WO 2006/ 036610 PCT/ US2005/ 033284 1 BULK N - Mo- W CATALYSTS MADE FROM
PRECURSORS CONTAI NI NG AN ORGANI C. AGENT FI ELD OF THE | NVENTI ON [ 0001] This

i nvent i on welzat@sed10 bul k tri-netallic catal ysts for usePCEUSk@s5/033284

hydr oprocessi ng of hydrocarbon feeds, as well as a nethod for preparing such
catal ysts. The catal ysts are prepared from a catal yst precursor containing
an organic agent. BACKGROUND OF THE | NVENTI ON [ 0002] Envi r onnent al
and.regulatory initiatives are requiring ever-lower |evels of both sulfur

and aromatics in distillate fuels. For exanple, proposed sulfur Ilimts for
distillate fuels to be marketed in the Huropean Union for the year 2005 is
50 wopm or less. There are also regulations that will require |lower |evels

of total aromatics in hydrocarbons a
of nultiring aromati csBUAMNIMo W LATALYSTS MADIEERGM, /i or hydr ocar bon

products. Further, BRECHRNHR [DINGAI TN CH AL ‘ U.S. on-road
di esel, CARB reference diesel, and Swedish Cass | diesel are 35, 10 and 5

vol . % respectively. Further, the CARB and Swedi sh Class | diesel fuel
regul ati ons gpW R THE SNVENTIONS and 0. 02 vol . % pol yaronati cs,
respectivel F%ﬂ?ﬂ%‘ﬁﬂé‘r—mrk Is presently being done in the
hydrotreating art because of these proposed regulations. [0003]

Hydrotreati nﬁ or in the case of sulfu r,em)v?l , 'h?/dr‘odesul_f u&i zation, is
wel | known i 0PHe a’Flalsaw&nfl%r%mpb@fammal if £3i|YSG TPheseiBtiG| eum st reans
Wi th WO 200%&3@&39esﬁ%/&§§9;%§ér%§ %@eﬁs, as well as a method for preparing such

7y catalysts, The catalysts are prepared from a catalyst precursor containing an

e

nd, nore specifically, to |ower |evels
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organic agent.

BACKGROUND OF THE INVENTION

[0002]  Environmental 'and,regﬁlatory 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 wiil reduire lower levels of

total aromatics in hydrocarbons and, more specifically, to lower levels of

multiring aromatics found in distillate fuels and heavier hydrocélrbon products.

ﬁ} 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 sulfir removal, hydrodesulfurization, is

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



. MR

-2 hydrogen in the presence of a supported catalyst at hydrotreating
conditions. The catalyst is usually conprised of a Goup VI netal with one
or nore GWORWHBHEI0Net al S as pronoters on a refractory BOPASRA0S/03128H as

al um na. Hydrotreating catalysts that are particularly suitable for

hydr odesul furization, as well as hydrodenitrogenation, generally contain
nol ybdenum or tungsten on alumna pronoted with a netal such as cobalt,
~nickel, iron, or a conbination thereof. Cobalt pronoted nol ybdenum on

al um na catal ysts are nost. widely used when the limting specifications are
hydr odesul furi zation. Nickel pronoted mBl-ybdenum on alunmina catalysts are
the nost widely used for hydrodenitrogenation, partial aromatic saturation,
as well as hydrodesulfurization. [00041 One a%proach to prepare_inproved

Ey(cjir otrlea_ti rl@/dmsmry@_p@rqtiw:cm%éuﬁporﬁedﬁatﬂkysw yﬂ@y@sth;aq;uémp%ﬂ%e related to
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relativel y- ngw| ol Bss ifmdW diddy Bl oy Rk end iSRG RS

* saturation, as well as hydrodesulfurization.

[0004] One approach to prepare improved hydrotreating catalysts involved a
family of phases structurally related to hydrotalcites and derived from the parent
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,” Inorgdnic Chemistry, Vol. 35, No. 14, p. 4191-4197
(1996). The preparation of such materials algo 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 (IT), #11, 563-6 (1987) and Maz_zocchia, Solid State Ionics, 63-
65 (1993) 731-35. | | |

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



— :

-U. S. Patent Nos. 6,156,695, 6,162,350 and 6, 299, 760, all of which are WO
2006/ 036610 PCT/ US2005/033284 -3 incorporated herein by reference. The
cat al yst sweenodizeed i n t hese patents are bul k nul ti - nmeteaitliseoizatsgy st s

,

conprised of at |east one Goup VIII non-noble netal (X) and at |east two

Goup VIB netals, wherein the ratio of Goup VIB netal to Goup VIII
non-noble netal is from10:1 to 1:10. These catal ysts are prepared froma

precur sor
of b: (c+d)

having the formula: n~ M- (M), ( )d Oz wherein the nolar ratio
is 0.5/1to 3/1,, the nmolar ratio of c:dis >0.0 1/1, preferably

>0.1/1 and z [2b + 6 (c+d)]/2. The predwsor has x-ray diffraction peaks at
d 2.53 and 1.70 Angstrons. The precursor is sulfided to produce the
.correspondi ng activated catalyst. [00061 Wi|e such catalysts have proven to
be super|i ormmphgp@hddnqr@athyrrgfermsamaspatbb'stsr@smimdrm these pattem@raee Balk| |

t f - ff | yst
for ronov %ﬁﬁm@ i ystgé’érngé%ﬁ et By pr orol8 I poiencs wii BRLr bon -

streans. S
a bulk nmulti-

met a| [ic cat y\ﬁsﬁrﬁ‘gﬂli %9176111 hﬁ ﬁﬂo%f’@%ﬂﬁ‘?ﬂﬁ meT[ e is provided

osition represented by t e formula: (X)2

- (Moi -, W) b GapGHP) nbx- o3 bt} 15 by 65 i 116, TheseamataiysteaGpoegared | |

non- nobl e
nol ar

tals, dis_ an integer Ir_om 10 to 40, xis between 0 and 1, the
o agrecursorhavimgihe fogmla, = ((2a+6b)+ €)/2 and the molar ratio

of a: (b) is 0.5/1to 3/1; and %h%)sﬁwdﬁft al yst after
[

B

wherein the molar ratio of b:{c++d) is 0.5/1 to 3/1, the molar ratio of c:d is >0.01/1,
preferably >0.1/1 and z = [2b + 6 (c+d)]/2. The precursor has x-ray diffraction
peaks at d = 2.53 and 1.70 Angstroms. The precursor is sulfided to produce the

corresponding activated catalyst.

[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)e (Mo, W,),[(CH;CH,)asN(CH3)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; 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 |layers of (M1-,W)S2 stoichionetry,
such that the average stack height is | OA to 20A. WO 2006/ 036610

PCT/ US2005VO2806@#$66184 [ 0008] In a preferred enmbodi ment, ©&d/URBIE03328¢i 0 of
a:bis from0.75/1to 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. BRIEF
DESCRI PTI ON OF DRAW NGS [0010] Figure 1 shows X-ray diffraction patterns of
aN 1.5 Mo.5 W5 - oxide phase (top trace) prepared according to Exanple 1
hereof and the catalyst precursor N I\/b“.45W5[CI-B(CI-|2)nN( CH3) 3] 0. 75- oxi de
phase (bottomtrace) in accordance with Exanple 2 hereof. [0011] Figure 2
shows X-ray diffraction patterns of a Nil.5M.5W5-sulfided (top trace),
and the bottomtrace being Ni Mo. 5W5[ (CH2) 18] 0. 75-sul fi ded (bottom trace)

both of Exanmmogsp h&f £pfefertddEhtlodithéit! e 3dolhcrafiodf @i 0Y58 @CL ron

m crograph of a prior art N -M-W sulfided catalyst prepared from an oxi de
precursor  asl.fdughd disfromd 6 tB20emosiNoeferdblg 58, G1e shetweey (S suditk. hei ght of
45A (7-8 sheets). [0013] Figure 3b is a transm ssion el ectron m crograph of
the Ni-M-W sul fided catal yst of the present invention prepared from an

St ack her gnt (9Pt o o B e A 1B B b PYEsa i [00%a]

Figure 4 is ad.9tmofe gréferabl¥ §/5. dat a obtai ned in Exanple 5 hereof and
BRIEF‘DESCRIPTION OF DRAWINGS

[0010] Figure 1 shows X-ray diffraction patterns ofa Ni 1.5 Mo .5 W .5 -
oxide phase (top trace) prepared according to Example 1 hereof and the catalyst
precursor NiMo.5W.5[CH;3(CH,);;N(CHs);]0.75-0xide phase (bottom trace) in

accordance with Example 2 hereof,

[0011]  Figure 2 shows X-ray diffraction patterns of a Nil.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).

[001'3] 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).

o’
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evidences the formation of carbosulfide crystallites prepared by the organic
agent nethod of Exanple 2 hereof versus the crystallite fornmed in .

accor dancavowdols/osdseo prior art neat oxide nethod of ExanpCBUS2008033084.

-‘DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0015] The bulk multi-netallic

catal yst conpositions of the present invention can be used in virtually all
hydr opr ocessing processes to treat a plurality of feeds wunder w de-ranging
reaction conditions such as tenperatures from200C to 450C, hydrogen
pressures fromb5 to 300 bar (500 to 30,000 kPa),. liquid hourly space
velocities from0.05 to 10 h" and hydroden treat gas rates from35.6 to 1780
n8/nB8 (200 to 10,000 SCF/ B). The term "hydroprocessi ng" enconpasses al l

processes in which_a hydrocar bg)g feed i s reacted wé;ﬁn hydr ogen at the
t enper at ur ed08 pFagWE Ads a péntod thepbvaVS dai obmnediwcExaranle ddsmohprdit i on,

v odeves iRy o ac ASRRTIRLA S SERASE) Lol Ao

hydr odeni t r ogena rodearoma

hydr ocr acki pgethdtboUEhkanehls 2 HRedolf Versiy theQeysiallite TorméEREREbRBn witheéhd ype of
hydr opr ocessi ng and the reaction conditions, the products of hydroprocessing

may show i ppiopewaeatioxidesnethed of Examwplsi k Rereefdi ces, saturates content, |ow
tenperature properties, volatilities and depolarization. It is to be
understood that hydroprocessing of the present invention can be practiced

[n one or MHETAAEDIPASCRIPTION GF THE INWENTPON ef curr ent {1 ow or |
cocurrent fIOW . By CO rcu n W node we nmean a process node
wherein the feedstream flows countercurrent to the flow of

hydsogen- cont ai_ni ng_treat s. The hydroprocessin reactor can al so be -
operated in (ogls] s, T ik @gﬁhw?ﬁﬁl%%gaﬁtrcgﬁ@@ﬁlﬁﬁ?g RDHIE Presspt in¥sntioR e, it can
be a fixed g%gg%ﬁéédriﬁmmgly S hydPotrBlds Sl g PeshesMOu? BOG/ LAGRESY of feeds

PCT/ US2005/
under wide-ranging reaction conditions such as 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 35.6 to 1780
m’*/m* (200 to 10,000 SCF/B). The term "hydrOprocessing" encompasses all
processes in which a hydrocarbon feed is reacted with hydrogen at the
temperatures and pressures noted above, and includes hydrodemetallat_ion,
hydrodewaxing, hydrotreating, hydrogenation, hydrodesulfurization,
hydfodenitrogenation, hydrodearomatization, hydroisomerization, and

_ hydrocracking including selective hydroc‘racking. Depending on the type of

m} hydfoprocessihg 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 processv 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.



-6 [0016] A wide range of petroleum and chem cal feedstocks can be

hydr oprocessed in accordance with the present invention. Suitable feedstocks

i'ncl ude wWh¥0208(reBs#®duced petrol eum crudes, at nospheric RCT/WREWNIBBEsi dua
propane deasphalted residua ,e.g., brightstock, cycle oils, FCC tower

bottons, gas oils, including atnospheric and vacuum gas oils and coker gas -

oils, light to heavy distillates including raw virgin .
distillates, hydrocrackates, hydrotreated oils, dewaxed oils, slack waxes,
Fi scher-Tropsch waxes, raffinnates, naphthas, and m xtures thereof. [00171
The instant invention can be practiced-ifr one or nore stages or zones. In
one preferred nultistage process, a distillate boiling range feedstock
containing high levels of sulfur and nitrogen can be conducted to a first

hydr odesul furi zation reaction stage for the renoval of a substantial anount

f th ul f d nptr. ' tai ni '
of 3, 000 wpreV Bl G R8Phes oP LB A RHEn B iR I, B e pr oduc

|"at es. The product

stream i s padsgiesprbcessedRpRt@ e Withthe prbsehtinventiomn Bfitapleafeedgisokguct stream

and a liquid phase product stream are produced. The |liquid phase product
streamis theplugesdele and radured priroleummaudpsnetmnsplericeandctasgum residua,

were it i s wopdeanaRaGmslite e bAOHOEk YRR SBTEEC o Gl RE v 2

second hydr qggs iHchuding attdospherRtaldWabunn] ghssoﬂm' aild dokRt 844 dils, lighubhedvy a
product stream containing from50 to 600 wopmsul fur. It is preferred that
t he pr oductdistiliatesninclodingirawfvirgin disellates;loydaodrgckatese bydrotreatedvilan st age

contain.less, than 150 wppm sulf.ur, re prefera | ess an 100 wppm
SOt b destaved oS AiARRTAxeh Fiher Trea Hanes, Silfhetes, SeRh et o

hydr odesul f%g&,ﬁ.@s pegsct  streamwill be passed to a third reaction stage
and be reacted 1 n the presence of .

(0017] The instant invention can be practiced in one or more stages or zones.
In one preferred multistage process, a distillate boiling range feedstock containing
high levels of sulfur and nitrogen can be conducted to a first hydrodesulfurization
reaction stage for the removal of a substantial amount of the sulfur and nitrogen.
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 prbduct stream and a liquid phase product stream are
produced. The liquid phase pfoduct 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 cétalyst capable of further reducing the sulfur level and

.‘-.ﬁ\
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‘hydrogen and a catal yst capable of further reducing the sulfur Ievel and WO
2006/ 036610 PCT/ US2005/ 033284 -7 hydrogenating aromatics. The sul fur |evel
of the fi.nab2eoskset streamwi ||l be less than 10 wppm peEUsmaitisdsess t han
5 wopm and nore preferably less than I  wppmsulfur. This third reaction -
stage will contain, at |east one reaction zone, at |east one of which
contai ns a hydrogenation catal yst and, optionally, a third independently
sel ect ed hydrodesul furization catal yst, such as the bulk rmulti- nmetallic
catal yst of the present invention. It is within the scope of this invention
that at least a portion of the vapor préduct streamfromeither or both
reaction stages can be recycled to the first reaction stage. [0018] At

l east one of the reaction zones of at |east one of the reaction stages wll
contai n at hpdregenating lpramaicss Hbe sulfur lavelof theslingl praduehstegags wilbbe lese pr esent

I nvention. FEor .exanpl e he.reactor .of the first hydrodesul furi.zati on stage
can contai ﬁ‘a& @IV(R%# QrsiteBaﬁalx Eﬁ% aBr? \gm,lsarﬁddngre&%@f(agjgy f?é%l{hﬁp rJangement
wherein a GopMEMAL Thisitied RAEEH Stbidd wal Eaifi 2dtabast bnERARIIS/MeORE OF nore,
but not all, reaction zones and the bulk multi-netallic catalyst of the

present i nvieastiame of ednuglr ¢saing dbydopenationeatatyshand; optiemaliypa thivhes. 1t is
preferred that a conventiopal drodesul furizati on catal yst pbe used in an
upst ream reﬁ%ﬁp?}}ﬁieﬁﬁhéeq%ﬁﬁﬁgﬁyq%ﬂ&%ﬂ%t&n@@ Y5ht S5eh a3 %Gf% Buftesent

i nvention b ' Qﬂ% REGLI . ' rred that
all of the &gth??%dﬁﬂ%%r?gs . %@?gﬂﬁel rst ﬁgsdﬁggglstgf%%orqc?ggygﬁuﬁéﬁérge contain
t he bul k mnuthiat atfedsah Ipottionadfahe/sapod praducsstreanefrbmagithef OOHSEh rédetioh i M ti ng

~exagpl es of conventi onal hydrotélgati ng catal ysts that can be used in the
pradtice of StaERs G3n be aerycledyie e 1ust BREMRP $4#8% the bul k multi-netallic
catal yst include those that are conprised of at |east one Goup VIII netal,

[0018] At least one of the reaction zones of at least one of the reaction stages
will contain at least one bed of the bulk multi-metallic catalyst of the present

| invention, For example, the reactor of the first hydrodesulfurization stage can
contain a plurality of reaction zones in a stacked bed arrangement wherein a
conventional hydrodesulfurization catalyst comprises one or more, but not all,
reaction zones and the bulk multi-metallic catalyst of the present invention
comprises the other one or more reaction zones. It is preferred thata 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 muiti-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 ajumina. Other suitable



preferably Fe, Co or Ni, nore preferably Co and/or Ni, and nost preferably
Co; and at least one Goup VI netal, preferably Mo or W nore preferably
Mo, on a M AOPPIBID hi gh surface area support material , BEVEMM3284] uni na.
O her suitable WO 2006/ 036610 PCT/ US2005/ 033284 -8 hydrodesul furization
catal yst supports include zeolites, anorphous silica, silica- alum na, and
titani a-alum na Noble netal catalysts can al so be enployed, preferably when
the noble netal is selected fromPd and Pt. It is within the scope of the
present invention that nore than one type of hydrodesul furization catal yst
be used in the sanme reaction vessel. Th'eSGroup VIl netal is typically
present in an anount ranging from2 to 20 w.% preferably from4 to 12

w.% The & N tal will typically.b t i . '
from 5 to soMroOdEsufipdioneialyst Siapags ilrluds 4goligs, amerPHBRE SRR FUicAD  y 1 rom

20 to 30 wt.Q ot By " "
to W z(ﬁ:ﬂ%d, ahd tl%ﬁ@ﬁﬁgﬁﬁbﬂ%lgﬁﬁéﬂeﬁ%ﬁ%ﬁ Cart %fb'%’ﬁﬁe’ibfsogggy on_support

I's meant that percents are based on t port. For
exanpl e, if pleferablpwiteh thieneble metaiighelectidiDiromatdsand et 30Gvidiin theGeopp VI | |
metal woul d nean t hat ,ZO?Fg‘rams of Goup VIII petal was on the support.

[00201 | n anBtWePressponysriion that rogs-thanons Gpeeldaxdrpdesylianzagionicaialyst he .
feedstock ! opl igdlih iR sahBACLLRIM LI THE GroBPV I AP o/ feiigottnal | OF L1

three reactron stage process, except e pro omthe first

stage will goabhaim ra®tng froln DQD20WR%, peéfefabhafbin 4 101D W%, The GroAY wopm
and nore preferably from300 to 750 wppm sul fur. The second reaction stage

will then pVémstalptill typinally be prosent imen gropuntirenging ferm$ 1o 80 #4bal yst of this
st eam i | Bears tood 20 % AREE e BraeP R Fom 2048 Sl oo Dppm sul f ur-
and a subst apetad WeighPP&Eerdt€X@lon support. By “on support” is meant that the percents

are based on the weight of the support. For example, if the support were to weigh

100 grams, then 20 wt.% Group VIII metal would mean that 20 grams of Group

VIII metal was on the support.

[0020]  In another embodiment, a two-stage process is used wherein the |
feedstock to the first reaction stage will be the same feedstock as for the three
regction 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 L
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



of aromatics. 100211 Non-liniting exanpl es of aromatic hydrogenation
catalysts that can be wused in the practice of the present invention include

ni ckel , cela@bdosddsydenum ni ckel - nol ybdenum and ni ckepeTAigsigsh s
Non-limting exanples of noble netal catalysts include those based on

pl ati num and/ or palladium which is preferably WO 2006/ 036610

PCTI US2005/ 033284 - -9 supported on a suitable support material, typically a
refractory oxide material such as alumna, silica, alumna-silica,

ki esel guhr, di atomaceous earth, magnesia, and zirconia. Zeolitic supports
can al so be used. Such catalysts are ty®rcally susceptible to sulfur and
nitrogen poi soning. The aromatic saturation zone is preferably operated at
a tenperature from40C to 400C, nore preferably from 260C to 350C, at a
pressure fr owppbded pgiaguitaidle sigrort metegial) oigadlyp xehoctpgbokiBa material edchr abl y
from 200 psi 1,480..kPa) to 1,200, psi 8,,274 kPa), and at a.liqyid hourly
space vel oc?g?g-‘(%%\?)hcﬁfgl?m%'%ﬁ "IYFWI%P » GlRtomacegps panth, NagHess, a%He
preferred b L | d r igfd ed in the
practice of Hitr e&%rggéelﬁ‘tc %“ﬁeﬁ‘ﬁ%‘%%‘%ﬁ%"ﬁ‘gsgge?gﬂ% gﬂgﬁgé taﬁée%o&ra }rizl a: (X)a

(M - =W) b[ ésicisiitile cNuDi3 hidd Aitkdgendpoisening XThe atomativr sataratborCFamgris VI | |
non-noble nmetals dis an integer from10 to 40 x is .between 0 and 1, the
mol ar rat i oPEsierably gpgrates] ot agemperatpre fromy 4L 1gA00°E) more prgipratle fiost ar rati o

compr i sed of o4 o 3G r By PahA00 AR (Faf Red| 3,00 bk QAR ' P 1P
is 10A to 2@Aferh®l§3ddm 200 psig/(e460 kPa) ©NRND sy (8,2 THRPAIDART atladidudd of a: b is

fre0.75/1 to 1.5/1 and d is from16 to 20, nost preferably 18 and e is
bet ieen 0. Sheurly spase velocity (LHSV) of from 0.3 V/V/Hr. to 2.0 V/V/Hr,

[0022] The preferred bulk trimetallic catalyst precursor compositions used in
~ the practice of the present invention is reprcsentéd by the formula:

(X)s (Mol-xwx)b[(CHJCHz)ﬁN(CHJ)S 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)+ e)/2
and the molar ratio of a: (b) is 0.5/1 to 3/1; and wherein said catalyst after
sulfidation, 1s 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.



[0024] In a preferred enbodi ment of the present invention, x is between 0.1
and 0.9, nore preferably 0.5. WD 2006/ 036610 PCT/ US2005/ 033284 -10 [0025]
Prior art W 2000¢/836610 such as those taught in U S. Patent MERUSH)NEE28895,

6, 162, 350 and 6,299, 760 teach - the preparation of catalysts simlar to those
of the instant invention, but are prepared from oxides not containing an
organic agent, (X)e (Mo)b (W~ Oz wherein the nolar ratio of b, ¢, and d,
are such that 0.1<(b+c)/a<10, and z = [2a + 6 (b+c)]/2. The precursor has
x-ray diffraction peaks at d = 2.53 and 1.70 Angstrons. 100261 This :
invention is based, in part, on the disdBvery that catal ysts prepared using
an organi c agent precursor conposition of the present invention results in a
final catalyst uniquely different than those prepared using the oxide

precursor wWOORBLt BroiHeatalystagush as thepe taughignd) St Retent om Saidbei¥of such
Calvet i h . ‘ . b F Fi Lon,
Cesulis i ot ersQhRFraediRl bt B preBirt Rin B plalfit Sl Hoks B,
| ayer structms@nhiaveniibngbet £46 reparedford bxidéb Aot contdiniBgladegic agent,a
crystallite dianmeter of 50A. On direct sulfidation with a non-carbon
cont ai ni ng sul fidation nedia (i (%),M®RS(WM2)O0:the organic agent Ni-M- W
h t 0. dug . | fi.d t.h h I d h th
ot ol yat o pr SpaREEbRAG RS REBU and e <opn i A2 o B BRSSO

carbosul fi deg phagpn.| ?hUPFC_EﬁI%Slt ﬁﬁ'#fﬁ%ﬁr&%ﬁbﬁ%ﬁ@aﬁs%dh%_@.BQ(ﬂﬁ@!!ﬁ)Ufi zation than
prior art bulk tfi-nmetallic bulk cafalysts. The sulfided catal yst of the

present i nvAngstms hat are prepared using the organi c agent-containing
precursor results in- a carbosul fide phase with substantially smaller stack
hei ght (15A). ‘ )

[0026] This invention is based, in part, on the discovery that catalysts prepared

using an organic agent precursor composition of the present invention results in a
final catalyst uniquely different than those prepared using the oxide precursor
without an organic agent. For example, the preparation of such catalysts without
the organic agent, aﬁer activation by sulfidation, results in active sulfide phase
crystallites having a normal [(Mo,W)S;] Vlayer 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., HS/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 (15A).

[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 C,to Cy aromatic amines, e.g., pyrrolidine.



[ 0027] The organic agent Ris selected fromthe group consisting of aromatic
am nes, cyclic aliphatic am nes and pol ycyclic aliphatic am nes, preferably
aromati c aNDrees/BeEh as C4 to C20 aromatic am nes, e.g., PEFAS205433384 WO
2006/ 036610 PCT/ US2005/ 033284 -11- +I1 10028] The organic directing agent R
for use in the above nethod for synthesizing the present material fromthe
reaction mxture is an anmoni um or phosphoniumion of the fornmula RL R2 R3
R4 Qf, i.e.:. R Ra-Q+ R2 R3 wherein Qis nitrogen or phosphorus and
wherein at |least one of Ri R2, R3 and R4 is aryl or alkyl of from8 to 36
.carbon atons, e.g., -Cl0 H21, -Cl6 H33- dhd -Ci's H37, or conbinations
thereof, the remainder of Rl, R2, R3 and R4 belng selected from the group

consi st i ng of h dro en, alkyl of. from éfto 5.C ato d conbi nati ons
t hereof . NoniPP28} organis diecting 48585 R far \‘@(:‘P%Ff‘g éﬁ’i@ OFabI e for use
herei n incl | - Teanele] i I

oct adecyl tri hnyi%}é] (}é%ﬁ&r%%m ce;?y yr| ?E#ttoé-lnrﬁﬁ(y@%s %9?% "ﬁﬂ})ammnl um

decyl t ri met yHospivomiirti ion cixtie dyrintula Re Ry R Ry®@hiem and
di et hyl di dodecyl-anmoni um The conpound from whi ch the above anmoni um or

phosphoniumion is derived may be, fq, exanple, the hydroxide, halide,

silicate, or mxtures thereof. (0029 The preferred method of preparing the

catal ysts used in the practice of the present invention conprises preparing
| uti f all ' ‘

a solution of all precursor con‘q&pﬂl $ R,

wherein Q is nitrogen or phosphorus and wherein at least one of R;, R,, R3 and Ry
is aryl or alkyl of from 8 to 36 carbon atoms, e.g., -CigHy, -Ci6His and -C;5 Hss,
or combiﬂations thereof, the remainder of R;, R,, R; and R, being selected from
the group consisting of hydrogen, alkyl of from 1 to 5 carbon atoms and
combinations thereof. Non-limiting examples of these directing agents suitable for
use herein include cetyltrimethylammonium, cetyltﬁmethylphosphonium,
octadecyltrimethylphosphonium, cetylpyridinium, myristyltrimethylammonium,
decizltri_methylammonium, dodecyltrimethylammonium and
dimethyldidodecylammonium. The compound from which the above amrndnium
} 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 inveﬁtion comprises prepaﬁng a solutiori 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



then heating the solution resulting in a precipitate to forma precursor
catal yst conposition. It is particularly preferred to make a sol ution of an
anmoni um s¥NQ 2006036810Gr oup VI B netal and a sol ution of a QGUES2#N3/33283n- nobl e
metal nitrate. Both solutions are heated to a tenperature of 60C to 150C, )
preferably 90C, an WO 2006/ 036610 PCT/ US2005/ 033284 -12 organi ¢ agent, such.
as an amine surfactant, is added to the Group VIB netal solution. The

pressure will be from atnospheric to autogenous. The Goup VIII non-noble
nmetal solution is added to the Goup VIB netal solution and direct
precipitation of the Goup VIB and Group2vl || non-nobl e nmetal conponents

occurs. This synthesis can al so be conducted at |ower tenperature and/or

decreased pressure or hi gher tenperature and/or, increase ressyre. Suitable
G oup VIB anBT@“&ﬁSe% FYChAS ANPEHNE SYRECANt A8 Aithe &‘F@lﬂ(/j\xf%meé | ubl e

ni ckel, ol hdgoumng LupOSAE R SOAPARRRIRrcD 1 3RBURLE. TilelGrolh S1dded as

such, they ) ve or di sperse on rfixture*an

subsequent | y nbgnpblechqialtsahidn iSuddeditb eheGanp WiEBmerl adlutioh bad whegh are
soluble in water are preferabl XI amoni um sal ts such as_anmmoni um '
di nol ybdat e, peasipitatiomof the-Group MIB-and&group Villgwnaoblemetal eempgeads nol ybdat e,
anmoni um par a- , -, xa- . and ol vtungstate. .alkali netal salts,
silicic aci d?gcaﬂr{‘r?}@f sgﬁﬁ%s Wq%?ﬁ?@%gatsﬁ .agﬁwe%eingl%ea?tgre.sﬂtf%ri c acid,

ol ybdi ¢ si | yedreasbd pasire ofGigher feHipefdtire af@iof inci@sed PRasirk.C Suasilg, _
pertungstic acid, heteropolyanion conpounds of M-P, M-S, WP, and W Si.
It is al so pbgeihVEs and Saeupcy Bl povinBbleaneth]l componenis e wotepsolubile mtketh are

not in solution.at the tine of additian, .bu ere sol pyfi.on i ffected in“‘%
The | react | offienis angestea  Sapostih KhbmLS sfeadfsias subhfins 1 hat
contain so g Rikse bAlishasSm thBAacBR hikGFPAPUBES&uERTY BapRecifiiean | |

di ssolve in their
Suitable Group VIB metal salts which are soluble in water are preferably

ammonium salts such as ammonium dimolybdate, ammonium tri-, tetra- hepta-,
octa-, and tetradeca- molybdate, ammonium para-, meta-, hexa-, and
polytungstate, alkali metal salts, silicic acid salts of Group VIB metals such-as
molybdic silicic acid, molybdic silicic tungstic acid, tuﬁgstic acid, metatungstic
acid, pertungstic acid, heteropolyanion compounds of Mo-P, Mo-Si, W-P, and W-’
Si. Itis also possible to add Group VIB metal-containing cpmpounds which are
not in solution at the time of addition, but where solution is effected in the
reactioﬁ mixture. Examples of such compounds are rrietal 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



SRR

own netal water. Further, non-soluble netal salts may be added in suspension
or - as such, and solution is effected in the reaction m xture. Suitable

non- sol ublygo 2068k sal ts are heteropol yani on conpounds efreR20v8n¥¥ass
(moderately soluble in cold water) and heteropol yani on conpounds of Ni-M-W

(moderately soluble in cold water). [00301 Precipitation can be effected by
adding a G oup VIII non-noble netal salt solution to the Goup VIB netal
solution in the presence of the anine organic WO 2006/ 036610

PCT/ US2005/ 033284 13 agent and heating the m xture to effectuate the
precipitation. The precipitate obtained.by this process will have, after
sulfidatiori, a relatively high catalytic activity relative to conventi onal
hydr oprocessi ng catal ysts, which typically conprise a carrier inpregnated
wi th G oup ¥gdnt andheatoly the mixtatestocffecatrthe ptadipitativnl Fhe precippateposes of this

I nvention, the precipitate is used w.tho a support..  Unsupported catal yst
composi t1 on§gt&}1}§d3’§&§}5|%¥°‘feé? ¥ill Bave, st OBt Q?Vfﬁey-hlﬁgéégfﬁ‘?he bul k
catal yst pr . eneral ly be
i oct Ty 1 or S el EOER B e nh Ao RIc S oA el Enand

comrer ci al ysdprishesarishmmasgeadtl With Groep VYl aoy-mobld @bilal andGroup B such as
by extrusion, pelletizing, beading, or spray drying. If the anmount of liquid
of the bul kmetals Fenpurpesss of tuoinvertiong theinyecipiiaie is used avithout § SURPOFtect | v

bet ore shapCRguPrReRl AR} EStopdhicilofe sl SrBERE KA AIKERANER, P70 Sl

or after solid- liquid separation, can be cal cined before shaping. [0032]
Thexmedi an di aneter of the bul k catal yst precursor particles is at |east 50.
m }or e preft®3db| y The bnlkestalyg presursen eorppesitempf e pseseningentipasaBo00 m

generally be directly formed into various catalyst shapes depending on the
intended commercial use. These shapes can be made by any suitable technique,
such as by extrusion, pelletizing, beading, or spray drying. If the amount of liquid
of the bulk catalyst éomposition is so high that it cannot be directly subjected to a
' shéping step, a solid-liduid separation can be performed before shaping.
Optionally, the bulk catalyst composition, either as such or after solid- liquid

separation, can be calcined before shaping.

[0032] The median diameter of the bulk catalyst precursor particles is at least
50 um, more preferably at least 100 pm, and preferably not more than 5000 pum
and miore preferably not more than 3000 um. Even more preferably, the median
_phrticle diameter lies in the range of 0.1 to 560 pm and most preferably in the range

of 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



and nore preferably not nore than 3000 m Even nore preferably, the nedian
-particle dianeter lies in the range of 0.1 to 50 mand nost preferably in
the range Vo 206836640 50 gm [0033] Binder material can bePCEESNFHOIZARS
preparation of the catal yst precursor conposition it including materi al
that-is conventionally used as a binder in hydroprocessing catalysts.
Non-limting exanples of suitable binder materials include silica,
silica-alumna, such as conventional silica-alumna, silica-coated alum na
and al um na-coated silica, alum na such as (pseudo) boehmte, or WO

2006/ 036610 PCT/ US2005/ 033284 -14 gibb§%t titania, zirconia, cationic
clays or.- anionic clays such as saponite, bentonite kaol i ne, sepiolite or

T oL 1y S 2B 5 A8 e e ™ Cro

bi nders may Bengpi keSS s 81'ite @ hf‘érb@d‘lc:&e Bf idRltelthdrbof Préfeiied BaRRE Dl € to
~apply precursors of thesé nders during precursor synthesis, are
converted i mmaermiwaremltch,eslhdma/lamms ahintina] thamd,emr.conﬁumt mbitereptiecenfsors are,

e.g., alkali al um nat es 0 obt ai n an al.um na bj n r er gl ass
(to obtain a élef E}E%d‘ﬁ ﬁ’&&b?apa“‘rﬁt 38yFle Op pfter) RERFizatiAD, &Flseﬂ rigqsélggsmand vat er
glass (to ob | of a di-
tri-, and/ ort‘1 ]?Ip gevcgfdgﬁ@fntg%%{ﬂugﬁ%ithgg d&ﬁﬁé?{eﬁrﬁ res‘&(; m%és?fdrsofgﬁgﬁlzédsal ts of
magnesi um  alintoany of edbove-describahbihtiers phwitablecpreeursartsiage)ieq. ,cdlieali merl or
anionic clay), chlorohydrol, alum numsulfate, or mxtures_ thereof. 100341
If desired, fheiBteyde Ohﬁitlbm gpmina bipderd graterglesd topblaing ahieubmndeny 2 net al

ands or & O oadfhd bt IR0 B EnfBhak o\ Ber hB PR B fPAARA hEhA 1 e

bul k catal yst" " conposition and/ or 1or to during € preparati ol
binder), a mixture of sources of a di-, tri-, and/or tetravalent metal such as a

mixture of water-soluble salts of magnesium, aluminum and/or silicon (to prepare
a cationic clay and/or anionic clay), chlorohydrol, aluminum sulfate, or mixtures

thereof.

[0034]  If desired, the binder material can be composited with a Group VIB

metal and/or a Group VIII non-noble metal, prior to being composited with the

bulk catalyst composition and/or prior to being added during the preparation

thereof. Compositing the binder material with any of these metals may be carried

out by impregnation of the solid binder with these materials. 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 of 0.5

to 1.5 ml/g measured by nitrogen adsorption.



t-hereof . Conpositing the binder material with any of these netals may be
carried out by inpregnation of the solid binder with these materials. Those
havi ng orvigmsyosskiol | in the art woul d know suitabl e | npicagmn@bizaRs2s4
techniques. If the binder is peptized, it is also possible to carry out the
peptization in the presence of Goup VIB and/or Goup VIII non-noble netal
conponents. 10035] If alumna is used as binder, the surface area Wl |
preferably be in the range of 100 to 400 ne/g, and nore preferably 150 to
350 nR2/ g, neasured by the B.E T.nmethod. The pore volune of the alumna is
preferably in the range of 0.5 to 1.5-i#bfg nmeasured by nitrogen adsorption.
WO 2006/ 036610 PCTI US2005/ 033284 -15 [0036] Cenerally, the binder material
t.o be used has |l ess catalytic activity than the bul k catal yst conposition
or no cat al yVi#036lact Genersily theabinder@oateriajute e luged bas lesssiatadytic asitivity thamat eri al |
the activity,o he bul k catal.yst co i.tion.may he .reduced. ,Therefore,
Lhe amount - he brlierticafpastivd oS TRER ARVt e GRS HERRIY on 1 he
desired actiygiday ﬁkdéma&ﬁmkhe%&iaityarﬁfeqmﬂ@édtmggrbonfaoeﬁr% ; ts fromo0
to 95 wt.% of the total conposition can be suitable, depending on the

envi saged catdioptli Thammbdrecthe iaoountoftender, materidlaé be asachwilbhgmedfllyt he resul ting

unusual high, actjvit f .the conposition of the present invention, binder
amounts to qﬁee%i?d%’d¥8?issl'§gr?€P&W 9P g tbcaaligicogipogitgn, Bineer gmognist t he
total conposjd.d [ In s mgﬁ N It Vs can be used
to facili tafﬁe&gﬁg%iggg;ﬂ %iur{c %@%\S&@gﬁé&gﬁ#?ona S g%f g%peglg tc%nvtgg. These

addi ti ves mapvisegel dasdytiahpplication. SHeweedreto take ddvahtgt of tlgrraptliimge or m xtures
t hergof . These 1‘l’aﬂigltive,s_ ca? be added at. any stage prior .to the shaping

step! Fur t hefISHRBHBhAHNth 81 s compgsition of th Prawsmt MVEnHeR, birdcaamora®l e to add -

acids prior ¢ 8ebifeSNRREAGARY fPhE WaTkedT 078 {o755wt.% of the total composition.

[0037] Prior to or during shaping, additives can be used to facilitate shaping,
including conventional shaping additives. These additives may comprise
aluminum stearate, surfactants, graphite or mixtures thereof. These additives can
be added at any stage prior to the shaping step. Further, when alumina is used as
a binder, it may be desirable to add acids prior to the shaping step such as nitric-

acid to increase the mechanical strength of the extrudates.

[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 iiqulid, 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



acid to increase the nechanical strength of the extrudates. [0038] It is
preferred that a binder material, if used, be added prior to the "shaping
step. Furt P 209603660 nr ef erred that the shaping step i s cBET{USEOS0E32B4H t he
presence of a liquid;, such as water. Preferably, the amount of liquid in the
extrusion mxture, expressed as LO is in the range of 20 to 80% [0039] The
resul ti ng shaped catal yst precursor conposition can, after an optional

dryi ng step, be calcined. Calcination however is not- essential for

precursor synthesis. If a calcination is carried out, it can be done at a
tenperature of, e.g., from100C to 600Ct%nd preferably 350C to 500C for a
time varying WO 2006/ 036610 PCT/ US2005/033284 -16 from 0.5 to 48 hours. The

dryi f the, shapned ticl | S. |, Jed.out t t
above 100c. [BUROD Pritdiche s B drdind et Shabed Bt i MoneRibo M RER AL &7y
precursor  couppslafréhbove 30Micect ed to spray drying, (flash) drying,

mlling, kneading, or conbinations thereof prior to shaping. These
addi ti onal process steps can be conducted either before or after a binder

I s added, aft olid-1iquid,separation bef or.e or after calcination and
subsequent t dOP4lye ih i pgelerred FRBRRRGaL B the dayention. e SraBRLPERFSE t ne
~above-descri "soéiﬁif'e ' f Ml Ll & NQ,

kneadi ng, ortb?g1 ?iﬁgﬂons tcﬁ%lrtggfj@tcﬁfe’mg’en@ragé) dg?ﬁl %12 gﬁl&%bﬂ%}[e&gfgﬁ, Jtnlhe bul k

(t:)az ﬁl yst corrmsihimatﬁnnagl_ér%df@ribf ?:owapilmg_t ﬁ‘mb?daddﬂz)dr?abpmceﬁ.stiﬁtsim fbﬁpl ies to

0 cases ere the bi r material [s.addeq before or after the .

appl i cati on &endygedgither Eet%aw@eaéiéﬁ%éﬁaqﬁ’sim 50 YESCPHELPR general |y

preferr ed 1o fflfte LhEadH AftifaricHBh8 iBlon Rl % rd- RefilbN: AlEliBEARKEY a0y )

alternative technique. | I'S sequent to spray drying
and/ or any aldpplyimg anyeofithe bisovgedescrited tectsiiduies of spray drying, (flash) drying,

milling, kneading, or combinations thereof, the degree of mixing between the bqu

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 ad_d'the binder
material prior to spray drying and/or any alternative technique. If the binder is

- added subsequent to spray drying and/or any alternative technique, the resulting
composiﬁon 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 durilig 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 crack.ing
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, SAPQ'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.



conposition is preferably thoroughly m xed by any conventional technique
prior to shaping. An advantage of, e.g., spray drying is that no wastewater
streans arwO mbs/edeasd when this technique is applied. 100iU0evEaI84Ng
conponent nmay be added during catal yst preparation. Wen used, the cracking
conponent will represent O to 80 w.%of the final catalyst, based on the
total weight of the catalyst. The cracking conponent nay serve, for exanple
as an isonerization enhancer. Conventional cracking conponents can be used,
such as a cationic clay, an anionic cl aé a zeolite such as ZSM5,
(ultra-stable) zeolite Y, zeolite X, AL E)'s, SAPO s, anorphous cracking
conponents such as silica-alumna, or mxtures thereof. It is to be

under stood that, some materials nmay act as a bi.nder and a cracking conponent
at the same Y9TBStaygs, %‘P{}%’Géﬁélaﬁ YWZ‘S@S?’B%QM‘ Cfﬂa“ﬂ%ﬁnﬁi F\gt“é? _
silica-al umpa gEy have at the same tine a cracking and a binding function.
[0042] If desired, the cracking conponent nay be conposited with a G oup
VIB netal and/or a Goup VIII non-noble netal prior to being conposited with
the bul k catal yst conposition and/or prior to being added during the
preparation lﬂpﬁ%lr eoff degigrd, ths erackdng premponsakimay be sapwasiad wWith A GIAWP of t hese
nmetal s may i kAR egnat.i.on. . ' nt with

t hese nmat erlbgpasﬁ‘?e&{](?ﬁg@f H&Iﬁé‘? g{ffiﬁﬂ%@i@%@&@%ﬁﬁ& érr;lllgpco(éﬁé]larj‘se’gﬁacki ng
conponent s, thé balkycatalgie RenPosition khid oLpors Gethecrided Mutisg aipregardtioan of the
final catalyst conposition. A zeolite is preferabl ad%led I f the resulting
conposi tion ﬂlgreaﬁggpr@aosmng thedrerking-¢amppnent withieay @)ﬁlﬂ@sglmetala:maxm ng. O her
ot - fﬁe@a%?%g%mstcb ﬁ%}g{é"s atiSh of 2 Rl H BnPonERt R ifesE WMGiafy © Preferably

[0043]  Generally, the selection of particular cracking' components, if any,
depends on the envisaged cafalytic application of the final catalyst composition.
A zeolite is preferably added if the resulting compoéitiron is applied in
hydrocracking or fluid catalytic cracking. Other cracking components such as

" silica-alumina or cationic clays are preferably added if the final catalyst
composition shall be used in hydrotreating applications. The amount of cracking
material that is added depends on the desired activity of the final composition and
the application envisaged and thus may vary from 0 to 80 \.Jvt.%, based on the total

weight of the catalyst composition.

[0044] = If desired, further matenals can be added in addition to the metal
components already added, such as any material that would be added during
conventional hydroprobessing 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



conposition shall be used in hydrotreating applications. The amount of
cracking material that is added depends on the desired activity of the
final conp®®)206M6819d t he application envi saged and t husPGRyS2065/48328¢0m O t o
80 W .% based on the total weight of the catal yst conposition. [0044] If

- desired, further materials can be added in addition to the nmetal conponents
al ready added, such as any material that woul d be added during conventional
hydr oprocessi ng catal yst preparation. Suitable exanples are phosphorus
conpounds, boron conpounds, fluorine- con ai ni ng conpounds, additional
transition netals, rare earth netals, tilBlrers, or mixtures thereof. (0045]

- Sui t abl e phosphorus conpounds i ncl ude annnniunlphosphate phosphoric acid,

2006/ 036610
BT L8500/ 085K o a7 HABEAIDR Proserel BF HipsSUnRYARLOR FOBLLL G SIEHIEE pr es on
i nvention prigh abdot Bﬁ)s&ﬁﬁﬁt 3%he ShApRnPdEY, OFf (R bRBGUSRerihOs pBftiARapi ng st ep.

|f the binder material is peptized, phosphorus conpounds can al so be used
f or pepti zat ploosphéims compowmisean tlse Heinsedbfor pcphzd@mnp@pr instdcéythebimdect i ng t he

bi nder with hos horic,acid or, w Xt hosphor.i.c and nit
aci d. [ 0046) a8 BABFiESd: SHF?‘?%QPE’?HWQFWBHP P’é'EéF'é‘OTé?“&an? %tfn
rut heni um d i d.chromum vanadi um I ron, cobalt, platinum
pal | adi um cg hw?ﬂc gl-FLUE{BIm)I ybdenum or tungsten. These metals can be
added at any stage of the process of the present invention prior to the
shapi ng step{oqﬁ\gart from adding. these netals during the process of the

i nvention 1 al §B‘%§§¢%¥1@1§1 &rae%imgwtaés arehe s F‘FF&Fu@dﬁlQ?e}lwscorrpom tion
therew th. | I‘hodﬁurn Einﬂtu’m R d: r S abGail Eﬁatmtuh{‘@alallz%ﬂ'@t% ¥tal, :)
conposi tion Wt I npregna | o on conpr i’ ese

nickel, molybdenum, or tungsten. These metals can be added at any stage of the
process of the prés'ent' invention prior to the shaping step. Apért from adding
these metals during the process of the invention, it is also possiblé 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,

[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 catalysf 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



metals. [0047] Synthesis of the bulk catal yst conpositions will conprise a
precursor sulfidation step. Sulfidation is generally carried out by

cont acti ngvo bee@adsad yst precursor conposition with a subépusmosbmesy ng
conpound such as elenentary sulfur, hydrogen sulfide 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

mat erial, and/or subsequently to the addition of the binder material but
prior to subjecting the catalyst conmposition to spray drying and/or any
alternative nethod, and/or subsequentI+yl%-0 subjecting the conposition to
spray drying and/or any alternative nethod but prior to shaping, and/or
subsequently to shaping the catalyst conposition. It is preferred that the
sul fi dat i ondnoug peanysetherdigh tamperitore treatment ip thecpresense ef)oxym reverts the

bt d t al d h d t :
cal oi nati oncarapr ke iRl HonepsirgS e s HRBL I3 SRy 1Y ng o
any ot her hh%&ﬁ%&lﬁ%ﬁeﬂ the KAGdRIdE shoulli be c%ﬁéﬁ%@ulﬁ% &’fﬁ’ Q:?ihe
- Consequently, if the catalyst conposition is subjected to spray drying

and/ or any applicetiomof arey ofabéseimgetbods he sul fidation should be carried out
subsequent to the application of any of these nethods. [0048] If the
catal yst conposition is used in a fixed bed process, the sulfidation is

preferably B] edHOHE c§tH$;§t3 ithod it DSedSHAMRA bRl er&gfhthéé Ifiddtfdnnation is

used, subsequ ent to the I"ast calcination step. Pre e sul fidation
is carried yfrefexablytdrried buﬁubs&dmntswlthe slapmgmte]samwaakﬂnﬂm ik nseal, separ at e
reagtor prior to loading th sul fided_catalyst co 05|t|on|ntothe
hydropr oces8ibsgauest fo th p?ﬂs[ FRiFiRaten step. Pgeferab]y, the sulfidation is carried out ex

situ, i.e., the sulfidation is carried out in a separate reactor prior to loading the
sulfided catalyst composition into the hydroprocessing unit. Furthermore, it is

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

[0049] It has been found herein that the bulk catalyst particles of the present
invention are sintering-resistant. Thus, the active surface area of the bulk catalyst
particles is maintained during use. The molar raﬁo of Group VIB to Group VIII
non-noble metals ranges 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



preferred that the catal yst conposition is both sulfided ex situ and in
situ. (00491 It has been found herein that the bul k catal yst particles of

t he presenWoO 2a9g/e¥6i0on are sintering-resistant. Thus, thePGRTSMOS/EIILF4ace
area of the bulk catalyst particles is maintained during use. The nolar
ratio of Goup VIBto Goup VIII non-noble netals ranges generally from
10:1 to 1:10 and preferably from3:1 to 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 Goup VIB netal is contained in the bulk
catal yst particles, the rati-o of the dirffPerent Group VIB netals is

generally not critical. The sane hol ds when nore than one G oup VIII
non-noble netal (is applied, In the case where | ybdenym and tungsten are
present as & RUPNICA-Eesiptant Jhus, the %N;ﬁ@rﬁ%ﬁﬁacr@mgfgtﬂlemmlta&e SAeRangd| v |jes
I n the range %f] ‘?s;el to 1:9. Preferably the G oup VIII non-noble netal

conpri ses nig M8 Wd/or cobalt. It is further preferred that the Goup VIB .
nmetal conprises a conbination, of nolybdenum and tungsten. Preferably,

conbi nati ons of nickel /ol ybdenunt tungsten and cobal t/ ol ybdenunt t ungst en
and ni ckel / {0958] t / whe mstrdnaneiprefagblyepresant asigxidic ameppundy petheof preci pitates
appear WO 2006/ 036610 PCT/US2005/ 033284 -20.t0 ,be.sintear~resi nt. Thus,
Che act| ve sEMFRINLPE S Shal BF SRRNAL SR PR et it | 00501
The netal s ?E&nﬁd&ﬁ@bﬁﬂi%oﬁe@ﬁﬂﬂlngﬁﬁcﬁ?&l EormLHTRE ebenfeotd \Compoeh@spondi ng
netals, or if the catal yst conposition has been sulfided, sulfidic

conpounds of of the ocgamicageohotimmgn iretha catalySbafterchlfidieg.c Wiblomat being boamponent s

of the organjc _,agent renpin,in the catalyst after. sul fiding. Wile not bei
bound by t hESHFO ke Hikers belieyieithanite chiporstionofdBs pubascesmsmaterad
car bonaceousfiRfif'suffide intercepts the growth of the sulfide stacks during conversion of the

oxide to the sulfide and results in lower stack height material.

[0051] 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, as

measured by the B.E.T. method. The total pore volume of the catély.ét

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

' invcntion 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



into the sulfide intercepts the growh of the sulfide stacks during
conversion of the oxide to the sulfide and results in |ower stack hei ght
mat eri al . surface area of the catal yst conpos bly is
at | east zgggﬁkks&ﬁﬁnre preferably at | east 80 n2/g and H%E@ﬁﬁﬁé %?%ﬁly at

| east 120 nR/g, as neasured by the B.E.T. nethod. The total pore volune of
the catal yst conposition is preferably at least 0.05 m /g and nore
preferably at least 0.1 m/g as determi ned by water porosinetry. To obtain
catal yst conpositions with high nmechanical strength, it may be desirable
that the catal yst conposition of the .Jgvention has a | ow nmacroporosity. It
Is furthernore preferred that the particles conprise 50 to 100 wt.% and
even nore preferably 70 to 100 wt.% of at |east one Goup VIII non-noble

nmetal and aindresst The follawing tabldsemadsab ilhbbaatcypical dunditivng lfor aenghdf of the
particles, calculated as netal oxides. The anmount -of G oup VIB and G oup
VIIl non- noﬁqeésomet als can easily be determ ned via TEM EDX. 100521 Process.

condi tions applicable for the use o@ﬁ;gt al ysts described herein may
vary w dely dependi ng on the feedst e treated. Thus, as the boiling

point of the feed increases, the severity of the conditions will also WO
2006/ 036610_PCT/ 1US2005/ 033284 -21 increase. The following table serves to
illustrate f ypEED ¢oR¥PICAIns | {IEMR | anBRESSURKE, eeds.SPRABLE || HEGBSTYPI CAL
TEMP. PRESSURE, SPACEBRILINAS | BOMC| NG C BASRS VELOCVELORATE | RAMIE C {kPa)
V/ VI HR SCFH nB/ nB RANGE °C (kPa) VIVHR SCF/B
' (m*/m’)
Naphtha 25210 | 100-370 10-60 0.5-10 100-2,000
M (1,000-6,000) (17.8-356)
* | Diesel 170-350 200400 15-110 0.54 500-6,000
_ (1,500-11,000) (89-1,068)
Heavy Gas 325-475 260430 15-170 0.3-2 1,000-6,000
0il - (1,500-17,000) : (178-1,068).
Lube Oil 290-550 200450 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 M0O, (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 (0..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 2 60-minute period,

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



Napht ha 25-210 100-370 10-60 0.5-10 100-2,000 1, 000-6,000 17.8-356) Di esel
170- 350 200-400 15-110 0.5-4 500-6,000 (1,500-11,000) (89-1,068) Heavy Gas
325- 475 26H01306AA%6H070 0. 3-2 1,000-6,000 QI 1,500-17, 00 UIBING0DBB) Lube
G| 290-550 200-450 6-210 0.2-5 100-10, 000 (600-21,000) 17.8-1,780 Residuum -
10- 509575 340-450 65-1,100 0.1-1 2,000-10,000 6,500-110,000 (356-1, 780)

[ 0053] The followi ng exanples will serve to illustrate, but not limt, this

i nvention. EXAMPLES Exanple 1 [0054] 28.8 grans of M)O3 (0.2 nole M) and
50.0 grans of tungstic acid HWX (0.2 nole W were slurried in 800 m of

wat er (suspension A) and heated to 90€2270.6 grans of nickel

hydr oxycar bonat e 2Ni CO3* 3Ni ( OH) 2*4H20 (0. 6 nole of Ni) were suspended I n

200 m of water,k and heate 9 uspen Suspensi on slow y
added to susﬁ@ﬂ?t“@\‘\s ﬁlrﬂggﬁbt?lge@goéﬁ PF‘??HFmgaﬁ*F@ ony felr mi xt ure
was nai nt ai ned for u

het Ua0oa) o4 Bl softds e dfich & 1 4 or ?‘?%EO 5?“&%@"‘8%@?%@%9?3’%@ t he :
resul ting SU%@Q%OBa%a%nfthé tRERsked W%i’glﬁ'&?aﬁ%dtﬂ%oﬁ%ﬁeﬂﬁ h&#inatbed?OC for 4-8
hours and cal ci ned’ at 400C. The yi el was 99% based on the cal cul ated

wei ght of al conwsried tq:&npmgiq:ssThaN-ng spegrum for this bulk catalyst precursor

oxide composition is shown as the upper trace in Figure 1 hereof.

Example 2

.

[0055] A catalyst precursor of nominal composition Ni;Mo sW 5 oxide with
octadecytrimethylammonium incorporated therein was prepared as follows: into
500 cc of water, 17.65 grams of ammonium heptamolybdate (0.10 moles Mo) and
24.5 grams of ammonium metatungstate (0.10 moles W) was dissolved. To this
was added 58.9 grams of octadecyltrimethylammonium 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



converted to their oxides. The X-ray spectrumfor this bul k catal yst
precursor oxide conposition is shown as the upper trace in Figure 1 hereof.
Exanpl e 2wjddb&p3sstocat al yst precursor of nom nal conposiRGTOOS28851096283\W 5

-oxXi de with octadecytrinmethyl anmmoni um incorporated therein was prepared as
follows: into 500 cc of water, 17.65 grans of amoni um heptanol ybdate (0. 10
noles Mo) and 24.5 grans of annnnlun1netatungstate (0.10 noles W was

di ssolved. To this was added 58.9 grans of octadecyltrinmethyl anmoni um

brom de (0.15 noles), which gave a solution of pH 5.7. This solution was
heated to 90C and formed a mlKky sIur@?f To this was added 58. 15 grans of
nickel nitrate (0.20 noles Ni) that had been first dissolved in 100 cc of

Chr ee- nockel if‘fngoéTheth’Ptfhﬁﬁamaﬁ%mﬁs@wﬁ‘?%rnt*e“ (&2 Hen BREBHNE M S0C and

held at tha b, p%@@ After
filtering a%éﬁegﬁy?'gg&c;t %@&ﬁnﬁg{seu Otjl](ri;_I éscfl |0(¥H\§g dw@g’ gﬂglrsam; The
X-ray di ffraehiwg c%ﬂﬁﬁﬁédafoi')b HolitsSat0QRU" TRE héat wald Wdh tﬁﬁleﬂhﬂ'farhp&éom trace in
Figure 1 hereof. Exanplé 3 [0056] 4-6 grans of catalysts from Exanples 1 and

2 her eof weresultingeatalyist wi@omledih ﬂdmmgd{;lSﬁ{ﬂtoqnamttzmpeMurB laad heldsati n turn
Inserted-into a hori.zont uartz and pl a a Li.ndperg furnace.
Whi | e stil | Togm PB%HW%‘%‘ﬁﬁﬁ eF %@H}"é“te%“?‘f%ﬁ? gb é beefmigsshos/ 033284
-23 of 200 fe/EkNwh ?rﬁ‘ﬁéﬁ'ﬁg YR iRl LARE hay a1y h§5 hefildgn the
t enperature vvé) ‘rﬁalg)sﬂe to 4r00Cﬁ1|1n 45 mﬁnut esavm i ﬁ*%e 10&) H2S/ H2 fl ow ng at
200 cc/ mi n. passivatiof payvwassintitted atreedth fempetative and flatved@d 60 cdmdnheat was t hen
tu ed of f-and the
overnight. The sample was then removed from the furnace. The resulting X-ray

diffraction spectra was measured on the two samples and are shown in Figure 2

hereof. The top trace is the sulfided neat oxide sample and the bottom trace is the

sulfided oxide-amine surfactant (organic agent) precursor of Ni-Mo-W. It will be

noted in this Figure 2 the broadening of the (002) peak (at 12 degrees) for the

precursor containing the amine surfactant. 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).



resulting catal yst was cooled in flowing H2S/H2 to room tenperature and held -
at roomtenperature for 30 m nutes under the sane flow. Then 300 cc/m n of
ni trogen wWa¥0 286M366Hd for 30 minutes. After that, a 1% oxBQRHSI0NS/38284um
passivation gas was admtted at roomtenperature and flowed at 50 cc/mn
overni ght. The sanple was then renoved fromthe furnace. The resulting X-ray
diffraction spectra was neasured on the two sanples and are shown in Figure
2 hereof. The top trace is the sulfided neat oxide sanple and the bottom
trace is the sulfided oxide-am ne surfactant (organic agent) precursor of
Ni-M-W It will be noted in this FigaP8-2 the broadening of the (002) peak
(at 12 degrees) for the precursor containing the anine surfactant. This
br oadeni ng ugual | ccurs as a result of a decrease in stacking height of
the sul fide EE%EL Exanpl e 4 [0057 Sanples of the sulfided precursors of
Exanpl e 3 hereof were crushed 3 into pieces (less than 100 mmt hi ck),
dusted onto hol ey-carbon coated TEM grids, and examned in a bright field .
TEM i magi ng [0088] of 7énighefithe pstalghPddtipositiont froneBkample(-8&@ loidetidntont
crystals of the sulfided precursor were exanm ned and the stack heights
count ed and MesleadeA 8 giprwal blangggwhisheasdateriapedwith @ Balesss esent ati ve TEM
m crographs ?Eerhib‘ééaf ﬁa@ﬁae %?as&’gﬁécu%&eieg%gﬁihﬁg&vdﬁﬂ'agéékoqﬁfél%&?&fa”t s. This
a -CO ulti-d

TEM dat a evi dences e orgami ¢ agen aining s € precursors

(Figure 3b) gulplier. THEEatslyaCdontiRisHidhs Sietd hededdiePCiRRITRIEeod?  t hose
prepared w thout the organl c agent (Figure 3a). WO 2006/ 036610

PCT/ US2005/ O®8wemture2q 6003aimlawing poU58 Fc/monhat ape atmesphareaioa prasgirposi t i on
from Exanpl ers. YRS §oh 38§ % pb RrIhmve fragments of 18 (H,0), 44 (CO,) and 64 (SO,) |
' together with the weight change are plotted and shown in Figure 4 hereof. It will

N

be noted in Figure 4 that the CO, and SO, peaks from the sulfided organic agent
'precursor simultaneously emit at 375°C. "This indicates that the sulfided organic
agent phase forms a carbosulfide. It will also be noted from Figure 4 that the
oxidation of the sulfide 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 [carbojsulfide 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.



‘Mettler TGA 851 thermal bal ance, which was interfaced wth a Bal zers

Ther nost ar quadrupol e mass spectroneter equi pped with a secondary el ectron
mul ti pl i ewo bbeoswatoal yst conpositions were heated at 4C/POTWS2068038139M
tenperature to 600C in flowing air (50 cc/mn) at one atnosphere total
pressure. The MS signal in anps for the me fragnents of 18 (H20), 44 (CQ2)
and 64 (SO2) together with the weight change are plotted and shown in
Figure 4 hereof. It will be noted in Figure 4 that the CO2 and SO2 peaks
fromthe sul fided organic agent precursor sinultaneously emt at 375C. This
i ndicates that the sulfided organic a@knt phase forns a carbosul fide. It
wll also be noted fromFigure 4 that the oxidation of the sulfide prepared
fromthe oxide presursors have no CO2 evolution and that the sulfide peak
oxi di zes at significantly higher tenperature than the ‘carbosulfide. This
suggests that again the size of theri&ﬂ&i] sul fide crystallite is smaller
on the catal ysts prepared fromthe organic agent than for the neat oxide
precursor. Exanple 6 [0059] The hydrodesul furization activity of the

catal yst conpositions of Exanples 1 and 2 hereof were evaluated on a

commer ci al|{ atnospheric|distillate containing 592 wppm sul fur, 100 jwppm
ni t rogen 6S4mpli#) (4, S7Qomipadition25F| NirdloaW2voldRV | (| i quiwelKhour |y space
vel oci ty) J+The resultslare shown in hl.e 2 hel ow.. \\D 2006/ 036610
PCT/ US2005/ 033284 - 25! TABLE 2 | e # Conposition Ni-M-Wyol. Kw.K
21649-8 Ni 1.5»3363‘%9!/\?5'“ @TILE"I?.;‘;@P” 11 7.7

) 21893-87 | NiMosW s(ODTA)s 9.0 - 100

'ODTA = octadecyltrimethylammonium

[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.

.



21893-87 N M, 5W5(0DTA). 75 9.0 10.0 ODTA = octadecyl trinmethyl ammoni um
10060] The ODTA sanpl e had approxi mately 35 wt. % of carbon foll ow ng

sul fidation. The gravinmetric rate constants (using first-order Kkinetics)
have been corrected for the anbunt of N -M-Wpresent in each sanple.
Consequently, the data of the above table shows that the ODTA cont ai ni ng
precursor produces a nore active catal yst for the weight of Ni-M-Wthat is
charged to a reactor. -26- CLAIMS 1."ADbulk multi-nmetallic catal yst
conposition represented by the fornula: X (Mo W)DbFCH (CH22) dN( CHt 19%
wherein X is one or nore Goup VIIl non-noble netals, d is an integer from
about 10 groarMbout 40, xis between 0 and 1, the nolar ratio of e;a is <_
2.0/ 1 and z=((2a+6b)+e)/2 and the nolar ratio of a: (b) is 0.5/1 to 3/1;
and wherein said catal yst conposition after sulfidation is conprised of
stacked | ayers of i that ge stack
hei ght i1 s about 151£B@k out %8&8%@9%%8@%@%%%§§P§§t c&ﬁgggﬁ?¥@%@of claim1l
wherein the nolar ratio of arb is from about 0.75/1 to about 1.5/1. 3. The
catal yst conposition, of cl ] is fromabout 16 to about 20. 4.
The cat al yst conp054=“iibef IR S 20, e i s about 18. 5. The cat al yst
conposition of claim1 wherein e is fron1about 0.5 to about. 1.5. 6. The

catal yst conposition of claiml1l wherein X is selected fromN and
wherein X is one or more Group VIII non-noble metals, d is an integer from about 10 to

about 40, x is between 0 and 1, the molar ratio of e:a is <2.0/1 and z=((2a+6b)+e)/2 and
the molar ratio of a: (b) is 0.5/1 to 3/1;

and wherein said catalyst composition after sulfidation is comprised of stacked layers of

(Mo1.xW5)S, stoichiometry, such that the avefage stack height is about 10 A to about 20
A

2. The catalyst compoéition of claim 1 wherein the molar ratio of a:b is from

about 0.75/1 to about 1.5/1.

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

4. The catalyst composition of claim 3 wherein d is about 18.

5. The catalyst composition of claim 1 wherein e is from about 0.5 to about
L.5.

6. The catalyst composition of claim 1 wherein X is selected from Ni and

Co,



Co. -27- 7. A nmethod for preparing a catalyst precursor conposition
represented by the formula: XA(M1Vel nfCH (CH2) dN(CHh) al 101 wherein X'is
one or nore Group VIIl non-noble netals, dis an integer fromabout 10 to
about 40, xis between 0 and 1, the m)lar ratio of etais < 2.0/1 and
z=((2a+6b)+e)/2 and the nolar ratio of a: (b) is 0.5/1 to 3/1; which nethod
conprises: (a) preparing a first aque%us solution of a Goup VIII non-noble
nmetal water soluble salt; (b) prepar ng a second aqueous sol ution
containing Mo and Wwater soluble salts; (c) heating both said first and
second solutions to a tenperature from about 60C to about 150C;, (d) adding

an effective anounta gkthad fapdepatifig 8 9fhllyst piécrdatsnsRamteprastat@by sol ution;
(e) introducing at |least a portion of said second aqueous solution of step

(d) intothsdpandlar st aqueous solution; and (f) heating the resulting solution

of step (e) to an ekf L eRREFRLW @RS g ause the precipitation of said
cat al yst precursor r&@%ﬂ%@%&éﬂ%& X of claim?7 wherein the G oup
VIIl non-noble netal is selected from Ni and Co. -28- 9. The nethod of
claim8 wherein.the Goup VIII_non-no netal  is Ni. 10. The_ pethod of

I
ol ai m 7 WHEE R it e o mgre @roqph‘éﬂb%rpp | mFtalsof sfgiseer from about 100
‘about 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:

{(a) preparing a first aqueous solution of a Group VIII non-noble metal

water soluble salt;

(b) preparing a second aqueous solution containing Mo and W water

soluble salts;

(c) heating both said first and second solutions to a temperature from

about 60°C to about 150°C;

(d) adding an effective amount of an organic agent into said second

aqueous solution;

-(¢) introducing at least a portion of said second aqueous solution of

step (d) into said first aqueous solution; and

(f) heating the resulting solution of step (¢) to an effective temperature

to cause the precipitation of said catalyst precursor composition.

8. The method of claim 7 wherein the Group VIII non-noble metal is

selected from Ni and Co.



nmetal is selected fromthe group consisting of sulfate, nitrate, brom de,
chloride, and acetate. 11. The nethod of claim7 wherein the Mo salt is an
anmoni um salt selected fromthe group consisting of anmoni um di nol ybdat e,

ammoniumtri-, tetra- hepta-, octa-, and tetradeca-nol ybdate. 12. The net hod
of claim7 wherein the Wsalt is an amoni um para-, neta-, hexa-, and

pol ytungstate. 13. The nmethod of claiim 7 wherein the organic agent is
selected fromthe group consisting d¢f aromatic am nes, cyclic aliphatic

am nes and polycyclic aliphatic amnes. 14. The nethod of claim 13 wherein
the organic agent is a C4 to C20 aromatic amne. 15. The method of claim?7

wher ei n the cat algyThe plethodof Ohirt 8 FREdi ihe Grogp VIID homdobls nivt i Niabl e cat al yst
shape and dried. 16. The nethod of claim 15 wherein the shaped and dried
catal yst shape is calcined at a tenperature from about 100C to about 600C

0. Lhe presence. ol ity Bhod of dainT NSHIRLAY sl othe GRS Sldhd he_shaped.

dried, and calcined catalyst s presence of a

sul f ur - cowtahisrselected fopothadroap condisting iofi gyl facs) dittate) heomid@ Shlotife, ahle net hod of
claim17 wherein the sul fur-containing conmpound is selected fromthe group
consi sti 'ﬁ‘@tf’&?' el ementary sul fur, hydrogen sulfide, and polysulfides.

11. The method of claim 7 wherein the Mo salt is an ammonium salt
- selected from the group consisting of ammonium dimolybdate, ammonium tri-, tetra-

hepta-, octa-, and tetradeca-molybdate,

12. The method of claim 7 wherein the W salt is an ammonium para-, meta-,

hexa-, and polytungstate.

13. The method of claim 7 wherein the organic agent is selected from the
group consisting of aromatic amines, cyclic aliphatic amines and polycyclic aliphatic

amines.

14. The method of claim 13 wherein the organic agent is a C4 to Cyy

aromatic amine.

15. The method of claim 7 wherein the catalyst precursor composition is

formed in a suitable catalyst shape and dried.

16. The method of claim 15 wherein the shaped and dried catalyst shape is

calcined at a temperature from about 100°C to about 600°C in the presence of oxygen.

17. The method of claim 16 wherein the shaped, dried, and calcined catalyst

shape is sulfided in the presence of a sulfur-containing compound at sulfiding conditions.
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18. The method of claim 17 wherein the sulfur-containing compound is
selected from the group consisting of elementary sulfur, hydrogen sulfide, and
polysulfides.



