WD 2005/ 033930 PCT/ US2004/ 031808 PROCESS FOR UPGRADI NG NAPHTHA FI ELD OF THE
| NVENTI ON [0001] This invention relates generally.t.o an inproved

hydr opr ocessi ng net hod for upgrading a naphtha feed using a bul k

mul t i net alwoQoasadsyst ("BMC'). BACKGROUND OF THE | NVENB@NS200013) 808
Environnental and regulatory initiatives require |ower |evels of sulfur,
nitrogen, and aromatics in distillate_fijuels and |ubes products. For exanple,
for distillate fuels, sulfur imts of 10-15 wppm (wei ght parts per
mllion) or |less have been proposed. [0003] A major contributor to sulfur
in the gasoline pool, 'SPMBC@SSF(HMGRQDMPH%}IEQC“ ng (FCC) wunits.
Napht ha gasol i ne contai ng Nt gir anount s 0 omati ¢ conpounds,
and a relatively high anount of nitrogen and sulfur. [0004] Some are

devel opi ng t echnol ogi es desi ned to reduce sulfur without a -significant

oct ane | osFIEds 3 dAN™ur ati on. Gt hers consi der hydrotreating
sone of the FCC napht ha to very | ow sul fur and nitrogen |evels (<0.5 wppm
and increasing the octane nunber of the naphtha by reform ng. This approach
is of par{0@iljar Thisdnvention telatengendrally haan impeover hydroptocessing méthod
nunber. Fractions  to be fed to catalytic reformng need to be desulfurized
before ref Jﬁwwa@%§@hthef%ﬁdﬂlﬂggémwWﬁﬂihg&ﬁ@ﬂﬁﬂtl( BNt ol erant to
sul fur. [0005] In U S Patent 5,346,609 and U. S. Patent 5,409,596 (Seri al
No. 08/850, 106), we have descri bed a _process for effectively desulfurizing
cat al yti calBA g h GHnTHEE INVENTIENt ai ni ng a hi gh octane nunber.
Briefly, the process conprises an initial hydrodesul furization step which
reduces the sulfur_to an acceptable |evel, although at the expense of

oct ane whi ¢0002 r @nwemnmtaéané mﬁd@foaﬁmlba@ﬁbemqw@é@wenlevmf mc. di ¢

| yst h b /033930 PCT/ US2004/
cafalys SUC ogae% gﬂ M(?I?lggcsol% t%lstl}/ﬁate f\l{\% gﬁubes products. For example, ]f%

distillate fuels, sulfur limits of 10-15 wppm (weight parts per million) or less have

been proposed.

[0003] A major confributor to sulfur in the gasoline pool, is naphtha from fluid
catalytic cracking (FCC) units. Naphtha gasoline contains high amounts of olefinic

and aromatic compounds, and a relatively high amount of nitrogen and sulfur.

[0004] Some are developing technologies designed to reduce sulfur without a
significant octane loss, caused by olefins saturation. Others consider hydrotreating
some of the FCC naphtha to very low sulfur and nitrogen levels (<0.5 wppm) and
increasing the octane number of the naphtha by reforming. This approach is of
particular interest with naphthas having a relatively low octane number. Fractions
to be fed to catalytic reforming need to be desulfurized before reforming because

reforming catalysts are generally not tolerant to sulfur.

[0005] In U.S. Patent 5,346,609 and U.S. Patent 5,409,596 (Serial No.
08/850,106), we have described a process for effectively desulfurizing catalytically
cracked naphthas while maintaining a high octane number. Briefly, the process
comprises an initial hydrodesulfurization step which reduces the sulfur to an
acceptable level, although at the expense of octane which 1s restored in a

subsequent step by treatment over an acidic catalyst such as one based on ZSM-5,



-2 as described in U S Patent 5,346,609 and U. S. Patent 5,490,596 (Seri al
No. 08/850,106), zeolite-beta as described in Serial No. 07/891, 124 (now

U S. Patent 5,413,696) or MCM 22 as described in U S. Patent 5, 352, 354.
SUMVARY GFO E#dS/0833ENTI ON [ 0006] The present invention r RGEBS200E94868 |y to
an inproved hydroprocessing nethod and catalyst for treating naphtha feeds.
The met hod conprises contacting a naphtha feed at hydroprocessing
conditions, with a catal yst conposition conprising at |east one Goup VIII
non-nobl e netal and at |least two Goup WIB netals. The catalyst conposition
is preferably made by contacting and reécting insoluble or partially

I nsoluble netal salts of the catalyst netals in the presence of a protic
liquid. Alternatively at |east one of the netal salts should remain at | east
part!|y i nasdescriedi i S Patehi 5,345,602 and 1.5 Patent £490,3%¢8eeia] Nche cat al yst

may al so be made by reacting netal salts .of the catal yst netals_which are
o] T OB D Eaeedealiibeta serascibed su Shep] Nac DED PR Ye 4 BuPAgEt | on.

hydr odeni t_r i 0 ydy odenet al |.at iop, shyd r tization,

hydr oi soér%@%@rw&ﬁﬁ&?sﬁﬁﬁ‘mgﬁﬂ Lﬁ%?'b%?é&%’%ﬁﬁooon One enbodi nent
of the present invention relates to a nmethod for upgrading a naphtha feed
containin | g L~alQ, Nitrogen conpounds to a napht ha
product c S wmﬁwﬂl w#-o0f nitrogen and | ess than 15 wppm

sul fur, the nethod conprising contacting said naphtha feed with hydrogen in
t he prese ulk multinetallic, c under effegtive reactor

cond! onQﬁﬁ‘ﬁly?Fﬁaeng%m‘ffgﬂaaaelﬁgﬁﬁ?é;%%zﬁyrfemgoysﬁﬁyﬂawpﬁassp%d to
onpr | ses tgtnBRARA PR AR ol hEINE Ricls) 1t M F b HG, Gttt
VI B et al siapKfade0daPRydeBrodetsidg2dnditnk@%th 4 datalyst composition comprising

at least one Group VIII non-noble metal and at least two Group VIB metals. The

catalyst composition is preferably made by contacting and reacting insoluble or
partially insoluble metal salts of the catalyst metals in the presence of a protic
liquid. Alternatively at least one of the metal salts shoﬁld remain at least partly in
the solid state during the entire process. However, the catalyst may also be made
by reacting metal salts of the catalyst metals which are all in the dissolved state.
The method may include hydrodesulfurization, hydrodenitrogenation,
hydrodemetallatién, hydrodearomatization, hydroisomerization, hydrodewaxing

and hydrocracking.

[0007] One embodiment of the present invention relates to a method for
upgrading a naphtha feed containing high amounts of sulfur and nitrogen
compounds to a naphtha product containing less than 10 wppm of nitrogen and less
than 15 wppm sulfur, the method comprising contacting said naphtha feed with
hydrogen in the presence of a bulk muitimetallic catalyst under effective reactor
conditions to hydrodesulfurize and hydrodenitrogenize said naphtha feed to
produce said naphtha product, wherein said bulk multimetallic catalyst comprises at

least one Group VIII non-noble metal and at least two Group VIB metals.



[ 0008] Anot her enbodi nent of the present invention relates to a nethod for
upgradi ng a naphtha feed to a naphtha product containing | ess than 10 wppm
of nitrogen and | ess than 15 wppm sul fur, the nethod conprising reacting
sai d napktdaosnszato | east one reaction stage, in the prepenas2@i/oashydr ogen
containing gas, as it passes through two or nore catal yst beds wherein at
| east one catal yst bed conprises a nultinetallic catalyst conprising at

| east one Group VIII non-noble netal and at |least two Group VIB netal s
wherein the ratio of Goup VIB netal s to3 Goup VIII non-noble netals is
preferably 10:1 to 1:10, wherein said at”Teast one reaction stage is
operated at effective reactor conditions to hydrodesul furize and

hydr odeni t r ogeni ze the naphtha feed to produce said naphtha product. More
pr ef er abl y[0)08] naphridther erabodimenp of dikepresentanventhon eelpies do atmethotddoni ng | ess
than 5 wppm sul fur and | ess than 5 wppm nitrogen., [0009] Various naphtha
feeds may upgrading asnaphths feaddnta naphtha produghgentainigg dessribpmd A asppm of

catal ytically cracked ht has, del ayed, coki napht ha, flui.d coki ng
apht e aritbsEh 204 Tessinag 1 apinh 2R e TeetRoR pIAPEHS-TBRADE ReS | 0010]
Figure 1 i ' 1L, i . | pr
ERTRRRE ¥ % it L e S s R T,
embodi ment 550 Ph&s%s RiR8gR twol dHHROEe QRalyst B whélRiPdt 1%@%&%&125%&1 show the
anount of nitrogen and“sul fur in naphtha, according to an enbddi nent of the
present i noomprises avulbdethdliccathlydt compxisingl at ledst o© Gidp/ VHABAGA-noble
PCT/ US2004/ 031808 -4 DETAI LED DESCRI PTI ON OF THE | NVENTI ON {}%131 The
present i retad aod at kgast o Groep MIBymetals whersin thewaticopf Geeis VB metals to
( Group VIII non-noble metals is preferably 10:1 to 1:10, wherein said at least one
reaction stage is operated at effective reactor conditions to hydrodesulfurize and
hydrodenitrogenize the naphtha feed to produce said naphtha product. More
preferably the naphtha feed is upgraded to a naphtha product containing less than 5

wppm sulfur and less than 5 wppm nitrogen.

[0009] Various naphtha feeds may be used such as light and full range virgin
naphthas, catalytically cracked naphthas, delayed coking naphtha, fluid coking
naphtha and contact coking naphtha.

BRIEF DESCRIPTION OF DRAWINGS

[0010] Figure 1 is a simplified schematic of an embodiment of the present

invention method.

[0011]  Figure 2 is a simplified schematic of another embodiment of the present

invention method.

[0012] Figures 3 and 4 show the amount of nitrogen and sulfur in naphtha,

according to an embodiment of the present invention method described in Example

1.



met hods. More particularly, it relates to a nmethod conprising treating
napht ha wunder hydroprocessing reaction conditions with a bulk nmultinetallic
catalyst. Suitable tenperature may generally range from 200C to 450C,

hydr ogen woe®ain3ao3onmay range fromb5 to 300 bar, |iquid hpATivg20pazisos
velocities fromO0.05 to 10 h-1, and the hydrogen treat gas rate may range
from1l7.8 to 1780 nB/ nB of hydrocarbon feed (100 to 10,000 SCFB). The term
"hydr oprocessi ng" enconpasses all processes in which a hydrocarbon feed is
reacted with hydrogen at the conditions, noted above, and may include

hydr odenet al | ati on, hydrodewaxi ng, hydrotreating, hydrogenation,

hydr odesul furi zati on, hydrodenitrogenation, hydrodearonmati zati on,

hydr oi soneri zati on, and hydrocracki ng. drocracki ng may include selective
hydr ocr ac i {

DEYALRERDESORITEIONWEJL BEINVENTEON 0 | oner het er oat om
anounts, depending on the type of hydroprocessing and the reaction
conditions, the products may al so show inproved viscosities, viscosity

i ndi ces, {8013]at eThe present Invemiiontrelatasrgengrallypicoimeproved hydsoprocedsings and

cach ot aganeihoinoMRre THRIALY: s 3ER1es 1o ATEDOd OmBRY NE SRl BB TRBBIDA 1
count or cureRt by WREISTE HobFOL chiBforE aitrs bRECEBlRERIF rlabvto the f1ow
bed ol Sy ol RERrRRG rd En ety e B at0rC B0, i Bkt o
an,  Comagy e (o8 308 801 fluRPhnY B0V B olos B grbod mon
cont o BRSO Bl e U IRED o 1780t o bvdoenvon
2205 12 et 00 R bSO T Ao, (o
2005/ 03393foexsted Boehclo8 hgdbcarlion feed is reacted with hydrogen at the conditions

noted above, and may include hydrodemetallation, hydrodewaxing, hydrotreating,

hydrogenation, hydrodesulfurization, hydrodenitrogenation, hydrodearomatization,

hydroisomerization, and hydrocracking. Hydrocracking may include selective

hydrocracking and mild hydrocracking. In addition to lower heteroatom amounts,

depending on the type of hydroprocessing and the reaction conditions, the products

may also show improved viscosities, viscosity indices, saturates content, low

temperature properties, volatilities and depolarization. Hydroprocessing may be

practiced in one or more stages, each stage having one or more reaction zones. It

may be practiced in countercurrent flow or concurrent flow mode of operation. Ina

countercurrent flow mode a hydrocarbon feed flows countercurrent to the flow of a

hydrogen-containing treat gas. Each reactor can be a fixed bed, slurry bed,

ebulating bed, or any of many well-known types of catalytic reactors and

combinations thereof.

[0014] Referring now to Figure 1, one embodiment of the present invention
includes feeding a hydrocarbon feedstock 10 containing high levels of sulfur and
nitrogen to a first hydrodesulfurization ("HDS") and hydrodenitrogenation
("HDN") reaction stage 12 to remove a substantial amount of the sulfur and

nitrogen. For example, the inventive method is particularly suitable for upgrading



napht ha feeds contai ni ng high anounts of sulfur including those containing
hi gh anmounts of sulfur nore than 3,000 wppm sul fur. According to a
preferred enbodinment, the feed is hydrodesul furized and hydrodenitrogeni zed
in a firsweitmgessed®, which nay contain one or nore reacPCunuszei®s3ise8, in
the presence of hydrogen or hydrogen containing treat gas 11, and a first
hydrotreating catal yst under effective HDS and/or HDN conditions. [0015]
The catal yst conprises at |east one Goup VIII non-noble netal and at | east
two Goup VIB netals, and is preferably de by contacting and reacting

i nsoluble or partially insoluble nmetal salts of the catalyst netals in the
presence of a liquid. Preferably, the ratio of Goup VIB netal to G oup
VIIl metal may range from 10:1 to 1:10. Mre details of the catalyst
conposi t i onaghthla fesdsaiohtainimgtugh anmfunts epsulfir including thosé conthiningigh Pat ent
6, 162, 350, U.S. Patent 6,156,695, U S. Patent 6,299, 760, and PCT published
appl i cat i ormowsey/suiigr meredham3, 099 uppmsuiie drcardingie arpreferrasd herein by

gﬂ o the prBbedimedt HRiRER s Rurblpthitiod mddy dodtnifbianized inaduat tsss. h
troam 16 1oV EREIARE coR GhE R nfore ERAonTAREE 13, BT LPSBIAS of byl 0%
second HDSAgioschBOBIRIAR 1Rt bl Eid éﬁrw&éﬁéﬁtﬁigbeag%lﬁggﬁ%@r e reaction

zones, where 1t rs further hydrodesul furized i'n the hydr ogen 21
and a secogffectivtecsHDS artBor HIDN seaditbnsat al yst 23 nay be identical to the
first catalyst 13, nodified, or different. For exanple, a conventional HDS
and/or HDN catalyst may be used in the second stage, or an admxture of a
convent i onfi016}t alBiet cataliybt ddiBprisesfL e ohe Grotp MITMBéRoble fivtalandtat of the
présent invention. The |iquid product stream 24 fromthe second

hydr odesul keasti trat Gooure ¥ 1Btragials, and as preferablyamade by ontqudingt anadwreaoting 26
wherein a ., vapor product stream 30 is collected for further_ processing or

bl endi ng. mwﬁ@éﬁatp ydpsliplearptabsalts offthe satalist metnls i the geesesre St age 32
which is Ol%aﬁiﬂF %efe?aﬁl?r,e the ratio of Group VIB metal to Group VIII metal may range

from 10:1 to 1:10. More details of the catalyst composition and suitable methods
of preparation may be found in U.S. Patent 6,162,350, U.S. Patent 6,156,695, U.S.
Patent 6,299,760, and PCT published applications WO 00/41810 and WO
00/41811, which are incorporated herein by reference for all purposes to the extent

that they are not inconsistent with the present invention.

[0016] The product stream 14 is passed to a first separation zone 16 wherein a
! vapor phase stream 20 and a liquid phase stream 18 are produced. The liquid phase
product stream 18 is passed to a second HDS and/or HDN stage 22, which also may
contain one or more reaction zones, where it is further hydrodesulfurized in the
presence of hydrogen 21 and a second catalyst 23. The second catalyst 23 may be
identical to the first catalyst 13, modified, or different. For example, a
conventional HDS and/or HDN catalyst may be used in the second stage, or an
admixture of a conventional catalyst with the preferred bulk multimetallic catalyst
of the present invention. The liquid product stream 24 from the second
hydrodesulfurization 23 stage is passed to a second separation zone 26 wherein a
vapor product stream 30 is collected for further processing or blending. A liquid

product stream 28 is passed to a third reaction stage 32 which is operated in the



WO 2005/ 033930 PCT/ US2004/ 031808 -6 presence of a hydrogenation catal yst
33. At least a portion of 4+he vapor product streans, e.g., 20, 30, or both,
fromany reaction stage may be recycled to the first reaction stage or
subsequernwov@gasezo[ 0017] Optionally, at |east a porti orP@E/USINOHARS
product streanms fromthe separation zones 16 and 26 nay be recycled to the
first or subsequent stages. For exanple, at |least a portion of the vapor
product stream 30 fromthe second separation stage 26 nay be recycled to
the first stage 12. [0018] The second stpage 22 may be operated under the
same or sonmewhat different process conditions than the first stage. [0019]
The feed 10 is preferably a naphtha feed, nore preferably a naphtha feed
froma catalytic cracker. Qther preferred feeds include a distillate boiling

range feduesanemodia hyidregenasioncatalyst 33.adt dnast apertions of theaeapor productr gi n
trol distillatg, .Th duct st 14 t ai bstantially |

D5 fur 1 hiafroRig, ¢ 8act 0 30, Orhalty Hom 30Y ZARSHOD SAECHER e IREYCIPA9 TheBerid: ng

upon the anmpynt | i feed 10, the process conditions, and the

cgtalyst 3?@%“’ @%%%ﬁ?&@ﬁ?gﬂgﬁgﬁmgﬁbodinent, thg sul fur in the product

stream 14 is |l ess than 750 wom preferably I|ess than 150 wopm and nore

pr ef er abl t - 50,WP nd er abl t han,.15 m

P et e ab NORFR . PHRpYOR e Kt RIBL AR Mok LR b HRET |

broduct stdpaisRY,orR0Y 8iaRd RmIHILE b IR R0 1Y i€ 37 subdliubit bikeed "PR 15 1O

150 wopm It nore than one reactifon zohe Is used In eac tage,®It 1s

pref erred gxagiplatatlleat b poigoR bf thevasaprodictzRam 30 fitom fise Sedopd of the
preferred multinetallic catalyst. For 'exanple, the first stage reactor

st age nay sepatation stages2Goiaychauedyeleddodherfingt stdper 2.n a conventi onal

hydr odesul furi zati on catal yst conprises one or nore reaction zones and the
preferred nultinmetallic catalyst of the present invention conprises the

ot her one [0018)r e Theaetomhstage 2. may beo operated under the same or somewhat

different process conditions than the first stage.

[0019] The feed 10 is preferably a naphtha feed, more preferably a naphtha feed
from a catalytic cracker. Other preferred feeds include a distillate boiling range
feed from an atmospheric distillation tower, such as a raw virgin petroleum
distillate. The product stream 14 contains substantially less sulfur than the feed 10.
The precise amount of sulfur may vary depending upon the amount of sulfur in the
feed 10, the process conditions, and the catalyst used. According to one
embodiment, the sulfur in the product stream 14 is less than 750 wpm, preferably
less than 150 wppm, and more preferably less than 50 wppm, and most preferably
less than 15 wppm. Hydrodenitrogenation may also occur in the first stage 12.
Preferably the product stream may contain 300 wppm nitrogen or less, typically
from 15 to 150 wppm. If more than one reaction zone is used in each stage, it is
preferred that at least one of the reaction zones contains a bed of the preferred
multimetallic catalyst. For example, the first stage reactor stage may contain a
stacked bed arrangement wherein a conventional hydrodesulfurization catalyst
comprises one or more reaction zones and the preferred multimetallic catalyst of
the present invention comprises the other one or more reaction zones. Also

preferably, if a conventional hydrodesulfurization catalyst and a preferred catalyst



preferably, if a conventional hydrodesul furization catalyst and a preferred
catal yst WO 2005/ 033930 PCT/ US2004/ 031808 -7 are used in a single stage,

t he conventional catalyst nay be used in the upstream reaction zone or
zones. [ 00L0]oiEhwv3mecond stage 22 al so may contai n one OrPUMWUE200-LEAEASON
zones. Like the first stage, the second stage 22 may contain one or nore
reaction zones preferably with at | east one reaction zone containing the
preferred multinmetallic catalyst of the invention. |If present, other

catal yst or catal ysts can be conventional,_  HDS and/or HDN catal ysts. If a
conventional catalyst is used, it is preferred to be present upstream of
the preferred nultinetallic catalyst. The liquid phase product stream 28
fromthe second stage separator 26 may contain | ess than 150 wppm

pr ef er abl y aressed nhsinglegings, the cenyaidioaaheatplyst maytbgwsedsnipp wpsiedar ;| and
nost preferably less than 5 wpopm The hydrodesul furized |iquid product
stream 28 HEBFLOGAAE 4% e passed to a third hydroprocessing reaction
stage 32 for further treatnent. For exanple, it nmay be reacted in the

et or oat omi0Hcr S The SE5rl 6834 i mak EORPERRE L mOre FrRsarUARIcE: LIkKe

heter oat _ RS 4

Var i ons DGR a B HfG Rénd SER 22 Pl ¥AhAE 6K Rhesidd oot
this art. Berchibly Widl 8vRhsGind RO Mnd b QMBS HATTIHod FuMEREIRD! | oo

than 15 prne nore preferably less than 10 m t prefera ess than
5 wppm wppatalystiof tlegiivehtiunl IDpresénet, bilealcatatysd vt caslystatadbe iconpégiciadbl y

| ess than 10 wopm nore preferably I ess than 5 wopm and nost preferably

l ess than HWppnd/ordHON eatalystsgdf azomsgntaonal cetalystiisiusad, i isIprefeszect todre

e ot e o hoTenenlls abeotnd Tasidpbasmtore”

catal yst Ofstr;[sz;]r% ¥ f3m" ei RN ist%%é sgg]ftgto%l%flﬂray contain less than 150 wppm,
preferably less than 50 wppm, more preferably less than 15 wppm sulfur, and most
preferably less than 5 wppm. The hydrodesulfurized liquid product stream 28 may
optionally be passed to a third hydroprocessing reaction stage 32 for further
treatment. For example, it may be reacted in the presence of hydrogen and a
catalyst 33 capable of further reducing the heteroatoms levels and hydrogenating
the aromatics in the product. Alternatively, stage 32 may contain a hydrocracking

" catalyst. Other variations may be readily envisioned by a person with ordinary skill
in this art. The sulfur level of the final product stream 34 is preferably less than 15
wppm, more preferably less than 10 wppm, and most preferably less than 5 wppm.
The nitrogen level of the final product stream 34 is preferably less than 10 wppm,
more preferably less than 5 wppm, and most preferably less than 1 wppm.
Reaction stage 32 may also contain multiple reaction zones, however, preferably, in
at least one reaction zone may contain a hydrogenation catalyst and optionally the
preferred bulk multimetallic catalyst of the present invention. When sulfur
intolerant conventional catalysts are employed, such as platinum or noble metal

catalysts, the preferred bulk multimetallic catalyst of the preésent invention should

be upstream the conventional catalyst since it is more tolerant to sulfur.



I ntol erant conventional catalysts are enpl oyed, such as platinumor noble
nmetal catalysts, the preferred bulk multinetallic catalyst of the present

i nvention should be upstreamthe conventional catalyst since it is nore

t ol erant WO 28ef38930 WD 2005/ 033930 PCT/ US2004/ 031808 - 8PCIIUWP+/0¥1848e
conventional catalysts are used, one or nore of the reaction zones of any
or both of the stages nmay contain one or nore conventional HDS and/or HDN
catal ysts. Suitable conventional catalysts for use in the present invention
includes those that are conprised of at_geast one Goup VIII netal,
preferably Fe, Co or Ni, nore preferably Co and /or Ni, and nost preferably
Co and at |east one Goup VI netal, preferably Mo or W nore preferably

Mo, on ar vel v_ hi gh surface area suppor} material, ferably al um na.
Q her sui tﬁlﬁéi grescanyentignal catalystsase éﬁiﬂ%ﬁ(ﬁi@@l’q @ﬁ@sarpm%zowd
titani a-aly cat al an | sq_be enploye any
where the R’g]%‘?f"ﬁ@?@‘ﬂg Lq F%‘ﬂy %ﬂﬁlﬁp %tmgﬁ%ﬁon thoéaggﬂ:ﬁl It is
within the h [
catal ysts e use&ﬁs‘g %Rélgrérga?“e,g (?I({)Erllc\ge &??Orﬁqugﬁggr@gng%(@g?al ysts,
the G oup iﬂdlﬁddﬁ&hé\éethﬁtéﬂém ﬁsed%mqeéstloﬂemo@ ! @tﬂgt I to 20

rom o]

w.% preferably from2 to .% nore preferably "% and

most  pr ef Epalyilyi, mcnmpi‘efsm‘tﬂy\ﬂo and HoreNGand pnost prefeaiblyfm,y pnd at leﬁsipmm ent
in an anount rang| ng from5 to 50 vvt % preferabl &Ifrom 10 to 40 wt.% and
more pr ef efaony Vimmeal, psefecatiy Me ovoWratore poeferabdy Moo arelajively high

Wb o “and Sibess RS mRart ol Blefemhly plomga. KllbGnenEbic susoss Mol v o6
nb

In an

treat ment °9%%@%&?@#%@@%&@%%@%&%@%&%@ hftSGftal %%L}%@é%p v

metals, sugfiodnp &n%l%géd gﬁdeon [tyﬁ, @h&%tﬁ efaﬁé?EélEét\éﬁ ﬁom@d Pt&

wei ght percents ar e wel ght e support. e catal S/sts can be
used in t hgigfeed thefede leisakitHin e scops bf aieqsxesen‘ihﬁv@iﬁnmﬂﬁt etoreyHa0eaOat i on

metal - type of catalysts be used in the same reaction vessel. For conventional catalysts,
the Group VIII metal is typically present in an amount ranging from 2 to 20 wt.%,
preferably from 2 to 12 wt.%, more preferably from 2 to 6 wt.%, and most
preferably from 2 to 3 wt.%. The Group VI metal is typically present in an amount
ranging from 5 to 50 wt.%, preferably from 10 to 40 wt.%, and more preferably
from 15 to 26 wt.%. For hydrotreating catalyst applications, Group VIII metal may
be present in an amount of from 4 to 6 wt.%, and Group V1 metal may be present in
an amount of from 20 to 26 wt.%. In an embodiment where the hydrotreating
catalyst is used for naphtha treatment, the catalyst may have lower levels of Group
VIII and Group VI metals, such as 2 to 3 wt.% and 6 to 10 wt.%, respectively. All
metal weight percents are based on the weight of the support. The catalysts can be

used in the spent, regenerated, or fresh state. The amounts of hydrogenation metal

componenis are calculated as oxides.

[0022] Different catalyst arrangements for the three reaction stage process of

Figure 1 can be:



conmponents are cal cul ated as oxides. [00221 Different catal yst arrangenents
for the three reaction stage process of Figure 1 can be: WO 2005/033930
PCT/ US2004/ 031808 -9 (a) a preferred multinmetallic catalyst of this

i nvent i on wo 2eestd3gez0or both of the first two reaction stmoeeslouiozgss t he
third; (b) a conventional hydrodesul furization catalyst in the first two
reaction stages and only the preferred bulk nultinmetallic catalyst in the
third reaction stage; (c) the bulk multinetallic catalyst in either the
first two reaction stages and also in_.tghe third reaction stage along with
t he hydrogenation catalyst; and (d) all three reaction stages have at | east
one reaction zone containing the bulk nultinetallic catalyst. [00231 In yet

anot her e di ment. of .t he, present invention,, shown in Figur only two
reaction Z&Q‘ggeg prefensd IBE“&P"J 1Cfta Yﬁé’ff X_Bmﬂ%n heithe rcgﬁaq%@g&tﬂq)ﬁ:gt age
42 may be the ﬁﬁog?n cefc %ﬂ si‘%g}a{;gdﬁtthg? d .reaction stage process. Reaction

stage 42 can € aln a c ntiona ydf odesul ftirizatioin catal yst, the
bulk multinmetallic catalyst, or both. The product stream 48 fromthe first

rom 100 () 1, BEERTRiRoA SR BRI hedS ot il sUSE B0 Bchigh sk
The product st jepghRSHEReAlRd bﬂﬁ%ﬂpg}é?ﬂiigﬁ:%@}rgﬁﬁ‘}gé ggh{gé&%ﬁﬁ sfigRunt

from10 to 300 wppm nitrogen, nore p era wppm “ahd nost
preferably from 10 to 100 wopm nitrogen. The second reaction stage 52 may

contain b asiar r ‘E'inli’étlfaﬁ' ' ' : I

aromatic %groggrgliﬁgﬁmﬂcat a ylsctﬁ%?étgggﬁhkggt a ys?tw ﬁgﬁa’%@l Bﬁt%esd | nalg@

di fferent reacithe thiedeexdtidh sthge aloegavitie heiwdeogemtion@italykt; Cafkdit al yst 53
placed in the first reaction zone 52a and the aromatic hydrogenation

catal yst placed in the second reaction zone 52b downstream sai d
(d) all three reaction stages have at least one reaction zone containing the bulk

multimetallic catalyst.

[0023] Inyet another embodiment of the present invention, shown in Figure 2,
only two reaction stages 42 and 52 are used. The feed 40 to the first reaction stage
42 may be the same feed as for the three reaction stage process. Reaction stage 42
can contain a conventional hydrodesulfurizatioin catalyst, the bulk multimetallic
catalyst, or both. The product stream 48 from the first stage 42 will preferably
contain from 100 to 1,500 wppm, more preferably from 100 to 1,000 wppm, and
most preferably from 100 to 750 wppm sulfur. The product stream 48 may also
contain nitrogen preferably in an amount from 10 to 300 wppm nitrogen, more
preferably from 10 to 150 wppm, and most preferably from 10 to 100 wppm
nitrogen. The second reaction stage 52 may contain both a preferred bulk
multimetallic catalyst 53 as well as an aromatic hydrogenation catalyst 63. Each
catalyst may be placed in a different reaction zone with the preferred bulk
multimetallic catalyst 53 placed in the first reaction zone 52a and the aromatic
hydrogenation catalyst placed in the second reaction zone 52b downstream said
multimetallic catalyst 63. The final product stream will preferably contain less than
15 wppm, more preferably less than 10 wppm sulfur and a substantially lower level
of aromatics, preferably less than 15 wppm aromatics. Also, preferred by the



multinetallic catal yst 63. The final product streamw || preferably contain
| ess than 15 wppm nore preferably |less than 10 wppm sul fur and a
substantially |ower level of aromatics, preferably |ess than 15 wppm

ar omat i csWORNEW33MWef erred by the WO 2005/ 033930 PCT/ USZBORUSBNEEB 808 10
nitrogen level in the final product will be |less than 10 wopm nore
preferably less than 5 wopm [00241 Non-limting exanples of aromatic

hydr ogenati on catal ysts include nickel, cobalt-nolybdenum

ni ckel - nol ybdenum and ni ckel tungsteniQCarriers nmay be used such as the
ones used for noble netal catalysts. Non-limting exanples of noble netal
catal ysts include those based on pl ati num and/ or palladium which is

O o ot DR e i 20l O P BE e o, 10 s 20 By IS 2101

di at omaceg ﬁﬁ e‘aﬁ’ magnesi a, and zirconia. Zeolitic supports can al so be
used. Such Catdalysts are typically susceptible to sulfur and nitrogen
poi soning. The aromatic saturation zone is preferabl y operated at a

or eosur ¢ WORH] JobolkbBnR mptel & SR dfopbRMMR i S350
psi g, andpigk 1%615@1%%1?9&&%%@2@1«@% @hﬁ%h\{tkafmﬁ Bh 0 Cmyd¥shr to 2.0

VN hr. [0025] "Process tonditions appli cab or the use the cat aI ysts

descri bedmbylbeltmedrsayh uaihe mekelsgddepnobllermemhcaﬂagrstsaeﬂahqmm:;g be treated.
Thus, as the boiling point of the feed increases, the severity of the
condi t i onexamples af soblermmésetalm&mcmlel thmsmbaswibmwpbeummandiorl | ustrate
typi cal :é)ai and HDN ondltlo s for pht ha ed. The hydrogen treat gas
shoul d hanaladiyny whjc tsw“em mmaﬁy @awta eilmmrts@a%rea Hypiedd

\B/ﬁl'/ lhlaﬂ? Té_é%ée {o%uorx%‘de haten: subh\e{gla Ghl gﬁ’ﬁ%a Ra]unima—s wa, ﬁesg Ci C Bar

diatomaceous earth, magnesia, and zirconia. Zeolitic supports can also be used.

Such catalysts are typically susceptible to sulfur and nitrogen poisoning. The
aromatic saturation zone is preferably operated at a temperature from 40°C to
400°C, more preferably from 260°C to 350°C, at a pressure from 100 psig to 3,000
psig, preferably from 200 psig to 1,200 psig, and at a liquid hourly space velocity
(LHSV) of from 0.3 V/V/hr to 2.0 V/V/r.

[0025] Process conditions applicable for the use of the catalysts described herein
may vary widely depending on the feedstock to be treated. Thus, as the boiling
point of the feed increases, the severity of the conditions will also increase. The
following table serves to illustrate typical HDS and HDN conditions for a naphtha
feed. The hydrogen treat gas should have a purity of 50% to 100% by volume.

Typical Space Hy
Naphtha Boiling | Temperature, | Pressure, | Velocity | Gas Rate,
Feed Range, °C °C Bar V/V/hour SCF/B
Broad 10-232 100-370 10-60 0.5-15 100-5,000
Preferred 30-220 260-355 13-35 0.5-10 | 200-2,500

[0026] One embodiment of the present invention relates to a method for

upgrading naphtha. The method comprises contacting a naphtha feed that is high in



Broad 10-232 100-370 10-60 0.5-15 100-5,000 Preferred 30-220 260-355 13-35
0.5-10 200-2,500 [00261 One enbodi nent of the present invention relates to
a nmethod for upgradi ng naphtha. The nmethod conprises contacting a naphtha
feed that wa2d0sgkzoBmn WO 2005/ 033930 PCT/ US2004/ 031808 - prTAiskéasroz1sesnd

ni trogen conpounds, with hydrogen in the presence of a bulk multinetallic
catal yst. The catal yst conprises at |east one Goup VIII non-noble netal
and at least two Goup VIB netals. The catalyst is preferably nmade by
reacting insoluble or partially insolubke netal salts of the netals in the
presence of a protic liquid. Preferably, at |east one of the netal
conponents renains at least partly in the solid state during the entire

ot Zi e %Q&cfﬁﬁfﬁ%%%m?ﬁﬁg"; AN ger@ﬁf@%p%%%@%;{fa%‘ﬂg; “of the |
conponentButificaliFettityss. che el BoidpsgS at G o GHRlD Yt fhp-bolEr .22, Pon
process haeRgandat %aﬁphvo lt??g%ylg‘?l@ta@é TRE cafysTlis pRISab maaég‘yg The

catalyst 1s preferably su or to use I n the hydrotreati step. The

ref err ed reattégy itsobubp os phitiully inbolubke miees ealis ofitteninkeoils dnthetpresdicefodr r ed
met hods of naking them are described in nore detail in U S. Patent

6, 156, 695 piots. ligude drefesaly; atdeasioncafithe matalenmponsgtsrerodins ahteapiCT
publ i shed appl.i cati gns WO .00/ 41810 and 00/ 41811, which.are ipcaqrporated
herein bwqrﬁgé? %0()11‘@?“@ ‘Ilumi!ﬁl §°€8 Yﬂ BPTREAE. fnel pgf?«&rﬁz}
cat al yst HEGHORR VLR CEREE i RE RomprisE il S0 SRR LRR % "conpri si ng
o ) ool SR ol B Bahelr BRI bRoeathe 10 o
t he wor di gaubili® 8f those metal components which are at least partly in the solid state
during the reaction process being preferably less than 0.05 mol/100 mi water at
18°C. The catalyst is preferably sulfided prior to use in the hydrotreating step. The
referred catalyst compositions of the present invention and the preferred methods of
making them are described in more detail in U.S. Patent 6,156,695, U.S. patent
application serial number 09/836,101, and PCT published applications WO
00/41810 and WO 00/41811, which are incorporated herein by reference for all
purposes to the extent that they are not inconsistent with the present invention

disclosure and claims.

[0027]  The catalyst used in the process of the invention is a bulk catalyst
comprising at least one Group VIII non-noble metal component and at least two

Group VIB metal components.

[0028] In the context of the present specification, the wording "metal
component" refers to a salt, oxide, sulfide, or any intermediate form between oxide
and sulfide of the metal in question. As will be evident to the skilled person, the
wording "at least two Group VIB metal components” is intended to refer to
components of at least two Group VIB metals, e.g., the combination of

molybdenum and tungsten.



conponent” refers to a salt, oxide, sulfide, or any internediate form

bet ween oxide and sulfide~of the netal in question. As will be evident to
the skilled person, the wording "at |east two Group VIB netal conponents”
i s intendwd Jas/e3eémr to conponents of at | east two G oupcWiBoskbslses €. 0.,
t he conbi nati on of nolybdenum and tungsten. WO 2005/ 033930

PCT/ 0S2004/ 031808 -12 [0029] The indications Goup VIB and Goup VIII used
in the present specification correspond to the Periodic Table of Elenents
applied by Chem cal Abstract ServicesyCAS system). [0030] Suitable G oup
VIB netal s include chrom um nolybdenum tungsten, or mxtures thereof,
with a conbination of nol ybdenum and tungsten being preferred. Suitable
Goup VIl non-noble netals include iron, cobalt, nickel, or mxtures

t hereof, preferably cobalt and/or nickel. Preferably, a conbination of

metal co nt scoupy.i sin I ck nmol, ybden and. t ungsten or nickel,

cobal t, bdM F@qr%r@@wﬁﬂ%@éﬁgppmpmj PrEstt ungsten i s
enpl oyed_j n.: i ' ' efer.r t nickel

and/or c 8%%1?&%2%&%8%%“#%2@& ? 8%9{';%%?% £ k?“ﬁ‘gﬁél ap@?leg%(%gﬁﬁnﬁa? non- nobl e
metal s, Yk I &ash. 70 wt. % still nore preferably at |east 90
w.% It mgyal e%ﬁ%éi%ﬁs%rgﬁ rred for the Goup VIII non- noble netal to
consi st essentially of nickel and/or cobalt. [0032] It is preferred that

nmol ybdenum and tungsten nake up at least 50 wt.% of the total of Goup VIB

met al s, (@03]pr eFuitatile Graup S metds mclode shionivnmmeolybdefiemabingsten,| east 90
w.% It may be especi al l'é preferred for the Goup VIB netal _to consi st

essent i aPT pigfurahheseed gombinpiioa ot molybeenumeandoiuagsieatheingt G oup VI B
B A e e e R LY T
mixtures thereof, preferably cobalt and/or nickel. Preferably, a combination of
metal components comprising nickel, molybdenum, and tungsten or nickel, cobalt,
molybdenum, and tungsten, or cobalt, molybdenum, and tungsten is employed in

the process invention.

[0031] It is preferred that nickel and/or cobalt make up at least 50 wt.% of the
total of Group VIII non-noble metals, more preferably at least 70 wt.%, still more
preferably at least 90 wt.%. It may be especially preferred for the Group VIII non-

noble metal to consist essentially of nickel and/or cobait.

[0032) It is preferred that molybdenum and tungsten make up at least 50 wt.% of
the total of Group VIB metals, more preferably at least 70 wt.%, still more
preferably at least 90 wt.%. It may be especially preferred for the Group VIB metal

to consist essentially of molybdenum and tungsten.

[0033] The molar ratio of Group VIB metals to Group VIII non-noble metals in
the catalyst of the invention generally ranges from 10:1 to 1:10 and preferably from
3:1 to 1:3. The molar ratio of the different Group VIB metals one to the other
generally is at this point in time believed not to be critical. When molybdenum and

tungsten are employed as Group VIB metals, the molybdenum:tungsten molar ratio



3:1 to 1:3. The nolar ratio of the different Goup VIB netals one to the
other generally is at this point in tinme believed not to be critical. Wen
nol ybdenum and tungsten are enpl oyed as Group VIB netals, the

nmol ybdenugid 1063305 nol ar rati o WO 2005/ 033930 PCT/ US2004¢@3/53603 /0318043
preferably lies in the range of 9:1 to 1:19, nore preferably 3:1 to 1:9,

nost preferably 3:1 to 1:6. [0034] The catal yst conposition generally
conprises at least 50 wt. % of the total of Goup VIB and Goup VIII netal
conponents, cal cul ated as oxi des based n the total weight of the catalyst
conposition, preferably at least 70 wt.”% 'nore preferably at least 80 w.%
nost preferably at |least 90 w.% cal cul ated as oxides. The anmount of G oup
VIB netals and G oup VIl non-noble netals can be determ ned via AAS or

| CP. [ 0035prefmblyhiies methstrangs of Gilttabl: €9 f mordpyreferdbBul fluoi 28 ineigt conpri se
one or nore natural and/or synthetic hydrocarbons boiling in the range from
10C (50F) preferaBy3:1480F9., at at nospheric pressure. The naphtha feedstock
generally contains cracked naphtha, which usually conprises fluid catalytic
cracking unit naphtha ("FCC naphtha"), coker naphtha, hydrocracker naphtha,

gacol i no HUAAT ng ThsnaRAvAF ot OB eRfPalR oopRuistRar laaif 30 AR dbtbdor 1 ng
T om FOC rahRRpY B8 4R R Gl VI RS e, CFlcPREH wo PRI o o™

embodi ment gn fHectoRd MAEIBRt HPRRSIaAlYst Condpositsn, preferitly &R st FORGt. YD Aickel | ns;
napht henes; aronmatics; unsaturates, such as open-chain and cyclic¢ ol efins;

di enes; anprefgrablycatHyakt @dawb®bes) et tpneferatly at keasi 9e walfé] calculibesl &CGskidesapht ha

feedstock generally conprises an overall olefns concentration ranging as
hi gh as 601h¢ ampupbeEGrowp VB metads mpdyRiraup ¥dlkaommobleamatads canbecal Iy from
4 . .

determined via AAS or ICP.

[0035] Naphtha feedstocks suitable for hydrodesulfurization comprise one or
more natural and/or synthetic hydrocarbons boiling in the range from 10°C (50°F)
to 232°C (450°F), at atmospheric pressure. The naphtha feedstock generally
contains cracked naphtha, which usually comprises fluid catalytic cracking unit
naphtha ("FCC naphtha"), coker naphtha, hydrocracker naphtha, resid hydrotreater
naphtha, debutanized natural gasoline ("DNG"), and gasoline blending components
from other sources wherein a naphtha boiling range stream can be produced. In an
( embodiment, the feedstock is selected from FCC naphtha, coker naphtha, and

combinations thereof.

[0036] In an embodiment, the naphtha feedstock is an FCC naphtha comﬁrising
paraffins; naphthenes; aromatics; unsaturates, such as open-chain and cyclic
olefins; dienes; and cyclic hydrocarbons with olefinic side chains. The FCC
naphtha feedstock generally comprises an overall olefins concentration ranging as
high as 60 wt.%, more typically as high as 50 wt.%, and most typically from 4
wt.% to 40 wt.%. The FCC naphtha feedstock sulfur content will generally range
from 0.05 wt.% to 0.7 wt.%, and more typically from 0.07 wt.% to 0.5 wt.% based
on the total weight of the feedstock. Nitrogen content will generally range from 5



w.%to 40 wt.% The FCC naphtha feedstock sulfur content will generally
range from0.05 w.%to O~7 WM.% and nore typically fromO0.07 wt.%to 0.5
wt. % based on the total weight of the feedstock. N trogen content wl |
gener al | ywarngsoizosom 5 WO 2005/ 033930 PCT/ US2004/ 031808 pcrarsaprarmsisas 500
wppm and nore typically from 20 wopmto 200 wopm The FCC napht ha
typically will have the follow ng additional conpositional properties:
specific gravity fromO0.7 to 0.9, APl from33 to 41, and aronmatics from 50
to 90 percent by weight. [0037] In an r&bodi ment, the naphtha feed is a
heavy FCC naphtha having a boiling ran'ae of from 127C initial boiling point
("IBP') to 230C final boiling point ("FBP'). In other words, the heavy FCC
naphtha is a heavy cut of a full- range naphtha. One representative FCC

napht ha i swppar ®ciG0 wppd, lmpndamepetyipically from20 wppamtp 200 wppmO ThetKCQ. 87,
APl gravity ranging from35 to 39, sulfur fromQ0.1 to 0.7 percent by

wei ght, ni Baplgbatymestlowill dave thpfoHowingadditional compesitionad propastiesnt by
wei ght, and olgfins.from4 to 40 nt Lght, O her hgav CC

_napﬁt has cSPPObEC gravaty %@@&{7 t?ﬁ)eg ff‘g%ﬁfrﬁw %_é@mﬁigw%rqmwseﬁomyﬁ@m%r ogen
in the pre‘g%&g&%g}eﬁ\@h preferred catalyst in at |east one reaction stage,

each react ng one or nore reactors. Preferred HDS and HDN
conditions for the naphtha feed include a reactor pressure of from 14 bar
to 26 bar, hydrogen pressure from38.4 bar to 15.6 bar, WABT tenperature

from 218C [Gﬂﬂoclnaml-élﬁbfotﬁhie?}t?thbm hthdfeed is aheavy FOC hagkhahaviapat ha

feed ratio of 750 standard cubic feet per barrel of naphtha feed scfb) to
1430 scfb petlingannge ob frona pR7 inicebboilidg3wlin\IIBP P tef 23020) findliboiliv@T
tenperature may range from 284C to 330C,_and even nore preferably from 305C

to 315C. | pomd{ " HRRY. dnsiberewerds, tha heavydCrngphtha wakbeavy qued adfull-he above

diti t i all f . . .
condrt Onsra?nagré nSaB tha" "Oné reﬁi‘ege%qgt\{\?e IQE%,I ne?phtha is characterized by a specific

gravity ranging from 0.8 to 0.87, AP{ gravity ranging from 335 to 39, sulfur from 0.1
to 0.7 percent by weight, nitrogen from 65 to 85 wppm, aromatics from 60 to 90

i
percent by weight, and olefins from 4 to 40 percent by weight. Other heavy FCC

naphthas can be used.

[0038] The naphtha feed can be treated with hydrogen in the presence of the
preferred catalyst in at least one reaction stage, each reaction stage having one or
more reactors. Preferred HDS and HDN conditions for the naphtha feed include a
reactor pressure of from 14 bar to 26 bar, hydrogen pressure from 8.4 bar to 15.6
bar, WABT temperature from 218°C to 400°C, a LHSV of 3.5 t0 6.5 hr'}, and a
hydrogen to naphtha feed ratio of 750 standard cubic feet per barrel of naphtha feed
(scfb) to 1430 scfb per barrel of naphtha feed.

[0039] More preferably the WABT temperature may range from 284°C to
330°C, and even more preferably from 305°C to 315°C. It has been discovered that
treating the naphtha feed at the above conditions can substantially remove most of
the sulfur and nitrogen compounds providing a naphtha product that is very low in
sulfur and nitrogen. More specifically, the inventive method can reduce the amount

of sulfur in less 15 wppm, more preferably less than 10 wppm and most preferably



the sul fur and nitrogen conpounds providi ng a naphtha product that is very
low in sulfur and nitrogen. More specifically, the_inventive nethod can
reduce the anount of sulfur in less 15 wpopm nore preferably |l ess than 10
wppm and nwex20ps/efiessabl y WO 2005/ 033930 PCT/ US2004/ 031808pr1AR24088518b1an 5
wppm It also can reduce the anbunt of nitrogen to |less than 10 wppm nore
preferably to less than 5 wppm and nost preferably less than 1 wopm [00401
The preferred hydroprocessing catal yst of any one or nore of the reaction
zones of any one or nore of the hydrop[ngssing stages are forned forma
bul k multinetallic oxide precursor conprised of at |east one Goup VIII
non-noble netal and at |east two G oup VIB netals, wherein the catal yst
conposition is made by contacting and reacting insoluble netal salts of the

cat al yst nessthen hwppsl. pltedsmean reduge pheoamount ofinidrogen é6 desashan 10weppmt i o of
G oup VIB netal to oup, VI 1.1 on- nobl e net al range, from 10:1 to 1:10.
Pr ef er abl yIPHePIse@bL i less WPpPI AR %Itpfectg;%il)ﬂﬁcsgm fé’ﬂﬁ’f@f one Group
VII1 non-noble netal, preferably Ni or Co and two G oup VIB netal s,

preferably Mo and W More preferably the ratio of M to Wis 9;:1 to 1:09.
[ 0041] Thdﬁﬂftﬁfer ﬂ&xfmp&mdsbyder@awgwg@ﬁbﬂﬁst@%@eymgém@arw e formul a:

b (M) d Oz wh ' X i G V]| = hobl tal,
U ol o TERFHGh gfnd oF aibiiyte pEmne pf e TidroBroseSitRe shasks B fgtec ol 1
f | o : = |
ot or ik tulimietalic (e pReckrsd Uonfprisedldt b Tesbd 68 oo \ItPh-nbBfe ™! &'
pref er abl ymdfal Bnd At lffysﬂtwé Grblp 'VIBemetAS, SvR&ein tilrfe:’catzz%l%sfii c?mﬁ%%gxﬁ (ijsﬁlifn%ﬂém y

substantially equi nol ar anount's of Mo and W e.g.,
parti cul arby doritacti®®4ad rédetinguhkolobledaetal salty shihelatalgstunedlsintheay

di f{fraction pattern. \Wile
presence of a protic liquid. Preferably, the ratio of Group VIB metal to Group VIII
non-noble metal may range from 10:1 to 1:10. Preferably the precursor is a bulk
trimetallic oxide comprised of one Group VIII non-noble metal, preferably Ni or
Co and two Group VIB metals, preferably Mo and W. More preferably the ratio of

Mo to W is 9:1 to 1:9.

[0041]  The preferred precursor compositions are represented by the formula:
(X)b (Mo)¢ (W)q Oz

wherein X is one or more a Group VIII non-noble metal, the molar ratio of b: (c+d)
( is 0.5/1 to 3/1, preferably 0.75/1 to 1.5/1, more preferably 0.75/1 to 1.25/1; and Z =
[2b + 6(c+d))/2.

[0042] The molar ratio of c:d is preferably >0.01/1, more preferably >0.1/1, still
more preferably 1/10 to 10/1, still more preferably 1/3 to 3/1, most preferably
substantially equimolar amounts of Mo and W, e.g., 2/3 to 3/2, and in particular

1:1.

[0043]  The bulk oxide precursor has a unique x-ray diffraction pattern. While
showing crystalline peaks at d =2.53 A and d = 1.70 A, it should be noted that the

overall pattern is characteristic of a disordered material.



showi ng crystalline peaks at d = 2.53 A and d =1.70 A, it should be noted
that the overall pattern<s characteristic of a disordered material. WO
2005/ 033930 PCTI US2004/ 031808 -16 [0044] The bul k oxi de precursor is

typi cal | ywanowsh3bsbore it is processed further. Drying ReEyUS®ogo1swnt i onal
for exanple at, e.g., tenperatures of at |east 225C, preferably 250C to
450C, in a suitable atnosphere, e.g., inerts such as nitrogen, argon, or
steam until drying are substantially conplete, i.e., any adsorbed species
or substantially conpletely driven offjgCalcination is not required. [0045]
The preferred bulk nultinetallic oxide precursor may be in the formof a
powder having a surface area of at |east 50 n2/g and nore preferably of at

exi bi { A0RAL" THRHHLE orode BAFUIS0R 1 DR rr PRt B peeaepoest Rther b 4
et or 1 nddI3igE THAd b GERYCHIOBAbiIPE AXATAPIS i, &8l STpBRRUTeS e st BAS'G, nm ar o
rodi ' RGEEYGASUEIC 1 SC 36 aRiiablg arosPhAre, &Bryners FUSLS ARG, and

Even: mor i BRrrbty, B9 A 0l ik SDSaBa My RRRITe @l ¢ ARk MR BR SPAsER 0r o o

to 50 -wxmﬂmsﬁﬁﬁmlg;cghggamdﬁ%n bie capgrtsh iQnébféé?;cu?&dm [0046] The

nor phol ogy and t ext oxl de precursor can ontrol |l ed by
controlling the norphol ogy and texture of the nmetal source material by the

conventi t % ol r | ed by
sever al ﬂg’?hgg‘; %ﬁeu | ngﬁgﬁ@%ﬁ?&ﬁbﬁﬁﬁé ?gécélg@g n‘%@ F)t@ ?@ Eﬁ%@ﬁggfésed by
Tei chner powdddidvitig bRurfabe Gfeatoflal Mest SO rﬁbgmu RflofeSpragitablyt ¢f dtheastniopi al
m xture of _a nol ybdenum salt, a nickel salt and ammoni um hydroxi de. Direct
pr eci pi t amf/grmeasiredibydhe BoE/Rdnethod. More particularly, the powder exhibit a pore

volume of from 0.05 to 5 ml/g, more preferably of 0.1 to 4 ml/g, yet more

preferably of 0.1 to 3 ml/g, and most preferably 0.1 to 2 ml/g determined by

nitrogen adsorption. Preferably, pores smaller than 1 nm are not present.

Furthermore these particles in the powder preferably have a median diameter of at

least 50 nm, more preferably at least 100 nm, and preferably not more than 5000

pm and more preferably not more than 3000 pm. Even more preferably, the

median particle diameter lies in the range of 0.1 to 50 um and most preferably in

the range of 0.5 to 50 pm.

[0046] The morphology and texture of the oxide precursor can be controlied by
controlling the morphology and texture of the metal source material by the

conventional methods.

[0047]  The oxide precursor may be readily prepared by several methods,
including a variation boiling decomposition method used by Teichner and Astier in
which a tungsten compound is added to the initial mixture of a molybdenum salt, a
nickel salt and ammonium hydroxide. Direct precipitation and pH controlled
precipitation in a liquid may also be used to prepare the precursor compound.
Preferably a synthesis route using a partially solid or all solid metal compounds in a

protic liquid may also be used. It is possible to add the Group VIII non-noble



precipitation in a liquid may al so be used to prepare the precursor

conpound. Preferably a synthesis route using a partially solid or all solid
nmetal compounds in a protic liquid my also be used. It is possible to add
t he G oup wohbosiasesoobl e WO 2005/ 033930 PCT/ US2004/ 031808 c1/dd200B8:308
cont ai ni ng conpound and the G oup VIB netal -containing conpound in various
ways, at various tenperatures and pHs, in solution as soluble conponents,

i n suspension as insoluble solid conponents, and as such, simultaneously
and/or sequentially. [0048] The prepajation nethods may involve sol ubl e and
I nsol ubl e precursors netallic conponents at high pH Boiling the resulting
sol ution expels amonium reducing the pH, and precipitating the precursor
conmpound. [00491 A partially solid or all solid-netal source route i's

pr ef er r eduetaheewfaining compoynd andithe Siroupd Bhmstalraontaining eeyspewnd Bhpounds
(sources) are suspended in a single v | .in rotic dium stirred and
heat ed ¢ TAFISIRAE, ShYEIQHGMmPeRHETes A0 R i SpBian Asplelle cOmpATEniSmi n at
| east parti ' [ ' i BL.ena ' ocess.

At or nat 1y eisich ASRSRIAS soltd BORpBHERSDard s Sl SBEARANRY BRBL YTl

partly i Refhéntidly d state during the entire process. Thus, at |east one
netal conponent renmains at |east partly in the solid state during the
entire "solid" process for nmaking the catalyst. "At |east partly," as used

in this Xt ndthdfes f oq.,gﬂP b & present
as a sol i[gefr%]tew Thg? onrg{rllfaﬁand,éopt fagﬁ‘g?‘f‘l}’e Sgtr}ig%g?&gjgrt o} %it}ﬁ%ﬁrﬁrglt%al
conponentnétalliy egaponads at highl pH I Boilifg th resuing! solwigo egpéls ammogiuli,ot i C
medi um For exanple, a suspension of a nmetal conponent in a protic |iquid
may i ncl weducing thepHl, and precipitating tHeyprasursor eapdundnd optional |y partly

di $solved in the protic Iiquid. [0050] The order of addition of the netal

conponents is not critical. For exanple, the solid route preparation can be
conduct e084%h wAepartiapsolid o ailssolid-metal source route is preferred.

Accordingly, solid nickel, molybdenum, and tungsten compounds (sources) are
suspended in a single vessel in a protic medium, stirred and heated to form the
precursor. Preferably the metal sources should remain at least partially in the solid
state during the entire preparation process. Altematively, at least one of the metal
components should remain at least partly in the solid state during the entire process.
Thus, at least one metal component remains at least partly in the solid state during
the entire “solid” process for making the catalyst. “At least partly,” as used in this
context, means that at least part of the metal component is present as a solid metal
{ component and, optionally, another part of the metal component is present as a
'~ solution of this metal component in the protic medium. For example, a suspension
of a metal component in a protic liquid may include the metal at least partly as a

solid, and optionally partly dissolved in the protic liquid.

[0050] The order of addition of the metal components is not critical. For
example, the solid route preparation can be conducted even where component is
added simultaneously. The solid route achieves yields approaching quantitative

yield, i.e., ~100 wt.%.



added sinul taneously. The solid route achi eves yields approaching
quantitative yield, i.e.,=-100 wt.% W) 2005/033930 PCT/ US2004/031808 -18
[0051] It is also believed that for the "solid" and "solid-sol ute"

prepar at i w0 20n%633030s t he reacti on mechani sm preserves t opsoaR20¥bo€IRbs t he
nor phol ogy of the nmetal source particularly the Goup VIII netal source
material. To obtain a bulk catalyst conposition with high catalytic
activity, it is therefore preferred that the netal source materials are
porous. Preferably the total pore vol_ggng of the metal sources may range
fromO0.05 to 5 m/g, preferably fromO0.1 to 4 nug, nore preferably fromO.1
to 3 nug, and nost preferably from0.1 to 2 nm/g determned by nitrogen
adsorption. Pores wiith a dianmeter smaller _thapn | nmare_generally not

pr esent msilhe flf isaalse heligvedithattas dbe t'sadid” and Yspdid-salnie mpraparatignal yst
o o er aghpthods the FFACERH Teenis BrErRTajosPI exeaChesBoMbelomARh tfos
f f I ] ' . B. B T..oet F
el o, 8 Refttos PkuREY HiE Ghowd IF{ BB SoukeTnbtFial. Forots B8 76 0. 30
: ' . _ Cok o : .
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to 370 niktl sdetcermaiRedisure poeols. BPreferablynihe . tofal pohevoRinee bheemerd al
conponents may preferably have a nedian particle dianmeter of at |east 50

nm and swwceromay rasge H0000.HMmto Pomd’gpprdferably from Olletest mlig)@nomen, and not
e i (PREMARGETm Gl din 0 et S BIGHPHRERDID ST Dck Br SENE SRETREISd ange. o
et al ant BitrqRsadsgRRi. PortS RIS didmeey Seallef HiAoatearg s ReR RS, bonat e
are pr e‘;ﬁfe@.@& iﬂ‘iﬁé‘lﬁnﬁfE%l?]}ggé%tgﬁg?lﬁ%n?%g)[eﬁggkm cRRifdt ¥ohipdsiforro! ! d

st at e because when el e 1sap
may have generally a surface area of at least 10 m?/g, preferably 30 m%g, and more

preferably of at least 50 m?/g, and most preferably of at least 100 m%/g, determined
via the B.E.T. method. For example, nickel carbonate may have a total pore
volume of from 0.19 to 0.39 ml/g preferably of from 0.24 to 0.35 ml/g determined
by nitrogen adsorption and a surface area of from 150 to 400 m%g, and more
preferably of from 200 to 370 m*/g, determined by the B.E.T. method.
Furthermore these metal components may preferably have a median particle
diameter of at least 50 nm, and not more than 5000 um, more preferably at least
100 nm, and not more than 3000 pm. Even more preferably, the median particle
diameter may lie in the range of from 0.1 to 50 pm, and most preferably in the

range of from 0.5 to 50 pm.

[0052] In general, the metal source materials contain metal and at least one of C,
O, and H. Nickel carbonate or cobalt carbonate are preferred metal component to
be added at least partly in the solid state because when either carbonate is applied,
CO> evolves and positively influences the pH of the reaction mixture. Further, due
to the transformation of carbonate into CO», the carbonate does not end up in the

wastewater.



C02 evol ves and positively influences the pH of the reaction m xture.
Further, due to the transformation of carbonate into C02, the carbonate
does not end up in the wastewater. WO 2005/033930 PCTI US2004/ 031808 -19

[ 00531 | nwigmosedzass on route, the netal conponents are cegphsbtalywsmdossol ved
when they are conbined and/or reactor to forma precipitate. It is possible,
e.g., to conbine the netal conponents when they are already in the

di ssolved state and then have themreact to forma precipitate. However, it
is al so possible to conmbine one or nore,of the netal conponents which are

partly or entirely in the solid state "wfh further netal conponents.
However, in this case, care nust be taken that the netal conponents which
are partly or entirely in the solid state will dissolve when ( present in

t he react {0053} xt In the solutivh esutepthdnetat compenents aee compiegelyrdissodted i on
route process, .all metal .conponents nust be present wholly as_a sol ution.
Preci pi t atWhan thel ape cemthinedendior reactpr: to faym @pregipitgta: Nk ippossiblene gortoaf t er

oael pit ncbgbing 1 Mot oRpmeRii het Shebtars ey 2h Gk st B talf b o

selpl L . ! . ] 2
Como | s ePhaye thei kot o STOABRLci Y RMRevet IR ARSI Oltflne o
and t her egfnkjr AHRNSF (he théel E&ﬁggf?ggg é@ﬂ?ﬁ 'gfé %}f‘% ogl@gg@%rihecﬁ@%ﬁa Wfage O PH,

such that the conpl exi ng agent ecipitation; (c)
adj usting Wiﬁeﬁh&mmnetatllbenﬁuném. Hovwedver| ircthiocase] cae rohstthectaken tHat the
conponent solutions to such a value that precipitation is induced; (d)

| overi ng thetaberuponeits sdiiok are partlyry entireliytinrthe sodid statd wnll dissphe when al
conponent solutions such that precipi tatiog i s .induced;. () addi n(tu_ a

noh- sol veMesef hHRedieagon MIXBIEE: aPHss verds al Ipast ance duting the solution

route process, all metal components must be present wholly as a solution.

Precipitation can be effected by, e.g.:

(a) changing the pH during or after combination of the metal component
solutions to such a value that precipitation is induced;

(b) adding a complexing agent during or after combination of the metal
component solutions, which complexing agent complexes one or more of the
metals to prevent precipitation of the metals, and thereafter changing the reaction
conditions, such as temperature or pH, such that the complexing agent releases the
metals for precipitation,;

( o (c) adjusting the temperature during or after combination of the metal
| component solutions to such a value that precipitation is induced;

(d) lowering the amount of solvent during or after combination of the
metal component solutions such that precipitation is induced;

(e) adding a non-solvent during or after combination of the metal
component solutions to induce precipitation thereof, with a non-solvent meaning
that the precipitate is essentially insoluble in this solvent;

(f) adding an excess of either of the components to such an extent that
precipitation is induced.

Adjusting the pH in, e.g., option (a) or (b) can be done by adding a base or an acid

to the reaction mixture. However, it is also possible to add compounds which upon



conponent solutions to induce precipitation thereof, wth a non-sol vent
meaning that the precipitate is essentially insoluble in this solvent; (f)
addi ng an excess of either of the conponents to such an extent that

preci pi t aW®205433981uced. Adjusting the pH in, e.g., optiper2rs@3idh) can
be done by adding a base or an acid to the reaction m xture. However, it is
al so possible to add conpounds whi ch upon WO 2005/ 033930 PCT/ US2004/ 031808

-20 the tenperature increasing will deconpose into hydroxide ions or H+
ions, which increase and decrease the pH respectively. Exanples of
conpounds which will deconpose upon the& tenperature increasing and thereby

I ncrease or decrease the pH are urea, nitrites, amoni um cyanate, anmmoni um
hydr oxi de, and amoni um carbonate. 100541 When sol ute or solid-solute

met hods athe empersturt nsredsing woll diectmipose rip by droxddemonshomie iatdsiewhich t he
solute state are er-soltﬁbl ni ckel, coer%)onents, such as, ni.ckel .pitrate,
ni ckel sulfGease qﬁl\@@@r easethe pEL zerpestively: £ xasaplss of componads svhich il or

m xtures tihereof nay b sed. Preferred. nol enym and tungsten c onent s
T ch o o dacorBROse oy the FEibisrathfy ot qnid Tk feveass o HacraAss he
tungst en : [ I ' I ate. (&

bor oxor | BETERIGE hiftHes, AfinfniihcyiRAE, afindWIToAEL MEAAORRE
het er opol ygfHigpateconpounds, Wo-Si het er opol yani on conpounds, WP

het er opol yani on conpounds, WSi heteropol yani on conpounds, N -M-W

het er opol yani on conpounds, Co- Mo-W het er opol yani on conpounds, al kali netal
or ammoni um tungstates (also neta-, pars-, hexa-, or polytungstate), or

m xtures [00&4leof Whi te prsetifletolwie methbinaxe emplayed; prefewed aicke! hod
i ncl [ | | f .ni |
et e Fomponaots Tvigh aEaaddeh MEDE solte State are water-sofuble nickel o 0O €

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

[0055] A preferred combination for the solid method includes using as the metal
components at least one of nickel carbonate, tungstic acid and molybdenum oxide.
Another preferred combination for a solid-solute route is nickel carbonate,

ammonium molybdate and ammonium metatungstate.

[0056] Examples of suitable protic liquids include water, carboxylic acids, and
alcobols such as methanol or ethanol. Preferably, a liquid comprising water such as
mixtures of an alcohol and water and more preferably water is used as protic liquid
in this solid route. Also different protic liquids can be applied simultaneously in

the solid route. For instance, it is possible to add a suspension of a metal



Anot her preferred conbination for a solid-solute route is nickel carbonate,
anmoni um nol ybdat e and amoni um net at ungstate. [00561 Exanpl es of suitable
protic liquids include water, carboxylic acids, and al cohols such as

met hanol wip ®b¥yaszoso Preferably, a |iquid conprising wat pecTagslei@si808M Xt ur es
of an al cohol and water and nore preferably water is used as protic liquid
in this solid route. Also different protic |liquids can be applied
simultaneously in the solid route. For instance, it is possible to add a
suspensi on of a nmetal WD 2005/ 033430 PCT/US2004/031808 -21 conponent in

et hanol to an aqueous sol ution of anoth t et al conponent. In some cases, a
nmet al conponent can be used which dissolves inits own crystal water (i.e.,
wat er of hydration). The crystal water serves as protic liquid in this case.
Q her  pr ctdnepomsit imsthany] td & ageeasadlutj@0sf7indthef memb cpymponent. hkn swhe d
route a conbi nation_of netal conponents_ ,conprising nickel, nolybdenum and

t ungst en drases,ck@etal copmonentean belusadiwiidh dissolyes ianits ewagpystebiwaesi(i.ehe

solid route, whete.,the protic liguid is water, suif.ablge L ckel onent s
whi ch ar o Satef S5 by drationy, The Cryasabypies Setves &5 puptc HavisindBis srge: CHMBT | so
wat er -i ns P I such as ni ckel carbonate, nickel

hydr oxi de%rﬁﬁé&g?ﬂl&#&%ﬁﬁ?@%%ﬁﬁn@% I phosphite, nickel formate, nickel

suILide, ni ckel  nol ybdat e, Pickel tungstate, nickel oxide, nickel ?Iloys
SO RS PSR, LA o AR Aol A ROl
Such s Mol T e A et

nitride, aunpitenis applydd] aFer thewbliddoateasitiére (e grotic HMIDE watdeFuitad ybdenum
sukfide, or mxtures thereof. A suitable soluble chrom umsource for solid
pr epar at i anckelycdmpearemtsiwhinhdiretat deest partlyvnithe sobd stané duiing contawdingt i on
chromic acid. Finally, suitabl e tungsten conponents )

comprise water-insoluble nickel components such as nickel carbonate, nickel

(D

hydroxide, nickel phosphate, nickel phosphite, nickel formate, nickel sulfide, nickel
molybdate, nickel tungstate, nickel oxide, nickel alloys such as nickel-molybdenum
alloys, Raney nickel, or mixtures thereof. Suitable molybdenum components,
which are at least partly in the solid state during contacting, comprise water-
insoluble molybdenum components such as molybdenum (di- and tri-) oxide,
molybdenum carbide, molybdenum nitride, aluminum molybdate, molybdic acid

(e.g., HhM0O,), MoO3, molybdenum sulfide, or mixtures thereof. A suitable

soluble chromium source for solid preparation may be ammonium dichromate,
while for solution preparation chromic acid. Finally, suitable tungsten components
which are at least partly in the solid state during contacting comprise tungsten di-
and trioxide, tungsten sulfide (WS, and WS;), tungsten carbide, tungstic acid (e.g.,
H,WO, H,0, H2W4013—9H20), tungsten nitride, aluminum tungstate {also meta-, or
polytungstate) or mixtures thereof. These components are generally commercially
available or can be prepared by, e.g., precipitation, e.g., nickel carbonate can be
prepared from a nickel chloride, sulfate, or nitrate solution by adding an appropriate
amount of sodium carbonate. It is generally amount of hydroxy-groups. In one

embodiment the amount of hydroxy-groups present in the nickel carbonate may be



which are at |least partly in the solid state during contacting conprise
tungsten di- and trioxide, «ungsten sulfide (W2 and W53), tungsten car bi de,
tungstic acid (e.g., H2WX-H20 H2W013-9H20), tungsten nitride, alum num
t ungst at e VeI2605/433938-, or pol ytungstate) or m xtures thepepiis20biyeHfos
conponents are generally commercially available or can be prepared by,
e.g., precipitation, e.g., nickel carbonate can be prepared from a nickel
chloride, sulfate, or nitrate solution by adding an appropriate anount of
sodi um carbonate. It is generally anount,Qf hydroxy-groups. In one

enbodi ment the anobunt of hydroxy-groups present in the nickel carbonate may
be WO 2005/ 033930 PCT/ US2004/ 031808 -22 high. For the all solute route a
preferred conmbinatjion _is nickel nitrate ni um_ ol ybdate and amoni um

anmoni um, :
met at ungsthigh. Hasdbepllmphite rewey preferredeembinationis aykie] mifrate prramemnmy at
| east 10 wt. %, and still nore prefergbly at [east 15 wt.% of a netal
conmponent m&%&%m‘i%‘)@ﬁm e@%ga@uri ng the process of the invention,
based on the total weight of all Goup VIB and Goup VIII non-noble netals
conponent s cul ated as tal oxides. Wien it _is desired to optain a high
Srera T ol00sg i el Acteationa aciveRdnars B terabiadPRTIN WE o A of
nmetal conp | hi r kns. _in e. | i.d_st at e-during
t he proces ﬂgﬁ*‘ﬁﬁﬁ?ﬁ%@é’ﬁ? thea 95 %&Q}@E’g aﬁgﬁﬁ?’g@"ﬁ%ﬂ%&&%ﬁrﬁﬁ‘?ﬁ%‘? S&b(gse, | ow
amount s of ; H +5%0 AN AT F Ot § he
armount of sr%emtactal c%o en?éséedrlﬁgﬁm%itlﬁ%’?ﬁgamggt ewat er égglr:ltl Jr)]g&]? gogﬁgkggquent
sol i d-1i quarll Geeap MlIomon-foblRaheakecompoirentssalailatedtasmeaiprides! Whanitbe
avoi ded conpletely if the nother liquid resulting fromsolid-liquid
separ at i onisidesired ye lobthin a high gigldiceess high ameupt efthetfinal\catalysin. 1t is noted

that it is a particular advantage of the process of the present invention
that conpapempesitigncthedispHt metaga@mppnwtwi &chiclp g high amousé remaiasiia the

Process, 108 PR duriig BB Trocets s 8 Tnvention Thay be the Preferied facthod. In that
case, low amounts of metal components remain dissolved in the mother liquid and
the amount of metal components ending up in the wastewater during the subsequent
solid-liquid separation is decreased. Any loss of metal components can be avoided
completely if the mother liquid resulting from solid-liquid separation is recycled in
the process of the present invention. It is noted that it is a particular advantage of
the process of the present invention that compared to a catalyst preparation based
on a co-precipitation process, the amount of wastewater can be considerably
reduced.

[0059]  Depending on the reactivity of the metal components, preferably at least
0.01 wt.%, more preferably at least 0.05 wt.%, and most preferably at least 0.1
wt.% of all metal components initially employed in the process of the invention is
added as a solution, based on the total weight of all metal components, calculated
as metal oxides. In this way, proper contacting of the metal components is ensured.
If the reactivity of a particular metal component to be added is low, it is

recommended to add a high amount of this metal component as solution.

[0060] The catalyst precursor formed in accordance with the solid or solid-

solute methods may be used to make hydroprocessing catalysts. For example, the



[ 0059] Depending on the reactivity of the netal conponents, preferably at
least 0.01 wt.% nore preferably at |least 0.05 wt... % and nost preferably
at least 0.1 w.%of all nmetal conponents initially enployed in the process
of the i nweoto@mnssso added as a solution, based on the tat@aluyighhsel all
metal conponents, calculated as netal oxides. In this way, proper
contacting of the netal conponents is ensured. |f the reactivity of a
particular nmetal conponent to be added is low, it is recomended to add a
hi gh amount of this nmetal conponent asygol ution. [0060] The catal yst
precursor formed in accordance with the solid or solid- solute nethods may
be used to make hydroprocessi ng catal ysts. For exanple, the WO 2005/ 033930
PCT/ US2004/ 031808 -23 precursors may be sulfided in a liquid or a

sul f ur - cPrecuTsers gnay be siifided ind wgidr assulfurongainingostipare ingladidgrisat i ng

catal yst..Th recur sor er ..my S in slurry f.ormor, fluidized bed
Form ” andithaeBic Take b iaEating cafliysly he frer im0t byl fiadi iwsed inne
particle ' ] i s I £t Liding.

bret er abtHEY Fitf 6F BRATEE Ged tosth hrd A7 w1ct B sHitRed i Gy o Pholely "Ry
SUDDOVteS*xIte[rﬁﬂﬁﬂély;rﬂi% pUrlEleS 9y B&Bo ofited WiBth Binder Befk b dAdr by a variety
of known nethods’” For exanple,” the conposition product can be contacted

wi th a gaslfidingp PrefierabliitBe aatklpstds adbaik catalyst, ikthe Taflyi is abt el evat ed
tenperatures for a period of tine sufficient to sulfide the deconposition
product , suppeit¢d: at the point of H2S breakthrough in the exit gas.

Sul fiding can also be effected, in situ, by passing a typical feedstock
cont ai ning sul fur over the deconposition product. Yet another way of

sul fi di n§006dl udEbe prepursbrpfaase puifided o pee-sulfidedibyg vametyafiknoain
sulfidation sourges such a di et hyl.di sul fide or ethyldisulfide or

sul f r azomethogds? OWB]@U%WMIRO%F’ a1 bg coppacted withi8ase form of a

ponder . IaocRRMEBLS Rl Rarbbd 1L, ROISES8RD, W eid led MRk rursd e n0-
period of time sufficient to sulfide the decomposition product, usually at the point
of H3S breakthrough in the exit gas. Sulfiding can also be effected, in situ, by
passing a typical feedstock containing sulfur over the decomposition product. Yet
another way of sulfiding incindes liquid phase presulfidation using conventional

sulfidation sources such as dimethyldisuifide or ethyldisulfide or suifrazol.

[0062] The resulting bulk precursor is typically in the form of a powder. The
powder may be further processed by, for example, sulfiding. Iflarger catalyst
particles are desired (e.g., in the range of 1-5 mm) then the particle would be
formed before or after sulfidation, preferably before sulfidation, and then sulfided

to make the catalyst.

[0063] It was found that the bulk multimetallic oxide precursor particles have a
characteristic x-ray diffraction pattern which differs from catalysts obtained by co-
mixing and conventional hydroprocessing catalysts obtained by impregnation. The
x-ray diffraction pattern of the bulk catalyst particles comprises, and preferably
essentially consists of, peaks characteristic to the reacted metal components. The
resulting bulk catalyst particles are characterized by an x-ray diffraction pattern

which comprises peaks at d values. The d values for route 2 and route 3



particles are desired (e.g., in the range of 1-5 nm then the particle would
be forned before or after~sulfidation, preferably before sulfidation, and
then sulfided to nmake the catalyst. [0063] It was found that the bulk

mul ti met avbi2eosmssese precursor particles have a charact epdHUSHOXOIIB0E
diffraction pattern which differs fromcatal ysts obtained by co- m xing and
conventional hydroprocessing catal ysts obtained by inpregnation. The x-ray
diffraction pattern of the bulk catalyst particles conprises, and preferably
essentially consists of, peaks charact e%stic to the reacted netal
conponents. The resulting bulk catal yst*particles are characterized by an
x-ray diffraction pattern which conprises peaks at d values. The d val ues
for route 2 and route 3 WD 2005/ 033930 PCT/ US2004/031808 -24 preparation
can be regdeparativircanbesedd froth Figurespaatlidy etspeclibelyd Mad d walfesfor mutte 1
preparation are slightly different and the x-ray diffraction pattern has

br oader Jepreparationesn slightly differeat anththecaray ;lsf?émoboamﬁanbbaahmadw id route
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precursor jhitafice thedbrayaiffiabti6RPAAEm &fen NiM6 I%éigﬁ@?é @éﬂ%ﬁegaﬁemﬂidﬂg
step, a solid liquid separation can be perforne bef ore shaping. Optionally
t he bul k motiduosierhasgdakeiat dvatuestof@®.53A] &70dodndi1J46dui d  separation, can be
cal cined before shaping. [0065] If a binder material is used in the
preparation of the particle, it can be any material that is conventionally
appl i ed aq0064) nd@heibulbyiltintetaltis premrsat tapically.is skxpsings paniierendi | i ca,
silica-alum na, such_as conventional silica-alumna, silica-

then sulfided. If the amount of liquid of the bulk precursor is so high that it cannot

be directly subjected to a shaping step, a solid liquid separation can be performed
before shaping. Optionally the bulk precursor, either as such or after solid liquid

separation, can be calcined before shaping.

[0065] If a binder material is used in the preparation of the particle, it can be any
material that is conventionally applied as a binder in hydroprocessing catalysts.
Examples include silica, silica-alumina, such as conventional silica-alumina, silica-
coated alumina and alumina-coated silica, alumina such as (pseudo) boehmite, or
gibbsite, titania, zirconia, cationic clays or anionic clays such as saponite,
bentonite, kaoline, sepiolite or hydrotalcite, or mixtures thereof. Preferred binders
are silica, silica-alumina, alumina, titanic, zirconia, or mixtures thereof. These
binders may be applied as such or after peptization. It is also possible to apply
precursors of these binders that, during the process of the invention, are converted
into any of the above-described binders. Suitable precursors are, e.g., alkali metal
aluminates -(to obtain an alumina binder), water glass (to obtain a silica binder), a
mixture of alkali metal aluminates and water glass (to obtain a silica alumina
binder), a mixture of sources of a di-, tri-, and/or tetravalent metal such as a mixture
of water-soluble salts of magnesium, aluminum and/or silicon (to prepare a cationic

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



coated alum na and al um na-coated silica, alum na such as (pseudo) boehmte,
or gibbsite, titania, zirconia, cationic clays or.anionic clays such as
saponite, bentonite, kaoline, sepiolite or hydrotalcite, or mxtures

t her eof . WiefoetBosobi nders are silica, silica-alum na, BCDUSHWA/08E8ENI C,
zirconia, or mxtures thereof. These binders may be applied as such or
after peptization. It is also possible to apply precursors of these binders
that, during the process of the invention, are converted into any of the
above-described binders. Suitable precuphgors are, e.g., alkali netal

alum nates (to obtain an alum na binder), water glass (to obtain a silica

bi nder), a mxture of alkali metal alum nates and water glass (to obtain a
silica alumna binder), a m xture of sources of a di-, tri-, and/or
tetraval ent netal such as a mxture of water-soluble salts of magnesi um

al umi num aj0d8b6} sif desired; the pindppmaterial anayhe complositedmdftoa Group V1B cl ay) ,
chl orohydrol, alum num sulfate, or m xtures thereof. W 20Q5/033930

PCT/ US2004met gog/or aGrqupoy Bl nop-aebie meefal, prier o heiag cosmpesited with pee bulk

conposited wi,th a Goup VIB. netal .and/or up VII1 non-noblg ne

i or - to. teatHySk b en anick e 18 Beiet adtiedl et psepaebRn dherRor 1 i o
to being ] d | . - - ' |.zed,
i is o sqoedadesis Bt M SANGho@TbIE ATEARY ouk the polftiZAliBi3h e pREPheS Tl
VI B and/ oro s VB lanARit- dh-FParetcompdRedd, |f alumna is
applied as bindér, the surtace area preferably lies in the range of 100-400
n2/ g, and nore preferably 150-350 n2/g, neasured by the B.E. T. nethod. The
pore vol u th 1 ' ; ' : mug
measur ed B@ﬂﬁmroggﬁhgg%%?sp% olgé@%%%%glfﬁéheﬁsér aﬁ%ﬁ@??@@%{%&%}k%}%gﬁ al to be
added in tiaageo6te8s100f meips ahd vedve preferibly 158356 ai24 Whesuaed byithy BLban t he
bul k catal yst conposition or no catalytic activity at all. Consequently, by
addi ng a bnathed. fdteeporalvolume ofdhe alunpnafis prefetablk incthteatange of 0okt i on may

be reduced. Therefore, the anmounpt of binder naterial to be added
ml/g measured by nitrogen adsorption.-

[0068] Generally, the binder material to be added in the process of the invention
has less catalytic activity than the bulk catalyst composition or no catalytic activity
at all. Consequently, by adding a binder material, the activity of the bulk catalyst
composition may be reduced. Therefore, the amount of binder material to be added
in the process of the invention generally depends on the desired activity of the final
catalyst composition. Binder amounts ranging from 0 to 95 wt.% of the total

composition may be used, and typically the amount of the inactive compounds,

om—

including binders, would be no more than 15 wt.%, preferably 2 to 15 wt.%. Inan
unusually high activity embodiment, binder amounts generally range from 0.5 to

75 wt.% of the total composition.

[0069] It should be noted that the binder as used herein is distinct from supports
used in conventional catalyst because the active components are impregnated onto
or into the support in a conventional catalyst and here the binder is physically

mixed with and composited with the active component.

[0070] The precursor can be directly shaped into a particle. Shaping comprises
extrusion, pelletizing, beading, and/or spray drying. Shaping can be used, e.g.,



in the process of the invention generally depends on the desired activity of
the final catalyst conpostion. Binder anpunts ranging fromO to 95 wt. % of
the total conposition nmay be used, and typically the amount of the inactive
conpoundswo Jooxdé3giong bi nders, would be no nore than 15 WMTAB20d05808bIy 2
to 15 wt.% In an unusually high activity enbodi nent, binder anounts
generally range fromO0.5 to 75 w.%of the total conposition. [0069] It
shoul d be noted that the binder as used herein is distinct from supports
used in conventional catalyst because t_aﬁ_active conponents are inpregnated
onto or into the support in a conventiOnal catalyst and here the binder is
physically mxed with and conposited with the active conponent. [0070] The
precursor can be directly shaped into a particle. Shaping conprises
ext rusi on, whea the ¢atalyst ishhe i applied aol shirmgfypeyredetprsfluidizedibegdscmoving used,
e.g., WO 2005/033930 .PCT/ US2Q04/ (03180 -26 en the catalyst is_to be

X illating heds. e BGNE M NeAGHEIS

gpgl ied i t@srﬁﬁﬁﬂﬂdﬁﬁé’eﬂ&é& atipg 2 ; ﬁ@mgblélﬁé",ﬂe@lb’anded
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and/ or be e t : | ﬁivé.r' : hﬁpj; . , any
additives "t %Eﬁ%dtgab%dn@tgrﬁ. | oﬁgqgﬁyplgé%@r?%&rg{é | t%-{é gu{sé:%g?’ng cg%l%igggdded.
These addithav &% com¥¥nG6Rall ﬁ&d&btﬁtﬂﬂﬂfe%hﬁﬁihgtcﬁn Bead Rl aThdse Afdast € or
m xtures thereof These additives can be added at any stage prior to the

shapi ng stepy chmpriseralumimnn stdavatesurifzctarss,praphiie br ndgtures thereyf, bEhese
desirable to add acids é)rior to the shaping step such as nitric acid to
i ncrease tadditivehean banddad atrapyrstage prier todbe shaping stgmoFatther, whemr ef er r ed

that a binder materigl is .added priqr to.the shapjng.step. Further, it is
preferred Ha%m%weu@ﬁaﬁaiﬂrhjng%gtﬁ@ygméqsgagmq aqids prek tothe hepg i qui d,

oxpr oesea e sl Gt aid baficRaRets Rectdiir pgh B B SRBET 1 ©

[0071] Tt is preferred that a binder material is added prior to the shaping step.

Further, it is preferred that the shaping step is carried out in the presence of a liquid,
such as water. Preferably, the amount of liquid in the extrusion mixture, expressed

as loss on ignition ("LLOI") is in the range of 20-80%.

[0072] The resulting composited particle composition can, after an optional
drying step, be optionally calcined. Calcination however is not essential to the
process of the invention. If a calcination is carried out in the process of the
invention, it can be done at a temperature of, e.g., from 100°C to 600°C, preferably
from 150°C to 550°C, and more preferably from 150°C to 450°C. The drying of
shaped particles is generally carried out at temperatures above 100°C.

[0073] In a preferred embodiment of the invention, the precursor is subjected to
spray drying, (flash) drying, milling, kneading, or combinations thereof prior to
shaping by conventional methods. A cracking component may be added during
compositing of the particle. The cracking component may serve as an
isomerization enhancer. The cracking component can be any conventional
cracking component such as cationic clays, anionic clays, zeolites such as ZSM-5,
(ultra-stable) zeolite Y, zeolite X, ALPO’s, SAPQ’s, amorphous cracking



[0072] The resulting conposited particle conposition can, after an optional
drying step, be optionally calcined. Calcination hawever is not essential to
the process of the invention. If a calcination is carried out in the
process ofwbbheos/dssasgnti on, it can be done at a tenperat urpcis20e4/q81808f r om
100C to 600C, preferably from 150C to 550C, and nore preferably from 150C
to 450C. The drying of shaped particles is generally carried out at

t enper atures above 100C. [0073] In a preferred enbodi nent of the invention,
the precursor is subjected to spray drylpg, (flash) drying, mlling,
kneadi ng, or conbi nations thereof prior To shaping by conventional nethods.
A cracki ng conmponent may be added during conpositing of the particle. The
cracki ng conponent nmy serve as an isonerization enhancer. The cracking
conponent cempbaenis\such s sHidasaluming rararixigres dherentnit wiliche akear that soine

clays, anionic clays, zeolites such as ZSM5, (ultra-stable), zeolite Y,
zeol i te X, MAlemels maypeyas a @ﬁéa{)wﬂé cewi@@ pempenews the sarge time. For

PCT/ US2004/.031808 ..~ 27 ,conponent,S su as sil. ca-al um na r . m xtures
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cracking c pgnt at the sane time. For instance, silica-alumna may have

at the sane t1me a cracking and a binding function. [0074] The cracking
conponent, which can conprise 0 to 80 w.% based on the total weight of

the cataly an . af hh,?

I nvention I’(IWO toﬁ%%ﬁ%ﬁ%@%‘%@ﬁ%@v%#@@ﬁ Iﬁgee?)?%? fe)r re ’p é?egfd(gﬁ p:hee
cracking enapPRBRiM: offthé DatalyRE cafiRRIdeldn afil Qo dfithé PRodsfdethe piefdm | f
desirted, further materials ¢an be added in addition to the netal ~ conponents
during par invenéohrioattodhe shapihg stepaH twevetd étds geefernred po addtBe crackirgrat i on.
Thése materials include any material that is added during conventi onal

hydr opr ocegempgnent: Gurirg thereamapesiting stepuvith thebindanpl es are phosphor us

[0075] If desired, further materials can be added in addition to the metal
components during particle formation or they may be added during precursor
formation: These materials include any material that is 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. They may be added
during composition during cover by conventional methods. These further materials

may include divalent tetra valent, and hexavalent transition metals may be added

—

during precursor synthesis provided the source material is inappropriate for or for

solid, solute, or solid-solute synthesis, as desired.

{0076]  Precursor sulfidation of the composited partial is generally carried out by
contacting the composited particle with a sulfur-containing compound such as
elementary sulfur, hydrogen sulfide or polysulfides. The sulfidation can generally

be carried out after the composited particle has been formed.

[0077] If the catalyst composition is used in fixed bed processes, the sulfidation
is preferably carried out subsequent to the shaping step and, if applied, subsequent

to the last calcination step. Preferably, the sulfidation is carried out ex situ, i.e., the



conpounds, boron conpounds, fluorine-containing conpounds, additional
transition netals, rare eakth netals, fillers, or mxtures thereof. They may
be added during conposition during cover by conventional nethods. These
further ngbesisaizsezonay include divalent tetra val ent, areCTesm»adlasds
transition netals may be added during precursor synthesis provided the
source material is inappropriate for or for solid, solute, or solid-solute
synthesis, as desired. [0076] Precursor sulfidation of the conposited
partial is generally carried out by costacting the conposited particle with
a sul fur-containing compound such as elenentary sulfur, hydrogen sulfide or
pol ysul fides. The sulfidation can generally be carried out after the
conmposited particle has been formed. [0077] I|f the catal yst conposition is
used in fisuttdabion iscatiedert Inhscpatate rectooprion © lpadm@ﬂams;alﬁ@?wtaﬂyem

cal ol nat | GATOSHHOTPAGb ShG BY 0PRSS AT grcasy A6 b dearatls fast | . e,
oo o OB AR ot S AR St

t he hydroprocessing unit. Furthernore, it nmay be desirable that the

Col 1t IRAF B oot 0, B s il ivedRiglagte
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G oup VI B conifiresa cdrdier biddRtedwibhivb VBN nBA-notie mithli @ @mﬁgwmt :
Unsupported catal yst conpositions are usually referred to as bul

cat al yst s mé{isl\heEsulfided po¢crifber danl Yeowsedgvitheutid suppart. | Ussupported ¢dthlyst r at e,
but not limt, this invention, Exanple 1
compositions are usually referred to as bulk catalysts.

EXAMPLES

[0079] The following examples will serve to illustrate, but not limit, this

invention.

Example 1

[0080] A naphtha feed high in aromatics and containing significant amounts of
nitrogen and sulfur was treated with hydrogen at 20 bar in the presence of an
inventive bulk multimetallic catalyst and various reactor temperatures. The

naphtha feed quality is provided in Table 1.

[0081] The test conditions are provided in Table 2. The test was repeated under
the same conditions but using a bulk multimetallic catalyst (BMC). At these
conditions, the inventive bulk multimetallic catalyst showed a 240% HDN activity
relative to KF-841, The results are shown in Table 3. The inventive bulk
multimetallic catalyst also shows substantial improvement in HDS activity

compared to the KF-841 catalyst.



[ 0080] A naphtha feed high in aromatics and containing significant anounts
of nitrogen and sulfur was treated with hydrogen. at 20 bar in the presence
of an inventive bulk multinetallic catalyst and various reactor

t enper at ugp00F93napht ha feed quality is provided i n TeubrasioosfodR68] The
test conditions are provided in Table 2. The test was repeated under the
sane conditions but using a bulk nultinetallic catalyst (BMC). At these
conditions, the inventive bulk multinetallic catal yst showed a 240% HDN
activity relative to KF-841. The resuI_E?_are shown in Table 3. The
inventive bulk nultinetallic catalyst also shows substantial inprovenent in
HDS activity conpared to the KF-841 catal yst. WO 2005/ 033930

PCT/ US2004/ 031808 -29 100%:1 Figures 3 and 4 show the anount of nitrogen
and sul f ur[6082} he Figuras candhplowidhe amopatof nidtogenind sudfiu inthetrottedi ned at
various tenperatures according,to the ahove test conditions of Exanple 1
for the kraaphtha sesnestvelyycHhe datamygre obf%wgft VO feRIpenpurgpeacgprding to
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nore than 95% by wei ght of the catal yst conposition. TABLE 1 Naphtha Feed
. . . .
Qual 1Y BoufaP S i bl el oMo KOS 0 BRE, Aot oo

tungsten in a molar ratio of 1.5-0.5-0.5, with the metal components, calculated as

oxides, making up more than 95% by weight of the catalyst composition.

" TABLE 1
Naphtha Feed Quality
SG 0.8393
API 37.1
Sulfur 0.36 wt.%
Nitrogen 73 ppm
Aromatics 69.4%
Olefins 5.5%
IBP 127°C (261°F)
FBP 210°C (410°F)
( TABLE 2
| Test Conditions
System pressure 20 bar (285 psi)
H, purity 100%
Calculated pp Hy 12 bar (170 psi)
WABT 284-334°C (543-633°F)
LHSV 5 hr-1

Hoy/oil 200 NI/1 (1100 scfb)



FBP 210C (410F) TABLE 2 Test Conditions System pressure 20 bar (285 psi)

H2 purity 100% Calculated pp H2 12 bar (170 psi) WABT 284-334C (543-633F)
LHSV 5 hr-1 H2/oil 200 NI/1(1100 scfb) WO 2005/033930 P 004/ 031808 - 30
TABLE 3 QE&&P?%‘W& ume Activities (RVA) Catalyst RVA H g@%@"ﬁml%&- 841
100 100 Bulk Multimetallic Catalyst 116 240 -31 - CLAIMS 1. A nethod for
upgradi ng a naphtha feed to a naphtha product containing | ess than about 10
wppm of nitrogen and | ess than about 15 wppm sul fur, the nethod conprising
contacting said naphtha feed with hydreden in the presence of a bulk
multinmetallic catalyst under effective reactor conditions to

hydr odesul furi ze and hydrodeni trogeni ze said naphtha feed to produce said

napht ha product, wherein said bul k nujhi gllic catalyst conprises at

| east one Group VIII non- no%\(ﬁ éretg} H%I.Fasi fv\lﬁﬁ Goup VIB netals. 2.
The method of claim 1, wher die2E% ¥ Al AGHHEERBVA)X: catal yst is made by
reacting insoluble or partially insoluble netal salts of said netals in the
presence of a Cata].yst RVA HDS RVA HDN

KF-841 100 100
Bulk Multimetallic Catalyst 116 240




protic liquid. 3. The nmethod of claim1l1l, wherein said bulk multinetallic
catalyst is made by conbining and reacting at |east one Goup VIII

non- nobl e metal conponent with at least two Goup VIB netal conponents in
the presence of a protic liquid, with at | east one of the netal conponents
remai ning at least partly in the solid state during the entire catal yst

maki ng, said Goup VIII and Goup VIB¥retals conprising fromabout 50 wt. %
to about 100 wt. 9% cal cul ated as oxides, of the total weight of said bulk
catal yst particles, with the solubility of those of the netal conponents
whi ch ar eChAIMSst partly in the solid state during the reaction being |ess
than 0.05 nol /100 m water at 18C. 4. The nethod of claim1, wherein the
bulk multinmetallic catalyst is nade by conbining and/or reacting dissol ved
nmetal sal ts i nAampthod ifer upitpding atraphths feed t@s eaphphia @oduct contaibing lestiad of

claim1l, n said bulk nmu tallic catal yst has been subjected to a
Ul {1 dat | BHPCE FRAPRBAT TIPS AR [t MRt £ &’PR‘F‘f“lf%g}Bé?ﬁh%@"@‘{ﬁH’é VI
non- nobl e sRidahg kSd aEpREd ﬁ@d T;v'itﬁrlﬁ‘ydrfo @nﬁrtﬁé‘ﬁ’regéﬁgpf)fasblﬂﬁ nf@@akdnicni ckel , iron,
or m xtures thereof, and the G oup VIB netals -32- are selected fromthe

group conpartalwtmlgdmﬂf%nﬁlwawwb@@nm hydmedetubinrior andi hydendesitrogénezeof . 7. The

hod of ' he G qup VIl bl. |
cubstanti 80 peagpesfeRUE et P Rt e S S AR RGBS Tt 1y ot

nol ybdenuaatalgmompﬂgﬁtaere.ast&ne Theupelinach-adbl€maiaMink at et @ioGlobp VaBI K
catal yst particles are subjected to one or nore of the follow ng process

steps: (i MeEdnpositing with a material selected formthe group of binder
materials, conventional hydroprocessing catalysts, cracking conponents, or
m xtures thereof, (ii) spray-drying, (flash) drying, mlling, kneading,

sl urry-m 2i ng, Thir yethod wetlaimm xiinggin eaid bolkbnuldtneaiis datedyse afmade by

reacting insoluble or partially insoluble metal salts of said metals in the presence of a

protic liquid.

3. The method of claim 1, wherein said bulk mulitimetallic catalyst is made by
combining and reacting at least one Group VIII non-noble metal component with at least
two Group VIB metal components in the presence of a protic liquid, with at least one of
the metal components remaining at least partly in the solid state during the entire catalyst
making, said Group VIII and Group VIB metals comprising from about 50 wt. % to about
100 wt. %, calculated as oxides, of the total weight of said bulk catalyst particles, with
the solubility of those of the metal components which are at least partly in the solid state

during the reaction being less than 0.05 mol/100 m! water at 18°C.

4. The method of claim 1, wherein the bulk multimetallic catalyst is made by

combining and/or reacting dissolved metal salts in a protic liquid to form a precipitate.

3. The method of claim 1, wherein said bulk multimetallic catalyst has been

subjected to a sulfidation treatment.

6. The method of claim 1, wherein the Group VIIT non-noble metal is selected from

the group comprising cobalt, nickel, iron, or mixtures thereof, and the Group VIB metals



(iii) shaping, (iv) drying and/or thermally treating, and (v) sulfiding. 9.
The nmethod of claim1l, wherein said naphtha feed is selected fromthe group
consisting light and full range virgin naphthas, catalytically cracked

napht has, del ayed coking naphtha, fluid coking naphtha, and contact coking
napht ha. 10. The method of claim 1, wherein said naphtha feed is a heavy
catalytically cracked naphtha having3d-boiling range of from about 250F to
about 420F, and conprises aromatics, olefins, sulfur conpounds, and
nitrogen conpounds. 11. The nmethod of claim1, further conprising a flashing
or fracti &satleged Gomghe gonp sompidsisgetomiar suolgktenwy, Wnegien o mElweese any
gaseous b ﬂggucts and collect the desulfurized and denitrogeni zed napht ha.

12. The ne E%d of claiml1l, wherein said effective reactor conditions include

a tenperature from about 100C to about 370C, a pressure from about 10 to
about 60 par, -33- ydrogen to naphtha ratjo from aboyt 100 to about 2,000
st andar d ubiCT?§@F£8$°9ﬂ?%}5d@F“B%Bw PPEﬁﬁtPO?@Qlfngﬁ fﬁ“%ﬁ%ce vel ocity
from abougyiaridll FIRNE! drd thé EYouphPiB AeldRbRgs: kQ¥stdaBan Aof AgIyBd&RRNt ha feed
to a naphtha product containing I'ess than about 10 wppm of "nitrogen and

| ess t hanazbiungstets wppm sul fur, the nethod conprising reacting said naphtha
in at | east one reaction stage, in the presence of a hydrogen containing
gas, as it passes through two or nore catal yst beds, wherein at |east one

catal yst Bed CORPMEGES oficlhit 1 vildreth ketbutiodatdl Y pakiont® bicubfdc@l td &@sdr one
group VII1 non- noble nmetal and at |east two G oup VIB netals, wherein the

rati o of WoRRS the Bllgwing o¢ess stpsvup VI1 non-noble netals is about 10:1 to
bout 1:10, j i - i IS : ted at
abou ang)r%o@ftﬂﬁﬁﬂﬁ%d@hehﬁasﬁfec@@?ormr tfig&olﬁgg; g@ggﬁr%t@néﬁ?era ed at an

effective tenp re a ogen pressure uri ze and
hydr odeni temygetninaEhytdneprocepiitpeatiless crakipngedmpeneied, dr mapinkhehergof,oduct .

(i1) spray-drying, (flash} drying, milling, kneading, slurry-mixing, dry or wet
mixing, or combinations thereof,

(ii1) shaping,

(iv) drying and/or thermally treating, and

(v) sulfiding.

9. The method of claim 1, wherein said naphtha feed is selected from the group
consisting light and full range virgin naphthas, catalytically cracked naphthas, delayed
coking naphtha, fluid coking naphtha, and contact coking naphtha.

10.  The method of claim 1, wherein said naphtha feed is a heavy catalytically cracked
naphtha having a boiling range of from about 250°F to about 420°F, and comprises

aromatics, olefins, sulfur compounds, and nitrogen compounds.

11.  The method of claim 1, further comprising a flashing or fractionation step
following said hydrotreating step to release any gaseous byproducts and collect the

desulfurized and denitrogenized naphtha.

12. The method of claim 1, wherein said effective reactor conditions include a

temperature from about 100°C to about 370°C, a pressure from about 10 1o about 60 bar,



14. The method of claim 13, wherein said naphtha feed is naphtha froma
fluid catalytic cracking unit having a specific gravity fromabout 0.7 to
about 0.9, API from about 33 to about 41, sulfur content fromabout 0.2 to
about 0.5 percent by weight, nitrogen content from about 50 to about 100
wppm aromatics from about 50 to about 90 percent by weight, and ol efins
fromabout 2 to about 9 percent by weight. 15. The nethod of claim 13,
wherein said naphtha feed is naphtha froma fluid catalytic cracking unit
having a specific gravity fromabout 0.8 to about 0.87, APl from about 35
to about 89ydreganftgmaplsha wtip ffonprhoabbift to@bui2dfstmtlard cabigdes@fit by wei ght,

per cont | YRRgRt erieat Bl e PR FoR BhCTa bt P LI RIS oy e gt

16. A two stage nethod for reducing the sulfur content of a naphtha feed
conprisin (a) reacting said naphtha feed in a first stage in the presence

of a hydr ggen- Aceribed for neeradiaae napisha Ked w Fraphitha profyet covknmlayheme or nore
reaction zoneso 8@?&%%%&@@9%(} 1e6d ﬁa?@%ﬂo‘é@l?%@%&shgﬁﬁ %l’ﬁ‘a’h‘i‘ethﬁihl %%n?pdf%% sence of

at | east one fi st age “cat al yst rod Irst oduct
st r eam hawactingsasiumptithatn allkast oedeasidn sk, un thegnesende; of-advdrqgod passi ng sai d

first product. streamto a separation zone t fgr a. vapor phase product
st r eam anfPAIRBE §AY 2P [1AATSES %?%3&”%’{ F”é’éerﬁatf’?l’?)t ?(g]at‘f{‘?rﬁ Béé%?“at Yecond |iquid
product StfAMbed cAmpRedAGhuRinReA1i Fatd DR cHMBSARE & 184st ofe S¥EF 9IBRoEONt Al Ni Ng

treat gas, said second stage containing one or nore reaction zones operated
under ef f aelle yetat embigttl¢ashisvoeprpup Y IBiectyp.erdwimie thefrage of Gryp VdBangelsond st age

cat al yst b i t roduct st.ream having | ess.than about 15
wppm sl £ o e BB AR S i P IO PR P BT netho
of cl ai m ldactionhedgeiinossrated maphffaat yartodpatusd indadydfoasn pessuré fvan about 10
wppm sul fur 3.8. The nmet hod of claim 16, wherein said naphtha product stream
has | ess Fl‘fgﬂ espléyrize and hydrodenitrogenize the naphtha feed to produce said naphtha

product.

14.  The method of claim 13, wherein said naphtha feed is naphtha from a fluid
catalytic cracking unit having a specific gravity from about 0.7 to about 4.9, API from
about 33 to about 41, sulfur content from about 0.2 to about 0.5 percent by weight,
nitrogen content from about 50 to about 100 wppm, aromatics from about 50 to about 50

percent by weight, and olefins from about 2 to about 9 percent by weight.

15.  The method of claim 13, wherein said naphtha feed is naphtha from a fluid
catalytic cracking unit having a specific gravity from about 0.8 to about 0.87, API from
about 35 to about 39, sulfur content from about 0.3 to about (.4 percent by weight,
nitrogen from about 65 to about 85 wppm, aromatics from about 60 to about 80 percent

by weight, and olefins from about 4 to about 7 percent by weight.

16. A two stage method for reducing the sulfur content of a naphtha feed comprising:
(a) reacting said naphtha feed in a first stage in the presence of a hydrogen-
containing treat gas, said first stage containing one or more reaction zones operated under
effective conditions and in the presence of at least one first stage catalyst for producing a

first liquid product stream having a substantially reduced sulfur content;



5 wopm sul fur. 19. The nethod of claim 16, wherein said at | east one of said
first stage catalyst or said second stage catalyst is a bulk multinetallic
catal yst conprising at | east one group non-noble netal and at |east two

G oup VIB netals, wherein the ratio of Goup VIB netals to Goup VIII
non-noble nmetals is about 10:1 to about 1:10, and wherein said at |east one
reaction stage is operated at an effecldive tenperature and hydrogen pressure
to hydrodesul furize and hydrodenitrogeni ze the naphtha feed to produce said
naphtha product. 20. The nethod of claim 16 further conprising a third

hydr opr ocessi n@) pessie, saidXirst praducheirdapto@fsepdraiiom zb6e taffoemei viapsephdsdul k

mul tinmeta taI reacting insoluble or partially insoluble
net al sal HOdﬁ?t%sal Xﬁ& a?coggﬂq%lﬁémdrugsserﬁ%r@ of a protic liquid. 22. The

met hod of cl ai ) i@ctlﬂg'lﬁli(mdaoﬁcﬁll@@piolﬂuct’ﬂst{rédnﬁfﬁ{zﬁédcbl&i qadedih Yisd present@ste by
conbining and reacting at |east one Goup VIl non-noble netal conponent with
at | east 3395 TOgRALCABiBRPE Ve S3btsald Sé%ﬂ?ﬁéﬁéﬁ@%mi”ﬁmgﬁ’ée BF BIOEWEACON 24N ot i ¢

iaut d. htBad uhEASHeARE BhdibunE Bl FAORENER ot SHRLALATy G | east partly

in the sol state urln entire ca maki n sal up VIl and
G oup VI Bearaltystlfer mdmm@a mhthaqmchioonteaﬁl(hamg 16&3tlnmaaboutt15 viion wdlfurdg

cal cul ated as oxides, of the total weight of said bulk catalyst particles,
with the?$blubility of those of the metal conponents which are at |east

partly in the %glrécgv&h%tsg,dﬁﬁmhggr&dﬁ@g deagtion being |l ess than 0.05 nol /100
mM water at 18C. 23. The od of claim 16, wherein said bulk nultinetallic

catal yst has been subjected to a sulfidation treatnent and wherein the
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ni ckel, iron, or mxtures S TP ect ed
fromt he @0 oppmaaltpr.i si ng chrom um nol ybdenum tungsten or m xtures
thereof. 24. The nethod of claim1, wherein said naphtha feed is naphtha
froma fluid

18.  The method of claim 16, wherein said naphtha product stream has less than about

5 wppm sulfur.

19.  The method of claim 16, wherein said at least one of said first stage catalyst or
said second stage catalyst is a bulk multimetallic catalyst comprising at least one group
non-noble metal and at least two Group VIB metals, wherein the ratio of Group VIB
metals to Group VIII non-noble metals is about 10:1 to about 1:10, and wherein said at
least one reaction stage is operated at an effective temperature and hydrogen pressure to
hydrodesulfurize and hydrodenitrogenize the naphtha feed to produce said naphtha

product.

20.  The method of claim 16 further comprising a third hydroprocessing stage.

21.  The method of claim 16, wherein said bulk multimetallic catalyst is made by
reacting insoluble or partially insoluble metal salts of said metals in the presence of a

protic liquid.

22.  The method of claim 16, wherein said bulk multimetallic catalyst is made by

combining and reacting at least one Group VII non-noble metal component with at least



catalytic cracking unit having a specific gravity fromabout 0.7 to about
0.9, APl from about 33 to about 41, sulfur content from about 0.2 to about
0.5 percent by weight, nitrogen content from about 50 to about 100 wppm
aromatics fromabout 50 to about 90 percent by weight, and ol efins from
about 2 to about 9 percent by weight. 25. The nmethod of claim 1, wherein
sai d naphtha feed is naphtha froma fl3si-d catalytic cracking unit having a
specific gravity fromabout 0.8 to about 0.87, APl from about 35 to about
39, sulfur content fromabout 0.3 to about 0.4 percent by weight, nitrogen
f rom aboutw®Eraup \dBouttaB®mpopents artberptcsase bf oprodbbguid6dith et lzkone 80 per cent
by wei ght thez%rr]]eqal%loglfplorrl]esntsf r%r%@n%?goﬁtleagt ]ga?tlf;i 11?10’[13% sozidps?arté: I?rEngb%e \é\rlﬁ%rgggthlyst

making, said Group VIII and Group VIB metals comprising from about 50 wt. % to about

100 wt. %, calculated as oxides, of the total weight of said bulk catalyst particles, with

the solubility of those of the metal components which are at least partly in the solid state

during the reaction being less than 0.05 mol/100 ml water at 18°C.

23.  The method of claim 16, wherein said bulk multimetallic catalyst has been
subjected to a sulfidation treatment and wherein the Group VIII non-noble metal is
selected from the group comprising cobalt, nickel, iron, or mixtures thereof, and the
Group VIB metals are selected from the group comprising chromium, molybdenum,

tungsten or mixtures thereof.

24,  The method of claim 1, wherein said naphtha feed is naphtha from a fluid
catalytic cracking unit having a specific gravity from about 0.7 to about 0.9, API from
about 33 to about 41, sulfur content from about 0.2 to about 0.5 percent by weight,
nitrogen content from about 50 to about 100 wppm, aromatics from about 50 to about 90

percent by weight, and olefins from about 2 to about 9 percent by weight.

25.  The method of claim 1, wherein said naphtha feed is naphtha from a fluid
catalytic cracking unit having a specific gravity from about 0.8 to about 0.87, API from
about 35 to about 39, sulfur content from about .3 to about 0.4 percent by weight,
nitrogen from about 65 to about 85 wppm, aromatics from about 60 to about 80 percent

by weight, and olefins from about 4 to about 7 percent by weight.



