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FI ELD OF THE | NVENTI ON [ 0001] This invention rel ates
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nmet hod for preparing said catalyst and to a nethod for
hydr odesul furi zi ng napht ha using said catal yst. Mre
particularly, the catal yst conprises a Co/ Mo netal
hydr ogenati on conponent on a silica support having a
defined pore size distribution and at | east one
organi c additive. The catal yst has high
dehydrosul phurisation activity and mnimal olefin
saturati on when used to hydrodesul furize napht ha.
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BACKGROUND OF THE INVENTION

[0002] Environmental regulations mandate the lowering of sulfur levels in
motor gasoline (mogas). For example, it is expected that regulations 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 mogas 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 level. As a result, techniques are required that
reduce the sulfur in cat naphthas while at the same time minimizing the

reduction 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



hydrotreating process. Selective hydrotreating

processes have recently been devel oped to avoid such
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achieving a high degree of HDS, there is still a need
to inprove the selectivity of the catalyst systemto
[0005] t héne eceantlyt Hevelopedanethodl eof iHDSaisuB&¥ANfining which is a

process developed by Exxon Mobil Corporation. SCANfining is described in
National 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. Typical SCANfining conditions include one and two-
stage processes for hydrodesulfurizing a naphtha feedstock. The feedstock is
contacted with a hydrodesulfurization catalyst comprised of about 1 wt.% to
about 10 wt.% MoQj;; 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 200;2\;.

[0006] Even though SCANfining controls the degree of olefin saturation
while achieving a high degree of HDS, there is still a need to improve the
selectivity of the catalyst system to further reduce the degree of olefin saturation
thereby further minimizing octane number loss whilst at the same time achieving

a high hydrodesulfurisation activity.



thereby further mnim zing octane nunber | oss whil st
at the sane tine achieving a hiah hvdrodesul furisation
W@ea070844y1 SUMVARY OF THE | NVENTI ON [ 0007] Thi SPCT/US2007/001063
invention relates to a catal yst for hydrodesul ruri zi ng
naphtha, to a nethod for preparing said catal yst and
to a nethod for hydrodesul furizing naphtha using said
catal yst. One enbodinment relates to a nethod for
maki ng a catal yst for the hydrodesul furisation (HDS)
of naphtha, the nethod conprising: (i) inpregnating a
silica support that has a silica content of at |east
about 85 wt.% based on silica, and has a pore vol une
SUPEVIYERY 6TH B INVENXFON about 2.0 cc/g, and median
pore SrzZes in € range of about 15gA to 2000A with
(a) an aqueous solution of a cobalt salt, (b) an

00§ ° o Bis iR Rl Ep FRaRE T SRR sz ity o 2
metdbd! £AS préff ke RMNGtA9seahadtd r0mdtA8d IfRURydrodesulfurizing
consi sting of 'Conpounds” conprising at |east two

naphifor vsipg sgtn@@pmlastd Qneenmxndimenirelates f@n@l nnenéod for making a

cataé?%tcﬁé?r Tt B freesnny R BPAD Bt ek B nEThGY Egmprising

enpger at Hﬁﬁre%fnahﬁgsa R alpore 8eli0kad @ siREANcantbik &F at least

catal yst precursor; and (iii) optionally sulfiding the
about |8édW©&6,abq®d on silinas and lmsmup@e@ viohame thesween edpout 0.6 cc/g

T e o P

with €fa§r i hqu@oas Jdngrish rdfCh sutRpaGak! ¢p) %05&§§ousTb6lutlon of a
i npf egnat’ion of the Co salt, the Mo salt and t

mokybdanum aalti and/é¢spt leasy ane e@eganic radditive,t ﬁfad @mmc additive
COI’]SGCUt ve ste in var nbi nati on

comifiiGE] e EaTiarSt BHER 0P Eedo BNl S ouh Fotigting of
coﬂﬁtﬁmd@vcediﬁpﬂgmtglwemIt%qasyd}ewl gﬂ)dﬂaearﬂrm@scsarwﬁ atoms, and

maki ng the dried catal yst ‘precursor i n unsul fi ded
the {poly)ethsrs of theise cotmpounds, to form a catalyst precursor;

(ii)  drying the catalyst precursor at a temperature of less than about
350°C to form a dried catalyst precursor; and

(iii)  optionally sulfiding the dried catalyst precursor, provided that the
dried catalyst precursor or catalyst is not calcined prior to sulfiding or use for
HDS.
[0008) This method is referred to as the direct preparation process. The
impregn(ation of the Co salt, the Mo salt and the organic additive(s), may be done
in more than one consecutive 'step in various order and combinations. The dried
catalyst precursor is “optionally” sulfided. The invention thus relates both to the
process for making the dried catalyst precursor in unsulfided form, as this is the
form in which the catalyst is usually made commercially available, but also to
the process for making a catalyst in its active sulfided form. The expression
“catalyst precursor” as used throughout the description is used to refer to a

catalyst in unsulfided form, as sulfidation is typically performed before use in
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comercially avail able, but also to the process for
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expression "catal yst precursor” as used throughout the

description is used to refer to a catalyst in

unsul fided form as sulfidation is typically perforned

bef ore use i nHDS. Use of this expression however does

not exclude the fact that the unsulfided formof the

catalyst al so has catalytic properties. [0009] In
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second drled cataly recursor _is not calcined prior
orgapicsadditige nieorgans adjﬁtlve comprising at least one compound selected
from the group consisting of compounds comprising at least two hydroxyl
groups and 2-20 carbon atoms, and the (poly)ethers of these compounds, to
form a second catalyst precursor;
(iv)  optionally drying’: the second catalyst precursor at a temperature of
less than about 350°C to form a second dried catalyst precursor and
(v)  optionally sulfiding the second catalyst precursor, provided that

the second dried catalyst precursor is not calcined prior to sulfiding or use for
HDS. |

[0010] This method is referred to as the post-impregnation or activation
process because the impregnation with the additives may be applied to any
commercially available or prepared catalyst not comprising an additive and that

has not yet been sulphided.



HDS. [0010] This nethod is referred to as the
post -i npregnati on or activation process because the
wo ppregrati on with the additives nmay be appli eRPCT/OSBENY001063
commercially avail abl e or pfepared catal yst not
conprising an additive and that has not yet been
sul phi ded. [0011] In yet another enbodi nent, the
invention relates to a nethod for maki ng a catal yst
for the hydrodesul rurisation (HDS) of naphtha, the
met hod conprising: (i) regenerating a spent catal yst
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aplpl ied to a regenerated (spent) catal yst

precursor;

(iii) optionally drying the catalyst precursor at a temperature of less
than about 350°C to form a dried catalyst precursor; and

(iv)  optionally sulfiding the dried catalyst precursor, provided that the
dried catalyst precursor or catalyst is not calcined prior to sulfiding or use for
HDS.
[0012] This method is referred to as the reactivation process because the
impregnation with the additives may be applied to a regenerated (spent) catalyst
for the hydrodesuifurisation (HDS) of naphtha as specified, most preferably a
catalyst that before use in HDS had been prepared with the method according to

the present invention.

[0013] In another embodiment, the invention relates to a catalyst comprising
a silica support that has a silica content of at least about 85 wt.%, based on silica,
and has a pore volume between about 0.6 cc/g and about 2.0 cc/g, and median
pore sizes in the range of about 150A to 20004, said silica support having
impregnated therein a cobalt salit, ai molybdenum' salt and at least one organic -

additive, said organic additive comprising at least one compound selected from



for the hydrodesul furisation (HDS) of naphtha as
specified, nost preferably a catal yst that before use
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the present invention. [0018] |In another enbodi nent,

the invention relates to a catal yst conprising a

silica support that has a silica content of at |east
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BRI EF DESCRI PTI ON OF THE FI GURES [0017] Figure 1 is a

graph showing the HDS activity (ICHDS) a s function of
[0016] The catalyst of the invention, when used for the HDS of a naphtha,

shows improved selectivity towards olefin saturation while maintaining a high
level of HDS of the naphtha feed.

BRIEF DESCRIPTION OF THE FIGURES
[0017]  Figure 1 is a graph showing the HDS activity (kyps) as a function of

the amount (wt%) of organic additive for different additives compared to an

alumina supported catalyst.

DETAILED DESCRIPTION OF THE INVENTION

[0018] The term "naphtha" refers to the middle boiling range hydrocarbon
fraction or fractions that are major components of gasoline, while the term "FCC
naphtha" refers to preferred naphtha that has been produced by the well known

process of fluid catalytic cracking. Naphtha’s having a middle boiling range are



the amount (W% of organic additive for different

addi tives conpared to an alum na supported catal yst.
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the well known process of fluid catalytic cracking.

Napht ha's having a rri ddI e boiling range arethose

o3RRI 0B T L BRI BSR  L p 222°
(50 ptroe 38 9"1% aP rann%rsﬁﬁéch fprr@{@u@@ Opfefeddbly OfrahP dbod® 2ACC (0 about
Produci ng naphtha in _an FCC process wi t hout

221&@d(e’to hydﬁi@"@ﬁ r Bsoducing maghtlepinhan t proceed avitheutyadded

hycgpgeiherdiscets madihadtany ESRureRahigngs cHagnSHgy Admatics.
Oth%P'Ha?h@he[seE@éH %€ Yedh %a&é&%pﬁﬁﬁhﬁ{abocﬂfd ebk& RhpMihas may also
ol efi ni ¢ napht has have ol efin contents of at

contaaas‘elaibmlly %gMo%erattl@nablﬁﬂleﬁOS wLyica) adedinisnapighas have

olefi sipteras qf Mabrbdit s B Fh b rahsl BonE 80k Ry th weieht

of tﬂ@qwﬁhm&) OprREEMAb PR SJw%eco%cﬁhtww%esmammems from

trogen contents from about 5 ppnw to about 500
abopp 390 mwmmom&@@ pbmvef based omphr weigldl @f thesnaphtha; and

nitrpER {Aonkg ESPELLL i HoaY 6 FhpiC SPOPRoR Rt EBER 4 eien

of @cthh ﬁndoﬁéﬁ’ﬁ@ﬁdc‘}ﬁd@'bg ehi @R G18N8s, YRR olefins, dlenes and
conponents, ol efinic naphtha general |y exhibits hi gher

cycliednairobadoods rvitlo olecfunaneievdmes Blsaaustoelsfins and aromatics are
drocracke na ht ha. .efinic nap ht h
highy G @hP| JumOgh SR BHIuA haRIRY BEFTANKGeXhibits bigher
res&ﬁ@ﬂaéﬂh OhBEsr GEeEREUIARes GRRRCHS Y [ya%éfd&k@&rwhﬂwg While
d nitrogen-containing conpounds. [00191 The catal yst

o]ef inic héshthes end typécal bninighl 1n<n‘leﬁuICbmenM thlepyrmny aido contain other
ol efi n satur.ati onl(ﬁf_lrom an .ol efi htha.is a silica

co % eapeciplly putfug- qeptainiog ii%rogeg containing compounds.

[0019] The catalyst for the selective removal of sulfur with minimal olefin
saturation from an olefinic naphtha is a silica supported catalyst that has been
impregnated with (a) a cobalt salt, (b) a molybdenum salt, and (c) at least one
organic additive. The silica support contains at least about 85 wt.% silica, based
on silica support, preferably at least about 90 wt.% silica, especially at least
about 95 wt.% silica. Examples of silica supports include silica, MCM-41,
silica-bonded MCM-41, fumed silica, metal oxide modified siliceous supports

and diatomaceous earth.

[0020] The silica support has a pore volume between about 0.6 cm’/g and
about 2.0 cm’/g, preferably between about 0.8 cm’/g and about 1.0 cm’/g, as
determined by mercury intrusion porosimetry, according to the ASTM D4284-03

method. Also. the silica support has median pore sizes (median pore diameters)



i npregnated with (a) a cobalt salt, (b) a nol ybdenum
salt, and (c) at |east one organic additive. The
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based on silica support, pr&ferably at |east about 90
Ww.%silica, especially at |east about 95 wt.%silica.
Exanpl es of silica supports include silica, MCM 41,
silica-bonded MCM 41, funed silica, netal oxide

nodi fied siliceous supports and di at omaceous eart h.
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about 1000 Angstronms, nore preferably from about 200
gstrons to about 500 Angstrons, as neasured by
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and 2144 g/mm (120 Ib/in). [0022J In a separate

preferred enbodi nent, the carrier further conprises _ up

{002 1011parSteBawe nesfgired embadiment. thg waraesiysthar Sopyprises up to
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materi al sel ected from pol yvi nyl al cohols, cellul ose,
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alci]%q ?‘Rﬁgﬁ%lc&mig%a?tﬁgﬁl g% g? Fﬁ?%t%ngg%eﬁliuégse gnél ﬂ?droxypropyl
methyl cellulose polymers, colloidal silica, floridin, carbon powder, graphite,
polyoxyethylene, mixed walnut shell or a mixture thereof. In this preferred
embodiment, the silica carrier is conveniently prepared by a method comprising
the steps of (a) shaping particles from a mixture obtained from at least one silica
source, a liquid medium and at least one of the aforementioned polymeric
materials; (b) drying the shaped particles obtained in step (a), preferably at a
temperature of less than 200 °C; and (c) heating the shaped particles to a
temperature in the range of from about 500°C to about 800 °C in the presence of
steam or a mixture of steam and air. Step (c) is conveniently carried out in an
atmosphere containing at least 5 vol. % air or in an atmosphere containing at
least 10 vol. % steam. Also conveniently, the mixture that is shaped in step (a)

is obtained by combining at least one silica powder and at least one silica sol.



pol yoxyet hyl ene, m xed wal nut shell or a mxture

thereof. In this preferred enbodi nent, the silica
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conprising the steps of (a)9shaping particles froma

m xture obtained fromat |east one silica source, a

liquid nmedium and at | east one of the af orenenti oned

polymeric materials; (b) drying the shaped particles
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postul ated that silica supports with [ arge pore sizes

100746 ¢ ToARBRGS A ReDr o€ SheB PRRT 5Tl diso"Be Uoped with

metalty §Firh OGrowhlﬁsad-Jl o FRRINS FatlaVbAredt 68 @WeSTURAC format
selectivity towards olefin saturation while

havirg fitrahps dgl §.hereferably fipnoGretps BoBidc4t dixasnplesrof such metals

incflFB A, ik TSR PP A ER dngl SO byt PR e & o
IncMadks from G oups 2-4 of the Periodic Table based on

the | UPAC format having Groups 1- 18, preferably from
Groups 2 and 4. Exanples of such netals include Zr,

[00%8]( ck T@esog:%baﬁ" ghd %‘8}3 e{rﬁ%&ls?a ﬁshélsg@ELf tlrr]rgﬁg'grtlétgnthe silica

suppehy RESNBE 8@y t5ates BB Iite | IANCOMabRrEIP saitk lig8lugéPesbonates,
may be"any water-soluble salts. Preferred salts

nitrates| bdptamlbbdattee@d Hiet lnlaQ edhermxpressodry Hrkater soldblergobalt and

mo RS BUBN IS e S R BPRES g Tt e BB RO bBEPpmofampounds
thatGh¥PIRBH ML MEBRASN pure water, but are soluble in the aqueous
impregnation solution, for example because of the presence of an acid, for
example cobalt and/or moly’bdenum oxides in combination with an acid. The
amount of salt is such that the silica support will contain from about 2 wt.% to
about 8 wt.%, preferably from gbout 3 wt.% to about 6 wt.% cobalt oxide, based
on catalyst and from about 8 wt.% to about 30 wt.%, preferably from about 10
wt.% to about 25 wt.% molybdenum oxide, based on support.

[0026] The organic additive used for impregnation is at least one compound
selected from the group consisting of compounds comprising at least two
hydroxyl groups and 2-20 carbon atoms, preferably 2-15 carbon atoms and more
preferably 2-10 carbon atoms and the (poly)ethers of these compounds. In
general very good results were found when the organic additive is chosen from

the group consisting of polyhydroxyalkanes or polyhydroxyalkenes comprising



that may not be soluble in pure water, but are soluble

in the aqueous inpregnation solution, for exanple
whewansa7of the presence of an acid, for exanpP€r/tsiyar/o01063

and/ or nol ybdenum oxi des i n0conbi nati on with an acid.

The amount of salt is such that the silica support

will contain fromabout 2 w.%to about 8 wm.%

preferably fromabout 3 wt.%to about 6 wt.% cobalt

oxi de, based on catalyst and fromabout 8 wt.%to

about 30 wt.% preferably fromabout 10 wt. % to about

25 w . %.mo] ybdenum oxi d ased.on sypport. [0026] The
twes B SHATE TRRIR | B B PO PR REod R Jrearbon s dter fhfirory!
grofpHRaYHly S&l Ras8Ws (peRetids PR £oNsi sting of

conpounds conprising at |east two hydroxyl groups and

2-20 carbon atons, preferably 2- 15 carbon atons and

1008 ¢ BEETFIRR ot duitaels” HARRIES TRt iatC plebRRlY fch as
ethy RHBA gWeen ?P&pﬂ%ﬂ@n'gﬁlc%@,di Yo&irl, S tgieaRNof r@fand)e trimethylol

.group~consi sting of pol yhydroxyal kanes or
propang;hatdr Bsheas b ribssecommpiosdg)inedude diethgldnedglyxgl, dipropylene

b and 4 b d |
ety B o e 5BE S duBtbuchd Buieit BGTH G, eBEoL issthytene
glyESRARESen®Y e idIabbIe laﬁ%td'olwﬁ%dml 41686 iR¢1uBb3digethers such as

al cohol's such as” ethyl ene glycol, propylene glycol,
polgethyanien glytaol médthgt sithenshavhach tarensuitable| fogr egsane, the present

. etc. Ethers of these conpounds include diethylepe

invEiGon, | indiie o uRESy SBaP! | pionatyf el | BifihTiene glycol

mohbhRitM! ftigerg! Mmh?/lehéi t%qwdler}ﬁosbacﬁs;l , eftel,r aftiiIene glycol
gl ycol’, tetrapentyl ene glycol. These conpounds al'so

monpptapdé gttty anide dictbyleneaglygol yeenshudyik etieyc 621 thasheethylene

et her.s ich are suitabl.e for. use in the present
elyEol et e drrafat gyeef Sactiidicaie, propiyiene
glygb]?tdl%ﬁcﬁi%el% @%olmqﬁbmthﬂkh@rglyamemm Nghdbyveiat weight
nonoet hyl” et her’, di et hyl ene gl ycol nonopropyl ether,
betwiedn @i08tand eHkarg grsdtrrednobut yl ether. O these,
et hyl ene gl ycol, diethylene glycol, triethylene
gl ycol, tetraethylene glycol, proplylene
[0028]  Another group of compounds comprising at least two hydroxyl groups

and 2-10 carbon atoms per molecule are the saccharides. Preferred saccharides
include monosaccharides such as glucose and fructose. Ethers thereof include
disaccharides such as lactose, maltose, and saccharose. Polyethers of these
compounds include the polysaccharides. The organic compounds of this group
are preferably substantially. saturated, as is evidenced by an lodine number of

less than 60, preferably less than 20.

[0029] In an even more preferred embodiment, the compound comprising two
hydroxyl groups and having 2-20 carbon atoms, preferably 2-15 carbon atoms
and more preferably 2-10 carbon atoms, further comprises at least one secondary
amine group. Preferably, the at least 2 hydroxyl groups are separated from the
secondary amine group by 1 or more carbon atoms, preferably by 2 to 4 carbon

atoms.



gl ycol, dipropylene glycol, and pol yethyl ene glyco
with a nol ecul ar wei ght between 200 and 600 are
wee@oes4ed. [ 0028] Anot her group of conpounds PCT/US2007/001063
conprising at |east two hydtoxyl groups and 2-10
carbon atons per nolecule are the sacchari des.
Preferred saccharides include nonosaccharides such as
gl ucose and fructose. Ethers thereof include
di saccharides such as | actose, naltose, and
saccharose. Polyethers of these conpounds include the
pol ysacchari des. The organi ¢ conpounds of this group
are preferably substantially saturated, as is
[0080] de'lﬁ n@b’ala\fé QHoderdu b aueref fdu%@l&vh@@"l!h@%‘rgamc additive is
preferably less than 20. [0029] In an even nore
chopere flfeomethee gtyoyh nmwtmg]e)fcm‘mMaw @onipes sompnisipg alkanol or

otk il olns o3 B AR AL et TR PRABPS o ssihgnolamne or o

dialk8hBRNaMiMNTS OrfeUlofNBe GRRRAtaDRS af ﬂh@aﬁBo@é’rﬁeﬁﬁ&%tﬂé}iﬂéferred
am ne group. Preferably, the at |east 2 hydroxyl

orggmigugdditives stpalcataéwlsm rthah do m@dwq:dﬁneyaédrtmes dg thes the HDS

actiyjigis Tog4ORn PRt iRs % B sdtervty adddtgangw olefin
sattiBBn! hﬁn@fmm&x ﬁ%mlhgvma%t&é@%Mﬂ@@hﬁﬂ&e%@w}ms activity

consi sting of secondary am nes conpri sing al kanol
andahigbnsdlegivgpsanrht pbiaerhdsimgnesgnificaptf , lo@r metal content,

BB AR RILED 8 A S B s
accgléhj%'l%'ﬂbe&l@ﬁ?ferﬁ%ahﬁ"ésa tBalpatebIBOActANE 1618 at rvrvlﬁ:talll content

ives is that the HDS act|V|ty I's véry high
reduegdhbyi afi legsta20vqgpreé&drablyi at tgastrid % emcke masw prefefrably at least

aturation. Another nllmtln advant a iIs that a

40% ZRIIREA RS TE SRR P Ry iE AN can be

obtai ned using a significantly | ower netal content,

maki ng the catal yst considerably | ess expensive. It
[00%15 f&lhmdmdiatranat laﬁttymenaﬁmoamq@ttqf adhditivevamt |thm amount of
hydrogena ioh nietals lfcom fnteldvrlurh un?svg% Co anrgafviao) 1(8:%% rably 0.01:1 to
2.5:1. In view of achieving increased activity, the mole ratio preferably is at least
0.05, more preferably at least 0.1, even more preferably at least 0.2 and most
preferably at least 0.3. At high additive to metal ratios the additional activity
increase is reduced, so the mole ratio of additive to metals is preferably less than
2.5. The amount of additive(s) is at least 3 wt%, preferably at least 5 wt%, more
preferably at least 7 wt% relative to the total weight of the catalyst. Smaller
amount of additives are required for additives that are better in improving the

activity.

[0032] The organic additive preferably has a not too low boiling point,
preferably in the range of 80-500 °C and a good solubility in water, typically of

‘at least 5 grams per liter at room temperature (20 °C) (atmospheric pressure).



reduced by at |east 20% preferably at | east 30% and
nost preferably at | east 40% conpared to the sane

W@ 200algr1 not havi ng said additives. [0031] TheCHUE®07/001063
rati o between the anount ofi2additive and the anmount of
hydr ogenati on netal s (conmbi ned ambunts of Co and M)
is preferably 0.01 :1 to 2.5:1. In view of achieving
i ncreased activity, the nole ratio preferably is at
| east 0.05, nore preferably at |least 0.1, even nore
preferably at | east 0.2 and nost preferably at | east

t. N ddi . gt b |1 | .
00357, A HlpBEabb oL 8 b 4 BeabRE DT TR st
to tREdhdth¥@ alceordihalts thé iveitRynathlay ahgsdryinpsied. ib efféoeed in such
amount of additirve(s) is at least, 3 % preferably at

a mlaeasn that wt deastpert of diecadditiye sempingsin thegadglyst. dilioyeatalyst is

e total ht of t | er t
hent g1t GRS frpenalPncgl B L icat s budlily Hgdive. n
con*séhdéﬁééo’ﬂiéﬂ ﬁr:l"lhg &sHdiNbhy to beGaptlliethg@epur@on Ghademperfure at

preferably has a not too |ow boiling point, preferably

which theespeghige adﬁntsm boﬂs ac mr@pw@dh@, dhe momw gfnthe present

mv%@fﬁf@rtgfeu "aﬁ'?% ?R:)Sh kﬁ%ﬁ%@@. re‘érgc%’f es)u'"“ﬁ1 iHitioRS That at

leadhf S@r% NPregeidly Ot Rast [B9%] d\&aﬁbr@ﬂé@a&!ygatml@ast 70 %, most
additive, it is essential to the method accor di ng t

prefeln@bhynaterhas@n%%apf dhy aiiditivg iscepparstegt igot dy pﬁtabcséhm the

[ hat { ddi
iR B s bpEaEas ol SunlyafaRRbind dRinE TR0t fourse,
it id PRERGRAL tcpllte@% dsh@iudh dRBAVe AREp ST @ ﬁfédb&tlalc?%t duting the
consequence, e drying conditions to be applie

drytegpetap, oput heith ethpem@r‘eolatlla/\mpmpqm@% ;ﬁe@pomlon during the

addi tive boj eco e t he cont ext of
ary R YERCEPROL AT, Y REOBED: e el HERaEe Gy PF Ggrried out
in A unddeyagMeh eondl itn'eﬁngaé hatnérallyedsis alviatageous to have a
preferably at |east 60% nore preferably at |east 70
drybg ntesnpgratirer disllgwatabicstist3 5900 okucie aaddielowe about  300°C,

cor BGRLRS 5, ML SR B B b PEERRTOST,
step. O course,

[0034) In a particularly preferred embodiment the at least one organic
additive further comprises an inorganic acid, an organic acid or a mixture of an
inorganic acid and an organic acid. Inorganic acids are defined as actidic
components which do not contain a carbon atom. Examples of inorganic acids
include HCI, H,SO,, HNO;, H;PO,, (NH,)H,PO, (NH,),HP0;, H;PHO;,
H,P,H,05, and H(GuyPaO@nery). Within the group of inorganic acids, the
phosphorus-containing acids are preferred, since phosphorus in itself can
positively influence the activity of a h‘ydrotreating catalyst. H;POy is particularly

preferred.

[0035] One disadvantage to the use of inorganic acids is that the counterion,
e. g., chloride, sulfate, or nitrate, is incorporated into the catalyst composition. If

the additive impregnation process of the present invention is repeated a number



it is preferred to keep as nuch additive as possible

in the catalyst during the drying step, but with the
woreeg/osalat i | e conmpounds, evaporation during tPEr/ts200Tigp1063

step cannot al ways be avoi déd. The drying step may, e.

g., be carried out in air, under vacuum or in inert

gas. Cenerally, it is advantageous to have a drying

t enperature bel ow about 350C, such as bel ow about

3000C, conveniently bel ow about 250 0C, nost

preferably bel ow about 200 . [0034] In a particularly

of r{ﬁ e ﬁp g{m% &Jh‘%sr}%bieeéﬁ‘rdg&eo?rtﬁé‘& Eoﬁ\‘?t%h‘og\é‘%n the

es an 1 norganit c acl an organi ¢ ac

catadyst %dﬁlﬁés&iﬁ@n OHcﬁﬂe\ré?fO dgpendingdrdl i dafiite WOk cowatedon and
I'norgani c acids are defined as acidic conponents whi ch
on the numb@omﬁaddatmnme@&rm m@m@gsaﬁed ridisyamade not be a

prol?lCI ds 9_{%%'&%1 L ,arﬁzﬁﬁ?—f&%, a%eé:a M@(?ZB }1a\_/e said

dlsa\ﬂ‘%ma%e.t he group of inorganic acids, the
phosphiorus-contai ni ng acids are preferred, si nce

phosphorus in itself can positively influence the

0086k 1 It o ot b A et 8 sept Bk Tiane AR seligeas ippisfined

as auéﬁmﬁf)uh@%&%Flﬁngodtcﬁaétsodé“@érbbhﬂlé QuBLE(CWOHD. The-organic
[ oride, fate, or nitrate, is incorporated into

acut tsegmelﬂx/gtcacbmxm atidrcomprising aidenst ione dasbeedreropprand 1-

ces ent .inventi,on S repea
20 BRI At B, AR b BIE GRS trhBB I B> suitable acias
inclRUk! detip Afid! ResR GEMNUARLIORLId, "malbc Calidl Ysrmic ac:ld glycolic
conposi tion. However, dependrng on the nature of the

acnct;omytdecpxmroarmngn ach iydberyityrddiasidn hﬁp@?@dmﬁn@rc acid,
tarear geich Byt abich BIBRTRE e O RoRkIg: pRIGa gy Bolyacrylic
acidll 59&%91@ agR1, hRQ3RLcditatniey CRMENIkOEDIA rarneseleTA (1,2,-

Specification, an organic acid is defined as a
cyctxdrqxanc@iannnprertm-mcgetm dadst cone Withbox (his c gyowpp compounds
he or
congprlsm& at least tw cargoxyllcu groups are preferred. For combined costs and
activity, citric acid, malic acid, maleic acid, malonic acid, and tartaric acid are

preferred. Citric acid is particularly preferred.

[0037] In a preferred embodiment the at least one organic additive comprises
an organic acid and at least one compound selected from the group consisting of
polyhydroxyalkanes or polyhydroxyalkenes comprising 2 or more hydroxyl
groups and between 1 and 4 carbon atoms per hydroxyl group, polycondensates
thereof and secondary amines comprising alkanol or alkenol groups and

polycondensates thereof.

[0038] The acid and the additive may be incorporated into the catalyst
simultaneously or sequentially in: no particular order. An advantage of
incorporating the acid and the additive into the catalyst in separate steps may be

that the properties of the impregnation solutions may be tailored to meet the



acid is generally a carboxylic acid conprising at
| east one carboxyl group and 1- 20 carbon atons

w@ carbepr7at ons i n the carboxyl group included)PCT/US2007/001063
Sui tabl e acids include acetléc acid, citric acid, malic
acid, maleic acid, formc acid, glycolic acid,
hydr oxypr opi oni ¢ aci d, hydroxybutyric acid,
hydr oxyhexanoi ¢ acid, tartaric acid, glyceric acid,
gl uconic acid, oxalic acid, malonic acid, polyacrylic
acid, ascorbic acid, and N-containing acids |ike EDTA

d QyDTA (1,2, - | oh iani . - Ty
rea §PemSYP b ot B AR RNE RRURREUERY Tof o i ffciency,
it it VPref@rEPX lcbtact @PSuppErtPHaTE Y QhglEOImpRHiatiof solution

costs and activity, citric acid, malic acid, maleic |
congrising tretiothe acidi and dreladditivar optigoally dpHopredf ey paging step

itrig acid is rticularly. preferred. 0344, | "
andffires SYIE SiFBoBRGIEnFUTH onfit Oé’a?s&‘abr?g ‘85%5@@ ghidfe apditives
remafiPhi hETadflyfr gani ¢ acid and at |east one conmpound
sel ected fromthe group consisting o f

pol yhydr oxyal kanes or pol yhydroxyal kenes conpri sing 2

nog.e. hydr ox roups and hetween 1 and carb
100881, SHisH SHbts, Fech Sers Enpisry bR amsaRg SofuERsg Grand Mo
saltS SR A 6Nv TS 16MMGLSS. NarHRl kenekt 8he alk@AR) addi®VBSmay be
and pol ycondensates thereof. [0038] The acid and the

added do tineerrhmth ne the agusonsa seliitiont of ChansialMig salts prior to contact

. Siul taneously or sequenti.al ly i.n;.no particular ...
Wlt@ rtgg s 1%1?889%% aQS eo?[qbﬁgb"flﬁ%tr £on Hapfﬁ%agf@%dh}fn gilicgesupport
withdgbthl ¥8: idb9 thBeneRfishyWetrddds $RARDA! EnSihe ndtA¥dPEn aqueous
that the Droderties of the inpregnation solutions may
solteort edntoirdug octakbealts hed evganie additiveols mhnedavith thegupport up

he additive.. Nevertheless, for reasan f.efficiency, .

to the RGP piea Pirgt Sure SR EURRRTL apifusss g | e niques
that ?}éeg&@t HAbwWR! Wi e CRIPsT ShytfopRidesiing aatdlysnchreparation,

additive, optionally followed by an agi ng step and/ or
marufictiregarst ege.under such conditions that at |east 50%

of the additives remains in the catal yst.
[0040]  An alternative 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
using incipient wetness, drying the impregnated support and then impregnating
the dried support with a molybdenum salt solution or a molybdenum salt
solution up to the point of incipient wetness, wherein the Co and/or the Mo salt
solution contain some or all of the organic additive(s). In another embodiment,
the order of impregnation by cobalt salt followed by molybdenum salt may be
reversed. In yet another embodiment, the support may be co-impregnated with a
mixture of cobalt salt and molybdenum salt plus organic additive to incipient
wetness. The co-impregnated support may be dried and the co-impregnation

process repeated.



[0039] Silica supports are inpregnated with aqueous
solutions of Co and Mo salts using conventiona

wo edhisgoes. The at | east one organi c additi vePOEHYS1967/001063
added to one or both of thdSaqueous solution of Co and
Mo salts prior to contact with the silica support. One
enbodi nent for inpregnating the silica support with
netal salt is by the incipient wetness nethod. In this
met hod, an aqueous sol ution containing netal salts and
organic additive is mxed with the support up to the

i nt _of incipient ness usin 0 nti onal
(008EL 1 18 yst ARbsF TS RRGT AF REEES §50KA fikBort,is jmpregnated
with fhenﬁ&tu&fomé@lwl@rs%e&ﬁbg@d%aha{ ¥alk dHERMs At oftditive and the

manuf acture, and use 0J An alternative manner of

impregmasgd atpport eriedn el lsis Itte@ém%b puytbesepesateal if sigbireday
be by inpregnating the silica support with a mxture
of a cobalt salt and using incipient wetness, drying

[oowp | TRRRY %ﬁbﬁf&%@@@dh@iﬂdtﬂéﬂmchmbﬁsﬁaﬁsl lﬁqaﬂegﬁated with an

dried support with a nol ybdenum salt solution or
aqunohsy bollkertiom cfhia cobalt laaltcamduepl aquetus tmiuhon@ff a mlplp@num salt,
ess

d/ t.h | uti
o LGRS St PRI T FRE i BTGRP SIS (DR o vt catalyst

preé\ﬂgbper TRt 'Eﬁfhtlystt cﬁféiﬁrlsoﬁné&pﬁﬁ&rlﬁﬁ'é?cnléé?ét one organic
cobal t salt foll owed by nol ybdenum'salt nay be

addrtevm s thdm imptegmattchen Brebbdstndried dakadystuppasurserato form a
be nated with a m xture of cobalt salt and
Sec?r'i‘)‘li @é%rﬂr A%l us organic additive to incipient
wet ness. The co-i npregnated support may be dried and
the co-inpregnation process repeated.[0041] In yet
[0043Dbt hdn alhilocliabewe enabodirmantsiethesotgane: sdgivret may be a single

addyif SEaPD PG AT G AT ARE PR EHER Y SpOriEes may
be fygeﬁﬂéd ddesalt iS5 TP RbcERYUrPEo hERRIE8He idesHB8Ih&@I and additive
In yet anot her enbodi nent, the silica support

loacﬂmglsnp%ﬁgmanmgwatlhn,almeeaq@m dgyjhgtarg wapfiedogbbttemperatures
in t?lel }an%rédfr%pn 286G 50° éqclougll)gu %0\% 5?(5 Y’E‘E'%%Pér%@f)} below about
300°C, to form a dried catalyst precursor. The drying may be under vacuum, or
in air, or inert gas such as nitrogen. The conditions of temperature applied are

typically chosen to allow drying while minimizing additive loss by evaporation.

[0044]  As indicated before, it is important that at least a part of the organic
additives impregnated in the catalyst remain in the catalyst before the catalyst is
used in a catalytic process. For this reason, the catalyst is not heated to
temperatures greater than about 350°C before catalytic use. However, due to
catalyst deactivation during ‘@ its catalytic use, the catalyst will require
regeneration. Catalyst regeneration can be carried out by any method known to
those skilled in art. For the catalysts according to the invention preferred
regeneration conditiohs consist of contacting the spent catalyst with oxygen

containing gas at temperatures below about 350°C, preferably below about



or a solution of a cobalt salt and a nol ybdenum sal t

to forma first catal yst precursor. The first catal yst
w@e@cosaor i s dried, and the at | east one or gaPCT'US2007/001063

additives are then inpregndéed on the first dried

catal yst precursor to forma second catal yst

precursor. [0043] In all the above enbodi nents, the

organic additive may be a single additive or nay be a

m xture of additives, and the inpregnati on sequences

may be repeated several tinmes if necessary to achieve

the desire al . t4 i
325 G PRSP OO ey e G, B8 R85 prasRlbly glow about
300t€NPEHAL kR B etatidnh erhpergturk rienmyapheully oh0Ser asadbouias possible,
about 350 0C, preferably bel ow about 3000C, to forma

whilr iaveidingalong regencuatien timpe JdReBARErAHPNblenpriatures ranging
v oL ., hR~ai r, aor.inert u as, ni_traogen.. the

fron GG 5habFCHishysRaY AEh Lo lRRL B Pef pet biRERAte
to allow drying while mnimzing additive |oss by
evaporation. [0044] As indicated before, it is :

[0045Fipor Unfortunatelnt regenenatign panditgdns ean semgtimes lead to removal

addi tives, inpregnated in.the, gatal yst remidn in th
of fiteh e Fohethr & (RS Py AIfivESHE TNy A8t TRl catalyst
perforRaaes. Ti phdieht iATRIdn thie L& aMESs foSa ARthbe@Fbeaking a
to tenperatures greater than about 3500C before

catadystaly whichespanwaialyst that has bean supmittad de regendration is re-

. during,i |yt ] h al i || ir.
S R ) 2, SR bt ok BBt co amy
of thY afdPémiBitiR diRpreghftidhesehadd. | led in art. For the

catal ysts according to the invention preferred
regeneration conditions consist of contacting the

100780 pe 8t s R ot B OBE, PsPeiiei Ay e plip relates 1o
metaea%smingtee{ atRIy&l E6rahle)h RIRb @V ARG HatiBAIEIDSY ofaphtha, the

preferably ow about 3000C. The regeneration
methedppmmaptisiag: s(i} yggenstdtingchopent catalysthcarsppisig disdica support

£ R S O SEASHLE 5 4 ot BREPEE il ore
voleevRitveeh dudut ONee6/gt MiEsb&Alt £681d)Y Sirki median pore sizes in the
range of about 150A to 2000A, into which a cobalt salt and a molybdenum salt
have been impregnated, to form a regenerated catalyst, (ii) impregnating the
regenerated catalyst with at least one organic additive, said organic additive
comprising at least one compound selected from the group consisting of
compounds comprising at least two hydroxy! groups and 2-20 carbon atoms, and
the (poly)ethers of these compounds, to form a catalyst precursor; (iii) drying the
catalyst precursor at a temperatureiof less than about 350°C to form a dried
catalyst precursor; and (iv) optionally sulfiding the dried catalyst precursor,
provided that the dried catalyst precursor or catalyst is not calcined prior to
sulfiding or use for HDS. In this embodiment, the spent catalyst does not
necessarily need to have been i;mpregnated with the at least one organic additive

before catalytic use, but preferably also is a catalyst according to the invention.



(0045] Unfortunately, regeneration conditions can

sonetinmes |lead to renoval of nost if not all of the
woe@ansa7addi ti ve necessary for optinmal catal yReT/US2007/001063

performance. The present invention thus also relates

to a nethod for making a catalyst, in which a spent

catal yst that has been submtted to regeneration is

rei npregnated with the at | east one organic additive,

or even re-submtted to any of the aforenentioned

i npregnati on nethods. [0046] In a separate enbodinent,

 nvent.i

pr.esent l.sq,rel ate oh©
(ool haSs BrbyighYGT haitefial b orRlsBlioh? iy JHhT htiiffys) that are
par@ulRAP iRl A9 ByARS DA ROIFRIHS ALy {d )Fbegaaleroatalmc aise, the
spent " catal yst Conprising a silica support that has a
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(iv) optionally sulfiding the dried catalyst

amcpmrets uxfstmdromm\suhfectb mhagitbet wredd bpethis apay yxtenﬁrté@ dhgerequired
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t 0047 | d
2 ROy GhEROTppt 81 taliredy JFRELA R A5 18 ParEER figh phout 150°C
to dbfeh uﬂOOaé Eﬁsfgfe‘i’gﬁﬁ%l;dﬂt' FAPCOR sl ¥83°C. FaheSiéekperature may

catal ytic
be held constant or may be ramped up by starting at a lower temperature and

increasing the temperature durl‘ng activation. Total pressure is in the range up to
about 5000 psig (34576 kPa), preferably about 0 psig to about 5000 psig (101 to
34576 kPa), more preferably about 50 psig to about 2500 psig (446 to 17338
kPa). If a liquid carrier is present, the liquid hourly space velocity (LHSV) is
from about 0.1 hr! to about 12 hr”', preferably about 0.1 hr™' to about 5 hr'. The
LHSV pertains to continuous mode. However, activation may also be done in
batch mode. Total gas rates may be from about 89 m’/m’ to about 890 m*/m’
(500 to 5000 scf/B).

[0048] Catalyst sulfiding may occur either in situ or ex situ. Sulfiding may
occur by contacting the catalyst with a sulfiding agent, and can take place with

either a liquid or gas phase sulfiding agent. Alternatively, the catalyst may be



dried catal yst precursors typically undergo a

sul furization step before catal ytic use. Wen such
w@eiof7is44zation is carried out, the dried cat al BSI/US2007/001063

precursor is treated with H§drogen sul fide at

concentrations of fromabout 0.1 vol.%to about 10

vol . % based on total volune of gases present, for a

period of time and at a tenperature sufficient to

convert netal oxide, netal salt or netal conplex to

the corresponding sulfide in order to formthe HDS

catalyst. T Qgen Ifi . Q.
preg i3 apohdBat HRRaTF P hebstrd Brrigh PFAGE, o 2iiaflid phase
sulf@dlﬁ Ué@&ﬁ thd d&ﬂal?ﬁb&ﬁlHéeﬁuﬁl,ﬁdeﬁelsSUblﬁﬂadtaaigvﬁgemt chier liquid
ined with a diluent. For exanpl e, di net hyl

conbhlsmgf belfiding agsntonbhacalfiding agenipmanabeia to the carrier
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preferably about 160Q0C to about 3430C. The tenperature
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corﬁQﬁH{f lﬁeé}és apAbIRf 6f 3BharaBiReWydogeM sulflidd, Cinkhadihg Eialxphatlc

pertal ns to continuous node. However,
aropaticveand loztermmy clicsontgoutsise i n bat ch node. Total gas
rates may be from about 89 nB/rn3 to about 890 nB/rn3
(500 to 5000 scf/B).

[0049] 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 about 12 and freat gas rates of from about 89 m’/m® to about 890
m>/m> (500 to 5000 scf/B). After hydrodesulfurization, the desulfurized naphtha
can be conducted away for storage or 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.

[0050] Selected embodiments, including preferred embodiments, are

illustrated in the following examples.



[0048] Catal yst sulfiding may occur either in situ or

ex situ. Sulf ding nmay occur by contacting the
w@2malogsr1i with a sul fiding agent, and can t akeP@I/a8®07/001063

with either a liquid or gad9phase sul fiding agent.

Al ternatively, the catalyst may bepresul furized such

that H2S may be generated during sulfiding. In a

i quid phase sulfiding agent, the catal yst to be sulf

ded is contacted with a carrier |iquid containing

sul fiding agent. The sul fiding agent may be added to

the carrier |IClUId or the carrier liquid itself may be
M—EM@QQ@MM carrier liquid is preferably a

virgi n hydrocarbon stream and nmay be the feedstock to

be contacted with the hydroprocessing catalyst but ma
[005115] any ilitrosaponh as gaepared usisg a8CU|V$tP/ﬁIU§rQSIUéfN3§ SIOz

o Gl RSP BT DB SEPAIER 1 B based n
the ab gen%%@@ﬁ@u bt fher@Yathfed a08800C. rhase silicandblees were

rati ng hydrogen sul fide under activation
mlxcdnuhgethmswﬁﬁxﬁnwt%spolrycfllmMeah:phpb@B’N'Ps)tjbfi$€tﬂe on the dry silica

. car bonyl i de |sulf | fides such
i WHg ars G IRBibg, 07 By 2e ol an SiCh st B 5E Fith water
to fghﬁLﬁﬁ hcﬂf@oﬁ%hﬂ%ﬂ sAlidiRRsl %w!ﬁ@r %s added as required to form an
di -t-nonyl polysul fide. The sulfides present in certain
extrfuelaﬂk.‘, nmlxgure p’Eher ohisumef eetss extrageddo frnsul Bi dimgquadrulobe

ent nd | ncl ude a ety.of .sul furcon n
pardilge: T8° expins S Srtg iRt ATy i gl J i oa R el support
was BailcHEd Gt abm&@th &n eawmmeqnaﬁdzmwe QG¥dthi @& air for about 1

compounds. [0049] Follow ng sul fiding, the catalyst
houmay be contacted w th napht ha under hydrodesul furizing
conditions. ' Hydrodesul furizing conditions include
tenperatures of from about 1500C to about 4000C ,
[0092]988 GfRScaphly st wﬁpabpﬁéd 44etd Paré QoAb B8P inkg’as Rhsured
p3|gy l'i"quid hourly space velocities of from
by mmryommsmrapommmnan dicpo@hng dgashe ABSETMID 428403 method,

about 89 /rrB t1 afbgg(ﬁ E 0 _mvnB8_ (500. 1to 5000 s M %O i
asSRE ah%ﬂ% WA'F 3, R e 3R z"e"b“%&p IHmentics
Auto®drOaVC 9500 GhSFuReay, §{ BEPIQRRGe Aealdl gbeah’/g, a median pore

processi ng, such as strlpplng to

diameter as calculated from the aforementioned mercury intrusion volume

measurements of 445 A, and a crush strength of 72 1b/in.
’

[0053] A CoMo-CA solution was prepared using 30.9 g CoCO; (44.5 wt%
Co), 70.0 g MoO; and 24.7 g citric acid. The volume was adjusted to 300 g
MoQOs/1. 75 g of the prepared silica support was impregnated using the incipient
wetness method so that the product would contain 20 wt% MoO3; and 5 wt%
CoO based on the dry weight of the catalyst after treatment at 600°C. An aliquot
of 66.7 ml of the prepared metal solution was diluted with 9.7 ml water to equal
105% of the pore volume of the substrate. The impregnated catalyst was aged for
1 hr. The catalyst was dried to a product temperature of 50°C using dry air of 90
°C. The final product was removed from the vessel and stored in a closed vessel

under air. This catalyst sample will further be denoted as catalyst A.



remove hydrogen sul fide. The desulfurized naphtha is
useful for blending with other naphtha boiling-range
whyarogarbons to make nogas. [0050] Sel ected PCT/US2007/001063
enbodi nents, including pref2rred enbodi nents, are
illustrated in the foll ow ng exanpl es. Exanple 1
(conparative) [0051] A silica support was prepared
using 80 wt% U trasil VN3SP Si Q2 powder and 20 wt %
Nyacol 2034 DI aqueous colloidal silica sol, both
based on the dry weight of the support after treatnent
at 6000C. These silica sources were m xed toget her
with 4 wt % pol yvi nyl al cohol (PVA) based on the dry

[0054]' | CA FixedWeBcioh tdldneGvad lsddud @fith78reSgrepateel/eatahise,hwhich
pre-m xed with water to form an aqueous sal ution.
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mercury on silica, using a Mcroneritics AutoPore |V

usirgs6h. i  flawnrate avaEadisgtedatoe OQtaea otagy ab2gmeghylthiophene
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stre@fns44756ré aAilyzéd Chdisg §ﬁﬂ§f&?ﬁsoéh@nétbgkdbh&%(ﬁ O3] afd sulfur

- CA sol ufion was pre usi fg (44.5
chemlmx@u)escmceo dgtanion éﬁ@ 4.G5 gOIﬂ m |C@na€mtdm The product was

con*ﬂ?aésge \gﬁﬁ ? d&g é%%ﬁ o 300@% I%[é %ﬂ]gt\gal §%f alt %ecalculate the

perédithé OFlol¥Eh RERR IR g%bsp R&ltst WerddsraBLch fiwoabsht 30 hrs of
contain 20 wt % MO and 5 wt %
catalyst on stream, and were used to evaluate the olefin saturatlon at various

HDS conversions (%oHDS)

[0055] The HDS activity of 'catalyst A was evaluated by calculation of the 1.5
order reaction rate constant for the 2-methyl thiophene desulfurization reaction.
This calculation was done for all feed flow rates that were applied. The
performance was compared to the performance of the commercially available
RT225 naphtha hydrodesulfurization catalyst. This is an alumina supported
catalyst containing 4.3 wt% MoO; and 1.2 wt% CoO based on the dry weight of
the catalyst. In the preparation no organic additive is used as described in this
invention. This catalyst showed a reaction rate constant of 1.77. The ratio of the
reaction orders of catalyst A and the commercial Al,O3;/CoMo catalyst expresses
the relative catalyst HDS activity. For the SiO,/CoMo catalyst of this example,
prepared using citric acid as organic additive the reaction rate constant was 1.72
and the relative HDS activity, was 97%. Results of the performance test are

shown in table 1.



CoO based on the dry weight of the catalyst after

treatnment at 6000C. An aliquot of 66.7 ml of the
w@e@pasadi net al sol ution was diluted with 9.7 PdT/vE1087/001063

to equal 105% of the pore bl une of the substrate. The

i npregnat ed catal yst was aged for 1 hr. The catal yst

was dried to a product tenperature of 500C using dry

air of 90 0OC. The final product was renoved fromthe

vessel and stored in a closed vessel under air. This

catal yst sanple will further be denoted as catal yst

A.[0054] A fixed reactor volune was | oaded with the

prepared catal yst, which was sul fided using 3% H2S in
(0038 and\YorQiFIDRAEHVesiBAdRIerd Wdsi 4Bdig & ARH% OB For THeCoMo/

hydr odesul furi zation and.the olefin saturation
SiOpenrfabystateseribed i hisicxaow!e.ubhisris edudy lgsschamithe 4 3 gewe”o OS

eval uated o n ht feed with an initial
thatjie PPWﬁ%‘atéBMMHBP@V%S SV 1i ng poi nt of
177C cont ai ni ng 1408 ppm sul fur and 46.3 w % ol efi ns,

based on the weight of the feed. The performance test
[005®s eThese echudts shove Hppdrthe silicaosuppied 62849 catalyst with citric

. pressure of 0. psi g using . Fee low rate wa o
aci] g SR B L0 SBBHEn SHoPAnger s S ai s ¢ FGFAERG 2 90% HDS
cong@:%?(%]rf u:{r%dz ghhonhEr O GRd¥t %IDS 98adIh LAseshtOBf LA catalyst
wel ght of the feed. Product streans were anal yzed
contssnimg 2 wthd1g@s avH rSowtleoge@pery drGbpsiarid abupstigqual to the 1.5

oraS B HAER D5 Sa EAE . e ReR e LR BT B gy
congalf}ﬁinlfgeﬁg WAVNE HHd Dasies oo dcdthabasis,he percent age

ol"efin saturation (%S). Results were stable after
about 30 hrs of catalyst on stream and were used to

eva! ugt e the olefin saturation at various HDS
Ex sions (%IDS) [0055] The HDS activity of catalyst
A was eval uated by cal cul ation of the 1.5 order

reaction rate constant for the 2-nmethyl thiophene
[0088F ul Qatalyat i Bnwasaptémncd Tand testedulagtouhingaty dbeeprocedure

fq Il feed flow r.at that were,applied. The .
despyibediabcamns e oHBh b G CpEn foRt stz Bie afid a second
orgaPTRAGH Rlel YvRVaHE&PItE the metal solution before impregnation. The
impregnation solution thus consisted of 66.7 ml CoMo-CA solution, 8.1 g (=7.4

ml) diethylene glycol (DEG) and 2.3 ml water.

[0059]  The olefin saturation at 90% HDS conversion was 8.3 wt%, while the
relative catalyst activity versus the CoMo/Al,O5 reference catalyst was 135%.
This shows that the addition of diethylene glycol to the impregnation solution
increases the relative catalyst HDS activity while maintaining the improved

olefin saturation performance of catalyst A.

Example 3

[0060] Catalyst C was prepared and tested according to the procedure

described in Example 1 with the exception that besides citric acid a second



RT225 napht ha hydrodesul furization catalyst. This is

an al um na supported catal yst containing 4.3 w % MQO3
w@na708471 % CoO based on the dry wei ght of theCT/US2007/001063

catalyst. In the preparati @ no organic additive is

used as described in this invention. This catal yst

showed a reaction rate constant of 1.77. The ratio of

the reaction orders of catalyst A and the comrerci al

Al B8ZCoMb> cat al yst expresses the relative catal yst

HDS activity. For the Si O ZCoMo catal yst of this

exa . pr re iLr s n .
ore TR B T8 BSOS B ekl S Bo b Dlfpreeppion. The
impt@ridtionesdiRBoacthugi dohsiasd D% 6.Remlll CsMu-Céhgolution and 10 g
performance test are shown in table 1.[0056] At 90%
=9 Apslcdisthansl eming KBEA hard B GAIENRIWYSS for t he
CoMb/ Si 2 catal yst described in this exanple. This is
much | ess than the 13.3 wt % OS that the conmerci al

[0060MD/ ThE 2578fi A FhalriEibn H 9084 HIDS Wnhlverdion ava£8 W %65 ihile the
that the silica supported CoMb catalyst with citric

relative ccagalyst getivity aasus the Sodde/Al-Pedatesanes eptalyst was 238%.

.saturatjon at 90%.HDS conversion and the 1.5. .
Thi§ A1 0 B8 ATRHOT e PRy yfH 1 2 jbiRednation solution
stroﬁgﬂl gh&ieRfes? Ahit PAAMEE DS SORL@vitylr Whileshfainining the

al'nost equal to the 1.5 order HDS reaction constant of
improreed efedinesateragionnperéomupissrafecptdyrbAcat al yst

containing 4.3 wt % MoG3 and 1.2 wt % CoO on dry basis,.

Exanpl e 2 [0058] Catal yst B was prepared and tested

ExAApRI gi ng to the procedure described in Exanple 1 with
€ exception that besides citric acid a second

organic additive was added to the netal solution

(0051 2 SobIDSF N8 prefd CRIE FRREO RGN B he pyopeure
deséki fdwrh FANPIECP hyit SR erBEbtZorB thHdt thetfhouht08P Aletiiedl amine

olefin saturation at 90% HDS conversion was 8.3 w % i
thatwwiab @ddrd to the metal solution was increased. The impregnation solution

now consisted of 66.7 ml CoMo-CA solution and 16.4 g (=15.0 ml) diethanol
amine (DEA) and no additional water. The total volume of the impregnation

solution equaled 112% of the total pore volume of the support.

[0063] The olefin saturation at 90% HDS conversion was 8.0 wt%, while the
relative catalyst activity versus the CoMo/Al,O; reference catalyst was 282%.
This shows that the increased addition of diethanol amine to the impregnation
solution even further increases the relative catalyst HDS activity while

maintaining the improved olefin saturation performance of catalyst A and C.

Example 5

[0064] Catalyst E was prepared and tested according to the procedure
described in Example 3 with the exception that the amount of metal solution and

diethanol amine were reduced to obtain a lower MoQO;, CoO, citric acid and



rel ative catalyst activity versus the CoMbZAI 3
reference catal yst was 135% This shows that the
wa@eoaosam of di et hyl ene glycol to the inpregnar¢DnS2007/001063
solution increases the rel @ive catalyst HDS activity
whi |l e mai ntaining the inproved ol efin saturation
performance of catalyst A Exanple 3 [0060] Catalyst C
was prepared and tested according to the procedure
described in Exanple 1 with the exception that besides
citric acid a secondorganic additive was added to the

. t gl | uti bef ' ti . The_.i ti
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was 30&ht 1 esdnm®- A dattlordl elhsROkagiidded (10EMkidath fge pore volume
additional water. [0061] The olefin saturation at 90%

satuHD® T bvebr Bho mpreegngtiongolptioninos corsistefi 426 ml CoMo-CA

at alyst actj vi,t y..versus the Al 2 r
solufida sl G S HERIEC uinde DR T8 af! Hefdk Gpon that the
drieficatdIagial ol dthtiip ISt MEUNahd anwerlCéOon strongly

i ncreases the relative catalyst HDS activity while

mai ntai ni ng the i nproved ol efin saturation performnce

catal yst. A Exanpl Catal yst D o .
[Ooﬁlepa&ga%iﬁ%" Pﬁ%‘f%g&égﬁ ép%’)gﬁg# § opp@r%«?rb é%ag\agé W%, while the
relafl98 Wat 4196k AdiiKARNRlRs theWCoMé/d,0XGeRirkfde thalystheas 145%.

amount of di et hanol am ne that was added to the netal

This showso thatalvertng gbe dmette confene oifami 38/ ovidei dlo@AgiyoO in
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catal 0t WA MO S D LEAT AN o reire Bisar lafipg catatyst
HDY %tm?,abvh\nel MAtRIniA S ehé TRIPREVS l0PeYis QhtirhG6n §dfrfifhnce of
112% of the total pore volunme of the support. [0063]

catalyst @l efi n saturation at 90% HDS conversi on was 8.0
w% while the relative catalyst activity versus the
CoMbZAl 20 ref erence catal yst was 282% This shows that

Exadipld §Creased addition of diethanol amne to the
= ﬁ‘gr €ghati on

[0066] Catalyst F was prepared and tested according to the procedure
described in Example 5 with the exception that the amount of metal solution and
diethanol amine were further reduced to obtain a lower MoO3, CoO, citric acid
and diethanol amine content on the catalyst. The ratio of these components was
kept the same. Additional water was added to maintain the pore volume
saturation level. The impregnation solution now consisted of 35.0 ml CoMo-CA
solution, 6.0 g (=5.5 ml) diethanol amine (DEA) and 36.3 ml water, such that the
dried catalyst would contain 12 wt% MoO; and 3 wt% CoO.

[0067] The olefin saturation at 90% HDS conversion was 8.1 wt%, while the
relative catalyst activity versus the CoMo/Al,O; reference catalyst was 101%.
This shows that lowering the metal content from 16/4 wt% MoO3;/CoO in
catalyst E to 12/3 wt% MoO3/CoO in catalyst F further reduces the relative
catalyst HDS activity while maintaining the improved olefin saturation

performance of catalysts C and E.



solution even further increases the relative catal yst
HDS activity while maintaining the inproved ol efin
wa@anoanst47on performance of catal yst A and C. ERENPE®0%5001063
[0064] Catal yst E was prepa#ed and tested according to
t he procedure described in Exanple 3 wth the
exception that the anount of netal solution and
di et hanoi am ne were reduced to obtain a | ower MOGB,
CoO, citric acid anddi et hanol am ne content on the
catalyst. The relative ratio of these conponents was
kept the sanme. Additional water was added to naintain
the pore volune saturation |level. The inpregnation

Exaifblgon now consisted of 49.6 m CoM-CA sol ution,
—B_g'ﬁ‘. (=7.3 rnl) diethanol am ne (DEA) and 18 ni

wat er, such that the dried catal yst would contain 16
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catal yst was 145% This shows that |owering the netal )
thatcons exdded rtorth2 0hstalsedwixas m@sOnicreasad allhis timpregnatgym solution
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talyst F was prepared and tested according to
t he procedure described in Exanple 5 with the
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Example 8

[0070] Catalyst H was prepared and tested according to the procedure
described in example 7 with the exception that the amount of diethylene glycol
that was added to the‘ metal solution was further increased. The impregnation
solution now consisted of 66.7 ml CoMo-CA solution and 16.8 g (=15.4 ml)
diethylene glycol (DEG) and no additional water. The total volume of the

impregnation solution equalled 113% of the total pore volume of the support.

[0071] The olefin saturation at 90% HDS conversion was 9.1 wt%, while the
relative catalyst activity versus the CoMo/ Al,O3 reference catalyst was 190%.
This shows that the further increased addition of diethylene glycol to the
impregnation solution even further increases the relative catalyst HDS activity

while maintaining the improved olefin saturation performance of catalyst A, B
and G.



dried catal yst would contain 12 wt% MoO3 and 3 wt %
CoO. [0067] The olefin saturation at 90% HDS
w@oenwresaron was 8.1 w% while the rel ative caPr@i/ys1007/001063
activity versus the CoMd/ A25203 reference catal yst was
101% This shows that |owering the netal content from
16/4 wt % MoO3/ CoO in catalyst E to 12/3 wt % M)O3/ COO
in catalyst F further reduces the rel ative catal yst
HDS activity while maintaining the inproved olefin
saturation performance of catalysts C and E. Exanple 7
[0068] Catal yst G was prepared and tested according to
the procedure described in Exanpfe 2 with the
[00®2F eptTiherebiiRé of BRagiplel 108 iccidnthemized!iidriblé hat
was added to the netal solution was increased. The
i npregnation solution now consisted of 66.7 nm ColMb- CA
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(DEG and no additional 0069] The ol efin
saturation at 90% HDS conver3| on was 8.0 wt% while

the relative catalyst activi versus the ColMb/ Al R
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series with catalysts E and F and 1.77 for the series with catalyst A.

kHDS=1.64 for the test series with ca;calysts B, C, D, G and H, 1.70 for the test




[0071] The olefin saturation at 90% HDS conver si on was
9.1 wt% while the relative catalyst activity versus
wo b@70eMD1I Al 203 reference catal yst was 190% H¢/8S2007/001063
shows that the further increéased addition of
di et hyl ene glycol to the inpregnation solution even
further increases the relative catalyst HDS activity
whil e maintaining the inproved ol efin saturation
performance of catalyst A, B and G [0072] The results
of Exanples 1 to 8 are sunmarized in Table 1. Table 1.
1 .64 for the test series with catalysts B, C, D
H 1.70 for the test series with catalysts E and
F and 1.77 for the series with catalyst A CLAIMS: 1. A

met hod for maki nigq a catalyst for th
hyd}r odeszan thgthioshfaranakipe) caﬁalyﬁbﬁmtha hydredefay fysigation (HDS)

i n regnating a silica support that has
Ofna?p i%egbeﬁé%%tcog?préé}%east about 85 wt.% based on
si lgjpa, ﬁx%e%ﬂﬁtlﬁgp@rsﬂldéoé rPehiaveiess alolita Qofted®/df at least
and ‘about 2 cc/ and ‘nedi an pore sizes in the range

about 8abwtilo,1Ban&dt @n :_s@lwt,\ anidt ras( @)pose vs?&femg Leeteiskntabont §6 co/g

t an agueaus sol,uti on of nu
andaffefR 3 0 A g Rleghih BIESREES BRI 10ike e ol 1 36 ZoooA
w1tﬁd@')téd/ QquesBs | svliGortofl Basdbal8akO (P dplétﬁdaQQécﬁFst g6lution of a

fromthe group consi sting of conpounds conprising at
molyddsnhumnsalty andxypt Igastu p@eanngaqmzoad,fatwgn sattbrmgaa*cd additive
e s _of t'hese .,conpag
cona%{esaﬁés??’ JFale by cortonfgs STREIEN Tra 41 Pollp copuisting of
n"g}%mﬂquqjmﬁ ﬁ!uwgeatqfsaétq% hy@ox bgwup%@mm ¢bBh atoms, and

i ed cataﬁ\; precursor; and (iri) optionally
the {polty)ethars ehidese compaamnds.ytot fosmee antahyst ppmvs@éd t hat

car @noatpine ko ubpFF dragrar pER BaPpisPe ¥ tess than about

350°C to form a dried catalyst precursor; and

CL

(iii)  optionally sulfiding the dried catalyst precursor, provided that the
dried catalyst precursor or catalyst is not calcined prior to sulfiding or use for
HDS.

2. A method for making a catalyst for the hydrodesulfurisation (HDS)
of naphtha, the method comprising:

(1) impregnating a silica support that has a silica content of at least
about 85 wt.%, based on silica, and has a pore volume between about 0.6 cc/g
and about 2.0 cc/g, and median pore sizes in the range of about 150A to 2000A
with (a) an aqueous solution of a cobalt salt and (b) an aqueous solution of a
molybdenum salt to form a first catalyst precursor;

(ii)  drying the first catalyst precursor at a temperature of less than
about 350°C to form a first dried catalyst precursor;

(iii) impregnating the dried catalyst precursor with (c) at least one
organic additive, the organic additive comprising at least one compound selected

from the group consisting of compounds comprising at least two hydroxyl



2. A nethod for making a catalyst for the

hydr odesul furi sati on (HDS) of naphtha, the nethod
wa@omps|rng: (i) inpregnating a silica supportPCTas2002801063

a silica content of at |eagf about 85 w.% based on

silica, and has a pore volune between about 0.6 cc/g

and about 2.0 cc/g, and nedi an pore sizes in the range

of about 159gA to 2000A with (a) an aqueous sol ution of

a cobalt salt and (b) an aqueous solution of a

mol ybdenum salt to forma first catalyst precursor;

ro{ s 3afl - aecasPon b A b i (PSS OFRERGOF St cpmpgunds, 1o
forrﬂrdsee@oﬁatc%{a)(%t REEGHLROT (iii) inpregnating the dried

catal yst precursor with (c) at | east one organic
addit) vegptidmallyr deying tidds¢dond catalysi speeprae toefiztm eneecond

ound sel ected fromthe group consisting of
e@o%%‘é{ﬁtd%re&l‘ﬁﬁ?ﬁ A«%hg at | east two hydroxyl groups and

Car&%brﬁﬂ%?ulfﬁﬁﬂ gtihe &Egh&)&iﬁ%tspfgcuﬂtﬁse rovided that

co ounds m a second catal yst” precursor; (ivV)
the eptanahddied cakaly st pretraseeonnatatyst & yott caipm@dmrmrtt@ sudfiding or

d dried catalyst precursor; and (v) optionally
useiarﬁ@ng t he second catal yst precursor, provided that

the second dried catal yst precursor or catalyst is not
calcined prior to sulfiding or use for HDS. 3. A
method fArmethloidnfyr analeing| ayeatalyst farttbe hydrodesulfurisation (HDS)

rodesul f ation. (HDS) of naphtha, the nethod
f’}f% zﬁ e“‘%‘?‘?"PB’g’éi? &ting a spent catalyst

cConpy i Si RGeRekinl é&ﬂp&{t&l habmbasing &istlica rfsmth
ofr@; Ielggte abou Sﬁ %ygasergbon“ggl |Sca Sé has aa asa

siligrocenteot ofiat lbmmbnuaBéu\tvt o, based gmamﬁcab@m h2s @ peregyolume
ver e TS DB PR 22 SRR A U pe of
abok]@‘IGOQet%r.‘?.OOOA, into which a cobalt salt and a molybdenum salt have been
impregnated, to form a regenerated catalyst

(i)  impregnating the regenerated catalyst with at least one organic
additive, said organic’additive comprising at least one compound selected from
the group consisting of compounds comprising at least two hydroxyl groups and
2-20 carbon atoms, and the (poly)ethers of these compounds, to form a catalyst
precursor;

(if)  drying the catalyst précursor at a temperature of less than about
350°C to form a dried catalyst precursor; and

(iii)  optionally sulfiding the dried catalyst precursor, provided that the
dried catalyst precursor or catalyst is not calcined prior to sulfiding or use for
HDS.

4. The method of any of the preceding claims wherein the compound
comprising two hydroxyl groups and 2-20 carbon atoms further comprises at

least one secondary amine group.



I mpregnated, to forma regenerated catal yst (ii)

i npregnating the regenerated catal yst with at | east
wop@7osgani ¢ additive, said organic additive cRPOPUSR0TIEN1063

at | east one conpound sel e@8ed fromthe group

consi sting of conpounds conprising at |east two

hydr oxyl groups and 2-20 carbon atons, and the

(poly)ethers of these conmpounds, to forma catal yst

precursor; (ii) drying the catalyst precursor at a

tenperature of |ess than about 3500C to forma dried

cat Iyst recu Q on Qg t he
CoLelY SUThE ST P00 ¢ o heaRL 2 AP ks are

sepdratdd Y§$mprtﬁéu§e%@hd9fy C@hﬁ{eysgmugr pot 1calr Cired Parboh atoms,
to sulfiding or use for HDS. 4 he net hod of any of

prefichablprioc2 td Agachen atomder ei n t he conpound conpri si ng
two hydroxyl groups and 2-20 carbon atons fiirther
conpri ses at | east one secondary am ne group.5. The

metdlod ofp&l@bifod Wf‘ee{rﬁ" Bnkhsf &llaihRA3t o2 DYWh&¥h the organic

groups are separated fromthe secondary am ne group by
additinver isocleosear tﬁmmathmgropp et@nsmﬁryg byf poiyhwylresydléanes —and
nmet hod o
ol halBrpaIeRSS cTRETaR T P8 Tore hySEROT eyt fgfveen !

and® qn Shetdnh g.t&f'ls Podry Ry AF ALK Sande 'ﬁ)@lycondensates thereof and

pol yhydr oxyal kenes Conpri sing two or nore hydrox
secandargsaminesbeompeising atichndl cerr btkenat @reupse ranﬁyneéwndensates
h!%ﬁ?uD and pol ycondensates thereof, and secondary
t mnes conprising al kanol or alkenol gr oups and

pol ycondensates thereof. 7. The nmethod of any one of

clainms 1 or 2 wherein the additive is at |east one

conbound Tel methed] 6f amy enkydfeeieings yowl 2 whiegeimytheraglditive is at

leas% ne 'compound selected from ethylene glycol, diethylene glycol,

polyethylene glycol, di-ethanolamine or a dialkanoldiamine.

8. The method of a‘?ny one of the preceding claims wherein the mole
ratio between the amount of additive and the amount of cobalt and molybdenum

is in the range of from 0.01:1 to 2.5:1.

9. The method of any one of the preceding claims wherein the

amount of additive is at least 5 wt% relative to the total weight of the catalyst.

10.  The method of any one of the preceding claims wherein the silica

support has a pore volume between about 1.0 cm’/g and about 1.5 cm’/g.

11. The method of any one of the preceding claims wherein the
median pore sizes of the silica support before impregnation are in the range of
from about 150A to about 1000A.



pol yet hyl ene gl ycol, di-ethanol am ne or a

di al kanol di am ne. 8. The nethod of any one of the
w@e@coghisng cl ai ns wherein the nole rati o bet weRCT/UR®07/001063

amount of additive and the2&nount of cobalt and

nol ybdenumis in the range of from0.01 :1 to 2.5:1.

9. The nethod of any one of the preceding clains

wherein the anount of additive is at |east 5 wm %

relative to the total weight of the catalyst. 10. The

met hod of any one of the preceding clainms wherein the

si l.isca ort, has 0 e i1

Cn\}\;g aﬁﬁﬁg%ﬁ?ogf ogaanﬁetgr?e Xﬁ&%ﬁgc%ﬁeﬁ%glcﬁ&%%hére% the silica
sup19$rtE:Bﬁtdiﬁ@ﬁﬁﬂﬂa@gab‘dlﬂlgmswm%meﬂca the median pore sizes

of the silica support before inpregnation are in the

range of from about 150A to about | OO0 A .12. The

o 1oa ShparetRen AL #Y e SchE i dBe JBLAL hiin e

amcli’hts Eﬁ%oﬁﬁh%@ﬂ &fd atyedeweh shie ape eaftiiog @i ioVide a catalyst
wherei n the anpunts of cobalt salt and nol ybdenum

contahing &pm sboyt 2 Maife tpcabppb&%“/a c@balawsde @!@fhﬁbpnti figvt.% to
%t Ut 8 ut bal t de and
aboyh ol sl S0 bt ShailBRRIRGx ae, “basea

on silica support. 14. The nmet hod of any one of the

precedi ng clains wherein the at | east one organic
addi4.i veThemdthed oiﬁﬁrpy|05@s>fahe|m9¢@,thng@lmm8dwhaﬁ¢m the at least

a xture of an_inor an C
Oneo?%ﬂﬂfc aaﬁwe ﬁgﬂnefh rﬂ%?%egdarbfmgw % 8%‘% %gr mc Ad or a
mlx@&r%cﬁdélﬂ&dih&hﬁfacwﬁﬁ&laﬂ drBgniealcadlyst precursor is
sulf ded in-situ or ex-situ in the presence of at

Ieast one sul fiding agent. 16. The nethod of claim 15

V\,h r e su agent dro sul £ de at .
ent r 5B oengd (onfLedts T T oROEuiBE bisfiPs Tiyherein the
cata‘l?it- Phechasdisofulfided in-situ or ex-situ in the presence of at least one

sulfiding agent.

16.  The method of claim 15 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.

17. The method of any one of the preceding claims wherein the dried
catalyst precursor or sulfided catalyst is not heated to temperatures greater than

about 350°C prior to sulfiding or use for HDS.

18. A catalyst suitable for the hydrodesulfurisation (HDS) of naphtha,
obtainable by the method of any of claims 1 to 17.

19. A catalyst comprising a silica support that has a silica content of at
least about 85 wt.%, based ‘on silica, and has a pore volume between about 0.6

cc/g and about 2.0 cc/g, and median pore sizes in the range of about 150A to



total volunme of gases present. 17. The nethod of any
one of the preceding clains wherein the dried catal yst
w@e@casaor or sul fided catalyst is not heated POI/US2007/001063
tenperatures greater than @bout 350C prior to
sul fiding or use for HDS. 18. A catalyst suitable for
t he hydrodesul furisation (HDS) of naphtha, obtainable
by the nethod of any of clainms 1 to 17. 19. A catal yst
conprising a silica support that has a silica content
of at |east about 85 wt.% based on silica, and has a
re v.ol u bet ween, a 0. d t 2. g
20088, AR r s SRR her iR BBl RIS (€ oA Osalt
mol?Qa&Q_Qﬁa s8Ri dndi hi QeastUBROT drgaaid n@dinpé.cgnrt edganic additive
herein a cobalt salt, a nolybdenum salt and at |east
compmising gatnileasidane i vempewund sleciatc fipmai they @revppeonsistipg of

confipnbAt Eor B8 TR SRR s8Il 30k Mg 28R gpbon stoms, and
the {ﬁ&f/;@tuérs&sm% adshpdur@sicar bon atoms, and the
roly)ethers of these conpounds. 1 20. The catal yst of

claim19, wherein the conmpound conprising two hydroxyl

gr S 2- carpbon.at urt.her c [ . .

Ve P onbfie SafilusOr SR POy uigheid the GBPLR, Slypriging two
hydfé:8/ 1NBréAp¥RARHEI-D0tAfb @ alodds furthdbyebiapiibestitdeast oieSsecondary

separated fromthe secondary am ne group by 1 or nore

amipaigvonpat ons, preferably by 2 to 4 carbon atonms. 22.
The catal yst of claim19 wherein the organic additive
is chosen fromthe group consisting of

polmhy dr pY datadpaof-Adith ROl WhSiP W hKRASS2 GYARs:tydigtGups are
two or nore hydroxyl groups and between 1 and 4 carbon

separatets fsem Hpdr ssgandgrougmired 56Hpcbhddnat 8erehepden, atoms,
nd .secopdar,y am nes conpri sing al kanol or al kenol
pre%f%ﬂﬁfgjyaggoﬁo‘f?géﬂ&g?{g%t es t hereof .

22.  The catalyst of claim 19 wherein the organic additive is chosen
from the group conéisting of polyhydroxyalkanes —and polyhydroxyalkenes
comprising two or more hydroxyl lgrbups and between 1 and 4 carbon atoms per
hydroxyl group and polycondensates thereof, and secondary amines comprising

alkanol or alkenol groups and polycondensates thereof.

23. The catalyst of claim 19 wherein the additive is at least one
compound selected from ethylene glycol, diethylene glycol, polyethylene glycol,

di-ethanolamine or a dialkanoldiamine.

24. The catalyst of any one of claims 19 to 23 wherein the mole ratio
between the amount of additive and the amount of cobalt.and molybdenum is in

the range of from 0.01:1 to 2.5:1.

25.  The catalyst of any oné of claims 19 to 24 wherein the amount of

additive is at least 5 wt% relative to the total weight of the catalyst.



23. The catalyst of claim 19 wherein the additive is
at | east one conpound sel ected from et hyl ene gl ycol,
wale@viogd4ene gl ycol, pol yet hyl ene gl ycol, PCT/US2007/001063
di - et hanol am ne or a di al kahol di am ne. 24. The
catal yst of any one of clains 19 to 23 wherein the
nole rati o between the anount of additive and the
anmount of cobalt and nol ybdenumis in the range of
from0.01 : 1 to 2.5:1. 25. The catal yst of any one of
clainms 19 to 24 wherein the anobunt of additive is at
least 5 t%relative to the total weight of the
catal yst. 26. The catal yst of any one of clains 19 to
25 pgher efhe tdaeal§it beansupperdt bRsma POre 2Sl Wierein the silica
bet ween about 170 cc/g and about 1.5 cc/g. 27. The
suppart hky otpast vahymeretwter khpwis! -0oclsapd apput ihce/Be
nmedi an pore sizes of the silica support before
i mpregnation are in the range of from about 150A to
aboyt 10PRAcatdByst BFang dndl ofdlaidhs 89Yo QBEwREreth e edfhin pore
to 27 wherein the silica support contains at |east
sizeabdfutheosilige. syppiory beforeo dmpragnaiiamapye in dhe gapzewd f6pm about
150 | ai ﬁ %@ 28 wherein the anounts of cobalt salt and
V&%%&ﬁ 8 gfts are sufficient to provide a catal yst
containing fromabout 2 wt.%to about 8 wt. % cobalt
oxi de and about 8 wt.%to about 30 w. % nol ybdenum L
oxiZfe, bEeedatalysi of canyseppork clams thHeta &7ampsreigs the silica
any one .of ai 1 0 29 erein the at | east one
SuPB‘?%&ﬂf‘gﬁ'%af[q%gg?ﬂﬁti?ewgc/%%‘ﬁ%es an i norganic acid,
an organic acid or a mxture of an inorganic acid and

an organic acid. 31. The catal yst of ang one of clains
19 2% 29Thhgetahes dfeany end phckémsbh? in28iwhersin te anpunts of

| phidation.,32. A nmethod for th . o
cobRl SRk Ty PISHYB AP HasHERSIERELS REodideq) sptalyst 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.

30. The catalyst of any one of claims 19 to 29 wherein the at least one
organic additive further comprises an inorganic acid, an organic acid or a

mixture of an inorganic acid and an organic acid.

31.  The catalyst of any one of claims 19 to 29 that has been sulphided

by in-situ or ex-situ sulphidation.

32. A method for the hydrodesulfurization of naphtha having an olefin
content of at least about 5 wt%, based on the weight of naphtha, the method
comprising contacting, under hydrodesulfurization conditions, the naphtha with
a catalyst prepared by the method of any one of claims 1 to 17 or with a catalyst

according to claim 18 or 31.



content of at |east about 5 wt% based on the wei ght

of naphtha, the nethod conprising contacting, under
whyarosiasul furi zation conditions, the napht ha PT/HSH07/001063

catal yst prepared by the néthod of any one of clainms 1

to 17 or with a catal yst according to claim18 or

31.33. A nethod for the hydrodesul furization of

napht ha having an olefin content of at |east about 5

wt % based on the wei ght of naphtha, the nethod

conpri sing (a) sulfiding a catalyst according to any

om0l AT R 2Ry kS I oA g ot

conté‘?n@l f LyRasdasshi 81 Wit ivaked @a.dtﬁd %Sght3éf nzbnmagtm@dnethod
any one of clains 32 or 33, wherein the naphtha is

comprxsln@st one of FCC naphtha, steam cracked naphtha or

ot AL A S B Bl 3T o 5

sulfideARQuE;, 5 W% to about 60 Wt % a nitrogen content
of from about 5 Brrw to about 500 pprmw and a sul fur
cor(bbsntcomﬁaCftmgn dhoutswdfideppmstalysabovith 70the ppashtha under

h :
hychm:(;3 Ssulfl %zta‘go}l on tl(%]st. of napht ha

34. The method of any one of claims 32 or 33, wherein the naphtha is
at least one of FCC naphtha, steam cracked naphtha or coker naphtha.

35. The method of any one of claims 32 to 34, wherein the naphtha has
an olefin content of from about 5 wt% to about 60 wt%, a nitrogen content of
from about 5 ppmw to about 500 ppmw and a sulfur content of from about 300
ppmw to about 7000 ppmw, relative to the weight of naphtha.



