PROCESS FOR UPGRADI NG NAPHTHA FI ELD OF THE | NVENTI ON
[0001] This invention relates generally to an inproved
whyasopivecessi ng net hod for upgradi ng a napht hecTt/e@smo4/031808
using a bulk multinetallic catalyst ("BMC').
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[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 is restored in a

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



as described in U S Patent 5,346,609 and U S. Patent
5,490,596 (Serial No. 08/850,106), zeolite beta as
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5, 352, 354. SUWMARY OF THE | NVENTI ON [ 0006] The present
invention relates generally to an inproved
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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 multimetallic 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.
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naphtha in at | east one reaction stage, in the

presence of a hydrogen containing gas, as it passes
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processi ng neth particularly, it relates
to a nethod conprising treating naphtha

[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.
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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. In a
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



amounts of sul fur nore than 3,000 wppm sul fur
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stage 12, which nmay contain one or nore reaction zones

13, in the presence of hydrogen or hydrogen cont ai ni ng

treat gas , and a first hydrotreating catal yst under

effective HDS and/or HDN condjtions. [0015] The

catal yst conprises at | east one Goup VIII non-noble

netal and at least two Goup VIB netals, and is

preferably made by contacting and reacting_ insoluble )
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[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



product stream 28 is passed to a third reaction stage

32 which is operated in the- 6- presence of a
why@sosmeat i on catal yst 33. At | east a porti onPOf/Us1064/031808

vapor product streans, e.g., 20, 30, or both, from any

reacti on stage may be recycled to the first reaction

stage or subsequent stages. [0017] Optionally, at

| east a portion of the vapor_gproduct streans fromthe

separation zones and 26 may be recycled to the first

or subsequent stages. For exanple, at |east a portion
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in the first stage 12. Preferably the product stream
may contain 300 wppm nitrogen or |less, typically from
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each stage, it is preferred that at ‘| east one o
fromea tatalyticoresker 0 themnpreferbatifeets ivduds e tdstilaee boiling range
multinmetal lic catalyst. For exanple, the first stage

feed dearg anatmgepiiie distitlation tovearasuchuassetivar rghypeeoleum
G B RO REL s DU Bl et 10
THbEd TRt Ahbiuft JTRUALY flay¥ary 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



t he present invention conprises the other one or nore

reaction zones. Also preferably, if a conventiona
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catalyst- 7 - are used in a single stage, the

conventional catalyst nmay be used in the upstream

reacti on zone or zones. [0020] The second stage 22
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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 present 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 netal catalysts, the preferred
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shoul d be upstreamthe conventional catalyst since it

is nore tolerant to sulfur.- 8 - [0021] Were

conventional catalysts are used, one or nore of the

reaction zones of any or bothgof the stages may

contain one or nore conventional HDS and/or HDN

catal ysts. Suitable conventional catalysts for use in

present invention.includes those that are )
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of hydrogenati on netal
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

components are calculated as oxides.

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

Figure 1 can be:



conponents are cal cul ated as oxides. [0022] Different

catal yst arrangenents for the three reaction stage
w@e@ses®3®f Figure 1 can be:- 9 - (a) a preferpenius2004/031808

multinetallic catalyst of this invention in either or

both of the first two reaction stages but not the

third; (b) a conventional hydrodesul furization

catalyst in the first two re@etion stages and only the

preferred bulk multinetallic catalyst in the third

reaction stage; (c) the bulk nultinetallic catalyst in
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feed as for the three reaction stage process. Reaction

stage 42 can contain a conventional )
(chy dhe beSuhfultimetallio catalyst & gisher théEirgiuivo neadtiomsinged and also

cat. aI r bath. The rodu t am 48 from
fi i@ %fla&gr%@tlmsragﬁraé ﬁfxﬁh i%f %?nfi?l%cq@&vs@,o and
1,500 wopm nore preferably from 100 to 1,000 vvppm

and S r ef.er abl rom 100 to 750 m sul fur
(@ Al Riaglifh Sipche pirdt A00RT RS oS G costaninebe,pulk

o 300 wppm nitrogen, nore
prelﬁﬁltfg‘gﬁéﬁicr%{t&%{to 150 wpopm and nost preferably

from10 to 100 wppm nitrogen. The second reaction

[O(ﬁ ge itzy 2 oﬁfé?te?r}ﬂ)g)éi?xﬂ&)gt & tﬁm@{r%eh?ﬁwk%ﬂlubn shown in Figure 2,

C cata as an arohmm

onhyﬁh’/@%@ﬁbh QthgesUalandt5 Hde Usa¢h Thatfadd/ 40 toehe fisst E’éa@@i@ﬁ stage
i'n a different” reaction zone with the preferred bul

42maby bertheasdme fera asl fps thesthred maetion stagh @rcﬁcesst Rreeetmn stage 42
ca, PRGN § FORTRISRED AIOdsBHINSIFH R Yot g By lcaw mpillic
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



multinmetallic catal yst 63. The final product stream
wi Il preferably contain | ess than wppm nore

w@e@soesabd y | ess than wppm sul fur and a subst aptT/ab1094/031808
| oner | evel of aromatics, preferably I ess than 15 wppm
aromatics. Also, preferred by the- 10 - nitrogen |evel
in the final product will be less than 10 wopm nore
preferably | ess than 5 wppm10[-0024] Non-Ilimting
exanpl es of aromatic hydrogenation catal ysts include
ni ckel, cobalt- nDbedenun] ni ckel - nol ybdenum and

ni °k%3?fw%§P b DRI ER Ty DRYes¥ iR 0 R ek g PREY tess

th g metal catalysts include those based on
p at um and/ or palladium which is preferably
supported on a suitable support naterial, typically a

[omqr aciBh; rﬁm@ee S}ﬁéé 8f al%ﬁ?i’h(ﬂgy g&ﬁeﬂﬁm c?a‘tély%’mclude

al um na- SI I ca, Kkieselguhr ous eart

nigkedebdiakt-mahddehnmonickel-Aedybdentns, Lamdqnblselctangsam oChgriers
used. Such catalysts are typically susceptible to

mayug usedasighrastthe gaps pesdsion Elﬁble mgtal gaiohsts. cNQthhm?étHgo n

40 C
ex{gDles Tt M bt S T o bERE o Blsgne spd/g
paﬁ%@ﬁﬁy rv@hi%:fl %Ibé:ggra[}? Shpp ﬁ%d Q)?loa ﬂfl{a%le gﬂlﬁ{) urﬁﬁ'téshaégtg/mcally a

reﬁ‘ﬁit@@l] é)&idé kﬁbﬁé&@laﬁuchfa@ @hﬁnﬁlaVéMch alhﬁnﬁa-@llMakaHselguhr

Process conditions appl licable for the use of
diatbrmacems aasths mbenesiabant] hiscwiia. Zaplma syppdrtietan also be used.

d t-he feedst t t.ed. Thus, t
Sugh ggtﬂ?ﬁ@ﬂ”%@ﬂ%@“ﬁ/%@%%ﬁﬁ ¥ 6}11&@8%9&55%1?18%& X

th [
ar SRR s pue G, B RS a&ﬁ&eﬁmﬁ%ﬁ HPRATT
4009, R BBl T S e at  PRessRS BROLITRYE 3,000
ps@?;\pfﬁfhﬁthp ifdoind @00 peigetnal, 20@®psiBy asd an @liqiviel lomirtyysg@es velocity

Feed Ran C C Bar V/ V/ hour SCF/ B
(LESVS of from 03 NNV /hr o 2.0 /Y /e

[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 Hp
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 [0026] One
wenis@sivent of the present invention rel ates tBCHUS2004/031808

met hod for upgradi ng naphtha. The nethod conpri ses

contacting a naphtha feed that is high in- 11 -

sul fur, and nitrogen conpounds, with hydrogen in the

presence of a bulk multinetallic catalyst. The

catal yst conprises at | east one Goup VIII non-noble

netal and at least two G oup VIB netals. The catal yst

sulff B EhRESERRea g, AR Oh Brcsefte BER oM, U

muBiBERLEC céthlljz'd{. dThE E%ﬁ{s@@bﬁﬁpﬁ@és Jlitel@%t ot‘i’lﬁfGR)fu AT BBhHoble

conponents remains at ‘| east partly in the sofid state

methlandgt 1dast tmd Greus MIBI mstalsreKhe gatalyse &sprefodhbly, made by
preferably the Goup VIl and Goup VIB netal s
reagiyigpinsotulile orpavialy. inselubleometal sakis ebitheunetaksdingbe presence of

ap%iictdﬁ‘fiégl’r%ﬁia@%f %b?fr%%%ﬁ?%%ﬁe b o Rb Rt at least
.. N . H .. d .
par S ES G el BRI ol BoalR RIS DLy, i Broferably

the GoLipOPIIIhndv@6tip MIB métigs @@hﬁﬁh@ frons 50 af%tatllon wt.%,
sulfided prior to use in the hydrotreating step. The

calewatedrasdxedesa by ghe otalposighi ofthe diull batalyse perticles. The
inyentign and t epreferreg, t hods of nlg{dig%themare
sol @Ptgl?sf’ﬁn GOTHRRRANES W1 age aﬁi@éhf’a y1inghg gelid state
! ] b al er /8 1. and
curlfnigh il ARRELERLEBAEL 1Y IREo 8BS0, I 040 1208 o
18°C. WiThé BatdlyRst i \sefRabBtadhder ficx udedhhe ﬁg&rd‘t&hﬁﬁg lstep. The
purposes to the extent that they are not 1hconsistént

refastdchcathly spcanpoditiony efitheqresting éhwesition amidcthe lpaéfered methods of
0027] The catalyst used in t h%ngr ocess of the

makingdhemoneidsseribag i rn@md?t@.ii i Jrl?%iﬁlm@,é%,bl@ésU.S)rmtent
Vi - . .

appegifn sl B AR D OB S ohf e hasrlisnEdRs Vep~

00/41'$1 PLSE O PELR 111! Gt Bre hBErp8RAEH Mreill By Feference 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
i nternedi ate form between oxi de and sul fide of the
wored0alo33oso question. As will be evident to the BRI/UE®U4/031808
person, the wording "at |east two Group VIB netal
conmponents” is intended to refer to conponents of at
| east two Group VIB netals, e.g., the conbination of
nol ybdenum and tungsten.- 1f - [0029] The indications
Group VIB and Group VIII used in the present
specification correspond to the Periodic Table of
El enents applied by Chem cal Abstract Services (CAS
systen). [0030] Sui t abl e Group VI B metal s include

003D SRS SR VI s kg

spe@ffféfaﬁbﬁ RrreShoricdd) the BediodicVIable raxfrElambht% appliell by Chemical
i nclude iron, cobalt, nickel, or m xtures thereof,

Abgtratt Seahicgs @hﬁlsystam)/ or nickel. Preferabl y, a
conbi nation of netal conponents conprising nickel,
nmol ybdenum and tungsten or nickel, cobalt,

0o} KGR GBS R0 BEBL BB fcn

or dﬂxthl%s Qﬁ&fesf it b RBMBIAKH ofitidhHidealRpadd Hkstebeilg

| east % of the total of G'oup VIII non-noble

prefezteal. sSumbi@ Geoep 8fEMon-adbleanstnlsAfclude ¥ors tbhbalt,mmickel, or
preferably at least 90 wt.% It maé be especially
mixsuessdhereat foseferaiy cobaly auilior nikieho Breferablla Q(ﬁnb@ﬁBPEtOf

meff] GppRpens ﬁﬁinn?ﬁ%%@%aﬁn@@aﬁﬁba” i Rstep grigioke, cobalt

0 . .
molF8hp0 e sl B 0B AR, MRt i Eyod
the hea&dss WveMtioe |t may be especially preferred for the

oup VIB netal to consist essentially of nolybdenum

and tungsten. [0033] The nolar ratio of Group \ B

netals to VIII bl e tals
(003F1 £ ndt Sveleeis ﬁh@féﬁ keliand/or-g00a R S5 ot the
total o(% & ro%{:) e\/ﬁP h¥n OB 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 cobalt.

[0032] Itis 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



3:1to 1:3. The nolar ratio of the different G oup VIB
nmetals one to the other generally is at this point in
WO 20vs/0839Bd eved not to be critical. Wen nol ybdeomoszmdo31808
tungsten are enployed as Goup VIB netals, the
nol ybdenum tungsten nolar ratio- 13 - preferably lies
in the range of 9:1 to 1:19, nore preferably 3:1 to
1:9, nost preferably 3:1 to_%36. [0034] The catal yst
conposition generally conprises at |east 50 wt. % of
the total of Goup VIB and Group VIII netal
e al cul at as oxj des bas t he total
pv@%ﬁfy Bes invdeaange 9§3 letgrks .mpwrferegﬁréb rHibItg 159, most
131372 /% nore preferably at | east 80 w.% nost
er Iy least 90 wt.% cal cul ated as oxi des. The
armunt of Group VIB netals and Group VIII non-noble
netal s can be determ ned via AAS or | CP. [0035]
(0034t halliceexdstyst&mmpositiabigenérally opepeites at feasi @it 96 of the
conprise one or nore natural and/or synthetic

taiglpideenupo¥ 5B war Greypi WLt metal segrpones swlcpmr? ag oxigggbased
oCéé%&?@c&élgﬁﬁefﬁ{%"sﬂ?%la?%r{c?ﬂﬁgoesit?%{; EiefCFRLIR R oS0 et %, more

PR ORISR ORI WELRERS 9, O o oxices

Tha rahtdmm of Gxbdp W@’ ﬂltefe@s?lﬁlﬁi G@@WWEH&?Q@BI@ Hhéal can be
natural gasoline and gasol i ne bl endi ng

dct@npmémls%iimrdé?ﬁ’er sources wherein a napht ha
boi i ng range stream can be produced. In an
enbodi nent, the feedstock is selected fromFCC

R Yo SRR A SRR PR B one o

rrFo@é?na@@&ltdiﬂ/&ogmhew}gycﬁaéﬁ%hm@mﬂgqgEﬂgﬁlﬁx}e Jfrom 10°C (50°F)

aromati cs; unsaturates, such as ope cyc
02 3F°On@kS 0t e aestmasplexy prassuiey dflmw;ﬁmhtsfwdstocklgehmaﬂy
side chains. The FCC naphtha feedstock 3ener ally
coamsicsrakedmaphithaa whigh bwarhléf COTRRIEES rﬂsul @ﬁtaﬂmcnagkms unit

n%ﬁg@é’t&? yﬁp@g i;ocpﬁgq#&h%}?l lh%fd?oscrgcl r napht a, resu{ ?1ydrotreater

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] Inan embodiment, the naphtha feedstock is an FCC naphtha compﬁsing
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 sul fur
content will generally range from0.05 w.%to 0.7
wovoodp3medd nore typically fromO0.07 w.%to 0. BCTMISEN4/031808
based on the total weight of the feedstock. N trogen
content will generally range from5- 14 - wppmto 500
wppm and nore typically from20 wopmto 200 wopm The
FCC naphtha typically will haye the follow ng
addi ti onal conpositional properties: specific gravity
fromO.7 to 0.9, API from33 to 41, and aromatics from
50 to 90 percent by weight. [0037] In an enbodi nent
WiopEn HapR WP @adiBoke tpieally e RAswppR thl0hgpam. The FCC

bagi ling.r e. fragmd27 C iniLial boiling.point .
g i AR5 haye AR ook JuliRnel PormbBtBRar Proprgies:

: v
SR arbiB BT R PELREILT: & PR GOhabks from 30 to 90
pefeentloy erdigted by a specific gravity ranging fromO. 8
to 0.87, APl gravity ranging from35 to 39, sulfur
from0.1 to 0.7 percent by weight, nitrogen from65 to

aromat j.cs from 60 to 90, percent wei ght , .
(R0 P Th R beifoenbuBa papbitadacd Bop BevarkCCapgiia having o
bRah et oL AN L2 R RATIRRE pottt e 195 2 30R 1M fpoiling
pbite (IBP'Or M8 btk Rbnas! therhedly IFES hapitBa €2 Geh oY c8f UL full-

each reaction stage having onhe or nore reactors.
rédgefmaphtc. MDY mpdeddditoenidC Cimphtifads chamcteairetly 4 geatific
i n¢clude a reactor pressure of from14 har to

b
grvdiydgeaingfeam -3 t9 Pevh S\ gayity sanesng fngap 35 \?é\gﬁ sulfur from 0.1
PR Sy B0, SRR Y 3t BB/ 0Btk from B0 10 90
pEICRRR Sefitl fnd SR o ATOH0 e el S SR ahy FCC

naplehey edl e tdeel. WABT tenperature may range from 284 C
to 330 C, and even nore preferably from 305 C to 315C.
It has been discovered that treating the naphtha feed

[0:038] he Fieovaphtlenflietlicanbectesntsdiwvsthdntdragdryin thepresemos of the
pgaferred 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 3.5t0 6.5 hr'l, 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 providing a naphtha

product that is very lowin sulfur and nitrogen. More
wa@p@siotise@l | y, the inventive nethod can reducePth®s2004/031808

amount of sulfur in less 15 wppm nore preferably |ess

than 10 wppm and nost preferably- 15 - less than 5

wppm |t also can reduce the anount of nitrogen to

| ess than 10 wppm nore prefigrably to |l ess than 5 wppm
and nost preferably I ess than 1 wppm [0040] The
preferred hydroprocessi ng catal yst of any one or nore

eyt s Ao B et 0 aBaCorIiogefip 48 than 10 wopm,
L1 L . .
mG S ) s RO e At sl e
VIB netals, wherein the catal yst conposition is nmade

[0‘?1;040 82}‘2? @Higrr@@ ﬁygﬁ@%ééégingr&%lgﬁcﬂ‘ #BtcHe Gidhbie Of the

st netals rn the presehce of “a protic

redotioni ZbnePoehey ahk yr nidre ofahé¢ byddop@aeeginyistigestrd farmed form a
G oup VIIl non-noble netal may range from 10:1 to

bulk noutimetAlc akide nraeurpereenpased ef & lpagtione GrepaY 1] gon-noble
i SR e U S bk G0 50 Blscion i mac
: f ' .
o B0l B R B o QR
pr@ééﬁ@@%fbgﬁﬂﬁc AEBid. ePreRs bl themtibhe GroupWEB nie] t6houp VII
(W wherein X i's one or nore a G oup VIII non-noble
nofEictle nidial mmy aangeafrom W1 o 1(1d+dPreferablysthe precigsar, is a bulk

preferably 0.75/1 to 1.5/1, nore preferably 0.75/1 to__.
trifmesgie oxidGmmariges LSy @R W Bl OGS Pl nBIcipiably Ni or

B4y iV TSP Ty 99 o 8 S Fibb e o o
MBrtS.fWri??!lytolf@. to 3/1, nost preferably substantially
€q

ui nol ar anobunts of Mo and W e.g., 2/3 to 3/2, and
in particular 1:1. [0043] The bul k oxi de precursor has

[084 1N A4Re préfeied pédiRsdr DIpRitiGisare YépreSented by the formula:
X)b (Mo)¢ (W) Oz

wherein X is one or more a Group VIII non-noble metal, the molar ratio of b: (ct+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(ctd)]/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 Aand d = 1.70
A, it should be noted that the overall pattern is
wa@b@saser i stic of a disordered material.- 16 PCT/082044/031808

The bul k oxide precursor is typically dried before it

is processed further. Drying may be conventional, for
exanple at, e.g., tenperatures of at |east 225 C
preferably 250 C to 450C, i.nga suitabl e atnosphere,

e.g., inerts such as nitrogen, argon, or steam until
drying are substantially conplete, i.e., any adsorbed

OB e SRR et O LR SAEF rr pe
D5 R, B SRUEBN oBY, epbhrdls SNl sec,

;at
D e e o Fpts Ao, BESaHER ot 4 firogen.
 or ¥ehiyentl diyiagats Qfbstant@lly dosaple®R! Eepbkf adadbrd @peci

argg{mrl fo.4 m /ng, df;/}gtg]ratore Sreferzbl y %f O.?L tg§’3 m/qg, f)ec1es
or sulestanssllypeanpletddy drigen of o Qaleinagionds aptriausdredy

nitrogen adsorption. Preferably, pores snmaller than 1

nm are not present. Furthernore these particles in the
[O0tSlder The prafemed hulkanultimetsHicooxide presesorahanbe lie dst form of a

50 nm _ .nore ef er abl t least, 100 nm and_preferably
poRGET HbvBE A TS0 G0mrtaIdcaR o0 158 R VY TSI ot ddast 100

2 a i i Gl o .
w30 R L A BhSNhe  RALcANAG Spivita poc

voRingd 8f 8BV 0108 tbEml/@NaRrebréfefablPob0. 184 hdQ4 Okt 136?%

nor phol ogy and texture of the oxide precursor can b

praferabiybf 8d toy3 mbtg, and st praferabiby fHobdmnlendttemxined &y
of the netal source nateri a}r@iﬁé t he conventi onal
F

nitrRgeRcisorntny Areferablyx peres sradler din b are nos aeesent.
FuflERRGE ol LR MR Ber 8GRl R Akl imeter of at
leafB50) B, in@oﬁ@ﬂr@férﬁal&‘é@?e%%ﬁjg%(gﬁgp%ﬂ réferfig et fxﬁ;r&a :ﬂ?an 5000

inttial mxture of"a np msalt, a nickel s

umﬂﬁhﬁ’ctl ﬁﬂ‘ili‘lé @g@ferdwjd hOKindee tHanr3000 [rhe FviintBbicoprefiitbRlithe
controll e
median particle diameter lies in the range of 0.1 to 50 pm and most preferably in

the range of 0.5 to 50 pm.

[0046] The morphology and texture of the oxide precursor can be controlled 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 conmpound. Preferably a synthesis route
wasisg3mdpartially solid or all solid nmetal coP@EDURZI®4/031808

in a protic liquid may also be used. It is possible to

add the Goup VIIl non-noble- 17 - netal containing

conpound and the G oup VIB netal -containi ng conpound

in various ways, at variousjftenperatures and pHs, in

sol ution as sol ubl e conponents, in suspension as

i nsol ubl e solid conponents, and as such,

et} B SRRSO RABERL 5 NG Vb ol PO Td Sempoppd i

Vari8ﬁ§8xfé§/i§°£t3va‘}'ﬁh§ !téﬁﬁet%ﬁﬁ?@ ngmlsﬂn SiihoR s s&abld MEP&%ntS,

res hg sol ution expels nium reducing the p

in sasptnpic@Cdsinbelublegsolidecopngenensy) and aspacindimul8d&dusly and/or
partially solid or all solid-nmetal source route is

sequemdfadlyr ed. Accordingly, solid nickel, nolybdenum and
tungsten conpounds (sources) are suspended in a single
vessel in a protic medium stirred and heated to form

[0048]e pTbe prepsration wRBlosisIyay Kok selublsndagselibla precursors
metp il Gy apiBA PbriBpiligaee Totfnd ot By Defa dimonium,
rody GAR IR, Fd PR B G PRRER o ot e

process. Thus, at |east one netal conponent remains at

[ooJ@gﬂ é,?ﬁe[rﬁbﬂy 'Lsang beafeblig-méat Soutts F&ﬁe@ﬁr&?&fréde

process for naking the catalyst. east

Acdoadinkly, soHd nided, molybidesumo ahé xingsteacumphaidsasolreas)t are
part of the netal conponent is present as a solid

suspradzdl in argpegle veswhdn a ppetiomediuym, stieedhand heated &7 famethe
nmet al conponent i s present as sol uti of this netal ..
Dre B giortRt TR LT e T Bk OB SAMGHIC FEGRATR e g bparalty T the solid
' enty. i [ LA
o PR30 Raly Py GETPRRE gl 5t Pc
conffineAfadHon1 PRk ad l&1§gﬂ)a/1jﬁ9 ihAhé BslidE@td Gurdim@ttedentire process.
[[0050] The order of addition of the netal conponents
Thussatnieastamietietal colBponendtanmiams dtleass phitly motheeolid state during
preparation can he con,duciled even where conponent is ., .
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 achieves yields
approaching quantitative yield, i.e., 100 wt.%- 18 -

WO 0@503398¢ i s al so believed that for the "sol i BCT/aRZTNN4/031808
"sol i d-solute"” preparation nethods the reaction
mechani sm preserves to sone extent the norphol ogy of
the nmetal source particularly the Goup VIII netal
source material. To obtainig-bulk catal yst conposition
with high catalytic activity, it is therefore
preferred that the netal source materials are porous.
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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 um. 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 CO2, the carbonate does not end up in the

wastewater.



evol ves and positively influences the p of the

reaction mxture. Further, due to the transformation
wobkoosasyemat e i nto CO2, the carbonate does not PENUS2004/031808

in the wastewater.- 19 - [0053] In the solution route,

the netal conponents are conpletely dissol ved when

they are conbi ned and/or reactor to forma

precipitate. It is possible,j¢.9., to conbine the

net al conponents when they are already in the

di ssol ved state and then have themreact to forma

precipitate. However, it is also possible to conbine
[0983] or Indhesalption &ove: B RIApeATBRPBe R PECRRLeHRLY dispolved

wBEm e omiglpbd Bpd8} et 3b ot W hektptARL T Pessibls e 1o
cdiiBinetthe nﬁﬁ%l Sotrfg‘t&g{éh\j\ﬁ'ﬂﬁeﬁhén Wy Cdre ARl id the (ﬁﬁscﬁgéc% ﬁtg{eyand

in the so di ssOl ve when” present |

therdavé demirgday te forinm a préwpitater doweater] Rasalso possibly tor@mbine
the solution route process, all nmetal conponents nust
ongeopmetenf thenoeta) companess wiiichn areppasty sirteatiredy ie dlre $odid state

RPN e bt OB R B e e
mlégall Eﬁm&%ﬁgn@ MWiich g}@?ét‘i’l@/ drsenlfti?gi&ciﬁ QIrlr% g(?ﬁ(} el B ?ﬁsolve when
npl exi ng agent durtng-or after conbinatrion o 8

prdBdiitlin ERMRABEA nsiRtutt] PN Sthethiditls CATBAse ¥ho®dadRBthe solution
conpl exes one or nore of the netals to prevent

roptepiqeessatllanetal componattaisist hepresent whbllgras arsohgfion
the . reaction conditjons, such as tenperature or pH,
Pregiitatinarcantne ety rf8-agent rel eases the metals for

preci pitation; justin he temperature, duri or

B tor " CRtaine festt HHEhE 67 ahOE srvBBREB Lt Pisieieffponent
so‘i&t%hs?tovﬁ'cﬁ% Vd1ad (k gféogéﬁaﬁfdn% indydegduced; (d)

I owering the anmount ol vent during or after

combi ngh) ading atdoenpietiag agonpdurary osaftert dopmsinatio of tiat metal

precipitation is induced; (e) adding a non-sol vent
canponagt seludions, whishisionaplexingaigenheomplezes 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;

(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



conmponent solutions to induce precipitation thereof,

Wi th a non-solvent neaning that the precipitate is
we@s®ssivad |y i nsoluble in this solvent; (f) adeCTgSzN4/031808

excess of either of the conmponents to such an extent

that precipitation is induced. Adjusting the pHin,

e.g., option (a) or (b) can be done by adding a base

or an acid to the reaction nmjgxture. However, it is

al so possible to add conpounds whi ch upon- 20 - the

tenperature increasing wll deconpose into hydroxide

ions or H+_ ions, mhkﬁgkincrease and. decrease t

the tesppasefuie REreasiRgPIL §cePmpORBIN SYITHE fe i B B, which
. deconpo upon .t he [ ed ' .
RS RROE R AL SREERIST SRR o Rh SR v
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pHER ©eR) HytEs, Anaioaiuredyanats Ldmoomiwmdrydsoxide candammonium
added in the solute state are water-sol ubl e ni ckel :
cademathent s, such as, nickel nitrate, nickel sulfate,

ni ck_el -nitrate and sulfate acetate, nickel chloride,
or m xtures thereof may be used. Preferred nol ybdenum

tu e t i i t .
058} L 9PRA R PRIER SIS Can Byt el
co%?ﬂiféﬁ%ﬁioh%@ adde@irkadei solite atat®areawatenisombi®hichdht e
(al so peroxo-, di-, tri-, terra-, hepta-, octa-, or
congpioredes; anch g% dacles] nitkase, wckeltsal oo nyckel-writretorapdsulfste acetate,

Wo-Si het eropal yani gn conmpounds, et er opql yani on

nlﬁ]@?@lﬂm& OV\PSPC%%SE Ef%eé?f&ﬂg% 6HS%%N nﬁ Wa%ﬁﬁ nﬁqyﬁfg@w and
et.er opol yani on .c u . - i
o gHEB SRREona A T Crar e e ORI o AP S aiule
enymMn tun QXA Bt b 85 hRdaB)met@l of hotinubieiG

mpﬁ;éo?lg%?: a%‘@o%%? A !g?g%ﬁ eg combi nat i orﬁef o? t he sol {nd
moBbdatt (ahol pedesoy gi-) ¢ri-gsettd eheptagloctaspmotetradecamolybdate), Mo-

one of nickel carbonate, tungstic acid and nol b%& um
P briedepolyanion compounds, Wo-Si heteropolyanion compouna/s, -r}’
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
alcohols 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

i's nickel carbonate, anmmoni um nol ybdate and ammoni um
Worea0anssvget at e. [ 0056] Exanpl es of suitabl e pretT/wsS2004/031808

l'iquids include water, carboxylic acids, and al cohols

such as nethanol or ethanol. Preferably, a liquid

conprising water such as m xtures of an al cohol and

water and nore preferably water is used as protic

liquid in this solid route. &Iso different protic

l'i quids can be applied sinultaneously in the solid

route. For Jjnstance, [l)os5| ble to ad
CQRPOBPRY lar?ﬂaﬁn% torae aque% w0 wphenamth @rrm@taﬂ] §0BIPOPENty AN some

f ety A ecent sh B b R s SaVRR R avbdePPRwater (i,
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The cr ter es as protic qU|

prakeme@luney may @ldochemesbduns nmay al so be used. [0057]
Preferably, for the solid route a conbination of netal

conponents conpri sing nickel, nolybdenum and tungsten

[005T)i cKakferstlyaldr,theebld deuts m combihatiors bE meitsl copmbdrits
For the solid route, where the protic liquid is water,
C@mprlamgénﬁk@kmolwe@@nbm¢m@n arrdckal, ¢abadty mlybdgnum and
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ni cke

cHml ﬁb@%a@erqﬁb@l‘&@le ﬁmﬁéllsdoﬁlﬁ%mdﬁltsﬁéﬁﬁﬂh ticles] catkdifle, nickel
al  oys such as ni ckel - denum al | oys, Raney ni ¢kel,

hydromide, nicksl phesphate, nBtkiel phb@hrtel, ;atnltehfum[abﬂ:mnnleaitsulﬁde nickel
which are at |east p the solid state durin
H@é}ﬁbcgﬁé%.m@kel frtgemﬁ)ta@lewagdmls@l@ gy ymmmckel Tholybdenum

o BAER BiE raoRit RGRHE S M B S hef EhirBoncass,

wiRdLy fidak %asﬂ?{éﬂ?qhoché‘%ﬁ'd Eﬁatéldurlﬁ% W@@aétqn%@d@ﬂ%@%ter—

sul fide, ures thereof i tabl e
insbhubie tolpledenuen Eompentiitsl smlemn@ﬂymfenm(dzeam logide,
di chromate, while for solution preparation chromc

maedybrenpmedtbyde, malybdsnam oitde.clunimpomelybdate, 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 WS3), tungsten carbide, tungstic acid (e.g.,
H,WO, H,0, H,W,0,5-9H,0), 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 |east partly in the solid state during
contacting conprise tungsten diand trioxide, tungsten

wa osios3q¢ Ws and W5 ), tungsten carbide, tungspCTUSINE031808
(e.g., HWOHO H3-9H O, tungsten nitride, alum num
tungstate (also neta-, or polytungstate) or m xtures
t hereof. These conponents are generally comercially
avai |l abl e or can be preparedhy, e.g., precipitation,
e.g., nickel carbonate can be prepared from a nickel
chloride, sulfate, or nitrate solution by adding an
appr.opr,i at
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solidedtate rdelingethb @rocdss of theet investton hoy tentheprefesfedrmpethiod. In that
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he
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preparati on based on a,co-precipitation process, the
therasaeess o thpresaRk 1BV CRIGD et cembrendt i GAtaIg g atation 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
wee@soesmabl y at [ east 0.05 wt.% and nost pref epebUg2084/031808

least 0.1 wt.%of all nmetal conponents initially

enpl oyed in the process of the invention is added as a

sol ution, based on the total weight of all netal

conmponents, cal cul ated as -rpgt-al oxi des. In this way,

proper contacting of the netal conponents is ensured.

If the reactivity of a particular netal conponent to
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be sulfided in-situ or ex-situ. Alternatively,
particles may be conposited with a binder before

or after sulfiding. Preferably, the catalyst is a bulk

t al ' 1S, I
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compyisingyHpS anddiydragen, ezs/ 1 HaS/Eheebeleviated igrapenatures for a
for a period of tinme sufficient to sulfide the .
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suc nmet hyl di sul fide or ethyldisulfide or

sulfidationaoatces[s006 a2} dirhethyklsuifide @r ethykdisuHaler amulfrszol.
typically in the formof a powder. The powder may be
further processed by, for exanple, sulfiding. If

[0062r geThe a¢saltyst bulk precursor is typically in the form of a powder. The

powder may be further processed by, for example, sulfiding. If larger 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

wa@ mosiosaso on, preferably before sul fidation, apdr/Ukm4/031808
sulfided to nake the catalyst. [0063] It was found
that the bulk nmultinetallic oxide precursor particles
have a characteristic x-ray diffraction pattern which
differs fromcatalysts obtaipgd by com xing and
conventional hydroprocessi ng catal ysts obtai ned by
I mpregnation. The x-ray diffraction pattern of the
bul k cat al yst rises, and prefera
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typically is shaped into particles and then sulfi
b¢ threcidy swhjeeteddd alshgping stép, wrseliduiduig separation cas be performed

high that i annot be directly subjected to a _shapjng .
beloghpshapia PRteRALY Il maetusior Sk G diier oolid fiquid
[ . ' : bul k precursor, either
S%’?@L@’I%Q@Bg?’? gcrl%%?&é?% %%atg’iﬁl{flfsepar ation, can be
cal ci ned before shaping. [0065] If a binder nmateri al
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any- mater IS conventi o
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silica, silica-alumna, such as conventi onal
Ezamplea-intlude sdicas silice-atwainagdsuch 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.



al um na and al um na-coated silica, alumna such as
(pseudo) boehmte, or gibbsite, titania, zirconia,
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bentonite, kaoline, sepiolite or hydrotalcite, or
m xtures thereof. Preferred binders are silica,
silica-alumna, alumna, titanic, zirconia, or
m xtures thereof. These bindess 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
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If alumna is applied as binder, the surface area

preferably lies in the range of 100-400 n2/g, and nore
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catal yst conposition may be reduced. Therefore, the
catalpsirongfositiond eBindet emoahts ranpmgaficiad) to 95 wt.% of the total
composition may be used, and typically the amount of the inactive compounds,
including binders, would be no more than 15 wt.%, preferably 2 to 15 wt.%. In an
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
W@ 0w033980 on. Bi nder anounts ranging from 0 t oPOBUSL00%631808

of the total conposition may be used, and typically

t he anmbunt of the inactive conpounds, including

bi nders, would be no nore than w.% preferably 2 to

15 wt. % In an unusually highgactivity enmbodi ment,

bi nder anmounts generally range fromO0.5 to 75 wt. @6of

the total conposition. [0069] It should be noted that
as used h reln di stinct from supports
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shaping”step. Further, it iS preferred that the

shaping step is carried out in the presence of a
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liquid in the extrusion m xture, expressed as | 0ss on
diyamg stepnbe bpiibrigllyi calcined.h €aikan@aomho@6vﬁd@’mot 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 dwiné, (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, SAPO’s, amorphous cracking



[0072] The resulting conposited particle conmposition

can, after an optional drying step, be optionally
w@2ad0siosgda0 Cal ci nati on however is not essenti abCT/0S100€031808

process of the invention. If a calcination is carried

out in the process of the invention, it can be done at

a tenperature of, e.g., from100 C to 600 C

preferably from 15CC to 550Cp7and nore preferably from

150C to 450CC. The dryi ngof shaped particles is

generally carried out at tenperatures above 100 C
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any conventional cracking conmponent such as cationic
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stage of the process of the present invention prior to

cdmleomlmdungng pemiclé-fowmation drtthey nayeiecadded durimpdstetingor
crackin rrponent during the conpositing step wth
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exanpl es are phosphorus
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] Ifthe 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



conmpounds, boron conpounds, fl uori ne-contai ning

conpounds, additional transition netals, rare earth
wOoed0al03393di | | ers, or m xtures thereof. They mapCbes2004/031808

added during conposition during cover by conventiona

nmet hods. These further materials may include dival ent

tetra valent, and hexavalent transition netals nay be

added during precursor synthegis provided the source

material is inappropriate for or for solid, solute, or

solid-solute synthesis, as desired. [0076] Precursor
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conposited particle has been fornmed. [0077] If the

catal yst conposition is used in fixed bed processes,

[0078] sulThiadulfided pradueoz vkl this pfdde@ﬂaﬁpgarﬂbbﬁ'%!ﬁgh chfalytic
the shaping step and, if applied, subsequent to the
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o&iRpakishs GRIMAMIYIreftried thak hullibitaRek, ex situ and in
situ. [0078] The“sulfided precursor with this process

appears to have high catalytic activity. In contrast
EXAMPLESNVenti onal hydroprocessing catal ysts, which
“usualTy conprise a carrier inpregnated with Goup VIII

non-nobl e nmetals and G oup VIB netals, the sulfided

[0079F Ur STHe M@w&iﬁ% esApWstiliderve fHiPRRIrhte, WREHGNRh tChis
catal yst conposifions are usually referred to as bul k

invantiby.st s. EXAMPLES [0079] The fol |l owi ng exanpl es will
serve to illustrate, but not |limt, this invention.
Exanple 1

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 contai ni ng
significant amounts of nitrogen and sul fur was treated
Wowaok/0b3par ogen at 20 bar in the presence of anPCT/US2004/031808

inventive bulk multinetallic catalyst and various
reactor tenperatures. The naphtha feed quality is
provided in Table 1. [0081] The test conditions are
provided in Table 2. The teshgwas repeated under the
same conditions but using a bulk multinmetallic

cat al yst (BI\/C) At these conditions, the inventive

Q%'Zi time cat st showed. a 240% D{\I activity
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the amount of nitrogen and sulfur in the treate

napht ha, respectively. The data were obt a| ned at

[0083] OUS HeeTR makItihesialdie €afalyft GohthrisBe nikle b%denum and
conditions of Exanple 1 for  the KF-841 an
tulngs'tenun wen@leCratj@08315-0he).buwithrihe tnemitcamhpcmmm, ghleslated as

nprised ni ckel, I9ybdenum and tungsten in a nolar

O¥igey.analfing U o a8 95 b aighineiithp catghys semposition.

cal cul at ed as oxi des, naking up nore than 95% by

wei ght of the catal yst conposition. TABLE 1 Napht ha
Feed Quality SG 0.8393 APILABLE By fur 0.36 w. %

Ni trogen 73 ppm Ar onaiNapbtigoFesb Qualityns 5. 5% | BP 127C

(261 F)
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

Hy/oil 200 NV/1 (1100 scfb)



FBP 210 C (410 F) TABLE 2 Test Conditions System
pressure 20 bar (285 psi) purity 100% Cal cul ated pp 12
W 005033060 psi ) WABT 284-334 C (543-633F) LHSV PCT/IUS104/031808

/oil 200 NIzl ( 100 scfb)- 30 - TABLE Rel ative Vol une
Activities (RVA) Catal yst RVA HDS RVA HDN KP-841 100

100 Bulk Multinetallic Catalyst 6 240- 31 - CLAI VS

A method for upgrading a naphpha feed to a naphtha
product containing | ess than 10 wppm of nitrogen and

| ess than 15 wppm sul fur, the nethod conprising
reacting said naphtha in one reaction st age,

in the presence of a hydr talnln as it
passes through t\/\Be]@hVﬁN(dum@tfhﬂthebé@ .Avvher ein at

| east one catal yst bed conprises a nultinetallic

cat al yst conpri §latajystt | east one RYAPHWS | nonRVWAIKDN

net al | east two G oup VIB netals, wherein th
ratio o&aﬁgéép 1 VIB netals to C}oup?gﬁll non-noblé80
metal s gy QrditinetdnitatgRee Wher ei n gapd at | east

reaction stage 1s operated at an effective tenperature
and hydrogen pressure to hydrodesul furize and
hydr odeni trogeni ze the naphtha feed to produce




sai d naphtha product. 2. A two stage nethod for
reduci ng the sul fur content of a naphtha feed

W@ eows/08®BNg: (a) reacting said naphtha feed i nPer//52084/031808
stage in the presence of a hydrogen-containing treat
gas, said first stage containing one or nore reaction
zones operated under effective conditions and in the
presence of at |east one firgq _stage HDS catal yst for
producing a first |iquid product stream having a
substantially reduced sul fur content; (b) passing said

first product streamto a separation zone to forma
%lmghase product stream and a second |iquid product

stream (c) reacti ng said second |iquid product stream

1Ih; d?égﬁf?ﬁ@’ (P]’tlé %glé%é(g |t08£ gg]ghtha preduct containing less

tHERM R WRbRY o PR RE fedsQRSA |9V %ﬁlfﬁp%é‘hﬁﬁhé@ Q@l‘h
effecwr%)e gondloglégns a%g in the presence of at |east prising

reacting sahnhpditiegm atdesst pat réautioprshaies im gleapneaq*miehﬁ a hydro gen
product stream having | ess than wppm sul fur; and (d)
coriebiRg i2Ag) asat ﬁassgi)mrﬁ@glp%@ Q& oy catphyst bsés,-Wbererrh@zt least one
f f th wh
cfehf behogitish ahmiiniBibiRE sBRRR Bphrisie ddptht e Gafite Vi
n31t1 "i‘l%%léﬁlte?e{l%ﬁﬁ at $eadt B Erﬂig}l& Vlﬁextn@{all ‘%Vl’ﬁé%ﬁ' }‘1@ tatio of Group

nmpri sing 'east one non- no l'e neta
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VIB nmetals to Goup VIII non-noble netals is 10:1 to

leastione epadtion stagens eperdiedl atlangffective terpetatune anddyelrogen
rivauesiteedialbigand By mdea e h%ﬁ@g%ﬁmo produce
il baBBRRRIRSET,  or "t he precedi ng cl ai s, wherein
said bulk multinmetallic
2. 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 HDS catalyst for producing a first liquid
product stream having a substantially reduced sulfur content;

(b)  passing said first product stream to a separation zone to form a vapor
phase product stream and a second liquid product stream;

(¢c)  reacting said second liquid product stream in a second stage in the
presence of a hydrogen-containing treat gas, said second stage
containing one or more reaction zones operated under effective
conditions and in the presence of at least one second stage catalyst for
producing a naphtha product stream having less than 15 wppm sulfur;
and

(d)  recovering said naphtha product stream.



catalyst is made by reacting insoluble or partially
i nsol uble netal salts of said netals in the presence
w@booa/opaved i ¢ | iquid. 5. The nmethod of any of tPeT/US2004/031808
precedi ng clainms, wherein said bulk nultinetallic
catalyst is made by conbi ning and reacting at | east
one Group VIl non-noble netal conponent with at | east
two Group VIB metal conponengs_in the presence of a
protic liquid, with at | east one of the netal
conponents remaining at least partly in the solid
state during the entire catal yst making, said G oup
VIIl and Goup VIB netals conprising from50 w.%to

35ai o i el A R ol edBY it Bl i Bl b che of said
fitAQ eQ{a’rc]eﬂ?ﬁ d}%ﬁ SOFQBHH @fh%g%ﬁta%tqaa%ﬁ( ﬁ{ulﬁﬁfégﬂlic catalyst

part € SO state during the reaction belng

co@paisinigan 1€asdonaerd whoblataetadhnd 8t leabt twihEroms WIB metals,
of any of the &rece ing clainms, wherein the bulk
wirgrein tee watiol of Grawl YEB nigfalsde &smoyp Aodbhen-mgblaaetals is 10:1 to
salts in a protic.liqui

reacting di.ssol ye t al id.to
1157 G WheeiR spid fde S o reiirion dite e Spagated af fuciiedtive

BRSO b BB o B P b dicogenize e
nipIRRA fRH to-prdduce $hid hBphiRBiphedhc®f any of the preceding
cl aims, wherein the Goup VIIl nonnoble netal is

selected fromthe group conprising cobalt, nickel,
iron, or mxtures thereof, and the G oup VIB net

|
4are She sathed pf aRy Oh E1eprSCIIBS GFHIS; WHCEdR é?ﬁdthﬂll% multimetallic
NPT ) B e Ry B it P B of i

! 1 i st bstantially of
B e B oM s “conei ot substant i al 1y

of nol ybdenum and tungsten. . The net hod of any one of

e, PEEGHLAgr kol ROSBRLAIEL B eigh gl i
cdtalykoisimadpbp conbisihgpad 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 50 wt.% to 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.

6. The method of any of the preceding claims, wherein the bulk multimetallic
catalyst is made by combining and/or reacting dissolved metal salts in a protic

liquid to form a precipitate.

7. The method of any of the preceding claims, wherein said bulk multimetallic

catalyst has been subjected to a sulfidation treatment.



(i) conpositing with a material selected formthe
group of binder materials, conventiona

whyasopivecessi ng catal ysts, cracking . conponePCHUSZING/031808
m xtures thereof, (ii) spray-drying, (flash) drying,
mlling, kneading, slurry-mxing, dry or wet m Xing,
or conbinations thereof, (iii) shaping, (iv) drying
and/or thermally treating, ang _(v) sulfiding. . The
met hod of any of the preceding clains, wherein said
naphtha feed is selected fromthe group consisting
light and full range virgin naphthas, catalytically
cracked napht has, del ayed coki ng naphtha, fluid cokin
8nap hﬁﬂia,m@tgad@@ angef teoriesgdinghaims, wiereinibe epwp ¥ [Hfnon-

o3Pk ted b ARG PRuBa O il g micures
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cBRthiuh B8slvbaenmaphingsten ot4nixtured deers®f hod of any of

the preceding clains, wherein said naphtha feed is
naphtha froma fluid catalytic cracking unit having a
9s peciThi gnéthad iof ¥nf fodthOprecedin@. FaimAPivHereimtBS Groug WIII non-
sul fur content fromO0.2 to 0.5 percent by weight,
nonblerrogtehcengiste substantmallyoof wickamndpbmGravpnalB owtdls eansist

50 to. 90 rcent, by weight, and olefins from2 to 9
Sﬁé‘éﬁ*@@ﬁ&ﬁ’%@ﬁ&ﬁiﬁnﬁﬂm g#elhod of claim 2 further

conprising a third hydroprocessi ng stage.

10.  The method of any one of the preceding claims, wherein the bulk catalyst
particles are subjected to one or more of the following process steps:

1) compositing with a material selected form the group of binder
materials, conventional hydroprocessing catalysts, cracking .
components, or mixtures thereof,

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

(iii)  shaping,

(iv)  drying and/or thermally treating, and

) sulfiding.

11.  The method of any of the preceding claims, 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.

12.  The method of any of claim 1, further comprising a flashing or fractionation
step following at least one of said at least one reaction stages to release any gaseous

byproducts and collect the desulfurized and denitrogenized naphtha.
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13.  The method of any of the preceding claims, wherein said naphtha feed is
naphtha from a fluid catalytic cracking unit having a specific gravity from 0.7 to
0.9, API from 33 to 41, sulfur content from 0.2 to 0.5 percent by weight, nitrogen
content from 50 to 100 wppm, aromatics from 50 to 90 percent by weight, and
olefins from 2 to 9 percent by weight.

14.  The method of claim 2 further comprising a third hydroprocessing stage.



