteroatoms, such as nitrogen and

sulfur from hydrocarbon streams.

SUMMARY OF THE INVENTION

[0007] In an embodiment, there is provided a bulk multi-metallic catalyst
composition represented by the formula:

(X)a (Mo xW,)p[(CH3;CH)dN(CH3); 1.0,
wherein X is one or more Group VIII non-noble metals, d is an integer from 10 to
40, x is between 0 and 1, the molar ratio of e:a is < 2.0/1 and z = ((2a+6b)+ €)/2
and the molar ratio of a: (b) is 0.5/1 to 3/1; and wherein said catalyst after
sulfidation, is comprised of stacked layers of (Mo;_,W,)S, stoichiometry, such that

the average stack height is 10A to 20A.



sul fidation, is conprised of stacked | ayers of
(Myi - xWk) S2 stoichionetry, such that the average stack
wedoghsesid | OA to 2gA. [0008] In a preferred emporUsmns/033284
the nolar ratio of a:bis fromO0.75/1 to 1.5/1, and d
is from16 to 20, nost preferably 18, and e is between
0.5 and 1.5. [0009] In a preferred enbodi nent of the
present invention, x is between 0.1 and 0.9, nore
preferably 0.5. BRI EF DESCRI PTI ON OF DRAW NGS [ 0010]
Figure 1 shows X-ray diffracti-on patterns of a Ni 1.5
M .5 W.5 - oxide phase (top trace) prepared
according to Exanple 1 hereof and the catal yst
precursor N Mb. 5W 5[ CH 3(CH2) 17N( CH3) 3] 0. 75- oxi de
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hereof. [0011] Figure 2 shows X-ray diffraction
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the bottomtrace being N Mb. 5W 5[ (CH
2) 18] 0. 75-sul fided (bottomtrace) both of Exanple 3
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m crograph of a prior art N -M-Wulfided catal yst
pne O, ecbré poaferablydk$.de precursor as taught in U S,
Patent No. 6,156,695 showi ng a stack hei ght of 45A
(7-8 sheets). [0013] Figure 3b is a transm ssion
HEEF PESCRIPACN OPDRAWINGD- VBul fided catal yst of
present 1 nvention prepared from an organi c agent
(am ne surfactant) nmethod of the present invention
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[0011] Figure 2 shows X-ray diffraction patterns of a Nil1.5Mo.5W.5-sulfided
(top trace), and the bottom trace being NiMo.5W.5[(CH,);3]0.75-sulfided (bottom
trace) both of Example 3 hereof.

[0012] Figure 3a is a transmission electron micrograph of a prior art Ni-Mo-W-
“sulfided catalyst prepared from an oxide precursor as taught in U.S. Patent No.

6,156,695 showing a stack height of 45A (7-8 sheets).

[0013] Figure 3b is a transmission electron micrograph of the Ni-Mo-W-
sulfided catalyst of the present invention prepared from an organic agent (amine
surfactant) method of the present invention showing a stack height of 15A (2.5
sheets).



prior art neat oxide nethod of Exanple 1 hereof.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0015] The bul k
woredosio3qeet al | i ¢ cat al yst conpositions of the preEpES1005/033284
i nvention can be used in virtually all hydroprocessing

processes to treat a plurality of feeds under

wi de-rangi ng reaction conditions such as tenperatures
from 2000C to 4500C, hydrogen pressures from5 to 300
bar (500 to 30,000 kPa), liquid hourly space

vel ocities fromO0.05 to 10 h3t and hydrogen treat gas
rates from35.6 to 1780 nB/ nB (200 to 10, 000 SCF/ B).
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temperatures and pressures noted above, and includes hydrodemetallatlon

hydrodewaxing, hydrotreating, hydrogenation, hydrodesulfurization,
hydrodenitrogenation, hydrodearomatization, hydroisomerization, and
hydrocracking including selective hydrocfacking. Depending on the type of
hydroprocessing and the reaction conditions, the products of hydroprocessing may
show improved viscosities, viscosity indices, saturates content, low temperature
properties, volatilities and depolarization. It is to be understood that
hydroprocessing of the present invention can be practiced in one or more reaction
zones and in either countercurrent flow or cocurrent flow mode. By
countercurrent flow mode we mean a process mode wherein the feedstream flows
countercurrent to the flow of hydrogen-containing treat gas. The hydroprocessing
reactor can also be operated in any suitable catalyst-bed arrangement mode. For

example, it can be a fixed bed, slurry bed, or ebulating bed.



hydr opr ocessed in accordance with the present
i nvention. Suitable feedstocks include whole and

wo edaoadipet r ol eum crudes, at nospheric and vacPOIUS2005/033284
resi dua, propane deasphalted residua ,e.qg.,
bri ghtstock, cycle oils, FCC tower bottons, gas oils,
i ncl udi ng at nospheric and vacuum gas oils and coker
gas oils, light to heavy distillates including raw
virgin distillates, hydrocrackates, hydrotreated oils,
dewaxed oils, slack waxes, FPscher-Tropsch waxes,
raf finates, naphthas, and m xtures thereof. [0017] The
i nstant invention can be practiced in one or nore
stages or zones. In one preferred nultistage process,
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evels of sulfur and nitrogen can be conducted to a
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stage, which also contains one or nore reaction zones,
whigtueesitheriesf.f ur t her hydrodesul furized in the presence
of hydrogen and a second hydrodesul furizati on
catalyst. This will typically result in a product
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Suitable feeds are those containing in excess of 3,000 wppm sulfur and are
typically raw virgin distillates. The product stream is passed to a separation zone
wherein a vapor phase product stream and a liquid phase product stream are
produced. The liquid phase p‘roduct stream is then passed to a second,
independently selected hydrodesulfurization stage, which also contains one or
more reaction zones, where it is further hydrodesulfurized in the presence of
hydrogen and a second hydrodesulfurization catalyst. This will typically result in
a product stream containing from 50 to 600 wppm sulfur. It is preferred that the
product stream contain from the second hydrodesulfurization stage contain.less
than 150 wppm sulfur, more preferably less than 100 wppm sulfur, and most
preferably less than 50 wppm sulfur. This twice hydrodesulfurized product
stream will be passed to a third reaction stage and be reacted in the presence of

hydrogen and a catalyst capable of further reducing the sulfur level and



streamw || be passed to a third reaction stage and be

reacted in the presence of hydrogen and a catal yst
waeapaboba@iof further reducing the sul fur | evel PCT/US2005/033284

andhydrogenati ng aromatics. The sul fur |evel of the

final product streamw Il be |less than 10 wppm

preferably less than 5 wopm and nore preferably |ess

than 1 wppm sul fur. This third reaction stage wl|

contain, at |east one reaction zone, at |east one of
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optionally, a third independently sel ect ed
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mul tinmetallic catal yst of the present invention be
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Non-limting exanples of conventional hydrotr eat | ng
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pr esent %tlon al ong wi.th the | ti m%tall
comprises t & StHer one or mote Feattion zones 1s pre ¢rred that a conventional
hydrodesulfurization catalyst be used in an upstream reaction zone and a multi-
metallic catalyst of the present invention be used in a downstream reaction zone.
It is more preferred that all of the reaction zones of this first hydrodesulfurization

stage contain the bulk multi-metallic catalyst of this invention.

[0019] Non-limiting examples of conventional hydrotreating catalysts that can
be used in the practice of the present invention along with the bulk multi-metallic
catalyst include 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



catal yst include those that are conprised of at |east

one Goup VIII netal, preferably Fe, Co or Ni, nore
w@e@b®esaind y Co and/ or Ni, and nost preferably Bor/usawds/o33284

at | east one Group VI netal, preferably Mo or W nore

preferably Mb, on a relatively high surface area

support material, preferably alum na. O her

sui t abl ehydrodesul furization catal yst supports include

zeol i tes, anorphous silica, silicaalumna, and

titania- aI umi na Nobl e netal -8atal ysts can al so be
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wppm sul fur. The second reaction stage will then
preferably contain both the bulk multi-netallic
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Aydrogenation catal yst. The final product streamw |
fendstack to thedirst reaction stage will be the same feedstock as for the three
reaction stage process, except that the product stream from the first stage will
contain 300 to 1,500 wppm, preferably from 300 to 1,000 wppm, and more
preferably from 300 to 750 wppm sulfur. The second reaction stage will then
preferably contain both the bulk multi-metallic catalyst of this invention as well as
an aromatic hydrogenation catalyst. The final product stream will contain less

than 30 wppm, preferably less than 20 wppm sulfur and a substantially lower level

of aromatics.

[0021] Non-limiting examples of aromatic hydrogenation catalysts that can be
used in the practice of the present invention include nickel, cobalt-molybdenum,
nickel-molybdenum, and nickel tungsten. Non-limiting examples of noble metal

catalysts include those based on platinum and/or palladium, which is preferably



than 30 wopm preferably | ess than 20 wppm sul fur and

a substantially |ower |evel of aromatics. [0021]
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catal ysts that can be used in the practice of the

present invention include nickel, cobalt-nolybdenum

ni ckel - nol ybdenum and ni ckel tungsten. Non-limting

exanpl es of noble netal catalysts include those based

on plati num and/ or palladium which is

pref erabl ysupported on a surtable support nmaterial,

typically a refractory oxide material such as alumna
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wherein X IS one or nore Group VII1 non-noble netals,
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wherein said catalyst after sulfidation, is

corrprl sed of (WK])fmﬁl)xSYx)s{(@Hk@Hz]dNﬁth)s]&ch that the
average stack height is 10A to 20A. [0023] In a

S\F@Eéﬁli el oﬁ@g? HrEBouy VAT HBA-RbbIEHhdtAls A isdmiAnteder &M 10 to

to 1
40, x is between 0 and 1, the molar ratio of e:a is < 2.0/1 and z = ((2a+6b)+ €)/2

énd the molar ratio of a: (b) is 0.5/1 to 3/1, and wherein said catalyst after
sulfidation, is comprised of (Mo;.,W,)S, stacked layers, such that the average
stack height is 10A to 20A.

[0023] In a preferred embodiment, the molar ratio of a:b is from 0.75/1 to 1.5/1
and d is from 16 to 20, most preferably 18 and e is between 0.5 and 1.5.

[0024] In a preferred embodiment of the present invention, x is between 0.1

and 0.9, more preferably 0.5.



and d is from16 to 20, nost preferably 18 and e is

between 0.5 and 1.5. [0024] In a preferred enbodi nent
wW@bRooklossepy esent i nvention, X is between 0.1 anBCDUS2005/033284

nore preferably 0.5.[0025] Prior art catal ysts, such

as those taught in U S. Patent Nos. 6, 156, 695,

6, 162, 350 and 6, 299, 760 teach the preparation of

catal ysts simlar to those of the instant invention,

but are prepared from oxi des not containing an organic

agent, (X)a (M)b (WcOz whellein the nolar ratio of b,

c, and d, are such that 0. K(b+c)/a<10, and z = [2a +

+c)]1/2. The recu has  x ract ] on
oo BB S e Ao MR e A Pt RO s
b3 60 @%GQnd 6P 903760 tefR thdpreBhrafOY BF Yathlh@s sﬁ‘ﬁizﬁ‘ltcy o3¢ of the
prepare u3|ng an organi c agent precufsor conposition

ofstanh exveneerg bt ane\peepareshfromaxiides nohcentdiningl ancaganiy ggent,
uni quely different than 0 prepared using the oxide
precursor w thout ark S}S@r@é& 2%351 At. For exanple, the
WHERA &el ASlaPfatip WA, € 8indl d/ SicSsuh BkR Bl (HEc)RIBMHd z = [2a +
agent, after activafion by sulfidation, résults in

éc(b+cb¢’2s diheipdecupdva bas mrgosdléfraqttoes)ehmtw 3.53enddl.7q ( Mo
VVSQ& | ayer structure having a stack height of 45A (7
E8'?8Yers) and a crystallite diameter of 5gA. On
direct sulfidation with a non-carbon contai ni ng
sulfidation nedia (i.e., H2SfR 2), the organic agent
[0026h- Ehphasentmppehaseds o p@rtodmd@ disevaietydbat datadysts prepared

rather than a sulfide phase s e ca

B3R SiENG AR5 PreRE SR TSP B P SCa deh g gsults i a
%HQP&HI?Q uhifue RS bl tHAR AR e ipPepdRRLURaE @6 |0X1d§l¥r@cursor
active tor hydrodesul furization than prior art bul k
withonearadiganiclagent. Far akampls, thy peeparation @& quahoeaialysis without

5B S P 1S B SRR USRS s
crystallites having a normal [(Mo,W)S,] layer structure having a stack height of
45A (7 to 8 layers) and a crystallite diameter of 50A. On direct sulfidation with a
non-carbon containing sulfidation media (i.e., H,S/H,), the organic agent Ni-Mo-
W phase appears to produce a carbosulfide rather than a sulfide phase as those
catalysts prepared without the use of an organic agent. The supported
carbosulfide phase is unexpectedly more active for hydrodesulfurization than
prior art bulk tri-metallic bulk catalysts. The sulfided catalyst of the present
invention that are prepared using the organic agent-containing precursor results in

a carbosulfide phase with substantially smaller stack height (154).

[0027] The organic agent R is selected from the group consisting of aromatic
amines, cyclic aliphatic amines and polycyclic aliphatic amines, preferably

aromatic amines such as C4to Cyy aromatic amines, e.g., pyrrolidine.



a carbosul fide phase with substantially smaller stack
hei ght (15A). [0027] The organic agent Ris selected
w0 en0sdoed gr oup consi sting of aromatic am nes, PClHU§1005/033284
al i phatic am nes and pol ycyclic aliphatic am nes,
preferably aromatic ami nes such as C4 to C20 aromatic
am nes, e.g., pyrrolidine.[0028] The organic directing
agent R for use in the above nethod for synthesizing
the present material fromthe reaction mxture is an
annonlun1or phosphonlun1|on'bk'the formula Rk R2 R3 R4
e.: R wherein Qis nltrogen or phosphorus and
| east one. OR 1, nd.R4 is_aryl or
ﬁ@@ﬁ oo BeecaPHR [rushan T8 ahove Iitapr 3
tﬁgﬁﬁng'ﬂﬂ: pr%en% miatfial %nﬂ‘ﬁ@@éa@ﬁbh ?rﬁﬁtu?@%raﬁoafmm&hﬁm or
renalnde R3 beung sel ected fromthe
g)homonmmmcmtofrtge ﬁimiuiajlko@eﬁ; RaXyleof from1l to 5
carbon atons and conbi nations thereof. Non-limting
exanpl es of these directiRg agents suitable for use
herein include cetyltrimethyl anmoni um
cetyl trimethyl phosphoniu
oct adecyl tri met hyl ph ?tylpyridinium
nyristyltrinmethyl ammoni u decyl tri met hyl ammoni um
dodecyl t ri net hyl ammoni um and
dlnethyldldodecylannnn|unp»The conmpound from which the
above ammoni um or phosphonlun1|on is derived may be,
for exanple, the hydroxide, halide, silicate, or
R hekdih Q?lstﬂ"l%ﬁfﬂfor ph8§ARusThna \Pﬁe@élﬁ 2k RAstBHeTR OR,, R; and R,
preparing the catalysts used in the practice of the
s aybort alkyllvtrfrﬁqrmﬂ te dfgaibop sitqmse g, fgo HzlSdrlldHSDm(b'fcls SEPA

al | rsoh nents he e solut

Be b Ao hareRP bt Frtaiads? BUR ramRa dpf B b GgyacleBfid from
GRd Slovip koﬁsqmg%ft @fbgeh talky dTFHdm @ % Qrcbﬂboﬁraﬁfrﬁsf aRp to
make a sol ution an ammoni um sal

combinations thereof. Non limiting examples of these directing agents suitable for
use herein include cetyltrimethylammonium, cetyltrimethylphosphonium,
octadecyltrimethylphosphonium, cetylpyridinium, myristyltrimethylammonium,
decyltrimethylammonium, dodecyltrimethylammonium and
dimethyldidodecylammonium. The compound from which the above ammonium

or phosphonium ion is derived may be, for example, the hydroxide, halide,

silicate, or mixtures thereof.

[0029] The preferred method of preparing the catalysts used in the practice of
the present invention comprises preparing a solution of all precursor components
then heating the solution resulting in a precipitate to form a precursor catalyst
composition. It is particularly preferred to make a solution of an ammonium salt
of a Group VIB metal and a solution of a Group VIII non-noble metal nitrate.

Both solutions are heated to a temperature of 60°C to 150°C, preferably 90°C, an



of a Goup VIB netal and a solution of a Goup VIII

non-nobl e nmetal nitrate. Both solutions are heated to
w@2daoenpmi@t ure of 600C to 150°C, preferably 900@/US2005/033284

anor gani c agent, such as an amne surfactant, is added

to the Goup VIB netal solution. The pressure will be

from at nospheric to autogenous. The G oup VIII

non-nobl e nmetal solution is added to the Group VIB

nmetal solution and direct precipitation of the G oup

VIB and Group VIII non-noblel2retal conponents occurs.

This synthesis can al so be conducted at | ower

tenperature and/or decregsed pressure or high

OEFRIET 2gelb é“‘g’h%?/ 2By aIRE SRt S ééé?j{ ®Q tﬁ%ﬁﬁr ?‘gbﬁiB a<lp
.and : = t r
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aomnohlematal dolutioml isltdedstalths Gasup ARIsdtad solatioh and gt

w || .dissolve or di,sperse in reaction m xture and
BUSRIRIRR OF therfaiogp SUB AN 1o Al feiai bl SR COMBORENS,

kS, \f«ﬁés%g?mws é@LMQ& Be bohdiRleRlat Rfver REBHELARL ¥nd/or

anmoni um salts su as amoni um di nol ybdat e, amoni um
idecreaset] presaurehoe higher tenytenaturecand/dr enareaded presswty Sdaatde

Hroan VIRaRa e Vil Son Bl nial i rafimetts gre tabh Solppls nickel,
%@@ﬁhﬁqﬁdgﬁnﬁéﬂm&n@hﬁi ¢ Sohifté ShltsRL YRGS ShH, They

tungstic aci ngstic acid, netatungstic acid,
el tdissglvtioc dispede ithteaeampioh yartuonambsybeeqetstipbe Poecipitated.

Seisabte Gpus Y8 Trstersg s T e SR h WIS affoprefegabry
_%.Hhﬁklﬁr#i&ﬁ s@ks g a% la R MiudHknblyBBate CHAmMYAREL R Oletthl H’é})ﬁa-,

is effected 1n the reaction mxture. Exanples of suc
ootapanddetraieea-meolybdate,auouonisnt fead-, vetw-diexas@nduch

crystal water that upon.tenperature. incr e they wll
B ok RS A SRS U Ao AR A
RYIyBAL WReR 4R, HholFBit ilRRMuRS B AR ninds S8 AL @RAnBStic
as such, and solution is effected in the reaction

acidt pereungSue 8@ leteropelgaiiom kempounds of Mo-P, Mo-Si, W-P, and W-
Si. It is also possible to add Group VIB metal-containing compounds which are
not in solution at the time of addition, but where solution is effected in the
reaction mixture. Examples of such compounds are metal compounds that contain
so much crystal water that upon temperature increase they will dissolve in their
own metal water. Further, non-soluble metal salts may be added in suspension or
as such, and solution is effected in the reaction mixture. Suitable non-soluble
metals salts are heteropolyanion compounds of Co-Mo-W (moderately soluble in

cold water) and heteropolyanion compounds of Ni-Mo-W (moderately soluble in

cold water).

[0030] Precipitation can be effected by adding a Group VIII non-noble metal

salt solution to the Group VIB metal solution in the presence of the amine organic



netals salts are heteropol yani on conpounds of Co-M-W
(noderately soluble in cold water) and heteropol yani on
wa@ eovposdsdes of Ni - Mo- W (noderately sol ubl e i n cBtTUS2005/033284
water). [0030] Precipitation can be effected by addi ng
a Goup VII'l non-noble netal salt solution to the
G oup VIB netal solution in the presence of the am ne
or gani cagent and heating the m xture to effectuate the
precipitation. The precipitate obtained by this
process wi |l have, after sullBt dation, a relatively
hi gh catalytic activity relative to conventi onal
hydr opr ocessi png catal ysts, which typically_ conprise a
agent pd h?%@égﬁ BEHrE 0t e@a@ﬁhwepfﬁ%ﬂ%ﬁe@rﬁ%%tg

_ Y o , i .
PR SRR ! ot USRS Lt FHEAAOR
aaivdtyyrslatice npomiventiorsl hydropaedsing catflpsts, exhitlo typscablyl k
catal.ysts. [0031] The, bul k cat st _precurso

SOmBH 1 SURCOMRERE SR Ors i S PERORR HE A aag Grope VIB
gL ERGREol VeI Bostabiat spnsudsne o
bimdeppoyted mytabist t@bpasitions hand gpuelly sefetredim dxybudik tatalyston,

pel I etizing, beading, or spray drying. If the anount
of l'iquid of the bulk catalyst conposition is so high

Ldtﬁtu It 168 %_ﬁg(t (fa?aqﬁsq iﬁ)’f&ﬁf‘s]oy cSHPOS &L the pressh@RVEion can
-Tiqui d

tep, a soli separation can be perforne
pedavalty bddipeatly. forded imatdrious ichtalystisHapeadeiepding on the

pHa T ihiSo Tre et e Srasle R ebfdamine
S Ay ARIoR! pdiferibiig, Bt Pritp by A tROImount of liquid

partlcr:lies is at lTeast 50 mm_ nore preferably at |eas
bdOherhulk eatalypiradivgnoaitioy it 4igh thet i thannédediractlysubjaued to a

referably not nmore than 3000 E :
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separation, can be calcined before shaping.

[0032] The median diameter of the bulk catalyst precursor particles is at least
50 wm, more preferably at least 100 um, and preferably not more than 5000 pm
and more preferably not more than 3000 pm. Even more preferably, the median
particle diameter lies in the range of 0.1 to 50 um and most preferably in the range

0f 0.5 to 50 pm.

[0033] Binder material can be used in the preparation of the catalyst precursor
composition it including material that is conventionally used as a binder in
hydroprocessing catalysts. Non-limiting examples of suitable binder materials
include silica, silica-alumina, such as conventional silica-alumina, silica-coated

alumina and alumina-coated silica, alumina such as (pseudo) boehmite, or



of 0.5 to 50 mm [0033] Binder material can be used in
the preparation of the catal yst precursor conposition
WO toosfoadenadi ng material that is conventional |y PEPUSHS5/633284

bi nder in hydroprocessing catalysts. Non-limting
exanpl es of suitable binder materials include silica,
silica-alum na, such as conventional silica-alum na
silica-coated alum na and al um na-coated silica,
al um na such as (pseudo) boehnite, orgibbsite,
titania, zirconia, cationicld-ays or anionic clays
such as saponite, bentonite, kaoline, sepiolite or
Igg{%rotalc:lte or, n1xture§ t herepf. Preferyed binder

gite, d|tania, zircenip; cationis; qlaysor aniomic,cfays,ughas sgponite,
Bhﬁt@ iE kablitE gé}h@llte% h%f&?eﬂ%n?es of BEXRRSs thetb&S @rpfeﬁgg 'bthder

e appliéd as such tér peptization.

aiasqumas |stlioa gibcagphyna ahnmn&ctrtsmo,fzucbameobmndenes thereof.
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in an alumna binder), watér glass (to obtain a
$itb iangp obtheddoye-descmbgd bingdersf Suitdbd prepwrsears agd, @rg. rvék'césmetal

alumitires bp Shi et afiarm Siafed, Vet Etep her vlivabibtes.
ARk &ke §fjﬁﬂal?ﬁleiﬂal Alurlifkss fd \Wﬁtfe? él'a§§){té' Bb@irSakilida Slumina

magnesi um al um num and/ or silicon (to prepare a
batdena migtuas/obsvafaes ofiaidontr, aiddyr) t;:trc\tallfmt o‘@d rsoth as a

al.um num sul f 0 xturesth r eof A f
Sl el Bla s Bk b gt AR R AT o (o prgpare
QCQH@my'cﬁg%Wr affdA{c1ayd), SHIGHSRyHol, |alﬁl‘ﬁii‘1uﬁ9§hﬁté"%¥ tHixtures
prior to being conp03|ted wth the bul k catalyst

tlmmpafsi ti on and/or prior to being added during the
preparation thereof. Conpositing the binder naterial
with any of these netals may be carried out by

WﬁQngﬁ !Iic%ge@fthé BRdePmaftriR] S WnigdsitEE ah G RupAS
metal and/or a Group VIII non-noble metal, prior to being composited with the

bulk catalyst composition and/or prior to being added during the preparation
thereof. Compositing the binder material with any of these metals may be carried
out by impregnation of the solid binder with these materials. Those having
ordinary skill in the art would know suitable impregnation techniques. If the
binder is peptized, it is also possible to carry out the peptization in the presence of

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

[0035] If alumina is used as binder, the surface area will preferably be in the
range of 100 to 400 m?/g, and more preferably 150 to 350 m?/g, measured by the
B.E.T. method. The pore volume of the alumina is preferably in the range 0of 0.5

to 1.5 ml/g measured by nitrogen adsorption.



ordinary skill in the art would know suitable
i npregnation techniques. If the binder is peptized, it
WO 3008/03@1possi bl e to carry out the peptizati onPCTIUS1085/033284

presence of G oup VIB and/or Goup VIII non-noble
nmetal conponents. [0035] If alum na is used as binder,
the surface area will preferably be in the range of

100 to 400 n2/g, and nore preferably 150 to 350 n2/g,
nmeasured by the B.E. T. nethod. The pore volune of the
alumna is preferably in thdSange of 0.5 to 1.5 ni/g
nmeasur ed by nltrogen adsorption.[0036] Cenerally, the
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conmposition ca e suitabl e, depending on
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advant f.the .resul nusual high activit f
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% of the total conposition. rior to
: dxr bd addedgircs paprally, inabieliange e£0.640 7H evtL% of tlteototadwbmposm@l.
shapi ng, including conventional shaping additives.
These additives rray conpri se al um num st ear at e,

wﬁyct Po? to &fcﬁf? tBa dﬂh THdgtives ead BeL&Afto de?ﬁt%?e shaping,
addi tives can be a de % any stage prior to the

sivdupding) cmt\@ptlorm shdpemg addmwsaITlhmmaidﬂtsvessmy @Bnprise
nder may be desira toada prjor tq.the
Shitiig stiaatieuehoGER  aphiEe GEnhite HstpehThSonddices can
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preferred th bi nder material, if used, be adde
prbimder,tibmajide desirable to add acids prior to the shapmg step such as mtrlc

acid to increase the mechanical strength of the extrudates.

[0038] It is preferred that a binder material, if used, be added prior to the
shaping step. Further, it is preferred that the shaping step is carried out in the
presence of a liqliid, such as water. Preferably, the amount of liquid in the

extrusion mixture, expressed as LOI is in the range of 20 to 80%.

[0039] The resulting shaped catalyst precursor composition can, after an
optional drying step, be calcined. Calcination however is not essential for
precursor synthesis. If a calcination is carried out, it can be done at a temperature

of, e.g., from 100°C to 600°C and preferably 350°C to 500°C for a time varying



shaping step. Further, it is preferred that the
shaping step is carried out in the presence of a

wo 2meisheisuch as water. Preferably, the anpountP@©f/US2005/033284
liquid in the extrusion m xture, expressed as LO is
in the range of 20 to 80% [0039] The resulting shaped
catal yst precursor conposition can, after an optiona
dryi ng step, be calcined. Calcination however is not
essential for precursor synthesis. If a calcination is-
carried out, it can be done l&- a tenperature of, e.g.,
from 100°C to 600°C and preferably 350°C to SOOOC for

f 0.5 48 h he, dry
Somps th AP U e ijosoF 9 §iaeeH ReriglepEeRprally Sarried out a
k%ﬁﬁ%&ﬁkggﬁg ¢ 100°C. [0040] In a preferred

ent oY e Invention, the catal yst precursor
corrp05| tion is subjected to spray drying, (flash)
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subsequent fo spr and/ or any alternativ
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taliddd subsevmshEetwapey di'ymgam:l/oaaay altematlve 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.

[0041] A cracking component may be added during catalyst preparation.
When used, the cracking component will represent 0 to 80 wt.% of the final
catalyst, based on the total weight of the catalyst. The cracking component may
serve, for example as an isomerization enhancer. Conventional cracking
components can be used, such as a cationic clay, an anionic clay, a zeolite such as
ZSM-5, (ultra-stable) zeolite Y, zeolite X, ALPO's, SAPO's, amorphous cracking
components such as silica-alumina, or mixtures thereof. It is to be understood that

some materials may act as a binder and a cracking component at the same time.



obt ai ned when this technique is applied. [0041] A
cracki ng conponent nmay be added during catal yst
w@e@pasatio on. \When used, the cracki ng conponeneCmk1005/033284

represent 0 to 80 w.%of the final catalyst, based on
the total weight of the catal yst. The cracking
conponent nmay serve, for exanple as an isonerization
enhancer. Conventional cracking conponents can be

used, such as a cationic clay, an anionic clay, a
zeolite such as ZSM 5, (uItT%istable) zeolite Y,
zeolite X, ALPO s, SAPO s, anorphous cracking

onmponpent s..such as silica-alym na, or mxtures g
FREinsce, ilicacahyging nay e & 5ok i hckiug apd binding
fRtisgt as a .binder and a cracking conponent at the
sane tine. For instance, silica-alumna may have at the
same tinme a cracking and a binding function. [0042] If
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conposition and/or prior to being added during the
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particul ar cracki ng conponents, if any, depends on the
envi saged catal ytic application of the final catalyst

sition. A zeoljte is.preferably.added if th
TGP e oGR Br b Ton St B et Blnensuiont gy
fbpiinds 6AtiR Mivisaged askivhis apsidafbn 6f Aekinad cAANPOIISition.
such as silica-alumna or cationic clays are .
Pr zefoditeats Ipyefarabboadded i fibe r¢sultingcamplogion dpagrdedtin on

Bgror by e peE SR Eky PR B gptrG svghes
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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 to 80 Wt.%, based on the total

weight of the catalyst composition.

[0044]  If desired, further materials can be added in addition to the metal
components already added, such as any material that would be added during
conventional hydroprocessing catalyst preparation. Suitable examples are
phosphorus compounds, boron compounds, fluorine-containing compounds,

additional transition metals, rare earth metals, fillers, or mixtures thereof.

[0045]  Suitable phosphorus compounds include ammonium phosphate,

phosphoric acid, or organic phosphorus compounds. Phosphorus compounds can



the application envisaged and thus may vary fromO to
80 w.% based on the total weight of the catalyst

W@ 0vp03G6to on. [ 0044] |If desired, further materPel/BES1WaF033284

be added in addition to the nmetal conponents already
added, such as any material that woul d be added during
conventi onal hydroprocessi ng catal yst preparation.
Sui t abl e exanpl es are phosphorus conpounds, boron
conmpounds, fluorine-containi ng conpounds, additional
transition netals, rare earti®metals, fillers, or

m xtures thereof. [0045] Suitable phosphorus conpounds
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invention prior to the shaping step and/or subsequent
pbospherusitapipoynds ep.alsofbet used Bonmebptizatione Foalinstance, the binder

eptized h d I b for.
BERbtB6sR S RBP S, BRTBR ohaBl R R e o
BYo&MBEaGhd RAri¢ B&dbi nder wi th phosphoric acid or with
a mxture of phosphoric and nitric acid. [0046]

Suitabl e additional transition netals are, e.g.,

I i um, t.ut.heni,. rhodi.um iridium_ chronmu )

OB U rsuteig Aol R mett e S ST By
PhSdi@h; irfdint (RSB, Vani MBS i8R cobRR SRatifind| pallediimp Gobalt,
added at any stage of the process of the present

infokeh madybdsniimg ot wngsten.shhgse maetals epn be\pdded at poyrstagkiphige
t hese al s dyr.ing..the .process, of the invention, .t
pEScr g hEnEeEtarv et pBt R EE Shind . BHFRpEf aadihe
GRRIP AR d1S it B Prbdebs of the lifuenBof] it isRADFIIRYiBleltd composite
i npregnate the final catalyst conposition with an
ithepfiead iwatalyshicaropasitianrthersmpthi di 1sge.an possible freiepragnagg the
0047 nt hesi% of .the .bul k cgt al XSE conposi.tions
nla] c q}%rclogl@og IBP Sdth an jmpregnation s lution’ comprising any of these

metals.

[0047])  Synthesis of the bulk catalyst compositions will comprise a precursor
sulfidation step. Sulfidation is generally carried out by contacting the catalyst
precursor composition with a sulfur-containing compound such as elementary
sulfur, hydrogen sulfide or polysulfides. The sulfidation can generally be carried
out subsequent 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, and/or subsequently to subjecting the composition to
spray drying and/or any alternative method but prior to shaping, and/or
subsequently to shaping the catalyst composition. It is preferred that the
sulfidation not be carried out prior to any process step that reverts the obtained

metal sulfides into their oxides. Such process steps are, e.g., calcination or spray



sul fidation step. Sulfidation is generally carried out

by contacting the catal yst precursor conposition with
w@2®alosasne cont ai ni ng conmpound such as el ement aPgT/US2005/033284

sul fur, hydrogen sul fide or polysulfides. The

sul fidation can generally be carried out subsequent to

the preparation of the bul k catal yst conposition but

prior to the addition of a binder material, and/or

subsequently to the addition of the binder nmaterial

but prior to subjecting thel@atalyst conmposition to

spray drying and/or any alternative nethod, and/or

ubsequentl t.Q jecting the conposition tp s ray
Arr g s e Hel thReak MR m e O DeF BteTr PEPRREs
I
A R T P E
bEernative techrmme phq miﬁdabmars@@d@ceamedtoelp sutisaqueng tethes
t]§ oht ai bfades into their oxides. Such
Kauen g @B@ @mlge 90S-cal ci nation or spraydrying or

any other high tenperature treatnent in the presence
of oxygen. Consequently, if the catalyst conposition
i(@0481ibj éthe datab/ssWrayosmqri lngse;hm/a)ﬁxe&mcdairomsnam sufidation

tech | fi dat d
e e barrGS RSB IeBER B TP I T R opgig s
E@&ééﬂenlt fo thegas® @El@lnﬁﬁl)n SRPPPRfELBI, th% sHERMtibA ifcdri&Put ex
bed process, the sulfidation is preferably carried out

siti S equisnsulfidationes sarmied oyt Bt 2egeparatt; readtorpiliei tadoading the

, Tt t t | t . ..
AL Sty Gemepastiopiag b VPR e ot Eibeppers, it s
préferred 1hat G¥lchiaflat EQRpdsitidipik boBtkudidedi &t sHu 28R Sl
reactor prior to |loading the sulfided catal yst

conp03|t|on into the hydroproceSS|ng unit.

B, TGSl ST L S e
LBRARON hie slilﬂérubgi?é%lsfta‘h‘ﬂ n @hﬁ‘@ IR 4btiv B ShrfidRQrdibithe BhRl casdlyst

particles of the present invention are
panictesiingaintained during WMeu Shetnhdaratip wé Gsonrf HEB tayseunpV 111

tllgg-n?)giekmgtglts%x}/gséts generally from 10:1 to 1:10 and preferably from 3:1 to
1:3. In the case of a core-shell structured particle, these ratios of course apply to
the metals contained in the shell. If more than one Group VIB metal is contained
in the bulk catalyst particles, the ratio of the different Group VIB metals is
generally not critical. The same holds when more than one Group VIII non-noble
metal is applied. In the case where molybdenum and tungsten are present as
Group VIB metals, the molybenum:tungsten ratio preferably lies in the range of
9:1 to 1:9. Preferably the Group VIII non-noble metal comprises nickel and/or
cobalt. It is further preferred that the Group VIB metal comprises a combination
of molybdenum and tungsten. Preferably, combinations of
nickel/molybdenum/tungsten and cobalt/molybdenum/tungsten and
nickel/cobalt/molybdenum/tungsten are used. These types of precipitates appear



particles is maintained during use. The nolar ratio of

Goup VIBto Goup VIII non-noble netals ranges
w@ewenadeiey from 10:1 to 1:10 and preferably freen/8sios/as3284

1:3. In the case of a core-shell structured particle,

these ratios of course apply to the netals contained

in the shell. If nore than one Group VIB netal is

contained in the bulk catalyst particles, the ratio of

the different Goup VIB netals is generally not

critical. The same hol ds wheé® -nmore than one Group VII|I

non-noble netal is applied. In the case where

no] yhdenum, and ngsten are esent G ou | B )
T PRV, TR he TeiRE el RE: of B areiinlg S rpmained
hﬁﬁﬁggﬁgange of 9:1 to 1:9. Preferably the Goup VIII

non-hobl e netal conprises nickel and/or cobalt. It is
further preferred that the G oup VIB netal conprises a

{ nation of nolybdenum and tungsten. Preferahly,
B narng duts SRR BTGP Ab AR KU GRR ARGl e
EORELbATRE YRS WHiE thaGataBfit é‘&ﬁ[{)osition has been sulfided, sulfidic

ni ckel / cobal t/ nol ybdenumt ungsten are used. These
typpeurnls of tlecéquiesporslingmptads: tSonpeoisthe cartbonassbrs eemmponents

Thys, the active surface e f t .pregi.pjtate is

Db HEicmaie AR ot PGBy ales ltiilE o Pl ik B gund
By SR, tBS aRkb b1 ERIMAURE $nRpdritforC O the SRBORARBuUs material
netals, or if the catal yst conposition has been

sutb thedmdfidesinkefreapitcthe gnpoihred sheosul fidrestecksrdusipgrednyegsion of the
metals. So of the.carbonaceo c onents of the
85 0 the, e ﬂ“é‘n‘ﬁ?‘ﬂtsi"h?‘}%% Sgﬁk%&ﬁggp’ﬁpﬁ”@ﬁ sul fi di ng.

Wi |l e not being bound by theory, the authors believe

that the incorporation of the carbonaceous materi al
i[005d] t h@hs siffackearemoicthe eptaly st ¢ranppsgwmipreferabhe issas |l ¢astied

R T LR LR T
gf%éral&ggg P? ZIS@B . TA6th6&t Thy &talGRIPESIubde VT th &favabl y is
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 compositioﬁs with high
mechanical strength, it may be desirable that the catalyst composition of the
invention has a low macroporosity. It is furthermore preferred that the particles
comprise 50 to 100 wt.%, and even more preferably 70 to 100 wt.% of at least one
Group VIII non-noble metal and at least one Group VIB metal, based on the total

weight of the particles, calculated as metal oxides. The amount of Group VIB and

Group VIII non-noble metals can easily be determined via TEM-EDX.

[0052] Process conditions applicable for the use of the catalysts described
herein may vary widely depending on the feedstock to be treated. Thus, as the

boiling point of the feed increases, the severity of the conditions will also



w®d206/D366met hod. The t ot al

n2/ g, nore preferably at | east 80 n2/g and nost
preferably at |east 120 nR/g, as neasured by the

pore vol une of the CRCHUSBIN5/033284
conposition is preferably at least 0.05 nl/g and nore
preferably at least 0.1 m /g as determ ned by water

porosi netry. To obtain catal yst conpositions with high
nmechani cal strength, it nay be desirable that the

catal yst conposition of the invention has a | ow
macroporosity. It is furtherXore preferred that the
particles conprise 50 to 100 wt.% and even nore

refera 70 to 1 wt . % of ~a ast one.Group VIII
Froreaston ad o ety as 8 vate T ol GRaolt Bor 4 fahe of
lhaged on the total weight of the particles, calculated
as netal oxides. The anpunt of G oup VIB and G oup
VII1 non-noble netals canflABEH 1 be determ ned via
TEM EDX. [0052] Process conditions applicable for the
use of the catal ysts described herein may vary w dely

CHEED NU TRPICKL T FEFEMPCK  PRESSURKCAL PO SPNTES, |asSH] GRS
poi | i ng poigiL@ic t he beed|incrgarss, theEsOETVtY WATE
I he cond| trQR&eWE! | al soi ncr eag@a) The folveomrag |t alsice/B
serves to illustrale typi¢al conditiong for a rgngemni’)
Btta TABLEs214 0053po-3T0e | f ol | oovetng exanpbssow Il 100-2,000
serve tolillustrate, but mnot (10096000t his i nventi|orfl7.8-356)
FeddPLES| Exaogise 1| [2008e0 | 28. 8isgriams Of Mb@54 0. 4 rfoD-6,000
Mb) and 50.0 grams|of tun@st@.600adioOHPVWWDE (0. 2 nol(89-14968)
Ndeagy Shsul ri 825-470 80603001 wat Brl70suspensi®n2 A) |ah00-6,000
hedted t o 900C,_ 70/6 granms di-SH-ED hydr oxycar holdB.068)
PINbEOH* 3Ni ( 239)529 4 HP 3098506 6-210 0.2-5 100-10,000
. (600-21,000) (17.8-1,780)
Residuum | 10-50%>575 | 340-450 65-1,100 0.1-1 2,000-10,000
(6,500-110,000) (356-1,780)
[0053] The following examples will serve to illustrate, but not limit, this
invention.
EXAMPLES
Example 1
[0054] 28.8 grams of MoO; (0.2 mole Mo) and 50.0 grams of tungstic acid

H,WO, (0.2 mole W) were slurried in 800 ml of water (suspension A) and heated
to 90°C. 70.6 grams of nickel hydroxycarbonate 2NiCO;*3Ni(OH),*4H,0 (O‘.6
mole of Ni) were suspended in 200 ml of water and heated to 90°C (suspension
B). Suspension B was slowly added to suspension A during a 60-minute period,

and the resulting mixture was maintained at 90°C for a period of 18 hours with



nole of Ni) were suspended in 200 ml of water and
heated to 90°C (suspension B). Suspension B was slowy
w@odmemd3deoo suspensi on A during a 60-m nute periPdr/US2005/033284

the resulting m xture was mai ntained at 900C for a

period of 18 hours w thcontinuous stirring. At the end

of this tinme, the resulting suspension was filtered

and the solids were dried at 120°C for 4-8 hours and

cal cined at 4000C. The yield was 99% based on the

cal cul ated wei ght of all net%d- conponents havi ng been
converted to their oxides. The X-ray spectrumfor this

bul k ! h
ﬁm%ﬁé?n%wgc&ﬁa%“r A G B R P PP erRis G tad
g4evs%hd atq\EOd@quqaé hGRIRAS chibRd M 4@@@%@ yield

OXI ct adecyt ri met hyl anmoni um i ncor por at ed
whae et base qur thpadledard Wwaghtafiall metalaconfidnents hhvingtbeen

17. 65 rams of m hept anol ybdate (0.10 nol es M
awavezt& @qsmgfmﬁmym%m fsaltték cRralyst wsflgém)
t . of
Sl |°?‘?‘?}%§ﬂ’°w§°rﬁ%ﬁ‘f’ Ee#%?g%@%?ééﬁ%%%?féi), whi ch
gave a soI ution of pH 5.7. This solution was heated to
9Q0C and fornmed a mlIky slurry. To this was added
Example2ans of nickel nitrate (0.20 noles Ni) that had
been first dissolved in 100 cc of additional water.
The entire m xture was then heated and stirred in a
0055¢ - nec katalyst pasdursow of abmimrad campesﬁtiam(Nd]Mcd ew s oxidendith

t her nomet er 900C and held at that te [ or .
ofted ?@mmewgmmﬂlapmﬁpm@a@wéhermwawf frefiat f@h‘*ﬁg into

36 cd Eﬁ’bv'ﬂ&:r af7. éSZQIQﬁ:fs df rﬁﬁmﬁcﬁﬁﬁ’tﬁ%‘eﬁﬁnﬁ)@ﬁidﬂté’(@' 1986184 and
grans. The X-ray diffraction spectra of this precursor
i2;4 Ssgrams oﬁamntmnhmmmnmmgsa’cte(() h0 fFiotpsrW) wakdisealfved. To this
was rTPided §8 9 grams of octadecyltrlmethylammomum bromide (0.15 moles),
which gave a solution of pH 5.7. This solution was heated to 90°C and formed a
milky slurry. To this was added 58. 15 grams of nickel nitrate (0.20 moles Ni) that
had been first dissolved in 100 cc of additional water. The entire mixture was
then heated and stirred in a three-necked flask containing a reflux condensor and
thermometer to 90°C and held at that temperature for one hour. The final pH
measured 4.2. After filtering and drying at 120°C, the resulting solid weighed
63.5 grams. The X-ray diffraction spectra of this precursor is shown as the

bottom trace in Figure 1 hereof.

Example 3

[0056]  4-6 grams of catalysts from Examples 1 and 2 hereof were dried at
120°C and placed in a quartz boat that was in turn inserted into a horizontal quartz

tube and placed into a Lindberg furnace. While still at room temperature, a flow



[0056] 4-6 grans of catalysts from Exanples 1 and 2
hereof were dried at 1200C and placed in a quartz boat
WO bab/036s0 i N turn inserted into a horizontal QREr/US2005/033284

tube and placed into a Lindberg furnace. Wile still

at roomtenperature, a flowdf 200 cc/mn 10% H2Sf H2

was admtted for 15 mnutes, then the tenperature was
raised to 4000C in 45 mnutes with the 10% H2S/ H2

flow ng at 200 cc/mn. Thi sS{Iow was continued for 2
hours at 4000C. The heat was?then turned off and the
resulting catal yst was cooled in flowng H2SfH2 to

r t er S d _hel e ture for 30
RO LSRRI S OB el s
RhibEPOAD0ME Sn 39 MihhiRs witIthe Q095 FUSY B SHlowin® 200 8t/miR THes
oxygen in helium passivation gas was admtted at room

tfknpwasatm‘rtmuam forf2 lomeeslated0080. dbe eat voasethen ghmed difiend the
l e Was1 then remved from.the furnace.

rr g %@a ey capled in doping HpdHe Oarqaastmgwr@&nédwld at
&Q@m&&ﬂ 36%[11?& g@&%‘e bd?nfgwr erh% RBH %g/‘,mHE@e
Su

toptraelsthe neat oxi esanrpean
mittdgemvasadeniitad fon&0suinhiesed fiex thzie -aaltio Mygeﬂ mamﬂlamt

%%r anj ¢ agent) é&recursor of Ni - qﬁietjl be not ed
Yationgag wag admitigd %rm&wmﬁa’f@ dRq sy, ¢

t t
surlsl?%{te%): s&ﬁ{)levﬁﬁtﬁé feoved fx% QifHn3Ge. ’ﬁﬁe %lﬁﬁé a?-ray

ant enlng usua y occurs as a re
diffiacti@cspease was nstasurkd og tll[aeu“gmarrqﬂestdm aselkiowdein Figure 2

B L G bl
@hﬁﬁ@& ogd SenihE &ftr: g%ﬁént%gfééﬁl%gr RMo-w. It will be
ey e

on coate TEM xamned 1 n a
lmoteghn ttils Eighrd Elhed Ilmgdmgngmithm 00022 pPiii (alt i1 P degieB)ABT the
i nstrunment .., 250- 350 .di ffFr ent _Fr.)ﬁ)t al s of thq sul fi ded
BFEULN0E S?ntwélllrg the &ml%ﬂlr ctant. This broadening usually occurs as a

result of a decrease in stacking height of the sulfide sheets.

Example 4

[0057] Samples of the sulfided precursors of Example 3 hereof were crushed
into pieces (less than 100 mm thick), dusted onto holey-carbon coated TEM grids,
and examined in a bright field TEM imaging mode of a Phillips CM200F
instrument. 250-350 different crystals of the sulfided precursor were examined
and the stack heights counted and averaged. Figures 3a and 3b hereof show the
representative TEM micrographs of these stacks as well as the stack height
measurements. This TEM data evidences that the organic agent-containing
sulfide precursors (Figure 3b) give a lower stack height sulfide when compared to

those prepared without the organic agent (Figure 3a).



and the stack hei ghts counted and averaged. Figures 3a

and 3b hereof show the representative TEM m crographs
wobkoobhamer st acks as well as the stack hei ght PCT/US2005/033284

measurenents. This TEM data evi dences that the organic
agent-containing sulfide precursors (Figure 3b) give a

| oner stack height sulfide when conpared to those
prepared w t hout the organic agent (Figure 3a).Exanple
5 [0058] 70 ng of the catal yst compositions from

Exanpl e 3 were | oaded into-24vettler TGA 85 1 ther mal
bal ance, which was interfaced wth a Bal zers
Ther ﬁsé ar quadrupol e nass spectrometer equi pped with

X ary electron multiplier. The catal yst
conpositions were heated at 4°C/mn fromroom
tenperature to 6000C in flowing air (50 cc/mn) at one
$0058% ph@hang of thk cptabystcnmepositivas ®ns Egamplei hwaregdeadedrinto a

n.e.f f. 18 (H2 44 d SQ2
Surie AT TRR ! Beledin ek e v et
?ﬁlgfrﬁé%%ﬁrgqggdlgggﬁ%ass |sf)?dﬁiolnﬂeté%%qﬂ 84 with Idedbfidre efeb@én

peaks fromthe sulfided organic agent
prudtiplies o Ths icatalystemopositions were heat@7B0ICC/ riini fsommobroat es

that the sul fjded.organic ent. phase for a

st PRI i QP ieA S ORE ol acpn P GO 6'el P
e M 5idakl ifAnkYs fhiilie b ffﬂagﬁleﬂ{s%@qegﬁ by, 9 (008) 8xd 68(S0,)
presursors have no CO2 evolution an tz_hat. the sulfide
peezkheo xiithi the sveight shapgefareplotted atyd ghtoem inditpencah hereoft Aawill

he car.basul fide. This sSu sts .t hat ai e size of

‘bREoFEn Sie ¢ s P RE; ok TR Mg patiE ol
pRlcats¥s sitnulafBRIsBerhit QM 1€, TheANtkaRY ikt th fided orbhific
neat oxide precursor. Exanple 6 [ OOS%L@The '

hganht ptiassuiofros a zabosuifide t It will plsofbetrio¢edclaomiKigure 4 that the

%}% atqgrll E) t%rcl,ssuﬁ{de prepared from the oxide presursors have no CO, evolution
and that the sulfide peak oxidizes at significantly higher temperature than the
carbosulfide. This suggests that again the size of the [carbo]sulfide crystallite is
smaller on the catalysts prepared from the organic agent than for the neat oxide

precursor.

Example 6

[0059]  The hydrodesulfurization activity of the catalyst compositions of
Examples 1 and 2 hereof were evaluated on a commercial atmospheric distillate
containing 592 wppm sulfur, 100 wppm nitrogen at 650 psig (4,579 kPa), 625°F
and a 2 LHSV (liquid hourly space velocity). The results are shown in Table 2

below.



Exanpl es 1 and 2 hereof were evaluated on a commerci al
at nospheric distillate contai ning 592 wppm sul fur, 100
wWowpEaiosdetioc ogen at 650 psig (4,579 kPa), 6250F memus2085/033284
LHSV (liquid hourly space velocity). The results are
shown in Table 2 bel ow. TABLE 2 ODTA =
oct adecyl tri met hyl anmoni um [ 0060] The ODTA sanpl e had
approximately 35 wt. % of carbon follow ng sulfidation.
The gravinmetric rate constants (using first-order
ki netics) have been correcté® for the amount of
Ni - Mo- Wpresent in each sanple. Consequently, the data
of the above table shows that the ODTA cont ai ni ng
precursor produces a mor e, catal yst for the
wei ght of N -M-Wthat Md to a reactor. CLAI M5
1. Abulk nulti-netal I ic catal yst conposition
represented by the fornul a: (X)a
(I\/h1-y\A1() h[ ((‘H‘Q(‘HllLdl\l( CH- 3) J QZ wherein X is one or

nore G.oup Ml Il non-ngble ndtal, d.is an [nteger from
10 SaMe# x |i s &é’(m’ﬁ“ﬁ' and NIFMeVygldt rati o WiKe: a
s < 2.0/ T and z ((4a+bb)+ €)7 2 and the motar ratio
of ea9(®) s Ri MO{W and whegein sdid catalyst
composition lafter s |dat| an is conprised of stacked

layers of (Nbl-xWk)S2 stoichionetry, such [that the
avé2r1§@3?8§t ackNﬁéO B(@ETNDA to 20A2.02. Thel cat al Q@

A Aormmact

al Viﬂ HE-S S =Y | i v + £ In
CUIMTPUST LI UII UI DI Cll i J. Y CI 1T U711 11017 Al rat 1T U Ul d. U

is from0.75/1 to 1.5/1. 3. The catal yst conposition

ngs”p%aA (;Btédewlﬁﬁlﬁbmyﬁmhﬁoﬁl{l&m 16 to 20 and e is from
. o 1.

[0060] The ODTA sample had approximately 35 wt.% of carbon following

sulfidation. The gravimetric rate constants (using first-order kinetics) have been

corrected for the amount of Ni-Mo-W present in each sample. Consequently, the
data of the above table shows that the ODTA containing precursor produces a

more active catalyst for the weight of Ni-Mo-W that is charged to a reactor.



4. The catal yst conposition of claim1l wherein X is
selected fromN and Co. 5. A nethod for preparing a
W@ 2106036610 pr ecur sor conposi ti on represented byPdTiES2005/033284
formula: (X) (M, -xW)b[(CH3CH2)dN(CH 3)3 Jelz
wherein X is one or nore G oup VIII non-noble netals,
dis an integer from10 to 40, x is between 0 and 1,
the nolar ratio of e;ais < 2.0/1 and z = ((2a+6b) +
e)/2 and the nolar ratio of a : (b) is 0.5/1 to 3/1;
whi ch net hod conprises: (a) 'p?’(épari ng a first aqueous
solution of a Group VIII non-noble netal water sol uble
mp) prepari ng a second aqueous sol ution
‘'ng Mo and Wwater soluble salts; (c) heating

both said first and second solutions to a tenperature
from6Q0C to 1500C, (d) adding an effective anount of
an or gani cAdwdnmuithmstalli¢ chtslystmemhpasitioo ueprssantad ynthe
&g%%i ntroduci ng at | east a portion of said second

‘blﬁrs solution of step (d) into said first aqueous
sol ution; and t ' ution of
step (e) to anﬁé%af(gg‘?l i“\%‘g‘{{génlgﬁgw Secgg)%gﬁse t he
priec¢ipiX wtangror eforg Giroup Mildings-mopleanetaksod iscamipteger from. 10 to

6.. The nmethod of claim5 wherein.t |t of e X0
01 RV RED e F THUSISBNGEL £ 5 Po | AR §rlgp o0y o2
Z‘{@g t?l'ée?@bfég rffo Std: (B8 0.971 1d B CandW R H%ai LAY 4B mpB&Hon
after sulfidation is comprised of stacked layers of (Mo;.,W,)S, stoichiometry,

such that the average stack height is 10A to 20A.

2. The catalyst composition of claim 1 wherein the molar ratio of a:b is
from 0.75/1 to 1.5/1.

3. The catalyst composition of claim 1 wherein d is from 16 to 20 and

eis from 0.5to 1.5.

4. The catalyst composition of claim 1 wherein X is selected from Ni
and Co.
5. A method for preparing a catalyst precursor composition

represented by the formula:

(X)a (Mo W), [(CH3CH,)4N(CHs3)3 1.0,
wherein X is one or more Group VIII non-noble metals, d is an integer from 10 to
40, x is between 0 and 1, the molar ratio of e:a is < 2.0/1 and z = ((2a+6b)+ €)/2

and the molar ratio of a: (b) is 0.5/1 to 3/1; which method comprises:



7. The method of claim5 wherein the Mo salt is an

ammoni um salt selected fromthe group consisting of
wa@nove/08dsmo di nol ybdat e, anmoniumtri-, terra- he@I/aES2005/033284

octa-, and tetradeca- nolybdate and the Wsalt is an

amoni um para-, neta-, hexa-, and pol ytungstate. 8.

The nmethod of claim5 wherein the organic agent is

selected fromthe group consisting of aromati c am nes,

cyclic aliphatic am nes and polycyclic aliphatic

am nes. 9. The nethod of cla4m$ wherein the catalyst

precursor conposition is forned in a suitable catalyst

shape, . dri ed, ang cal cined .at. a egpera\t,ﬁke from 1000C
to 60OCPIERAEA Pstagtrous 691“%9&/@{9%. raup Vi oRBpRlgangipl
WA Bofibihgliei n the shaped, dried, and calcined
catal yst shape is sulfided in the presence of a

sul f utb)cprepaing msecondrpouands salatien t@daihingrvibred gV ougter

00{1 Efﬁta* ng of elenentary sul fur, hydrogen sulfide, and
158“?? $des, at sulfiding conditions. 11. A process
e eld) ol baRALROS! BRANLORKIBidKTD ARLABESERE 18In 60°C
hydr oprocessrng condi ti ons, I ch process conpri ses:
teas0901g sai d feedstock at hydroprocessing conditions

in the presence of a bulk nmulti-netallic catal yst
conpoé&dt adshingien effective apeuat efzanggrganic pget ite spid second
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cause the precipitation of said catalyst precursor composition.

6. The method of claim 5 wherein the salt of the Group VIII non-noble
metal is selected from the group consisting of sulfate, nitrate, bromide, chloride,

and acetate.

7. The method of claim 5 wherein the Mo salt is an ammonium salt
selected from the group consisting of ammonium dimolybdate, ammonium tri-,
tetra- hepta-, octa-, and tetradeca- molybdate and the W salt is an ammonium

para-, meta-, hexa-, and polytungstate.

8. The method of claim 5 wherein the organic agent is selected from
the group consisting of aromatic amines, cyclic aliphatic amines and polycyclic

aliphatic amines.
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11. A process wherein a hydrocarbon feedstock is hydroprocessed at
hydroprocessing conditions, which process comprises:
reacting said feedstock at hydroprocessing conditions in the presence of a bulk
multi-metallic catalyst composition derived from a catalyst precursor composition
represented by the formula:

(X)a (Y)u[(CH3CH,).N(CHj3)3]40,

wherein X is a Group VIII non-noble metal, Y is selected from Mo and W, c is an
integer from 10 to 40, and the molar ratio of a:b is 0.5/1 to 3/1; wherein said
catalyst composition, after sulfidation, is comprised of stacked layers of (Y)S,,

such that the average stack height is 10A to 20A.

12.  The process of claim 11 wherein hydroprocessing is selected from
the group consisting of hydrodemetallation, hydrodewaxing, hydrotreating,
hydrogenation, hydrodesulfurization, hydrodenitrogenation,

hydrodearomatization, hydroisomerization, and hydrocracking.

13.  The process of claim 11 wherein the hydrocarbon feedstock is

selected from the group consisting of whole and reduced petroleum crudes,
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atmospheric and vacuum residua, propane deasphalted residua, cycle oils, fluid
cat cracked tower bottoms, gas oils, light to heavy distillates, hydrocrackates,
hydrotreated oils, dewaxed oils, slack waxes, Fischer-Tropsch waxes, raffinates,

naﬁhthas, and mixtures thereof.

14.  The process of claim 11 wherein the hydroprocessing is preformed
at temperatures from 200°C to 450°C, hydrogen pressures from 5 to 300 bar (500
to 30,000 kPa), liquid hourly space velocities from 0.05 to 10 h™', and hydrogen
treat gas rates from 200 to 10,000 standard cubic feet per barrel and is conducted
in two or more stages, which two or more stages can be the same or different

hydroprossesing processes.

15.  The method or process of any of claims 5 to 14 wherein the Group

VIII non-noble metal is selected from Ni and Co.



