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- 1 - SELECTI VE CATALYSTS FOR NAPHTHA HYDRODESULFURI ZATI ON FI ELD OF
THE | NVENTI ON [0001] This invention relates to a method for

< hydrodesul furi zi ng naphtha. Mre particularly, a Co/M neta

hydr ogenat i 8R 2GpYA®nt i s 1 oaded on a silica or nodifi e‘if%ﬁlﬁzf’[{?&mﬂﬂl
support in the presence of an organic additive and then sulfided to
produce a catal yst which is used for hydrodesul furizing naphtha.
BACKGROUND. OF THE | NVENTI ON [ 0002] Envi ranpent al regul ati ons mandat e
the lowering of sulfir levels in notor gasoline (nogas). For exanpl e,
it is expected that regulations will require nogas sulfur |evels of
30 ppmor |ess by 2006 s will be
achi eved by hydrotreat SELE EATAL ] lytic
Cracki ng (FCC cat napht ha), HNDRODESUERGRIEATION! ri butor to

sul fur in the nogas pool. Since sulfur In nogas.can also lead to
decreased. performance of catal ytic converters, a 30 ppm sul fur
target is JRERLPPOT EHRNINVENTFPEONere regul ations would permit a
hi gher a resu't_t_eTH%Ues are required that reduce the
sul fur in cat naphthas while at the sanme time mnimzing the

reducti on | erties,such ct.an

1 6003] ConvaSPBERS) THSyRRRATHOMES 1F £ e B Eadtet Brizing paphihe.

| evel of choi@eﬁamnhﬁ-baa Gﬂh&tﬁﬁﬁétdl@i@ldi-@&hﬁon eMPYBENt 18 Y6ded on a
in signjficant octane nunber | oss due to

hydrotreati aI SO r.e J[
t ensi ve rsg @5 ’Bﬁdtfs %@Cﬁﬁ%ﬂﬂ% Wohe Rsenee ohan eganiteadditiveend thes
Xcessive GafRiEEb fBdide M&t is'l%e& B& W&Eﬁésﬁl evg}?%‘?ae"g‘ G5

Sel ective hydrotreating proce ve recent een
avoi d such ol efin saturation and oct ane nunber | oss. Unf ortunately,

t he H2S I %{éi&gRﬁhﬁlﬁdﬁfﬁMﬁdﬁt h retai ned ol efins

[0002] Environmental regulations mandate the lowering of sulfur levels in
motor gasoline (mogas). For example, it is expected that regulatid:ns will
require mogas sulfur levels of 30 ppm or less by 2006. In many cases, these
sulfur levels will be achieved by hydrotreating naphtha produced from Fluid
Catalytic Cracking (FCC cat naphtha), which is the largest contributor to sulfur
in the mogas pool. Since sulfur in mogaé can also lead to decreased
performance of catalytic converters, a 30 ppm sulfur target is desirable even in
( - cases where regulations would permit a higher Icvél. As a result, techniques
are required that reduce the sulfur in cat naphthas while at the same time

minimizing the reduiction of beneficial properties such as octane number.

[0003] Conventional fixed bed hydrotreating can reduce the sulfur level of
cracked naphthas to very low levels. However, such hydrotreating also results
in significant octane number loss due to extensive reduction of the olefin
content in the naphtha as well as excessive consumption of hydrogen during the
hydrotreating process. Selective hydrotreating processes have recen-tly been
developed to avoid such olefin saturation and octane number loss.

Unfortunately, the H,S liberated in the process reacts with retained olefins



- 2 - formng mercaptan sulfur by reversion. Such processes can be
conducted at severities which produce product within sulfur
regul ati ons. However, significant octane nunber |oss al so occurs.

[ 0004] Onewpnhopmsfds approach for preserving octane nunpefdeool/odoo
sul fur renoval is to nodify the olefin content of the feed using an
ol efin-nodi fication catalyst followed by contact with a

hydr odesul furi zation (LIDS) catalyst (U S. Patent No. 6,602,405). The
ol efin nodification catal yst oligomerizés-the ol efins. [0005] One
recently devel oped nethod of HDS is SCANfining, which is a process
devel oped by Exxon Mobil Corporation. SCANfining is described in

Nat i onal P&nmingumrReitan enursy ooieadionn Spelp prodessellval) Be Tonidtb @ dt

"Sel ective_Cat. Na Wi.t.h ni mal Cctane Loss" and U. S.

Pat ent NosS¥TEYE Q%gﬁaﬁ%{j“réggi&‘g‘g@’ 1thip subfur reguladionsy Howgyens a

process t hafenificint 86@ne BnMRH [d94R1sH RQGrdr ocesses for
hydr odesul furi zi ng a napht ha feedstock, where the feedstock is

contacted with a hydrodesul furization catal yst conprised of about 1

w.%to ab 0 % X d opt 0.1 wt.%to aboyt 5 wt. % CoO;
and a Col b o 1m’ \gsr}eaﬁ’%gg‘?d %ﬂb&g?gbqurgsewagtoc ."ﬁ;n“é?ﬂlf'guﬁﬁﬂisﬁﬁﬂbore
di anet er ofenadealtis GORACHiTy aboulefRAMnter: QTG fﬁu%iwaﬁﬁgmmﬁhﬂ&

controls the de of, ol efin saturation while achieving a hig
degree of %gﬁﬁgfﬂ?‘%ﬁ% Bheontprtrwith @ hydredeswl fiwdzatiand HIMG) eatelysth@].S.

sel ecti vi t pateht NBE6 602 A085.L TRY DIt fiddf tiatidf cal g‘ﬁﬁhl;}%égé%g of

ol efin saturation thereby further mnimzing octan
SUMVARY OFelefiES{ NVENTI ON [ 0007] This invention relates to a nethod for
maki ng a catal yst and a nethod for the hydrodesul furization (EMS) of
napht ha: One enbodi nent

[06005]  One recently developed method of HDS is SCANfining, which isa

process developed by Exxon Mobil Corporation. SCANfining is deseribed in -
Nationa! Petroleum Refiners Association paper # AM-99-31 titled "Selective
Cat Naphtha Hydrofining with Minimal Octane Loss" and U.S. Patent Nos.
5,985,136 and 6,013,598, Generally, SCANfining is a process that includes
one and two-stage processes for hydrodesulﬁxfizing a naphtha feedstock, where
the feedstock is contacted with a hydrodesulfurization catalyst comprised of
about 1 wt.% to about 10 wt.% MoOs; and about 0.1 wt.% to about 5 wt.%%
CoO; and a Co/Mo atomic ratio of about 0.1 to about 1.0; and a median pore
diameter of about 60A to about 2004.

[0006] Even though SCANfining controls the degree of olefin saturation
while achieving a high degree of desulfurizatioh, there is still a need to improve
the selectivity of the catalyst system to further reduce the deg'ree of olefin

saturation thereby further minimizing octane number loss.

SUMMARY OF THE INVENTION

{0007]  This invention relates to a method for making a catalyst and a
method for the hydrodesulfurization (HDS) of naphtha.’ One embodiment

(U



- 3 - relates to a method for making a catal yst suitable for the HDS
of naphtha conprising: (i) inpregnating a silica support that has a
.Silica content of at |east about 85 w.% based on silica wth an
aqueous sol WP28H/084438 a) a cobalt salt, (b) a nol ybdenumBEa¥S2007{04100¢)

at | east one organic additive to forma catal yst precursor; (ii)

drying the catal yst precursor at tenperatures |ess than about 200C to

forma dried catal yst precursor; and (iii) sulfiding the dried
catal yst precursor to formthe catal yst, provided that the dried
catal yst precursor or catal yst i's not cal ¢ined prior to sulfiding or

use for HDS. 0008] Aﬁgoég odiment relates to a nethod for the
HDS of naphfﬁﬁa 540 ATRFLART SPEMBRIngCh aAb stiuitble Sashe HISIof Siambtisg

based on napéhp ﬁsﬁ%*?i’) b naﬁhé ?S‘?fgédgﬁ.{ﬂ Be: é&aa"éhn% %{gttgﬁtgf at least

sel ective 11DS cat St un er urizatiton co
wher ei n t heabatdswi lh@@d:anailgcstwmlsapaqmmmctobmmm(egaa:bbalg sélt, Eb)

silica su a tent of at | east about 85 wt
based on E Pﬁrizoe& Q&%nﬁn" %a] (fﬁ’éio(lﬁgats q”(ﬁ’rf)rﬁ?mféjid’é“'@cfﬁgﬂm§eHaEaIY§tb) a
mol ybdenum grektrsern(Ei) d m%tthé e@c&tyseﬂfécqfs% A} fen?&%ﬁﬁéé%ésothfaﬂ TaBbt

catal yst precuyrsor; (|| rying the catal yst ecur sor
t enper at ur e%oq Esto form catplystpregurser;rang (a.in) sudifidingahy sl‘rleﬁ rcetallystor ;

d t to,f t
catalyst) prrepabit fifh Bk B Aot eRE e Bl s die Retripgrer | o
éot cal ci nexttglystds npbealoineddirivg tosulfkiing of utdDBr HIO809] The silica

u

pported catal yst when used for the BDS of a naphtha shows inproved
selectivity towards ol efin saturation while maintaining a high |evel

of FIDS of [0b@snaphnbeherentbodiRtireRESCR) {ig@{ﬁé%lfﬁ% 10] .
Figure | |%a1vw]'r1aph show ng(;he HDS perfof%%gqg? Mo/ si e

catal ysts g\ﬁth"]&?ncﬁo@éfmt@f&ﬂ lgast ahout 5-wi%, bajediadr haptitha cemprisinga

graph show 0% DS of
2-met hyl -t f@g;gﬁiéﬁﬁhltg%bﬁ]@a%rﬂieé eﬁé&%ﬁﬁé)ﬁatal% } Tos C5 ol efin

sat ur at i onhydroduselfdzatidnt donsitienss whetein the sclcctlvc HDS catalyst is prepared
by impregnating a silica support that has a silica content of at least about 85
wt.%, based on silica with an aqueous solution of (a) a cobalt salt, (b)a
molybdenum salt, and (c) at 1éast one organic additive to form a catalyst
precursor; (ii) drying the catalyst precursor at temperatures less than about
200°C to form a dried catalyst prccufsor; and (ii1) sulfiding the dried catalyst
precursor to form the catalyst, provided that the dried catalyst precursor or
(_ : catalyst is not calcined prior to sulfiding or use for HDS.
[0009] The silica supported catalyst when used for the HDS of a naphtha
shows improved selectivity towards olefin saturation while maintainin g a high
level of HDS of the naphtha feed.

BRIEF DESCRIPTION OF THE FIGURES

[0010]  Figure 1is a graph showing the HDS performance of CoMo/silica
catalysts with NTA as organic additive.



[0013] Figure 4 is a graph showing % C5 ol efin saturation vs. %
2-nmet hyl - thi ophene HDS. 0 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[0014] The term "naphtha" refers to the mddle boiling range

hydr ocar bogofhhdfki@g or fractions that are major conpopghi2ddbooico
gasoline, while the term"FCC naphtha" refers to a preferred naphtha
t hat has been produced by the well known process of fluid catalytic
cracki ng. Naphthas having a m ddle boiling range are those have

boi li ng points from about 10C (i.e., frdm about C5) to about 232C at
at mospheric pressure, preferably fromabout 21C to about 221C

Napht ha produced in an FCC process w thout added hydrogen contains a

relativel y[00lJ) cdigert2 itd gaphfshelaid @ﬁlo@@ﬁ%@f@éﬁxﬁé tufdiBh Vs, %

napht has Shﬁs ag st%Sn]ﬁ&*réac ed napht ha and coker nap_t%a may al so

contain re gEFymethyhthieplens: r ati ons of ol efins. Typical ol efinic

napht has have olefin contents fromabout 5 w.%to about 60 w.%

based on the wei ght. of the naphtha, preferably 5 w.%to -about 40

wt. % sul f[012hnt dligerefd isra giaplish@Ohgoh®y dlefialkatirail&99s. PR M ehased

on the wei g hqcf et}ﬁﬁ napht ha; and nitrogen contents from about ppmw

to about 5 I|Do i gSed on the wei ght of the naphtha. O efins

i ncl ude open chain olefins, cyclic olefins, dienes and cyclic

hydr ocar bo ith olefinic side chains. Because ol efins and aromatics

are high o@i’éﬁ nERBEE 406 s showislgdhiCy alefiaphtunatigeve vabimethyl-

exhibits %%}ﬂ{enﬁ?ﬁ%‘f ch and notor octane val ues than does
hydr ocr acked "naphtha. Wi le ol efinic naphthas are - 5 - typically (J
high in olefin content, they may al so contai n other compounds, :

especi al | 'iJ f ) - ni.trogen-contai ni ng conpounds.

Sel ect i ve@f#y&%m&%%ml NEIEWN cat al yst for the

selective renoval of sulfur with mnimal olefin saturation from an

olefinic ﬁﬁxﬁfa is a silica Sl;llpported catal yst that has been
i npr egnat h- 1(55’ termy oihthas gefers {dtheaniddlly boidingrassd hydzochrben  at

| east one SRRl &t Hoh : anic ligands. The silica

S e S i i 1

support, p a'ateftrmdsta p phitha th &t hdsGken PSOE:A

| east abo %15[' V\r/t . % Sclgltjﬁgﬁ Effﬁ;'; es of sili cassupg%?t S i nc%tggt”en

silica, N%I&}P 21, PIOPYYS -0 fat inragking y Maphshas heangre middle boiling

modified sadgecfeuSose e torlifd foibtAh BHPRRAN T 0% L L); from about Cs) to
about 232°C at atmospheric pressure, preferably from about 21°C to about

221°C. Naphtha produced in an FCC process without added hydrogen contains
a relatively high concentration of olefins and aromatics. Other naphthas such
as steam cracked naphtha and coker naphtha may also contain relatively high
concentrations of olefins. Typical olefinic naphthas have olefin contents from
about 5 wt.% to about 60 wt.%, based on the weight of the naphtha, preferably
5 wt.% to about 40 wt.%; sulfur contents from about 300 ppmw to about 7000
ppmw, based on the weight of the naphtha; and nitrogen contents from about 3
ppmw to about 500 ppmw, based on the weight of the naphtha. Olefins
include open chain olefins, cyclic olefins, dienes and cyclic hydrocarbons with
olefinic side chains. Because olefins and aromatics are high octaﬁc number
components, olefinic naphtha generally exhibits higher research and motor

octane values than does hydrocracked naphtha. While olefinjc naphthas are



[ 0016] The cobalt and nol ybdenum salts used to inpregnate the silica
support may be any .water-soluble salt. Preferred salts include

. carbonates, nitrates, heptanol ybdate and the |ike. The anmpbunt of salt
is such tha¥ORN&0%KI8 ca support will contain from about PETS2¢)7{p1001
about 8 wt.% cobalt oxide, based on the Wight of the catalyst,
preferably fromabout 3 wt.%to about 6 w.% and fromabout 8 w.%
to about 30 wt. % nol ybdenum oxi de, preferably about 10 wt.%to 25
about 25 wt.% based on the weight of tR& support. [0017] The silica
support may al so be doped with metals from G oups 2-4 of the Periodic
Tabl e based op Egj"él %JPﬁ%for mat having G oups 1-18, preferably from
Groups 2 andpall E%F%Q In copientathey rmay alspgantaim othey compoumds,

e 0. The NapelialipdeiturBoflaldife B biber Eftkinfh  Bomphilfas 1996

[ 0018] O gani I gan are organic a I ves ypot hesi zed to
aid in distributing the Co and Mo conponents on the silica support.

The organi I]i andé ¢ nttai n oxygen and/or nitrogen atons and i ncl ude
nono- dent at‘%—Me ve Aty dentate and poly-dentate |igands. The
organic ligands nmay al so be chel ating agents. Organic |igands include

at | east -one of carboxylic acids, polyols, am no acids, am nes, am no
al cohol s, WBPbes, Inaneembadimenicthecatalystfaniheselestivergmoval of aydfuds

i ncl ude ph i i } sal | iCc agid, .acet.ic acid

et hyl enedi ?ﬂ%@éﬁ%ﬁgﬁﬁ%h@%t@h&ﬁﬁ 61%%:‘?"0?1@3’5&%&% G SRROX et i ¢
i d ( CYDTAptalyt dhnitihes baegimpreznatediwith a)d esbatesdlf E) a m@lys®nem salt

ni stidine, _a ?{%It cetonat e anquaaigi: ne, and nitrjilotriacetic_acid

(NTA), cit PP@ Fr4C3FH §1i088aTE EEVENTUSR aSArsaRisHigRgds-o The silsand t o

any parti celgport Bestashs dtlledss abMasss alos dilidadbadedoPsifian sﬁphddraa”ds

such as arginine, citric acid and urea form conpl exes wth at | east

one of Co RFferably ahleass abont 3R aytsp shiras pepacially atdanst abont? Exess silica.
i nteract w } jispe ta venly
ncr ose.t he SiTPAS S ihEZaaigrdRahde MRR-MCMLSE TR LG PG
towar d ol efimed ailigaaictal oxid modifiadt dlicdouy stuppottbdenddiatorhhsedud earth.
desul furi zing the naphtha feed.

[0016] The cobalt and molybdenum salts used to impregnate the silica
support may be any ‘water-soluble salt. Preferred salts include carbonates,
nitrates, heptamolyﬁdate and the like. The amount of salt is such that the silica
support will contain from about 2 wt.% to about 8 wt.% cobalt oxide, based on
the weight of the catalyst, preferably from about 3 wt.% to about 6 wt.%, and
(__ from about 8 wt.% to about 30 wt.% molybdenum oxide, preferably about 10
wt.% to 25 about 25 wt.%, based on the weight of the support.

[0017]  The silica support may also be doped with metals from Groups 2-4

of the Periodic Table based on the IUPAC format having Groups 1-18,

preferably from Groups 2 and 4. Examples of such metals include Zr, Mg, Ti.
' See, e.g., The Merck Index, Twelfth Edition, Merck & Co., Inc., 1996.

[0018]  Organic ligands are organic additives that are hypothesized to aid in
distributing the Co and Mo components on the silica support. The organic

ligands contain oxygen and/or nitrogen atoms and include mono-dentate, bi-



Cat al yst Preparation and Use [0020] Silica supports were inpregnated
wi t h aqueous solutions of Co and Mo salts using conventi onal

techni ques. The organic |ligand may be added to the aqueous sol ution
of salts pwbhahorioguee®ntact with the silica support. One miiagdiotmaiood Or
i npregnating the silica support with nmetal salt is by the incipient
wet ness nmet hod. Incipient wetness is a conventional nmethod, i.e., one
known to those skilled in the art of hydroprocessing catal yst
preparation, manufacture, and use. In t48s nethod, an aqueous
solution containing nmetal salts and organic additive is mxed with
the support up to the point of incipient wetness using conventional

t echni quesdenth@Gdit] polhalenbate tigands. | Th 6gaald kb halPalsh b CheBHRRO! t

by netal salt m be,b?{. i ngﬁrje ne}}Fl nq the silica support with a

m xture of %&HHHAfFANG iganfRinclude at legst aaﬁpﬁcarbg&nﬁc_ acidagdlyels pineino

wet ness,  daeiiglGmlings, AARNBHISSRSs, KPR es?ld ahamiiﬁ?.r%}%glﬁﬂl g the
yaiRles &b

dried support with a nol ybdenum'salt solution or no | t
sol uti on cexgeaicligangaine/ude phenanthrdlinet ueinpbinot; salfcyliacichi, avktioginess.

| n anot her i t the order. jgpr.egnation by cqbalt salt
fol | oned b@‘ﬁ%ﬁ%‘gﬁ H%egrﬁf‘fet’r%avl‘g@f?@@r ohgxancdiamineleisageetic acid
enbodi nent(CYDF A plairde, aByiniR, fiethAR SN QEAY, g%,%{@, KisHifeof

cobalt salt and nol ybdenum salt plus organic Ii'g o’ I ncl pl ént

wet ness. ﬂ?@“@%‘?qt%ﬂ‘%&&"é@% itrilofjadstic acide@BA)), difrie acid and urea.
co-inpregnation process repeated. In yet another enbodi nent, an
extruded silica support may be inpregnated with a mxture of cobalt (J

sal t, nol yB8:%LIm ¥éhile neidwishirmitoche boantioamny gamecilapiiR@natied support i

dried. Thi t be repeated.if desired, In all the above
enbodi nentps?sg{l%gh gﬁ %&H?@lﬁrﬂﬁhé ‘}5’3 23 aspiRtice g antd and wag foren a

m xt ure ofcomgatsswitiiae dagPo6g A8 hndiNIbC A HasPear En&/%PMt%-E)ganricQ m the
reaction xtyre is heated and dried at tenperatures In range

f r om about''SS8E OB P InyRRt Wish the silisa swhace! ty stisperscthesoetals mdre

dryi ng mayyBRIVUHMIESs tHaGH b Nk h.iqert gas such as nitrogen.
[0022] The dr | g‘cjld& cats_al ystwpﬂsgg%rc lé:'o;ﬁllhsgm? ?é%atdg% IWP? V‘?@%ﬁﬁ%ﬁ@ﬁtystmvﬁr e -
at  concemlefzn saweatioh Whidersdintainifg tha/ ADS4dviRBE HedftRlindeRased on
total vol tﬁgght%f fo@ées present, for a period of tinme and at a -
tenperature SUPfrclent to convert metal oxi de, netal salt or netal
conplex to the corresponding sulfide in order to formthe HDS

catal yst. . The hklgrogen sul fide nay be generated by a sulfiding agent
i ncor por at&a2 e st precursor. In an enbodi nent, the
sul fiding agent is conmbined with a diluent. For exanple, dinethyl

di sul fide cah be conbined with a naphtha diluent. Lesser ‘anounts of

Pydr ogen K20) de Sitiga peppasésivbre imﬂrbgrl;atayuévhtmdoﬁﬂmlh%iﬁﬁs ?ngliahéd )
or activ rrjer. may be presenf and activation na .
t ake pl acgi(? %ﬂté.‘@?he% E‘?‘L‘](;aenl%l 331 %c%'?'qé% ngﬁ%lgﬁgan:&[é&%de%‘abﬁeiﬁﬂéf@ to d
carriers thecdqudeunidlutigenfanls ptighio éﬁfﬁéd@%ﬂp@l@?ﬁﬁé&:%hp?)%rﬂ' %%@ne.

e'to

Wien present, .the inert gases are included as part o al gas
vol ume. T%”H%Bf“&iw ar %‘%ﬁﬂa"e%%theaﬂg@a mnnmnﬁmqslo@lw baytthat 700C,

incipient wetness method. Incipient wetness is a conventional method, i.e., one

known to those skilled in the art of hydroprocessing catalyst preparation,
manufacture, and use. In this method, an aqueous solution containing metal

salts and organic additive is mixed with the support up to the point of incipient

wetness using conventional techniques.

[0021]  The manner of impregnation of the silica support by metal salt may
be by impregnating the silica support with a mixture of a cobalt salt and



- 8 - preferably about 160C to about 343C. The tenperature nay be
hel d constant or may be ranped up by starting at a | ower tenperature
.and increasing the tenperature during activation. Total pressure is
in the rand¥0970843hout 5000 psig (34576 kPa), prefer aBIGI/GE/0p1001
psig to about 5000 psig (101 to 34576 1lcPa), nore preferably about 50
psig to about 2500 psig (446 to 17338 IcPa). If a liquid carrier is
present, the liquid hourly space velocity, (LHSV) is fromabout 0.1
helto about 12 hi', preferably about O. 1'_’{1'el to about 5 hr-1. The
LHSV pertains to continuous node. However, activation may al so be
done in batch npde. Total gas rates may be from about 89 nB/nB to
about 890 n‘B‘]S‘?‘B“-'(@W‘f BSIBB RFIBIERT BEInesH ey Bingths ippreanatad sppgrtamngd

occur eit hefahRms { & SidaH . e i ng
iquid or B , 1 enfay
beqpresulfuri ed such that S..may b ener at.ed during sulfi ig . In-
21 Paurd pras@eSs o cmRvuTii, Bafarg of Fpreanagfmpirepafisal
contact ed Wolldowedas/ frictybdenit ShIEMAy Vetepdtssd!! fr fiindoaae dmboiiGent,

sul fiding ggent may be added to the carrier_ liquid or the carrier
li quid it sdhe suppobenaybe cetimgregpatnd witha mixtwicaf dobgltisditiagd

preferably hraql - S, s e f.eedst ock to he
cont act ed V\rnﬁ ?Wbta %Jé&ﬁ%?{ o@?%ggé3|€gé%§qgﬁ§gp%tvpﬁﬁ§/£be en‘§/°'lmpregnateg
{;»yd r ocar borsupporanays bie ldriad anddhs téliinprepnaddon peccdss eepaatailr bl yet another
petrol eum ol?r ntpetic s?#erc s. If a sulfjding agent  is added to
Uhe carr | /e R AR Tden Gl SHpRAR TRELLE ImRRERBEd iR TPty o
capabl e of cgeagkak) MelybaEhasrmisald b 4 &k W :
Exanpl es i nc] ude hydrogen sul fide, clgfg%%ﬁsﬂﬁhgﬁaﬁﬁﬂéggmggﬁgg%ﬁ\& %BB&

di sul fi de, dsigdf 1dus reabmenidnay he ropeateslif desjeed. dinall teddwvsuch as

di met hyl di £ a i (o l.£1 de,
The.sul 1 acoodiEnts” i AgeNTEiTRer UEH RIC bl S BRE Hidfeur
as sul fi di higandenThamipregnatmisiticasudporiisoleted frémsthk fredctivanbitiyerig
speci es capabl e of generating hydrogen sul fi.de, Jncludin | i tiC,
aromatic a aatﬁgtagfl(?%ﬁqe ?tge%lgﬁf%%rﬁﬁﬁ ﬁw_raggq hf’é‘b? “I‘hsg) GF%@%%QS@Q st
i's not cal ¢ fsieh Rich@ilyst@redurba - Bid drydighapbeUfief Qhcddd®: ofNRtair, or

cal cining neans that the dried catalyst is not heated to tenperatures
above aboufnesbers sushaasgHBE§R-about 200C. By not cal ci ning -t he

catal yst, from about 60 w.%to about 100 w. % of the dispersing aid
remains on the catalyst prior to sulfiding or use for BIDS, based on
t he wei ght [@122] he Tat ditigd tata]yB0RiccBrok snireged whifh kiydrggeh belfriataal yst

r@y be Conéggge%gawo}l? o?%%% ngut 0.1 vol.% to about 10 vol.% based on total

(. volume of gases present, for a period of time and at a temperature sufficient to
convert metal oxide, metal salt or metal complex to the correspénding sulfide
in order to form the HDS catalyst. The Hydrogen sulfide may be generated by a
sulfiding égent incorporated in or on the catalyst precursor. In an embodiment,
the sulfiding agent is combined with a diluent. For example, dimethyl disulfide
can be combined with a naphtha diluent. Lesser amounts of hydrogen sulfide
may be used but this may extend the time required for activation. An inert
carrier may be present and activation may take place in either the liquid or gas
phase. Examples of inert carriers include nitroéen and light hydrocarbons such
as methane. When present, the inert gases are included as part of the total gas

volume. Temperatures are in the range from about 150°C to about 700°C,



under hydrodesul furizing conditions. Hydrodesul furizing conditions
i ncl ude tenperatures of from about 150C to about 400C, pressures of
from about 445 kPa to about 13890 kPa (50 to 2000 psig), liquid

hourly spagg uelRedssi es of fromabout 0.1 to 12, and Hidp®aée788f01
rates of from about 89 nB81nB8 to 890 about nB/nB(500 to 5000 scf/B).

After hydrodesul furization, the desulfurized naphtha can be conducted
away for storage or for further processing, such as stripping to
renove hydrogen sul fide. The desul furize8i-naphtha i s useful for

bl endi ng with ot her naphtha boiling-range hydrocarbons to nake nogas.
[ 0026] Enbodi nents, including preferred enbodi nents, are illustrated

in the fol Ipofershlenbonl BO°CsampLEIBoC. Gpﬁ@deﬁﬁierﬁﬁf‘eqﬂﬁ%itugg{é}m E%%Zrlt

The catal yst was, prepared by an .incipient wetness tec vi si|
silica, fuPEdray \"? rampehurbystartingat 4 lowey tgnperatitg/ Bddacrezsingithe. and
Zr/ Si 02 we S . [recursor co ds
Gsed in t e oPRRRE I SRR S Tothl BroSu IS i helaRE IR afad
hept anol ybgaige(3467 6 &iRpimeferablp eboutghpsig tadboht SEO0NsiE (1@ fol REFI C
acid (NTA) anjs used if tﬂe&:bnﬁ{egggati on_solution. The nole ratio of
NTA to cobdl fFaPGTEHY &Y Ygdogbout 2509 psig (48] 17338 kRaYt Uf
sol ution caniquiidioagicTépreiniand MinhsuRy SBALHIAGY B Afom
were added i n

appropri at e, amount s_ of A and_cobalt ca nat e

distilled RPouthyheite ahont 47 ar'dopreferabiyahoutd.ilirddo ubditl 5 kite Twkut i on

becane cle : Lo | of _ammoni um hept apol ybdat e,

t et r ahydr atE gl S\/\g? €§8€§§Bt°§9€‘r%‘§éé&t'ﬁgg$?ﬁ8r”e¥ &¥ ﬁ?{% longn EPYS% be done in

i npr egnat i batchirhede: dTalay gas e wiay 86 fasm 2664t 39GEmVid G 9?’@ f-r[’i’rght
al [ oa

(-14 hr). C S cont ai ned 6% Cot) and 24% Mb02 et i ng.
Besi des NTA, o‘if’?éﬁogscﬁ@i tives of phenanthroline, quinolinol,

salicylic acid, acetic acid, ethylenediam netetraacetic acid (EDTA),
cycl ohexanedi am net et raacetic acid (CYDTA), alanine, arginine, .
triethanol HfZRE (Feiglysigulding maypecurdiither inasitt yt ecstronafiaiig may
guani di ne I i - Al reparation. 0029] Figure
1170 3 O o B RARE hPehalsf A SR EHR) oPioan i Blrga veth
with NTA aeithergdiiuid adgas phaze salfidingiagenie Alternbtiv@y, e c%?a@fhttrﬁ'%l bk he
sel ecti vi ;[%/reg’til z'\éﬁ] SUEQB%‘E}&% on 41 with NTA as organic additive
Wi thout call'S HATIISH St thaddsS My b5 @rastated dukingmifiding. loea hayist
(RT-225) rpinisé salfldiegl afontNHoespdly & t@be@%dé@%? E%%B?m%%gnd 87%

|

HDS conversiqn, the selectivity i mprovenent of Y950
over Rr2231quid capigining #yifiqing agente ldicomlfiding agehtonty b bddedps teement

s e SR SR AR e e

RT-225.  liquid is preferably a virgin hydrocarbon stream and may be the feedstock to be
contacted with the hydroprocessing catalyst but may be any hydrocarbon
stream such as a distillate derived from mineral (petroleum) or synthetic
sources. If a sulfiding agent is added to the carrier liquid, the sulfiding agent
itself may be a gas or liquid capable of generating hydrogen sulfide under
activation conditions. Examples include hydrogen sulfide, carbonyl sulfide,
carbon disulfide, sulfides such as dimethy) sulfide, disulfides such as dimethyl
disulfide, and polysulfides such as di-t-nonylpolysulfide. The sulfides present
in certain feeds, e.g., petroleum feeds, may act as sulfiding agent and include a
wide variety of sulfur-containing species capable of generating hydrogen

sulﬁde,‘ iﬁcluding aliphatic, aromatic and heterocyclic compounds.



" [ 0030] Table 1 shows a selectivity conparison of CoMd/ Silica-NTA with
and wi thout calcination. Table I SupportThernmal Treatnent Before
. SulfidingSel ectivity vs. RT-225 Cab-O Si|lHi gh Tenp Cal ci neds

Cab- O Si | 180%200Z8%¢4% Dri ed3040% Better Davisil SilicaHi 55]‘;{;@;&9?/001001
Cal ci nedSane Davis Silical60F Vacuum Dri ed40-60% Better MCM 41Hi gh

Tenp Cal ci nedSane MCM 41160F Vacuum Dri ed40- 60% Better
-9.

[0024]  The dried catalyst is not calcined prior to either sulfiding or use for
HDS. Not calcining means that the dried catalyst is not heated to temperatures
above about 300°C, preferably about 200°C. By not calcining the catalyst,
from about 60 wt.% to about 160 wt.% of the dispersing aid remains on the
catalyst prior to sulfiding or use for HDS, based on the weight of the catalyst.

[0025]  Following sulfiding, the catalyst may be contacted with naphtha
under hydrodesulfurizing conditions. Hydrodesulfurizing conditions include
(, temperatures of from about 150°C to about 400°C, pressures of from about 445
kPa to about 13890 kPa (50 to 2000 psig), liquid hourly space velocities of
from about 0.1 to 12, and Hj treat gas rates of from about 89 m*/m? to 890
about m*/m® (500 to 5000 scf/B). After hydrodesulfurization, the desulfurized
naphtha can be conducted away for storage or for further processing, such as
stripping to remove hydrogen sulfide. The desulfurized naphtha is useful for

blending with other naphtha boiling-range hydrocarbons to make mogas.

[0026] Embodiments, including preferred embodiments, are illustrated in

the following examples, '

(, - Example 1 - Catalyst Preparation

[0027]  The catalyst was prepared by an incipient wetness technique. Davisil
silica, fumed silica Cab-O-8il, MCM-41, Y/8i0,, Mg/SiO,, Ti/Si0O, and
Zx/8i0O; were prepared as supports. The Co and Mo precursor compounds used
in the preparation were cobalt carbonate hydrate and ammonium
heptamolybdate tetrahydrate.” The organic additive nitrilotriacetic acid (NTA)

was used in the impregnation solution. The mole ratio of NTA to cobalt

carbonate hydrate was 0.5.



[ 0031] Tabl e 1 shows the inpact of calcination on the selectivity of
the catal ysts. Upon calcination at high tenperature prior to catalyst
sul fidation, the selectivity of CoMo on siliceous supports decreased
to the | ewwb 2067084488 r ef erence cat al yst RT-225. NTA f or ngraisadateo1001
conplexes with Co and Mdb.. It is thought that the ColMb- NTA conpl ex
hel ps CoMo di sperse on the silica support through the interaction of

hydr oxyl groups of silica and the hydroE)hi lic function groups of NTA

H gh tenperature cal cinati on deconposes!®he conpl exes, therefore
damagi ng the NTA dispersion function and resulting in a catalyst with
| ow selectivity. Exanple 2 [0032] RT-225, a conmercial Co/M HDS
cat al yst rr#m.ﬁﬂﬁct UFhepmibytund $xduion eor@ainhiog NI AQCaa6d M wab PRak&dlaCoMD

catal ysts ing to the inventi ith NTA as dispersing aid were
sul fi ded ug‘ﬁ%’g{’%ﬁf %ﬁ’l?{oﬁgﬁﬁ?t%" DQMS!“ fARAlE earhenate veere added int s
were not cdistillo@#,0r i tHeGnb&are solutien v iohhgcgatal yst
eval uation was a 65 350F napht r?asofueed g%%%@?%?k%ﬁ?ﬁggg%%ﬁ\%’v% C%’ﬁ’& 46. 3
wt . % ol ef i H§ar- phY apRrapsata\amgret of ammeniep hehamolpedae aishydnae f or
HDS eval uaji, anp, 1L were 274C, 220 psi g,
l'i quid hour |_§)Q‘§géadc{é’a’&§ %ﬁets%ﬂ%% E}‘%’&' é%%fﬁ‘"?rf@ 195 theertalysiovap
treat gas driedaof60°Fomdabeaduud® overnidinyt-1896), AYGs BnRRAY 624

' 25

scf/B). T esul fo t\he HDS eyal uation for the baSe case RI-
catal yst, h@&@ﬂ’% %%"2‘49@? f“ﬁ?ﬁi%‘%{‘g;ﬁ?ﬁil%‘s Naalopganiaadditiverdf si | i ca
Cab- O Si | eplsnantbeline, igaiftiHe] SalicyMoLSh, ) ph showi ng a pl ot of
% C5 ol efin satur.at i_or?mvs. % HI%Sc}c;f %(?%e%%;%-at%f?ophene. Exanple 3

[ 0034] The €BYlgaedigininetgraaugticsicid BDTA), cynibtenenedistniricteraickis acid
SUPPOTts QICYDTA), alanine, arginine, triethanolamine (TEA), glycerol, histidine,

acetylacetonate and guanidine were also used in the catalyst preparation.,

[0029]  Figure 1 is a graph showing the HDS performance of CoMo/silica
catalysts with NTA as organic additive. From F igure 1, it can be seen that the
selectivity of CoMo supported on MCM-41 with NTA as organic additive
without calcination has ~60% improvement vs. commercial catalyst (RT-225)
manufactured by Albemarle at ~ 60% HDS level. At around 87% HDS
conversion, the selectivity improvement of CoMo/MCM-41 is 48% over RT-
225." At about 97% HDS conversion, the selectivity improvement above RT-
225 is about 40%. CoMo sulfides supported on Davisil silica and fumed silica

also showed 40 - 60 % selectivity improvements over RT-225.

[0030] Table 1 shows a selectivity comparison of CoMo/Silica-NTA with
and without calcination.

@



Y/ Si 02, My/Si02, Ti/Si02 and Zr/Si 02, with NTA as organic ligand are
denonstrated in this exanple using the preparative nmethod of Exanple
. 1 and the HDS procedure of Exanple 2. Figure 2 is a gra ow
pl ot of % B YOEPEE8sat urati on on a wei ght basis vs. %%ggﬁggq}'g%gwgi
2-met hyl -t hi ophene on a wei ght basis, based on the weight of the
napht ha. As can be seen in.Figure 2, the catal ysts showed substanti al
selectivity inprovenents over the RT-225;fomercial catalyst, with 40
to 60% 1 ess olefin saturation between 60 and 90% EDS. Exanple 4
[ 0035] This exanple shows the effect of organic-ligands (additives)
on a CoMo on Davisil silica catalyst prepared according to Exanple 1
on HDS performance using the procedure of Exanple 2. The organic
| igands are glycerol, acetic acid, TEApjeRenanthroline, quinolinol,
aeetyl acetonate, salicylic acid and NTA” Figure 3 is a graph show ng
% C5 olefin saturation vs. % 2-net hyl -t hi ophene M5, on a wei ght

basis. As ghown.in Figure 35 E - %g[ é?@gﬂ 95% F s g
CONVer si ongr“E%H%‘ cat al yst 'l%l'e 9&] lment 0 e§ i 60% ls_Pgectw .vs. RT-225
i mpr ovenen€ab-68il t he RT-225 corflighdemp @ddinddyst. Anmong t he or Jame
| i gands us?gbbgéillcat al yst prepar %‘%mg:mﬁie‘&at al yst made W, NMIA0r

er cata

showed betteéer selectivity than o I'ySts nade with organic
| i gands, such as phenanthroline, quinolinol, salicylic acid, acetic

acid, tri ebg ngﬁ{ghne (TEA), 9l *ﬁgﬁ%ﬁg%ﬁeﬁtyl acetonate. Howgyer,

tal ysts nade w organic ligands’s etter selectivity as
conpar ed tDatih8illzase case, RT-2250FMeanwphdried] 0036) This exa@piass Better
shows the effect of a different set of organic |ligands on a Cova on
Davisil silica Catal yst prepared according to Exanple 1 on HDS
per f or mancGMiddg t he procedur e Figh Exmnglaicied The organi ¢ | i gafd&near e

NTA, guanilql'gjm_,“et hyl enedi arri netlgbp%g%(b[ﬁgi d (EDTA) , 40-60% Better
cycl ohexanedi am net etraacetic acid (CYDTA), alanine and arginine and

are conpared to RT-225 as in Exanple 4. Figure 4 is a graph showi ng %
C5 olefin ati h X0 2B -t N ' asi s.
. | he L1 hd
ne shoun | IO Or Fp1¥ Tishcl B inbact of (AR finc b iy it
exhi bi t betatlysgel@pon cilcinatioaratthigh tatmrysrspriede catalysoduiBdatong dind ¢
| i gands but catalys de wi,th organi.c, |igands,sh d better
S e?e ctivit 9813%11\/68%%@&8?({ an ﬁ‘fl"fQB? gupports dedfensad fo t?n\gqevgl oft thie
reference catalyst RT-225. NTA forms stable complexes with Co and Mo. Itis
thought that the CoMo-NTA complex helps CoMo disperse on the silica
support through the interaction of hydroxyl groups of silica and the hydrophilic
function groups of NTA. High temperature calcination decomposes the
complexes, therefore damaging the NTA dispersion function and resulting in a

catalyst with low selectivity.

Example 2

[0032] RT-225, a commercial Co/Mo HDS catalyst manufactured by
Albemarle Corporation and the supported CoMo catalysts according to the
invention with NTA as dispersing aid were sulfided using virgin naphtha and

3% H,S. The respective catalysts were not calcined prior to use.



WD 2007/ 084438PCT/ US2007/ 001001 -14-. CLAIMS: |.A nmethod for nmaking a
catal yst suitable for the HDS of naphtha conpri sing: (i )I t
inpregnating a silica support that has a silica content of at |eas
about 85 wwo%po7masesl on silica, with an aqueous sol qu&tmszémggﬁm
cobalt salt, (b) a nolybdenumsalt, and (c) at |east one organic

drying the
additive to forma catal yst precursor; (i)
catal yst precursor at tenperatures |ess than about 200C to forma

dried catal yst precursor; and - 12-

[0033] TFeed for the catalyst evalulation was a Cs-350°F naphtha feed
containing 1408 ppmw 8 and 46.3 wt.% olefins, based on the weight of the
naphtha. The conditions for HDS evaluation of catalysts from Example 1 were
274°C, 220 psig, liquid hourly space velocity of from about 1 to about 12, and
H, treat gas rate of from about 89 to about 890 m*/m® (500 to 5000 sci/B). The
results of the HDS evaluation for the base case RT-225 catalyst, MCM-41
catalyst, Davisil silica catalyst and fumed silica Cab-O-Sil® are shown in
Figure 1, which is a graph showing a plot of % C;s olefin saturation vs. % HDS
of 2-methyl-thiophene.

Example 3

[0034]  The selectivity of Davisil silica and the modified silica supports of
Y/8i0,, Mg/Si0,, Ti/Si0, and Zr/810,, with NTA as organic ligand are
-demonstrated in this e;»-cample using the preparative method of Example 1 and
the HDS inrocedure of Example 2. Figure 2 is a graph showing a plot of % C;
olefin saturation on a weight basis vs. % HDS of 2-methyl-thiophene on a
- weight basis, based on the weight of the naphtha. As can be seen in Figure 2,
the catalysts showed substantial selectivity improvements over the RT-225
commercial catalyst, with 40 to 60% less olefin saturation between 60 and 90%
HDS.

Example 4

[0035] This ekample shows the effect of organic ligands (additives) on a
CoMo on Davisil silica catalyst prepared according to Example 1 on HDS
performance using the procedure of Example 2. The organic ligands are
glycerol, acetic acid, TEA, phenanthroline, quinolinol, acetylacetonate,
salicylic acid and NTA. Figure 3 isa graph showing % C; olefin saturation vs.
% 2-methyl-thiophene HDS, on a weight basis. As shown in Figure 3, between

o



"~ (iii) sulfiding the dried catalyst precursor to formthe catalyst,
provi ded that the dried catal yst precursor or catalyst is not
~calcined prior to sulfiding or use for RIDS. 2. A nethod _for the

of napht hawioeed 4438 ol ef i n cont ent of at |east about 5 Wms/zon'ggloggod
on naphtha conprising: (1)contacting the naphtha with a selective HDS

cat al yst under hydrodesul furization conditions, wherein the selective ... -

HDS catal yst is prepared by inpregnating.a silica support that has a
silica content of at |east about 85 wt .9 based on sili ca, with an
aqueous solution of (a) a cobalt salt, (b) a nolybdenumsalt, and (c)
at | east one organic additive to form a catal yst precursor;

(ii) drying0tdrel ¥26IDStcopversionso pll&atatlméhcaﬂm akoyt 3Osorahant 6B%ut

he dr i ed calHyeY TapERTadt pRbTBFIS PRasithpgeiar chlist. ShbhE 0
organic ligands used for catalyst preparations, the catalyst made with NTA
showed better selectivity than other catalysts made with organic ligands, such
as phenanthroline, quinolinol, salicylic acid, acetic acid, triethanolamine
(TEA), glycerol and acetylacet.cmate. However, catalysts made with organic

ligands showed better selectivity as compared to the base case, RT-225.

Example 5

[0036] This example shows the effect of a different set of organic ligands on
a CoMo on Davisil silica catalyst prepared according to Example 1 on HDS
performance using the procedure of Example 2. The organic ligands are NTA,
guanidine, ethylenediam_inetetraacetic acid (EDTA),
cyclohexanediaminetetraacetic acid (CYDTA), alanine and arginine and are
compared to RT-225 as in Example 4. Figure 4 is a graph showing % C5
olefin saturation vs.- % 2-methyl-thiophene HDS, on a weight basis. As shown
in Figure 4, the catalysts made with NTA and guanidine exhibit better

selectivity than the catalysts made with other organic ligands but catalysts

N

made with organic ligands showed better selectivity as compared to RT-225.



provi ded that the dried catal yst precursor or catalyst is not
calcined prior to sulfiding O use for HDS. 3. The nethod of clains 1
or 2 wherein the naphtha is at | east one of FCC naphtha, steam
cracked namid ba7@$44s80ker naphtha. - 15 - 4. The

claims -1 or 2 wherein the naphtha has an ol efin contentgE @g%og Gé?Jotl 5
w.%to about 60 wt.% nitrogen content of from about 5 ppnw to about
500 ppnmw and sul fur content from about 300 ppnw to about 7000 ppnmw,

based on napht ha. 5. The method ofl4tains 1 or 2 wherein the
silica support contains at |east about 90 w.%silica. 6. The
met hod of célgi L or 2 wherein the anounts of cobalt salt and

nol ybdenum ‘e sufficient to provide a catal yst support

containing fromabout 2 wt.%to about 8 w.% cobalt axide and about 8
w % to about 30 wt. % nol ybdenum oxi de, based on silica support.

7. The methods df cl & methodfornukiapel dutdlPe QFBRI Gy AN S naphtha
comprising:
(i) impregqating a silica support that has a silica content of at
least about 85 wt.%, based on silica, with an aqueous solution of (@) a

cobalt salt, (b) a molybdenum salt, and (c) at least one organic additive
to form a catalyst precursor;

(i)  drying the catalyst precursor at temperatures less than ( ’
about 200°C to form a dried catalyst precursor; and

(iii)  sulfiding the dried catalyst precursor to form the catalyst,
provided that the dried catalyst precursor or catalyst is not calcined prior

to sulfiding or use for HDS,

2. A method for the HDS of naphtha having an olefin coﬁtent of at
least about 5 wt.%, based on naphtha comprising: |
(i) contacting the naphtha with a selective HDS catalyst under
hydro-de§ulfurization conditions, wherein the selective DS catalyst is
prepared by impregnating a silica support that has a silica content of at
least about 85 wt.%, based on silica, with an aqueous solution of (a)a \
cobalt salt, (b) 2 molybdenum salt, and (c) at least one organic additive

to form a catalyst precursor; v

(ii)  drying the catalyst precursor at temperatures less than
about 200°C to form a dried catalyst precursor; and )
(iii)  sulfiding the dried catalyst precursor to form the catalyst,

provided that the dried catalyst precursar or catalyst is not calcined prior
to sulfiding or-use for HDS.

3. The method of claims 1 or 2 wherein the naphtha is at least one
of FCC naphtha, steam cracked naphtha or coker naphtha,



" contains oxygen atons, nitrogen atons or both. 8. The net hods
of claims 1 or 2 wherein the organic additive is an organic |igand.

. 9. The nethod of claim8 wherein the organic |igand |s
dent at e, bWXWATWEES80r pol y-dentate |igand. S%ﬁ@%?%‘"%?lof
claim9 wherein the organic ligand is at |east one car boxyl ic acid,
pol yol, am no acid, am ne, am de, am no al cohol, ketone or ester.

11. The nmethod of claim 10 wherein the ofganic ligand is at |east one
of phenanthroline, quinolinol, salicylic acid, acetic acid,

et hyl enedi am netetraacetic acid (EDTA), cycl ohexanedi am netetraacetic
acid 16 - (CYDTA), alanine, arginine, triethanolam ne (TEA),

gl ycerol, histidine, acetylacetonate, guanidine, nitrilotriacetic

acid (NTA), citr4.c acTik RethddesE claims 1 or 2 wherein the naphtha has an olefin
content from about 5 wt.% to about 60 wt.%, nitrogen content of from about 5
ppmw to about 500 ppmw and sulfur content from about 300 ppmw to about
7000 ppmw, based on naphtha.

S. The method of claims 1 or 2 wherein the silica support contains

at least about 90 wt.% silica.

0. The method of claims 1 or 2 wherein the amounts of cobalt salt
and molybdenum salt are sufficient to provide a catalyst support containing
from about 2 wt.% to about 8 wt.% cobalt oxide and about 8 wt.% to about 30

wt.% molybdenum oxide, based on silica support.

7. The methods of claims 1 or 2 wherein the organic additive

contains exygen atoms, nitrogen atoms or both,

8. The methods of claims 1 or 2 wherein the organic additive is an

organic ligand.

9. The method of claim 8 wherein the organic ligand is a mono-

dentate, bi-dentate or poly-dentate ligand.

10. The method of claim 9 wherein the organic ligand is at least one

carboxylic acid, polyol, amino acid, amine, amide, amino alcohol, ketone or

" ester.

11. The method of cla1m 10 wherein the organic ligand is at least one
of phenanthroline, quinolirol, sahcyhc acid, acetic acid,

ethylenediaminetetraacetic acid (EDTA), cyclohexanediaminetetraacetic acid



12. The method of clains 1 or 2 wherein the organic additive is a
met al di spersion aid. 13. The method of clains 1 or 2 wherein
the catal yst precursor is dried at tenperatures of from about 50C to
about 200C. 14. The method of clains 1 or 2 wherein sulfiding of
catal yst precursor may be in-situ or ex-situ in the presence of at

| east one sul fiding agent. 15. The method of claim 14 wherein
the sulfiding agent is hydrogen sulfide at concentrations of from
about 0.1 vol.%to about 10 vol.% basedl®n total volume of gases
present. 16. The met hod of claim 2 wherein hydrodesul furizing
conditions include tenperatures of from about 150C to about 400C,
pressures dCYPdd)adleninedaginioatricthanobinhing 3880 shRefod phiggaiégoo
psig), |i qugcgpng&gé Engace.kg\éel oGi ti es of fromabout 0.1 to about 1
and hydrogen ©rea ﬁg/ % Flapiding,nitrilatriacelic acidd NI higitric aghbort uig0
n8/ nB. (500 to 5000 scf/B). 17. The method of clains 1 6.2 -

wherein the dri egt catal yst precursor or sulfided catalyst is not
heated to tenperlgt ur dhegnethodroficheimsabon2 Wh@ssn phé orgahie sddifivélisng or

use for BDSnetal dispersion aid.

13..  The method of claims 1 or 2 wherein the catalyst precursor is
dried at temperatures of from about 50°C to about 200°C,

14."  The method of claims 1 or 2 wherein sulfiding of catalyst

precursor may be in-situ or ex-situ in the presence of at least one sulfiding

agent.

| 15, The method of claim 14 wherein the sulfiding agent is hydrogen
sulfide at concentrations of from about 0.1 vol.% to about 10 vol.%, based on

total volume of gases present.

16, The method of claim 2 wherein hydrodesulfurizing conditions
include tempergtures of from about 150°C to about 400°C, pressures of from
about 445 kPa to about 13890 kPa (50 t0'2000 psig), liquid hourly space
velocities of from about 0.1 to about 12 and hydrogen treat gas rates of from
about 89 m*/m? to about 890 m*m? (500 to 5000 scE/B).

'17. The method of claims 1 or 2 wherein the dried catalyst precursor
or sul,ﬁded catalyst is not heated to temperatures greater than about 300°C prior
to sulfiding or use for HDS.



