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

+ hydr odesul {y¢ 1087/8894apht ha, to-a nethod for prepari ng spcHusmbaloyss
and to a nmethod for hydrodesul furizi ng naphtha using said catal yst.
More particularly, the catalyst conprises a Co/ M netal hydrogenation
conponent on a silica support having a defined pore size distribution
and at | east one organic additive. Thd catal yst has hi gh
dehydr osul phuri'sation activity and m niml ol efin saturation when
used to hydrodesul furize napht ha. BACKGROUND OF THE | NVENTI ON
[ 0002] Envi ronnent al regul ati ons mandate the | owering of sulfur |evels
in notor gasoline (npgas). For exanple, it is ex-eFted t hat

regul ations will reqEBEBEGEHEESUATIALNE REHAHAr | ess by
2006. I n Many cases, these ]%D 1 %chi eved by
hydr ot reati ng napht ha prod O+ ¥t Cracking (FCC cat

napht ha), which is the largest contributor to sulfur in the nbgas

pool . Since sulfur in niogas can_also | ead to decreased perfornance
of catalyE1Elilﬁﬂ&ﬂliﬂl@fﬁi@ﬂ@lﬁﬁﬁ1sulfur target is desirable even in
cases where regul ations would permt a higher level. As a result,

techni ques are required that reduce the sulfur in cat naphthas while

at the sapadon) ne Thininvienting relatesrtoducatalyst fok hydrrsfesalifatizipgmaphthiaeto a

such as oct gne, nunmber. [0003] Conventional fixed d.hy r ' .can
(‘reduce th‘é‘eg'tﬂdf 3 ¢ Pé%r[n& 58 afﬁgg’shaﬂ}f?ﬁﬁsa t%et\l}grﬁyquog#&é\(/iggjslw&lgg
Hovever, sapHihdiueing!dagdchatyst] Mofe patticaldrly, $heohfalyzacbuprisena Corvter
| oss due to extensive reduction of the olefin content in _the naphtha

as vel | ametaldoskogaationampensst om aypilicsgBipet: hagng fedeRRrbPPRatirhg
process. el aGhione fwdrQt neal! %epr&ggﬁée%da?t‘ﬁe.r 94N daYalD8Chas high
devel oped-to avord such olefin saturation and octane number | oss.
Unf or t unadetyyrosutplsuidationoeetieigs , antcheninitbel atlefin 1sepgationcwheni vsed to
retained ol efi,ns _formn rcaptan sul fur by reversion.
+Unfort unalPlé‘ﬁ?fjc “Aé"rﬁf§a% E%’at ed in the process reacts with retai ned
~olefins form ng nercaptan sul fur by reversion. Such processes can be
s conducted at severities which produce product w thin sulfur
% regul at i cBACKEH b LECRVEDELEQY nunber | oss al so occurs.

3L :.'._u... (] 3.“ Alal

[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 2606. In many cases, these sulfur
Q 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 niogas 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



[ 0004) One proposed approach for preserving octane nunber during

sul fur renoval is to nodify the olefin content of the feed using an
ol efin-nodification catal yst followed by contact wwth an HDS cat al yst "
(U. S. Pat erWORMHAOB4B02, 405). The ol efin nodificati on caP@lAE1007/001063

ol i gonerizes the olefins. [0005) One r%ecently devel oped nethod of HDS
is SCANfining which is a process devel oped by Exxon Mbil.
Corporation. SCANfining is described in National Petroleum Refiners
Associ ation paper tf AM99-31 titled "Selective Cat Napht ha
Hydrofining with Mnimal COctane Loss" and U. S. Patent Nos. 5,985, 136
and 6,013,598. Typical SCANfining conditions include one and

t wo- st age theoaepisha kor welildredesedsiivei zongnmptiorapd Heydregeist dudng The
feedstock .is contacted with h dro?leaul furization catrg.la%st

coni pr | sedMEFORERG Profesys | SCEHR DYEr e ROBFSCosia ATELIecY hea,
to about %é%%ﬁ@e@o% aprhi@ GREAD oM Gatuditich OfindP@Etang- Inuir@berabpidh,
1.0; and a nedran pore dianmeter of about 60A to about 200k ['00061@{
Even t houdinfensately.nip susht processescthg difresated fHS edfacts withuretainerh olginse

achi evi ng hi gh_deqgree of,-HDS, e | i]l i Ve t
el cot i vi BT RS chtan b rhiREn; TyBlrhinaB7 RS s EBAEAEiL R
&L e}‘i n Satptﬁ@éds&ﬂa&tbwi&bbetéiﬂéd bmﬁnmfﬂmﬁr?gihmgmagtaamﬂﬂnubpewdm' . Such
ilst at the sane tine achievjng a hj vdrodesul furi sation ,
activity. prsmwamberfl@%@\ﬁ? W?G%é?‘]"l‘rwslsplif’ﬂb‘%‘?iﬁ%‘ﬁlq o hingsylipry
catalyst f degibddl | FERg AN AR mifbé 188 §198 ob@irsPr epar i ng
sai d cat alﬁg{lﬁgﬁggto a Jnef’h%%rnggr hydrodr:asrﬁ?f u?i%tzi ngonaprrsu ha usi ng (-—/
~said catalyst. One enbodinent relates to a nmethod for making a
catal yst faor e dr [ i ( f ht h t he
conpri si ng@ Ooaf Ia%/“f) Bgoﬁ%gééﬁgbfoﬁéhgﬁgid?%:%vglgp%g??é { ﬁg{beﬁadsu@tggl Flcl:ra
content ofregiovatésto aldifly the oMficohraedf cdie fieliuing amdldfasmdpfication

vol ume between apqut 0.6 cc/g and_ abo .0 cc/ nmedj an e
sizes in tfalygh Iogred, % GERBEORI A B cafeDs ?Q)Sa-;‘?ﬁta'&ﬂ'éau@%%ﬂ%}-
sol uti on Oim@omﬁhbdﬁwaﬁon@abawoﬁgaﬁﬁﬁgemwwﬂﬂ&of a nol ybdenum
salt and (c) at least one organic additive, said organic additive
conprising at | east one conmpound selected fromthe group consisting
of conpoun nprd si n I hydr.o -
at ons, andﬂ]t%lqgj) (po @e)‘e egérlg cgef%{c“%se E%I%ﬁioégglg,% ? gp‘%‘gﬁ%a&ncéggﬁg}é? S
p][ erur sor ;hproce%s dévdlgpesty by rmmdmewmﬁd ﬁngiorBﬁle@.urSﬂ)Al\HTniﬁg ﬁ@ﬂ’pﬁi(’;"&ieldr 53|
of less than about 350C to forma dried catalyst cursor. and,
(iii) optiDdatpra Pﬁqﬁ?w%f{%ﬁ AFFRRUOR RARFE ¢ %%@é—?isloﬁltieé[)r%%ﬁﬁé‘& Cat
that the dihgRkheats)d¢sfinidae i MM 2 CRMRE TLssMOhnd AUE, NedidRk | Ros.
to sulfiding or use f HDS ﬁoo%Tms method is referred to as_the
Pt

direct pre Béxlﬁérﬁ-‘}ﬂréé&é?sT Séymifining egndiiensGnclude ong ard two- C
| t dt j it i .
sl g4 el P SR TS 1 o

cat al yst pcanactsdrwits 4 bpdicgieatlfyrizasionf catelyst Thmprised rtfi sbouthlisvt.% to

relates both to the cess for makj the dried.ca precur

in unsul fi RAALFIG m-%ﬁ?ﬁa,sancga@%kdrﬁh%ﬁmoe St%@?:ﬁf"z?’féﬁ F§oro
usual |y magenfienimes 6F abbit RYablaBbhe].0bBd almiadih® pbREdRKREASSE ddut 60A
maki ng a catal yst bﬁ its active sulfided form The expression

"cat al yst prawmmt8804.as used throughout the description is used to
refer to a catalyst in unsulfided form as sulfidation is typically
perfornmed before use in

[0006] Even though SCANfining controls the degree of olefin saturation

while achieving a high degree of HDS, there is still 2 need to improve the
selectivity of the catalyst system to further reduce the degree of ofefin saturation
thereby further minimizing octane number loss whilst at the same time achieving

a high hvdrodesulﬁ:risation activity.



WO 2007/ 084471PCT/ US2007/ 001063 4 HDS. Use of this expression however
does not exclude the fact that the unsulfided formof the catalyst

-also I'ias ¢afabyisugriproperties. [0009] 1 n anot her enbodi pEntis2ebindioss
present invention relates to a nmethodasfor nmaking a catalyst for the

hydr odesul furisation (HDS) of naphtha, the method conprising: (I)
about 85 wt.% based on silica, and has a pore vol une between about
0.6 cc/g and about 2.0 cc/g, and nedi an 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 nolybdenumsalt to forma first catalyst
precursor; (ii1) drying the first catal yst precursor at a
tenperature of |ess than about 350C to forma first dried catal yst

precur sor SUMMARY OF F}{HEM@NKHI@St he first dried catalyst
precursor wt c) at least one organic additive, the organic
additive conprising at | east one conpound sel ected fromthe:group

consistin [ﬁf7 co nﬂﬂy 'i'lg\%rﬁ%%ia‘fés% zﬁéatil?@tsfor%%rdﬁégﬁﬂ’%ﬁhngrrﬁ Bﬂlaaftda

2- 20 carbna e (poly)ethers of thése conmpounds forma
second catn@thcﬁl fpr qrepamng said cataletvE)ntbrwla)rxatﬂiyddfqu hzgdnoﬁéStéécrwag

cat el Y RS e DL O Bl S8R D RORMRo0 ! b
t he seconghiggteforthe Biyatdtdesolfurifdtion (HEDSY bfhaphtha, the method comprising:

@) impregnéting 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, (b} an aquéops solution of a
molybdenum salt and (c) 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;

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

(ili) optionally sﬁlﬁding 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 stepin 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 forni. 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



the second dried catalyst precursor is not calcined prior to
sulfiding or use for HDS. [0010] This nethod is referred to as the
post -i npregnati on or activation process because the inpregnation .
'rith the MA2e7P#$7hay be applied to any comercial |y BGHUSZIGF/01643
prepared catal yst not conprising an adtitive and that has not yet
been sul phided. WD 2007/084471PCT/ US2007/ 001063 5 [0011]In yet

anot her enbodi nent, the invention relates to a nethod for making a
catal yst for the hydrodesul furisation (HDS) of naphtha, the nethod
conpri si ng: (1) regenerating a spent catalyst conprising a
silica support that has a silica content of at |east about 85 w .%
based on sHDS:a, Uasdhhéds sexpeesiomn homevbetdvee matbexdlu@e Ghe cfagt ahat the

about 2.0 cc/ a nmedj an por.e .sizes in the range,of about 150A to
2000A, int Bnikﬂﬁ@?d]gx%ﬁéﬁ'f’ C'E%?}li's%llﬁi’eﬁ?aasrﬁﬁﬁjm‘émﬂﬂ%%ﬁ' have been

| npregnated, to forma regenerated catal yst (i1) inpregnating
the regenerated catalyst with at |east one organic additive, said

organi c adila0®e dompoihsrmynbedimeatithe peeseohpvigntiondrlatesetp # marihod dor
R Y D
form a cat abmptisipgecur sor; - (i1i) optionally drying the
catalyst precursor al @ temhel a'uliss Sppcit thar ok S0 Soment or hPTdhsP
dried catal yst é) eculRiFEng silica supp
about 85 wt.%, based on silica, and has a pore volume between about 0.6 cc/g L/
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;
(i)  drying the first catalyst precursor at a temperature of less than
about 350°C to form a first dried catalyst precursor;
' (iii) impregnating the first 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 hydroxy!l
groups and 2-20 carbon atoms, and the (poly)ethers of these compounds, to
form a second catalyst precursor;
(iv) optionally dryingi 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.



(iv) optionally sulfiding the dried catal yst precursor, provided that
the dried catalyst precursor or catalyst is not calcined prior to

- sul fiding Qio4emshen HDS. [0012] This nethod is referredpéguasoiddfss
reactivation process because the inpreggnation with the additives may
be applied to a regenerated (spent) catalyst for the
hydr odesul furi sati on (HDS) of naphtha as specified, nost preferably a
catal yst that before use in EM5S had been prepared with the nethod
according to the present invention. [0013]1n another enbodi nment, the
i nvention rel ates to a catal yst conprising a silica support that has

a silica % I
a pore voﬁﬁﬂé‘ibet ’!6out 6% gﬁﬁvﬁ a gg‘?ﬁgﬁjd@ tbcéa %gﬂj g?
pore si zefaking hecataygefcnf tlmthroﬂEﬁAﬁkmaﬁGﬂQHDShDﬂ rmphﬂtaa thees pphod

having i npregnated therein a cobalt salt, at nolybdenumi salt and at
| east one“YNPHANE: additive, said organic additive conprising at

| east one corrpmmd lsa%l‘aﬁgltagq{gfz{ %Ent\éﬁa?ﬁ@%ﬂm%‘é{é %ﬁj]%ﬁﬁﬁ%ﬁ/tﬁ@ﬂ% 6

the group consrsting of conpounds cqnprising at least two h drox?/
gr oups ansihza 20nteat bdnat é@a@ﬁ@bo@n%ﬁ W&o based )@ sibica, ard hﬁ%geporc volume

compounds,, r%'i),o FU620c/E BB BYENS b/ d Sl figaiba %&‘é‘ggﬁé‘hﬁt Ange of

obt ai nabl T he ove escrl ccor
i nvent i onabchﬁqmmmezoowﬁe,rimwwhﬁw 4 beﬂsalamoamehamgbﬂmmncsauaﬂays been

according to the |nvent|on t hat hﬁ been sul phided by in-situ or
(ex-situ simprseageol? oA HecRRBEFEF2 ¥ Blodi ment rel ates to a net hod

for the HDS of ;; aphfnffﬁregaé{ﬂ;ﬁg 188 :@ga{er&eaomﬂs}gt littitat | 1easit ordP Bkankc

_ . % based on he wel ght of "t he naphtha conprising: (i) contacting
t he napht #dditiive,hsadd gmmu@ |adé:tH@s:cemplas!9g tat mlonnmmmm fedpqtech froh

he. aboverselerr pen e 38 CralBaf WRoPAL R dpds] rRERBAE HoBRY afd
when used220r cdrben IaB?ns;farﬂ] l‘m:mpblyjathers of these compounds, to form a catalyst
PTECUrsor;
(ili) 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 hydrodesulfurisation (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 2000A, said silica support having
impregnated therein a cobalt salt, ag molybdenum’ salt and at least one organic -

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



shows inproved selectivity towards olefin saturation while

mai ntai ning a high |l evel of HDS of the naphtha feed. BRI EF

DESCRI PTI ON OF THE FlI GURES [00171Figure 1 is a graph showing the H M
activity (MhHP7/E8447 function of the anpbunt (W% of orBEHURARIGBYe
for different additives conpared to a® al umi na supported catal yst.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0018] The term "napht ha" refers
to the mddle boiling range hydrocarbon fraction or fractions that
are maj or conponents 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 m ddl e boiling range
are WO 20Ry £ARAIARETNGSROMD M BAHEAS Tomprisise ahkpastgvdloydrioryl gaiups sand

f bout. 10C (i.e., f t t t 232C (50 to 450F t
L oS phor Peapcaticin doms, GRGrRG (g EHP R Iness ESTgotBT: T PRI the
430F) . Proggim Pe;]lﬁi&hn% Ef_acmaéla%; Mtﬁsi%a_sle%y hat o@dmeda&%w gesdtibed

results in a naphtha that is relatively high in dlefins an

ar omat i cs.me@hhds aergudingts thetveatioBt eam cr acked napht has and coker
napht has may al so contain relatively high concentrations of ol efins.
Typi cal ol efinic naphthas have olefin contents of at |east about 5
w . % up tqoebaut BleWnvimtibRsiethen dlfe rekitghtto 04 daeslystapbtdrding to the
preferably about 5 w.%to abaqut 48 wt. % sul fur gﬁrﬁ_ants f rom about
300 pprw tiBVESkG thabbes ulphidedby inie ARERHY SHPRIARIpht ha; and
nitrogen contents from about 5 ppnw to about 500 ppnw, based on the
wei ght of the naphtha. O efins include open chain olefins, cyclic

ol efins, dP8hsk addothesl ¢wbadigent aeckides taia mathed far ¢haiHPSchfinaghtha
Because ol,efins _an [ O ' ' t u I PSS,

olefinic n b’h’%%gggcgﬁ@?a %/éng?()ni tle]ia’ ggt%}’g%'grsag@gg’arc daﬁgﬁpﬁ%%#é%c?%ﬁhg
val ues t hatapHees chingrisizicac kie donapeting ahe \Waphthaolvithi miselentiphtHiaS a@talyst

typically high . in olefin content, .they al sQ contain r )
conpounds, “EEp dBidspssuliyripation sppditiangg CIR ﬁ’iﬁo ﬁqtbvcyn?é;?%q?éalyst 1
conpounds.prepared by any of the above described methods. '

| {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 HIDS activity (kuyps) 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

)



[ 0019] The catal yst for the selective renmoval of sulfur with m ninal
olefin saturation froman olefinic naphtha is a silica supported

- catal yst tyghofimssdagen i npregnated with (a) a cobalt sapdyppd0761063
nol ybdenum salt, and (c) at |east onezorganic additive. The silica
support contains at |east about 85 w.%silica, based on silica
support, preferably at |east about 90 wt.%silica, especially at

| east about 95 wt. % silica. Exanples of silica supports include
silica, MCM41, silica-bonded MCM 41, fumed silica, netal oxide

nodi fied siliceous supports and di at onaceous earth. [0020] The silica

support has ar e .val.une between ofh B C t o
cnB/ g, prtg?ﬁa}é%‘?gdﬂlh@%ﬁoggﬁﬁﬁ%nbégg@m § @'ﬁ'd qﬁ‘%@&? Bgt ggg*r‘?ﬁ?bg’“{’%%z c
determin ¥t IdtnbysHepie PRIsOSepiéftrabdy cRosh ABowto21e tédSiBdut
D4284- OB%WQP%O?DAWSOF thehigiil i cg guppgﬁr _hga}s %Edi an pore sizes

(medi an @REC(HhseAX)F)i nPraducingngephiths inaid ICG seroasigs P! pdded
bout 20QQ { : _
4000 &yﬁg\ﬁgésn Odifts B % r?ia?b"ﬂ]myay }l{a'i: qgnrgﬂﬁ'ék%g%&rﬁgg%iémaﬁcp afdihtics,

1000 Ang nore prefrer rom about trons to about 500
Angst r oneQthes ruphshiseshdby asreteaty yracked siaphtirag , ansc calredi maphtinst may 4430/

D4284-03 net hod. . [0021] Preferred silica carriers. hav ne or ver

of “the.{ PG TEIABAR P coaeptiaiians ¢EolEBar . gV RIAL ARG saph{Hay Rade
ni t rogen A8 BhidRs B hNRadth®oBES vathealp @abidut BDevt. %) besef o twbight 0
150 nR/ g, preferably 1n the range from60 to 140 n? ii) a crush

/g,
‘E trength ocfftha}napédm, reeferahlmabest S Ynlo a&ﬁl&ﬂé’r%ﬁ’ﬁﬁ%ﬁlﬁfﬁé’ﬂiﬁdﬁb@‘“
- bet 625 35 ' i ).
et ween 625, PLO %) B bl 080 244 OB 2 BLIJR o BOREbAMatang

separat e enmbodi nent’, cafrier er conprises up to 10
parts by niebghi contetite fimhh ghoy § ppiivpdo tabobl S0 pghtw, bdsed qrotheneeight

mat eri al -per 100 rts wei ght, of ‘carri.er: nveni.ent,l t

or gani c it Eei %ﬂplﬁga'a Cag’h?ﬁe‘f’?@‘dﬁac{@ﬁ ¢fain qle ’%%(a‘ﬁ‘ﬁ?’g Q(}ﬁﬁg%g%%{‘%s and
materi al SelieHydtoddroBhP MithvdlBihicHicOBMiss. Bebduskeefincatd alopsatics are
ethers, sdch as nethylcellul ose and hydroxypropyl met hill cel | ul os%
-pol ymer s high| ¢eshua| nypber sOmpoBeRtg; PIckRicpawP crglpyssihibits higher
pol yoxyet hyl ene, aqQ 0 tRal hiyghil
‘preferr ed® er%%diar?{ean??gﬁoﬁgéégﬁ? ?ealﬁjcegrfrﬂlrale]r d?%@‘il?gﬁgoeck?fg{]e?l E/la }éegar ed 1b‘z'/
.a net hod tefiwici isphghdsharesysipsllphighadn alhfipicogtepgrthey nesy dlsopoataim ather e
“obtained fromat | east. qpe silica, source,, a,liquid di um and at

‘| east on&oHIPY Saf’ﬂ?eéll?g ?‘ﬁh’gbcoﬂi‘ml?%?&af"él WS&?‘&PQ&‘E‘B? GRANESBne
shaped particles obtained in step (a), preferably at a tenperature of

| ess than 200 C, and (c) heating the shaped particles {o a,
t enper at UPBLYh t Ader eptglysbfon thenselemsive mmoeyal efapuiir wib winimal fefin

_presence sgﬁ_\réﬁ%”f}&@ &h TherHE %agﬁth%t gasARd Sighorn H%‘&tz(i?%t ht has been

conveni ently“carried out in an atnosphere containing at'least 5 vol.
"% air or ipragnatdosiphdpkacombalisaitndbe rhelybdermon\salt, angl ek amicast ope

conveniently, the.m xture that is shaped i R ' t ai-

conbi ni ngﬁfagmrc ¥fre ?F'ﬁ’(‘fﬁ SBBB\%}'ZFO % Sai& Iﬁé%sﬁbggﬁggiﬁg%cghggﬁa%%

2007/ 08441 BGibalshsiftty)/ PRE&EBIYOat 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)



1100231Whil e not wishing to be bound to any particular theory, it is
postul ated that silica supports with |arge pore sizes and | arge pore
di anmeters, when conbined with the at | east one organic additives
accordi ng WO 2M9@&084ilent i on, | ead to HDS cat al ysts havi nBCE/HE208#0i1G63d
selectivity towards ol efin saturation3hile maintaining the activity
of the HDS catal yst for desul furizing the naphtha feed. [0024] In
anot her enbodi nent, the silica support may al so be doped wth netals
from Goups 2-4 of the Periodic Table based on the | UPAC fornat

havi ng Groups 1-18, preferably from G oups 2 and 4. Exanples of such
metals include Zr, My, Ti. See, e.g., The Merck Index, Twelfth
Edition, MerieK réngeofroml BBout 199 GAngdsGoafs] fthebant2000 Aargitrovisy ipdefecably

lts dtoi te th il t b t er - spl ubl
sal ts.  Pr &R rah@ut AP0 AnEsiroms loafhal 0 ARESIrQmSs M, Pisieeb o from
and the | Lgg.: bag fofisORo " ABdher sap! Srdrdaht ARdsured Y enefbury

" salts" here also inplies those cobalt and nol ybdenum conpounds t hat
may not beosaimbtrg, accopding todheASTHEDA2R4-Eomethad.i n t he aqueous

i npregnation solution, for exanpl e because of the presence of an
acid, for exanple cobalt and/or nol ybdenum oxides in conbination with
an acid. Tos2B|OUPteférted silicaicardis hatdahe ohgeséral off thefigltowingi febtures:
contain fromabout 2 wt,%tQq ;CEOM .8 wt. % preferapl f;&g}rrabou_ 3.
wi. %t o akdu Selae s slstsinsd 6% niagsnediereien Mg e P FRuatgRing

w. %t Y f Q t L%
o akol Ia%g, «Y’fbfrc{ﬂl , 5O &b q%@%’f/% stf[ageorgg?uﬁl the rah &0 din B0 1 40P mAe

nol ybdenum oxi ased on supporT. The organic additive use
for inprediihti cmshstengtleadtatonestc@ifpelimer 631 doiimd Hrefemblyangthsuange
consi sting of co upds .lsin t dr oxyl groups and
2-20 car b%ﬁax?%’?ygpﬁ?’@r@?ggﬁﬁ?cg%%%@ﬁ (é?@?rbs hd nore preferably
2-10 carbon atons and the (poly)ethers ‘of these conpounds. |In general
very good results were found when the organic addjtive is chosen from
e’ o oup [BB3AE <t 11 crar ST RF RS PAEBERt ghe BHFish Jufthsr R RETRes up (0
conpri sin BEHUS 2307/ DPA96 3y Weioh®, O a PolEnddFRxfal
gr oups angob%}%ﬁv%g%zﬁggﬁg% carﬂtl)%nggtong per}thy%itrgoxyl %?gg}gnand_ ) :
pol ycondesat ¥} ppos yot Weight ofisrmier:. Coopquiemtnnpiee orgmie ynatanpleis a

additives include aljphatic al I . I , .

pr opyl ene RRRETE rﬁf‘{fﬁgﬁi ir?,r %(ra?]?npg?ha?ﬁ §*§a§f‘ﬁ§?\a§?n¥ﬂr :Egr#gf %QI/%I}‘I%P 8‘331?1‘31

elt C. :Et herajcm{orllg, :&Heloslemﬂ:lmd& @:t&\eitfud@clﬂhalrﬂeyhﬂnelhgbﬁe ahcl;l }ﬂﬁm?pycbllgrle
col, trinet ene ol, ttiet ene col., tributylene col ,

Det r aet hy mBefByL op Butose 3aly e SPTIONE! giyze) oS S, BENAST SHg .

i ncl ude pﬁ%ﬁ;gfe&}ﬁvléﬁ&hm%&dowayﬁt%bﬁr& 9l nip@hre Mhsss, et he s Wikfehed

are suita se I'n the present invention include ethylené glycol
nonobut y| esbrstiment,¢h pilisaecagtigicis| comypaigatiipreparpd by aimethnd eeraprising (‘ .

0 vee TOIRE A ) AL o AL U o g 0 i

di et hyl enasoglge; ad liguid embiivenand! yctdast oaer altthy | doengdntionkd polymeric

propl yl ene . I propyl ene gl ycol, .and polyeihyl ene, gl yc ith a
mol ecul ar WgSeHAlS: Iﬁgi \%Ié’ﬁ'gZ% ﬁ‘%ﬂg‘g@@“ﬁ?ﬁlﬁs BB@I‘%‘# é%.sa[l:bba%%r%ﬁ@m‘yefat a
group of GeppRHidE ©PMREd Thitd 28h 4®aghd P H&ﬂhgxsﬂe ShapeRSpatidled- &P a
carbon atons per nolecule are the saccharides. Preferred saccharides
i ncl ude noaUwswEshe indbs ranghobfogl s $09d t¢ ahewole “Eim dispreprircedi!
i ncl ude di sacchar,j de o : I e : : P

Pol yet her SS%%afm_th%eas gmgtc‘)'l?r%c?g A san%l %@I‘ﬁ%‘g Sttg‘g (@gﬁy%%@ég‘é%? ege.m:"%gmt th an
organi ¢ comedphlsredonitdining holqasias evabr B airadnt in anbdtranphakloontaining at

saturated, as IS evidenced by an | odine nunber., of |ess than 60,
pr ef er abl ylepgslé) Y@,lar?g Stpam. A}iso conven'iently, %he mixture that is sHaped in' step (a)

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

P
!



[0029] In an even nore preferred enbodi ment, the conpound conpri sing
two hydroxyl groups and having 2-20 carbon atons, preferably 2-15

- carbon at gy ,a1sd¥9f € preferably 2-10 carbon atons, furddi@ars269mpiosses
at | east one secondary am ne group. Pseferably, the at |east 2

hydr oxyl groups are separated fromthe secondary am ne group by 1 or
nore carbon atons, preferably by 2 to 4 carbon atons. WO

2007/ 084471PCT/ US2007/ 001063 11 [0030]In general very good results
were found when the organic additive is chosen fromthe group

consi sting of secondary ami nes conprising al kanol or al kenol groups

and pol yc sates. s [ l.p0.ne;

i a1 Ranor O8] o Ve G S fiing B pEBRIRA fo af) pEMIANE REBGPIH plsiulared
pr ef er r ecdkhgt GANaC sappbrts weith oleege qairal siz¢ss anbalarde poe Hiwetedse when
hi gh. el ceambingd veiHIHSAHdEA3: GHECHEHRiR G IHE ARBTG5 HEnveRich, 1ad
non-1im FHPWX%E%%%Aﬁng hat fsSedBeReRdiBSvards viefiv sndatibgivhile

selectivitly Can obt ai ned usi-ng a.significantly |ower netal
content, mminitaigirghthe aativity of too RIS eatalysy faradesubfiuieing the naphthgfeed.
found that catal yst according to the invention have a conparable
activity level at netal content reduced by at |east 20%

pr ef er abl poaly | e &% tandffér i bodiskent) fecsitioh ysubpottenmly #68obeodppads avito

the same catal yst not having said additives. [003]1] Th L]% r(?gtjﬂo ¢
Cbetvfreerm@ﬁ_és £?ﬁ§ﬂlrﬁf%w5a%'dﬁ99fv@°a$ﬁi‘q 3 & riasg ‘?ﬂ/g[?egg 2§ JRrma

metals ok NeoIPUNES pRLretibid b trolips Praed Abbinbillofaid debd

In view o reving increased activity, e nole ratio preferably is
at | east ifcREe ZrpMg,plief Seate.g., TheMersk Index, BweHimbditiqn dMercki¥ ot

| east O. ﬁ[é\anﬂ ggst preferably at least 0.3. At high additive to netal
ratios t H&%addrPi onal activity increase is reduced, so the nole ratio
of additive to netals is preferably |l ess than 2.5. The anount of

additive(s) is at least 3 wt% preferably at |east 5 w % Le. .

r of er. abl ORI | odbe oohab,and pblyBIpm nialfS, papd Jor JRPreghaliy dfie silica
catal yst. | gay@ {hbkesalAl © PrefevicdeshifsOinclaed chitdatdipt
are b'e'ttesruggﬁhi ﬁn%rogip%ﬁ’t ﬁ‘featgg%lvli)ty& 0035] The o‘rgani% addi tive 2
pr ef er abl pitrates, heptemolyslatoand sh¢ likg Jderaxpressisneiwptey sphiblgeohadhapd

e R 8 B S AT g s

that may not be soluble in 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
C amount of salt is such that the silica support will contain from about 2 wt.% to
about 8 wt.%, preferably from 9bout 3 wt.% to about 6 wi.% 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



WD 2007/ 084471PCT/ US2007/ 001063 12 [00331After inpregnation of the at
| east one organic additive, it is essential to the nethod according
to the invention that any drying step is effected in such a manner
that at | e¥Q2007%473f t he additive renmins in the cat al BESKUSZIL1063
catal yst is hence not calcined after thpregnation of the at |east one
organic additive. In consequence, the drying conditions to be applied
depend on the tenperature at which the specific additive bolls or
deconposes. In the context of the present invention, the drying step
shoul d be carried out under such conditions that at |east 50 %
preferably at |east 60% nore preferably at |east 70 % nost
pref er abl ywat of fReé hHlexet gi:dilq)saﬁhﬂ bbmmnb@ﬁdot edrbdniatbrastpee hydroxyl
catalyst in the inpregnation ste i’l resent in the catalyst
after the gieyp ﬂ@dﬁﬂb’ﬁon@nsé%r(@@}'emef?st E’?"@E rred to keep as much
additive as possible in the catalyst during the drying step, but with
the nore vol atil e conpounds, evaporation during the drying step
cannot al wapzﬂoe Bxainghd. off saitdblei addisivep imalpdeealiphatichalcohplsi guctows
in air, er vac um or_in,iner Gener al | Pt ol adva
to have aea hYIERg & Eﬁ?}erEFPBVE“SeEb’\ﬁ%gbglﬁceg“gt)%' %WOLS&B%II‘ w38 gﬁyi’dﬁ
300C, convgBh&, levc. lrhey sHRdie e8RpSundPiiclicedienaine @Kybew dip@iplyiete0
[0034] In a partl cularly ngferred enbodi nent_the at it one

organi ¢ addyesly &imgiyhene slyaphtsisthylens Bleghriribublere ehicobr GHAPEY IS
or a m xt U%g?&f t%&ggﬁgﬁaf}n%@cap'ﬁeée% o%aéuals% ineiude JdIPEEHBRI Sich as

acids are conponent s do not contaln a carbon
atom Exarnﬂlg&hgfene nglygelni @theee i etbeisnwihiche amlsultalzlsoﬁor BNOdn  the Paesent
(NL- 14) 112PO4

the group ‘BYeRH NROZJ[%CFacF@g e%kcﬁgggﬁgg2 Ois?’bu nt a{%'énri’gjﬁ %@?5}1 Y%%mn

preferred msh@@etr@hosﬂmr u.ﬁemmantas @lj‘/ccﬂammﬁylvekﬁed ndictisnae t gmco!
activity Ua hydrotreating catgé H3PO4 i s artl 35% ref
[ 0035] One TaPBeRFPRNL S8t 804 letfxienss elyfgh ampb i efaer e by e

counteri On%? 7l , HiethyIEn@" bBRol, S#ieftﬁjt'lﬁne Yyt rté‘ﬁ-@bthjd%né f‘%]?éélor;ﬁfbﬁﬂrlene
C a

into the yst co osTti on. t he addltlve i np I on process
of the preslgnel, idipopyicns glycﬁb;mult @almth}dmsgly% with 2 molecular weight

2007/ 084471PCT/ Uﬁﬁg% %96(%}? glj,gfm%dtl mes this may |lead to an
the

unde5|rabI% e e counterions in the catal yst
conposi tion. However, dependlng on the nature of the counterion and
on t he number of addltlon npregnatloa§ste S. enV| hi.s not

be a probl WS8Ry gAMIENSIERALP B & BBt 1ERE T A BT Eraps

sai d di sadygnbaGFearbon 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 Iodine 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.



[0036] I n the context of the present specification, an organic acid is
defined as a conpound conprising at | east one carboxylic group

- (COAL!) . The e3¢ acid is generally a carboxylic addecmmgooraoings at
| east one carboxyl group and 1- 20 cartbon atons (carbon atons in the
carboxyl group included). Suitable acids include acetic acid, citric
acid, malic acid, maleic acid, formc acid, glycolic acid,

hydr oxypr opi oni ¢ aci d, hydroxybutyric acid, hydroxyhexanoic acid,
tartaric acid, glyceric acid, gluconic acid, oxalic acid, malonic
acid, polyacrylic acid, ascorbic acid, and N-containing acids |ike
EDTA and CyDTA (1, 2,- cycl ohexanedi am netetra-acetic acid) etc.
Wthin this group, conpounds conprising at |east two carboxylic.
groups ar@osopf ennginefadveey gbodedsultsswereafmhndcwhen the orgamq edditiive, is
malic acid, maleic acid, malonic, aC|€§ean tartaric acid a

pr ef er r ecehasep riremathegeiouppensisting,p EBf ABYney ﬁﬂ@?f’q"@ glkanol or
preferr edalﬁgﬁ’ d%{&p& ahBS e drRRAated heRESRTHE eeMblel, IR cOMMRIAMRE Na

organi c acl | east one conpound sel ected fromthe gr oup

consi sti myaba‘anpb:hymyrm ofopel RErtbe aivaniagesy af ok athasesentiongdi Brefgred
or nore hydrox .oups_and a Q I
group, pothFé ’r?'y%qugﬁ'% OY?fe?aetgﬁ n%gg (%18 on al?%/&%g naerhg?t?:@%;'rs ﬁﬁ'&t DY
al kanol  oerdidyerROlerg AL SR nihiatningen hiiteselédibigoind h@ﬂ&B]ovﬂ'hﬂeﬁn
acid and the additive may be |ncorg rated into the catal \ﬁ%‘

si mu { ancioauPoBr ABATEATORHTINE AGVANAES it HIUEr SORH HIRS APLYEY
~of i ncor pﬂ{ gﬂgsélgﬁlﬁﬁ) Bart B JHisineddising’ @ él@ﬂlﬁcﬁﬁ'ﬂ’y ¢&at Mitkall dontent,
separate hat the nronerties of "the innregnation

sol uti onsmtrlalylgbﬁlﬂ aatadyss deansidesehlyt tess eypensive. It was found that catalyst
2007/ 084471PCI/ 1352007/ Q 4 .r s, of .t h [

addi ti ve.2%k@ Pghtgl mvgg?ggeﬁaaggng%%{r{péﬁﬁé aé%&ft& %ngggpre?letftr}gtgn%
contact trausatpperdt MhithRovss prefemblyat dgmatiods andl mosoprefenably at hgist
both the acid and the additive, optlor}iall faqll wepl by an aging step
and/ or aﬂ}félcﬁg’ﬁﬂf@ﬂ)t%ﬂﬁeﬁaﬂﬁﬂaé’w ffﬂgﬁl d¥iveEast 50% of the
additives remains in the catalyst. [00391Silica supports are

i npregnated with aqueous solutions of Co and Mo salts using

convent i dA@B1} ec FTrhanm@be ratffe bgtweasnthe amoust g&émdﬁlawapd\ﬁéemow of

added to,on th r
o cont adb ety ofla ASRAHER UL bE 8 R ) Brelrab DI 6
the sili casquppeidw of bbhiseing ineated sctbyity, hise modé pitEnprefenblysis at least

met hod. I n_this nmethod, an_gguec sol ution co inin t salts
and or garfl-@>-aB@re iprete %bl}’na}g ir 1211:4 %Bd?rfpeﬁ%’lfc?tglﬁg&p(g#rﬁna&oPOSt
.. Inci pi ent, %5!9 Sat“f%'aﬁgo 90 homam{/sqlsrkhe&ﬁatm the aa@iﬁbﬂanu@muy
that are el in the ar hydr opr ocessi ng catafy
prepar at |!0Weammﬁﬁdt}@%ﬂ,§0 thfnmqjg éath gﬁadqiwweép tr@qrtﬁkﬁtls peefaeabhe jessthan
i mpr egna | b °

Tpr &g tigg"]-ﬁ%g S;ap%okmn%{g?% by Pohst'® b SAblerdBY R Feddl s wive, more

i npr egnat™ I ca su mxtd a’co al't’” and
usi ng i ngirpfeeablyvett asts7 wdt%lnegatweetd lthmrtmighawteeghtsmbﬂm tatalyst.t Bevaller

i npregnating the dri.ed support w,h a mol.ybdenum salt splution.or

ol yben AR o B4iEem S e s RHYES AL PE BREeR g Hop@vink the
wherei n tReVH9. and/or the Mo salt solution contain sonme or all of the
organic additive(s). In another enbodi nent, the order of inpregnation
by cobalt salt followed by nolybdenum salt may be reversed. In yet
anot her [ me su e e
of cobal ﬁ@gﬂ ﬁno%%g e%g%{tgva eé&f‘ab‘i r%%ﬁ?cH%WHw tiB Oﬁl :ﬁtg:ﬂfatnt

wet ness. p'Ehﬂ:r@l@lyl inthe gamgecdf 80-F5|00r“tc any abgoodr scdubidityd it hater, typically of

co-i npregnation process. repeate
P ga.t least 5 g@ams per hterpat room ‘temperature (20 °C) (atmospheric pressure).



WO 2007/ 084471PCT/ 1JS2007/ 001063 15 [0041] 1 n yet anot her enbodi nent,
an extruded silica support is inpregnated with a m xture of cobalt
salt,' nolybdenum salt and organic additive and the inpregnated
support dr VEQ2007P§4471t r eat nent nay be repeated if desir eBCT/ISRIATI01HH3
yet another embodiment, the silica support is inpregnated with an
aqueous solution of a cobalt salt and an aqueous solution of a

nol ybdenum salt, or a solution of a cobalt salt and a nol ybdenum sal t
to forma first catalyst precursor. The first catal yst precursor is
dried, and the at | east one organic additives are then inpregnated on
the first dried catal yst precursor to forma second catal yst

precur sor . [0pBBK 3] Aftealimprégnatibove thaine deast ong organic adgitine intbdesserial

may be a single additive . or be a.m xture of addifives..and ih

i mpr egnat i tSntﬁg é‘h@é‘ﬁ‘% ALCqtdin gbtg’a%g ﬂ’é‘éﬁn&?n)s%\a}{e?lgf dpying s EE’lpf 15 ne’g%é}gegainysq‘lcg
achi eve t hepdasiy @de GEleabt gt oR bl dddieved eadaingsn th t@nlystTiegoaklyeNis
heating and drying are carried out at tenperatures in the range.from

about 50C hescaingtcatained afisp impregnationapl hepdl listapBRirgve, addd Yo
a dried calg é’%ﬁengé,ﬁ@#r(g?fnrﬁ I0aiflbNs R pEHhpRea RAERd KACHU Templrdtlie at

air, or iner as S gen. Itio t enperature

appl i ed arwhichpthe alpeyifichadditive dojls | @vdebopipugeshin thencaritextzofithe present

additive | oss by eyappration. [[0044] As indicated before, it..s

por t ant | PHEAGGR, PEASYIE SapiSOPIY hE GrUchect SOEF POt cphdiFied dbetet

in the cathysso r@MiBfdriiyhet tedst| 60%, heder prdfbabBatel ¥adt 76 %seadosh C
a catalytic process.” For this reason, the catalyst is not heated to
t enper at uriretesalyt ot leant #0%b i thesaddifue dpeomarated tinto Hae catabymb iar the

due to cat Cl.l L/ ' f | :

W1 Pequi PAPEEndRCby 3 WA ofUchith USR8 diurundRyink Ve AOF cite

by any netitds pkeflermedtto kdepsas skidhl adilitime ast poskible il ¢he abtlys tduring the

according to.the inventio referred regeneration conditions consi st
of cont act Swia RisPs gt " ey grors YlaBly GBMRoSAT RYARSTYIRT grine e
t enper at ur &s,iesiey canest al3e9Ebe RivefdedalThy dReingvutabaaly, eV, be carried out
2007/ 084471 (E%US%IOOW 001062 RIS éib , oY@
in air, under vacuum, or in inert gas. Generally, it is advantageous to have a
drying temperature below about 350°C, such as below about 300°C,

conveniently below about 250 °C, most preferably below about 200 °.

[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 acidic
components which do not contain a carbon atom. Examples of inorganic acids
include HCI, H,SO4s;, HNOj;, H;PO; (NH,HPO,; (NHy)HPOs;, H,PHO;,
H,P.H,0s5, and H(ni2)PnOgnery). Within the group of inorganic acids, the
phosphorus-containing acids are preferred, since phosphorus in itself can
positively influence the activity of a hiydrotreating catalyst. H3POy, is particularly

prcfefrcd.

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

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



16 325C, nore preferably bel ow about 315C and nost preferably bel ow
about 300C. The regeneration tenperature is typically chosen as | ow
- as possi bl g WhHdsgs7@2voi di ng | ong regeneration tinmes. Repeigsabicnes
tenmperatures ranging from310 Cto 343 C are usually conveni ent for
these types of catal ysts. [0045] Unfortunately, regeneration
conditions can sonetinmes lead to renmoval of nost if not all of the
organi c additive necessary for optimal catalyst 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
regenerati IS re-inpr e 1 th.; at..{east La :
addi ti ve, °’8?‘“§\§e‘h‘sr LS uﬁe%ﬁ?{oegnm& dg?ﬂ&/&o %@eﬁgﬁﬁfﬁgﬁg fions in the
i npr egnat ¢palyseEAAgesitibA0Hlwever, depmdiigeonthediatmmet of thieecqumisrént and
invention alSo relates to a nmethod for, making a catajyst for th

hydr odesupn ¢he swmbas efpdgitian ARPFRZFANOR HeRR FRYTRE &‘f%ﬂ?& “EF)"" a
regener at | S cat glaast IFS{ sk C PES" hot hpdvdhagiad
silica co%%g}ﬁ%'oﬁsﬁa ‘gag{:mgbggémg%éféﬂw@&; B%?sdgg g?]e?,gi lica, and has a
por e vol utieadwaintepen about 0.6 ce/g and about 2.0 cc/g, and nedi an
pore sizes in the range of about 150A to 2000A, into which a cobalt
salt and a nol ybdenum salt have been inpregnated, to forma

regener at fih3gft aliy $he cohickt IJTRRE PRé¥ehn Spddificitias nar adgaticcatidliy stfined h
at | east one organic additive, said organic additive %i ' n% at .
| east oneascorpPBPAUNE SIOFREHDE A6 Jeash &N CATRPXYSRFOLP (§ ‘oﬂﬁ% FRpMC
conpri sin iﬁﬁs é&?e%#ﬂ# ﬁfhawc?‘{gﬁi%ai OHRSisfatdeddd il AoBo:a0 @rdup andl 1-
the (poly)ethefs o ese conpounds, to forma catal yst )pre(;ursor;_
(iii) dry2hgatboa aamal(catbqr etownss b thet caxbexsipaoup ipeludgd). |Saxtablaegids

about 350C to, forma dried catalyst ,pr rsoh.. (1 : i ON :
sul fi di ngiehsdeqrqedlg 2y CIEE %?lgtm%%r jgccl%’r gr\%l%}ggﬁ?ﬂ,a@’%gpégl}@egiyﬁﬂm
catal yst g4i8CWHyaRbxropidnit y atid, Shydioxgbbiyricedicpd,i diydtaxydiekénaic ngcisy
use: for HDS. In this enbodi nent, the spent catalyst does gi)t ki
necessar i laytarigagid, @lyiearic peidn gligonigaciteaxaliq Aoidh Malpnicagld, Rajyacrytic
organi ¢ additi f c Iyt ; $191p1 SEyIRTA (1,2,-
cat al yst %%g’ora |°ﬁgﬁt geﬁhegécﬁvlgn%oﬁgﬁﬁﬁ%aga%%%%?%ﬁ }i U% 007/ 0%1063
17: 10047] &xclpliexanediaminétetinemtctid, achd) ietwerWidin ptisi deeupatcampougds

that are particul ar useful .as hydrodesul furi.zatj .

such cat atmPEsHg et l‘%ﬁ%ﬁ‘&?ﬁ Hb?f%?{} | BFSPPHPSRIF ge&a%d‘@ﬁﬁggﬁ:l@é%ﬁo é?é%da
sul furi zagdRRScaBichRidr Matiat &id ! inaleis acidy\hedlonicciridubid tartarixt add ars
carried out, the dried catalyst precursor is treated with hydrogen
sul fi de aprefomedfitria aeidds BRTHQAHRBEERTed 1 vol . % to about 10 vol . %
_based on total volune of gases present, for a period of tine and at a
tenperature sufficient to convert netal oxide, netal salt or netal
conpl ex t 00BN cdn rguprdcgmbodimnelt the ablaist one ofganie efditiypgomprises

catal yst. The hydragen ,sylifide may be S L.l ng:

i ncor por a?‘éﬂrgaﬁy"o?c‘ r’t‘nfikﬁli 183&&“}?5 ompq,og%@%%ge?:&gqjg%%gﬁggh%ﬁ% ,Sﬁ?§g¥
sul fi di ngp@9aNEroxSalkanks nad peliiydeoxiidikears . cémprisingnl er moreethiygroxyl
di sul fide can be conbined wth a naphtha diluent. Lesserwg]rmun%s gtfs
hydr ogen Ssiups @adhepveen dsafl 453bqnhptomsRET BYdroxyk $10UP; RYIYFRRTFTRE
for activgflofp aﬁﬁ §&%ﬁhaﬁ?r£m§fes”@MmBﬁsﬁ"gG%ﬂiﬂncﬁnQr aglkenclt Bedup¥ayind
take place 1h either the I"iquid or gas phase. Exanples of inert
carriers polycugdensates tigesofind | i ght hydrocarbons such as net hane.
When present, the inert gases are included as part of the total gas
vol unme. Tenperatures are in the range from about 150C to about 700C,

pr ef er abl ocﬁmut BROGetd 2aB0We HHARiveT itayt SEPaicdipé@tah)intoe theelcdtalyst

constant or y be ranped up by starting at_ a_|ower tenperajure andf
i ncr easi ngineneenyiyr of usequrntialy ARt PoaPrBIUIAIQIHeL &Y% BB NEEE, ©

the range;un .00 We 2AALMEHY /it e cAtaf/sE iR RparAeQpsinap be

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



either a liquid or gas phase sulfiding agent. Alternatively, the
catal yst may be WD 2007/084471PCT/ US2007/ 001063 18 presul furized
such that H2S may be generated during sulfiding. In a liquid phase
sul fiding XRMO7TOMKH catal yst to be sulfided is contactBeT/HPIOA7/)1063
carrier liquid containing sulfiding adent. The sul fiding agent may be
added to the carrier liquid or the carrier liquid itself may be
sul fiding agent. The carrier liquid is preferably a virgin
hydr ocarbon stream and may be the feedstock to be contacted with the
hydr opr ocessi ng catal yst but may be any hydrocarbon stream such as a
distillate derived frommneral (petroleun) or synthetic sources. If
a sul fidi rie%uﬂﬂ@ﬂéntb of arbdadd aad ticadditive @levdrthelabs, forecasank iofiefijciagent
itself may be a gas or |iquid capabl e of nera.tipg.gédro N sullfit.de
under act i3t i ¥ff it?i%‘é?CtEﬁ%ﬁgﬁP@E"?nﬁ’%ﬁd@ A& JBIT e SOUHON
car bonyl ' i [ i SISl alaging ste
sul fide, Eﬁg{jrgﬁnogegétgl%% %gég#%l?ﬁg?&gik{shlgﬁ%e, E’gt;]d polmg'tl fi esg.$ugh
as di - t - namylqrod yisyingi step under sutl iconditions sthat af jease 5@%/ wifthe pgditives
e.g., petroleum.fegds act as sulfiding agent and include a w de
thoralRin

vari ety of ®8gHsup- g speci es capabl e of generating hydrogen
sul fide, including aliphatic, aromatic and heterocyclic conpounds.

[ 0049] Fol | owi ng sul fiding, the catalyst nmay be contacted w napht ha
f ot of Cpang Mo

under  hydrl883%Jul f §HicaisygPesnars IpSePe§ GRS AN
i ncl ude { SARELAY SR 5016t ABGniP b8ERHEARaPTH
from about g@%ﬁa to‘%ggggfgmfg% hE%Pg@l(eS% tﬁgﬁg%rbo psiglg , Liqui da9 © (

hour |y spaadded b ook tor dotiopf theorquebus solgtiontaf Goand Mo saligpripeta copfact

wter nyarsiBanr s SAE o BBy Y Mbnephllidd s Bialntbe,

away for siphag&absalf i b elie prohsiesswegess nndthad I thisphetpotipar aqoeeus

hydrogen sul fide. The_ desul furjzed naphtha,is. useful for. blendin
Wi th ot her SOREAT FRnBEITS Rt Al ARG AFEATT BAREVE &S KT RLIS Suppprt vp

2007/ 0844 7 Rl SR 00F 1D B@sw e e 5X B5IRE & oh veA GoMA ta¢H 9Q3 kkcHhiques
silica sup%otrgt; was %ngg%ed usi r?g 80 \%t % 6I trasil Vl\BglgeiSi 02 povvdgr

and 20 wt %hhl aarel wadi3knbwradaedhs bl pDifaulropiocpesing otatalyst HrrBRIEEHBN
the dry wei ght o{euthe sLiJs%port after treatnment at 600C. These silica
U GRS

sour ces wePBMHES R Fer with 4 w % pol yvinyl al cohol (PVA) based

on the dry silica mxture with an OH nunber of 78-82 nole% which was
pre-m xed with water to fqQrm an aq)lé?ous sol utior}.

Addi t i onal V\Bter 1
was added H4PEquitbaliegatiye magner of ipgaeanation QL ke SiheR.SYRROFY,PY Tge
extruded t 6‘fc &%%13- MPropAenE GRS hippbfSwitil AanPthicUsPd sbalesdlt and

dried at 1 or about” 17hour. The dried support was cal cined at |
790C i n anusingiincpieshiwestesspditing sheimpregnatad FpPOHNgd thennigapregnating ¢

the dried support with a molybdenum salt solution or a molybdenum salt
solution up td 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.



[ 0052] The catal yst support ima a total pore vol Une of 0.91 nug as
measured by nercury intrusion porosinetry, according to the ASTM D
- 4284- 03 nmByRogyReSYM Ng a contact angle of 130 for mergiys2067/001063
silica, using a Mcromeritics AutoPors |V 9500 instrunent, a BET
surface area of 80 n2/g, a nmedian pore dianmeter as cal culated from
the aforenentioned nercury intrusion volune neasurenents of 445 A,
and a crush strength of 72 Ib/in. [00531 A CoMb-CA sol ution was
prepared using 30.9 g CoCO3 (44.5 wt% Co), 70.0 g Mb03 and 24.7 ¢
citric acid. The volune was adjusted to 300 g Mb03/1. 75 g of the

prepared sillca support S _Lhmr I I el plent:

et hod sdOOAF *: TR abetbEF sifeuREaR 3 Rt s AR B il Raged
based on yhr &mixt@ieobt cobalt Ralts aiclyydénumi tsalt drrdcatgamic asiditb@0End Ahe
aliquot of 66.7 m of the prepared netal solution s 8iLut d with
9.7 nl wdmaregoated suppad guisds pfﬁ%%“ﬁ%‘iﬂéef\m%%e wpeptsd 1E468Thi e, The

i npregnated catal yst was aged for 1 hr. The catalyst was dried to a
product tenperature of 50C using dry air of 90 C. The finalJ product
was renpv@dd2] omlhlyet wasthet emntobdimenty dhé silicaciuppent igdopeegnated with an
This catal yst sanple will furth be denot ed al-ys

20021084 £HPERYS y 6%‘%5‘1%%?%{ 6’6@3?&%%&%%&?‘%@@ 8?%“6?@??3%% salt,

| oaded Wi dh, tda@utisieRET£dobat @hltSdnd whinelybiesumubdli @6 dorai AJirSY/chiafyst n
H2 and virgi n napht ha under sulfiding conditions,

. The .
(“hydr odesuirbeuisert i Bie it exalyst Preqirsen iy Srirdnane theatdfey ore ©oRganic
“silica s .t ed C . F t e
i th an IRE T ply Ment R ekRbioh 4 R ALsC iy i [lec AR ohes
177C contsgcond gathdydd ppanrsal f ur and 46. 3 w % ol efins, based on the
wei ght of the feed. The performance test was executed at a
tenperature of .274C (525F) at a pressure- of- 220-psig using H2. Feed
fl ow rat gopas) adjiysfiPthd Sbel ambodirhangetief ofankt Agditiveaphene a single
desul furization from65 wt%to 99 w % based, on the wej ght of the
feed. Prcdiditive oF &aysbemixapes 97 a40itiveh Frdnhe imer e tioR, WRIEBSIPRY
(GC) and gul b GNER}H fﬂnﬂgssﬁﬁ%%sﬁ% §6tabAfRvE HDhesiESs Herdll dhd aadinové
in the produé)t was conpared with C5 olefin content in the feed on a
wei ght bdeadings. Ssfterungiregndtivn deating agd doyinglase carviegh etattomPeAPSEs

Results were stable.after ab 0 yst

vere useditBectROEEfrem %%Ougléq‘?:n?%gpéﬁ%% %ﬁ%a@ vgf P%%F%%@IO@%OM
conver si D CY%Prnh QAirkdThralyBSpretisor! hef drgaiganpgtbefundis \ecabmgaibed
by cal cul ation of the 1.5 order reactjon raje constant for the

2- et hyl intAiBpPRMETHEUFYGl 1% BitFeBen: Jdte pofitions of icmperiie ApRigd are
. done for t?%iq[aﬁllgeéilots%ﬁ% 51?&&%.—%#&%#%& SigRRIZifdaddifife RSB CatVie

conpar ed pertformance o0 e comercially avail abl e RT225

napht ha hydrodesul furization catalyst. This is an al um na supported

catal yst containing 4.3 w % M03 and 1.2 wt % Co0 based on the dry

wei ght of the catalyst. In the preparation no organic additive is

used as deaayj bedyd mdidted bages] itds.imPotant tiatlay d¢ass hoped of theargario

rate constant of 1.77. The ratio of the reaction, orders. of cat?l st. A
g)[sg, a? eq,ei‘p al¥st is

and the castdayes Wnpragpeisd dn vhe calphsy semal,inghe satalyst helpry thyca
catal yst \LohDf 3Cchidlytic ,rpg@ées&.heF%k OACobMxopatRE Yeatal9ft §dinvt et eo

prepared using citric ac as organic additive the reactjon rate
const ant teenpetatigesagitatdnghar|aony S50PE hefere fatglytigauseg 7 Sdovransy dye dp

the performance test. are shown i.n. t : [ 6 0%iPS equire
conver si o%?&?ﬁterée iya %‘bupug.nﬁ Is%a%ﬂ or {%%% gg%o}:aéfl%sg calt al fgt
descri bedrelBnération >Cupllys: repiehérationmanibd easiet] lam byhenyl Srethod k@8N to
that the commercial CoMb/ Al 203 cat ?Is¥st showed. . . .
those skilled in art. For the catalysts according to the invention preferred
regeneration conditions consist of contacting the spent catalyst with oxygen

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



[ 0057] These results show that the silica supported CoMo catalyst with
citric acid as organic additive shows a reduced ol efin saturation at
90% HDS conversion and that the 1.5 order HDS reaction constant of

t hi s cat al PX208W840ni ng 20 wt % Mb03 and 5 wt % Co0 on dP§T/BRE§74010¢3
al most equal to the 1.5 order HDS realtion constant of the reference
al um na supported CoMo catal yst containing 4.3 wt% Mo03 and 1.2 w %
Co0 on dry basis,. Exanple 2 [0058] Catal yst B was prepared and tested
according to the procedure described in Exanple 1 with the exception
that besides citric acid a second organic additive was added to the
metal solution before inpregnation. The inpregnation solution thus
consi st ed32$°@6mobreripréfebblfAdadoluatiooh 318§°G apd sy preferalily thplownabout

gl ycol ( oeand 2. 3 ni ter 0059] T | efiin,saturat, t

b conyeRdbsh WEE BeBenmr OO AT ERERES ooty SRSk o g8 a€ nofbte,
versus t hg iRV A3 1685 GepatRaic ainyel WasgehdhftfonT tiraparhnnes rhgiing
the addition of di et\%ﬂ ene glycol to the irparegnation sol ution

i ncr eases fiame 318 PGt to\A4 04t aneyisnallpeonyeanicntor these &yrmiotcalalisg t he

i nproved ol efin saturation performance of catalyst A Exanple 3 WO
2007/ 084471PCT/ US2007/ 001063 22 organic additive was added to the
met al sol §004%] beUlaf@tumpelggreaehantiod kenditione gantsportiswdsueadn temusval

consi sted qf 66,7 _n Colb- sol ution .10 =9. 2 m) diethangl
amine (| DE%) mRsY ‘ﬁo“%td&mpgﬁ% QRIS "?ggb"ﬂ r%ﬁéssé‘{yefﬁgﬁ %éfrﬂ?latcﬁgaﬁy%t
90% HDS cQpMBhehRek, Vahethroset YavertiohahiH alsoeteditty B 6aheathyd tfoRaidkvgd ¥
versus theé toMd/ Al 203 reference catal yst was 238% This shows _t hat

the addit icotalyst, i whirinatspent satalyy thathanprasyfihimisieddel eesusiatien snef-y
I ncreases %n@%%n%é&i W{ﬁ} G Al s dﬂ@%r@ﬁﬁibvdcfcﬂti%'drecm r%(sgfr?%}iggi ttg%ny

i
. 1
| nproved O aturation pertrormance of catalyst A
of the aforementioned impregnation methods.

[0046) In a separate embodiment, the present invention also relates to a
method for making a catalyst for the hydrodesulfurisation (HDS) of naphtha, the
“method comprising: (i) regenerating a spent catalyst comprising a silica support
that has a silica content of at légst 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, into which a cobalt sait 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 hydroxyl 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 temperature‘iof 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:'rnpregnated with the at least one organic additive

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

~



[0062] Catal yst D was prepared and tested according to the procedure
described in Exanple:3 with the exception that the anount of

- di et hanol @R0&ki@t was added to the netal sol ution waschNeERING3
The i npregnation sol ution now consisted of 66.7 ml CoM-CA sol ution

and 16.4 g (=15.0 m) diethanol am ne (DEA) and no additional water.
The total volume of the inpregnation solution equaled 112% of the
total pare volune of the support. [0063] The olefin saturation at 90%
HDS conversion was 8.0 wt% while the relative catal yst activity
versus the CoMb/ Al 203 reference catal yst was 282% This shows that

the incre addj ti . ' ) 1 - Lhe '

sol ution @gﬂl f u%\%@? |1§Ié?l?a§]<ia(ls]§{{§é’ rﬁg% E.I?Y é\}lgmg:]a?’ 5‘})‘%%?%[%@%%%’[\%% f re

whi | e mai pirtilarg ddegul 8P hgdrtitieshi@irizationt catalystonFpeshch vatabgicobse, the

catal yst ‘A and C. Exanple 5 [0064] Cafal yst was prepar ﬁd and st.ed
accor di ngdriesi edfalyst peearpersdepiGally s eﬁchﬁaﬂ"Ef‘E‘z@tWt eR REfs Sy En

that the ”?“’R)g‘% éﬁ&%}lﬁﬂi%ioﬂniﬁ%ﬂhgém\%ﬁé @R RaR PreeuiseH ik O

obtain a I'owe citric acid ang
2007/ 084 474AEMIVSR0BYdroRen 681 ali mnhenmtodtionsi afdremrabont Odnveldé to about

I .,Jh ' ' f th : ,
A 1] onat0 Wk biase Srualiel PPt AF BeneT SR £5 ARA000E P8 R =

| evel . Thenipgpie@@iffielent b Wohoert Rtstalanide,sheml elt 49 nfetal cduoplox @A the
solution, 80 g

=7.3 nl) diethanol anin DEA) .and wat er ch
“that the qm%aoe&p&l spdpdGdn gderda iorm tﬂem%?@%@z%nﬁa%@%ﬁé&cﬁmﬁ&
[0065] The.ol@fi | % kS CRR¥AICThRA WRDrBof (HeYeatahiist €
"the rel apﬁe}g I?:\F'Iat a@fg’&g&%ﬁﬁ \%t%q%%?éug%%e Co%rb/ Al 203 yéfgrgnce e.i‘ﬂ}‘s
cat al yst prasurddi5%dnn smbledimenthdhe bolfiding geeneisneerabingdnwithta dilaent.

20 A ol Sl VBl NS S0 BBy o e
i nproved ghakits of alydreddroduliias meynbn assdy bue dianyst exGendExtentine réquired
L0066) Gt B e atioe A St SSrrial e s Sand a ek sy IR FIANE 6o
either the liquid or gas phase. Examples of inert carriers include nitrogen 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, preferably about 160°C to about 343°C. The temperature may

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

increasing the temperature duri‘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 sci/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



described in Exanple 5 with the exception that the anount of netal

sol ution and di et hanol am ne were further reduced to obtain a | ower
Mb03, CoO, citric acid and di et hanol am ne content on the catalyst.
The ratio OO eE8W4Yonponents was kept the sane. Addi t | BEBUSIN0T1063a s
added to maintain the pore volune satdfation | evel. The inpregnation
solution no?,i/ consisted of 35.0 mMl CoMy-CA solution, 6.0 g (=5.5

m ) diethanol am ne (DEA) and 36.3 ml water, such that the dried
catal yst would contain 12 wt % Mb03 and 3 wt % Co0. (0067) The ol efin
saturation at 90% HDS conversion was 8.1 w% while the relative
catal yst activity versus the CoMd/ Al 203 reference catal yst was 101%

Thi s showsréidfurized8utin that I’lBlSrm‘aglbecgmbmnéd Quirtrog, SAfiding. %mmumasa
cat al yst to 12/ 3 wt % Mo03/Co0 in ¢ t, F further reduces,t
Tl at]ve GaltIps aeps BECPRERL I 1o SHBAEA L RORPIITL Y patrics| Kavid

saturatio tal
2007/ 0844 FIREBERAGHSE, 5EFHS BLSuIERS Sesps fidy b, added o the carier
prepar ed dighid estthe cavior dawig itself h‘@Ypbe)seld'ldtiI@ dgemdr | ﬁhﬂ ciammhqwdensz
with the except,i,on that unt, of diethyl.en
added to (HECRRIZR @Eﬁ‘ﬂhygﬁf’%é SR0n gar 2af) %’h‘%e ﬁ?%%xéﬁé%ﬁ g‘ﬁ{"%mﬁﬁ?"teﬁ
gow ﬁ olnsi S\Lﬁilﬂ tige ?%‘Dérdﬁesﬁﬁyﬂzamyﬁﬁtﬂhh@nbaady L2 dfocgrtferl btr€arfiispich as a

i et hyl ene gl yco

G and no additional_ water ([90069 Th% ols\Pig_gl

sat ur at i orfligtl @%‘JHDSC‘ é'méﬂﬁ%’ﬁl frofeum) PosYIHRTHE SPYises o 164 mg

cat al yst
Thi s shows hgf[ist %{?%&llr ﬁgﬁﬂééagég@wm@loﬁgémg f% {E F\gﬁ’gﬁ{yﬁé}% to t (,,/
i mpr egnat ilaquid otapabbn dfugemeating chydrogen t thléﬁd@l wtdey eagfinatiops FOHDQOHS :
activity i | e .mai.ntain t he inprove at f e

of cataly ’éarﬁplﬁﬁd“%udﬁbgﬁﬁggnéﬁqgsei’oﬁafﬁ? & V\(%s@% gpél?@é %Egﬁl dés

tested ac Cﬁbﬁla@githﬁtﬂyl‘l%uﬁidm eﬁwlﬁdésasmﬁ imdlmenhyekawlfmd ant tpolysadfides

exception that the anount g_l et hyl ene coI t hat ,was added to the

metal sol UB%eBnaSyl- f‘tﬂ“t)'llié?l}'ﬁlhl iWgas eﬂ‘e PHE eFer’éﬁﬁ%tt iR CT i F5AS 6@
consi sted Tcﬁ&lrﬁ f@édscﬁM} LA R hYhdiaR a%@ﬁit afa Rehde™ wide U!u)icty of sulfur-

di et hyl en ycol (DEG) and no additronal water. The total volume of
t he inpr egcrmtammgss}iqq:msommqlﬁabf @¢ngragog dfy drogent mlﬁﬂepmcéudmgmh@tlc

the support aromatic and heterocyclic compounds.

[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 1':reat 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 desuifurized 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.
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[0071] The olefin saturation at 90% HDS conversion was 9.1 w% while
the relative catal yst activity versus the CoMo/ Al 203 reference

- catal yst wp 2dPR%s7mhi s shows that the further increaseTagditrioonsof

di et hyl ene glycol to the inpregnatiomesol ution even further increases
the relative catalyst HDS activity while nmaintaining the inproved

ol efin saturation performance of catalyst A, Band G WO

2007/ 084471PCT/ US2007/ 001063 25 [0072] The results of Exanples 1 to 8

aroe/ sumari zed in Table 1. Table |I. Catalyst Additive M)0O3 wt% . CoO
wt % '

Example 1 (comparative)

[0051] A silica support was prepared using 80 wi% Ultrasil VN3SP SiO;
powder and 20 wt% Nyacol 2034 DI aqueous colloidal silica sol, both based on
the dry weight of the support afier treatment at 600°C. These silica sources were
mixed together with 4 wt% polyvinyl alcohol (PVA) based on the dry silica
mixture with an OH number of 78-82 mole%, which was pre-mixed with water
to form an aqueous solution. Additional water was added as required to form an
extrudable mixture. The mixture was extruded to form 1.3 mm quadrulobe
particles. The extrudates were dried ét 120°C for about 1 hour. The dried support
was calcined at 790°C in an environment of 25 wt% steam in air fdr about 1

hour.

Jo052)]  The catalyst support had a total pore volume of 0.91 ml/g as measured
by mercury intrusion porosimetry, according 1o the ASTM D .4284-03 method,
assuming a contact angle of 130° for mercury on silica, using a Micromeritics
AutoPore IV 9500 instrument, a BET surface area of 80 mzfg, a median pore
diameter as calculated frorn the aforementioned mercury intrusion volume
measurements of 445 A, and a crush strength of 72 1b/in.
I'e

[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
MoO/l. 75 g of the prepared silica support was impregnated using the incipient
wetness method so that the product would contain 20 wit% MoQj; and 5 wt%
CoO based on the dry weight of the catalyst after treatment at 600°C. An aliquot
of 66.7 mi of the prepared metdl 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 prc:duct was removed from the vessel and stored in a closed vessel

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



%9Sat 90% HDS conversion 1.5order KkHDS Rel ative catal yst activity (%
Al 203 ref. - 4.3 1.2 13.3 1.64-1.77* 100

WO 2007/084471 PCT/US2007/001063
20

[0054] A fixed reactor volume was loaded with the prepared catalyst, which
was sulfided using 3% H,S in H; and virgin naphtha under sulfiding conditions.
The hydrodesuifurization and the olefin saturation performance of the silica
supported CoMo catalyst were evaluated on an FCC naphtha feed with an initial
boiling point of 10°C and a final boiling point of 177°C containing 1408 ppm
sulfur and 46.3 wt% olefins, based on the weight of the feed. The performance
test was executed at a temperature of 274°C (525°F) at a pressure of 220 psig
using Ha,. Feed flow rate was adjusted to obtain a range of 2-methylthiophene
desulfurization from 65 wt% to 99 wi%, based on the weight of the feed. Product
streams were analyzed using on-line gas chromatography (GC) and sulfur
chemiluminescence detection {SCD). C5 olefin content in the product was
compared with C5 olefin con'tent in. the feed on a weight basis to calculate the
percentage of olefin saturation (%0S). Results were stable after about 30 hrs of
catalyst on stream, and were used to evaluate the olefin saturation at various
HDS conversions (%HDS) '

[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,0;/CoMo catalyst expresses
the relative catalyst HDS activity. For the Si0,/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 tabie 1.
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{0056] At 90% HDS conversion, there was about 8.4 wt% OS for the CoMo/
Si0, catalyst described in this exaniple. This is much less than the 13.3 wt% OS
that the commercial CoMo/ Al,O5 catalyst showed.

[0057] These resulis show that the silica supported CoMo catalyst with citric
acid as organic additive shows a reduced olefin saturation at 90% HDS
conversion and that the 1.5 : order HDS reaction constant of this catalyst
containing 20 wt% MoOj; and 5 wt% CoO on dry basis is almost equal to the 1.5
order HDS reaction constant of the reference alumina supported CoMo catalyst

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

Example 2

[0058} Catalyst B was prepared and tested according to the procedure
described in Example 1 with the exception that besides citric acid a second
organic additive was added to the metal solution before impregnation. The
impregnation solution thus consisted of 66.7 ml CoMo-CA solution, 8.1 g (=74
ml) diethylene glycol (DEG) and 2.3 ml water.

[0059] ~ The olefin saturation at 90% HDS conversion was 8.3 wi%, while the
relative catalyst activity versus the CoMo/Al,O; reference catalyst was 135%.
This shows that the addition of diethylene glycol to the impregnaﬁon 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
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organic additive was added to the metal solution before impregnation. The
impregnation solution thus consisted of 66.7 m! CoMo-CA solution and 10 g
(=9.2 ml) diethanol amine (DEA) and no additional water.

{0061] The olefin saturation at 90% HDS conversion was 8.0 wt%, while the

relative catalyst activity versus the CoMo/AlL,O; reference catalyst was 238%.

This shows that the addition of diethanol amine to the impregnation solution-

strongly increases the relative catalyst HDS activity while maintaining the

improved olefin saturation performance of catalyst A.

Example 4

[0062] Catalyst D was prepared and tested according to the procedure
described in Example:3 with the exception that the amount of diethanol amine
that was added 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.

Exarﬁgle 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 MoO;, CoQ, citric acid and
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diethanol amine content on the catalyst. The relative 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 49.6 ml CoMo-CA
solution, 8.0 g (=7.3 ml) diethanol amine (DEA) and 18 ml water, such that the
dried catalyst would contain 16 wt% MoOj; and 4 wi% CoO. |

[0065] The olefin saturation at 90% HDS conversion was 8.6 wt%, while the
relative catalyst activity versus the CoMo/Al;O; reference catalyst was 145%.
This shows that lowering the metal content from 20/5 wt% MoO3/CoO in
catalyst C to 16/4 wi% MoO3/CoO in catalyst E reduces the relative catalyst

HDS activity while maintaining the improved olefin saturation performance of

catalyst C.

Example 6

[0066) Catalyst ¥ 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 MoQ3, 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 selution now consisted 0f 35.0 ml CoMo-CA
solution, 6.0 g (=5.5 m1) diethanol amine (DEA) and 36.3 ml water, such that the
dried catalyst would contain 12 wt% MoO3 and 3 wit% 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% MoQ3/CoO in
catalyst E to 12/3 wi% MoO3/CoQ in catalyst F further reduces the relative
catalyst HDS activity while maintaining the improved olefin saturation

performance of catalysts C and E.
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Example 7

[0068] Catalyst G was prepared and tested according to the procedure
described in Examp?e 2 with the exception that the amount of diethylene glycol
that was added to the metal solution was increased. The impregnation solution
now consisted of 66.7 ml CoMo-CA solution and 12.6 g (=11.6 ml) diethylene
glycol (DEG) and no additional water.

.[0069]  The olefin saturation at 90% HDS conversion was 8.0 wt%, while the
relative catalyst activity versus the CoMo/ Al,O; reference catalyst was 171%
This shows that the increased addition of diethylene glycol to the impregnation
solution further increases the relative catalyst HDS activity while maintaining

the improved olefin saturation performance of catalysts A and B.

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 (=154 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 improve'd olefin saturation performance of catalyst A, B
and G.
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59.1 3.11 190 I1cHDS=1.64 for the test series wi h catalysts B, C

Db Gand H, 1.70 for the test series with catalysts E and F, and 1.77
-for the sey}) A catal yst A 26" CLAIMS: 1.A neth i a
cat al yst %rlrﬁ?%}é&ﬁehr odesul furisationg(l-1DS) of napht ?g{{/%g%é%oﬁgd
conpri si ng: (i) inpregnating a silica support that has a silica
content of at |east about 85 w, % based on silica, and has a pore
vol unme between about 0.6 cc/g and about 2.0 cc/g, and nedi an pore
sizes in the range of about 150A to 2000A with (a) an agueous :
solution of a cobalt salt, (b) an aqueous solution of a nolybdenum
salt and at |east one organic additive, said organic additive
conprising at |east one organic acid and at | east one conpound

sel ect ed @iﬁﬁ] t hengresmtsoNEkahprg 1ab & arPauRaRrzedm Tabkal.at | east
two hydroxyl groups and 2-20 carbon atons, and the (poly)ethers of

t hese conpounds, to forma catal yst precursor; (i1) drying the
catal yst prectirsor at a terrperaturq.a%ie!less t han about 350C to form
a dried catal yst precursor; and E—

Catalyst Additive MoO; | CoO | %08 at 90% | 1.5 order | Relative
wit%% | wit% | HDS kHDS catalyst
' conversion activity
(%)
AlLOsref. | - 4.3 1.2 | 133 1.64-1.77~. | 100
A CcA 20 5 8.4 1.72 97

B CA+DEG 20 5 8.3 2.21 135
c CA+TDEA 20 |5 |80 3.01 238
o CA + DEA (2x) 20 = 8.0 4.62 282
E CA + DEA 16 4 8.6 2.47 145
F CA + DEA 12 3 B.1 1.71 101
G CA+DEG(1.5x) {20 5 8.0 2.81 171
H CA + DEG (2x) 20 5 9.1 3.1 190

" kKHDS=1.64 for the test series with ca;talysts B, C, D, Gand H, 1.70 for the test

series with catalysts E and F and 1.77 for the series with catalyst A,



(iii) optionally sulfiding the dried catal yst precursor, provided
that the dried catal yst precursor or catalyst is not calcined prior
to sulfldlng or use for 2. A method for making a catalyst for the
hydr odesul furisation (FIDS) of naphtha, #he nethod conpri sing:

(i) inpregnating a silica support that has a silica content of at

| east about BEU% %~ based on silica, and has a pore vol une between
about 0.6 cc/ EM;?Dout 2.0 cc/g, and nedi an 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 nolybdenumsalt to forma first
catal yst precursor]. A mgthodl fdr yhaltng hecdtalysit fozathal yadrodusei@itisafion at

a tenperature n,abou 50Cto forma first dried catalyst
" precursor; (ﬁbs> oprl %b 5‘%’?%@01{11‘?@"&& ed catal yst precursor with
(c) at least one Oﬁpanlxﬁap%ghduﬁ%?ﬁi sAica ls8 REERRT ?MF ?’ﬁ(gﬁ tdea l%a#] €

organi c additive corrprl sing at Teast on orrpoun from
group consi.st BPRIES wWelmpbesedon Sdcmpandshﬂsgl pure velusie betwedryshouk 96 ce/g

- d 2- d th hers of th
Corpounds. 0B SRAT 0 &0 MR oy ndfe B 1 1R AREC of b 150410 20004 1
drying the sewdxhol(a;tahadquabusomﬁwrsef at @bABBIA(H) L0 BGhedh %Qluﬁ?ﬁ Iyt

precursor; and optional | é sul fiding the seCond catal yst
precursor, prB\?iy(l’QB“‘!’Ha%altt H@i b denstl omei @sarnataglﬂgtsm, iseidc orgauic wdditive

et hod for - o BCRpHion8 ort e H) o B0leBl HE Rolrpphl iocied e
napht ha, the ﬁnetgnmp consisting; ofgr;on(pb)mdxgeusmpmﬁmg]gt ReastpeVl hodrbd]Yerbups
conprising a S'd ﬁ%ﬁ caulgd%ogtton}shat Bac (poly)ethers of these compounds, to form a
catalyst precuesor;
(i)  drying the catalyst precirsor at a temperature of less than about
350°C to form a dried catalyst precursor; and
(iiiy optionally sulfiding the dried cataiyst 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:

( : ()  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 ce/g
and about 2.0 cc/g, and median pore sizes in the range of about 1504 to 2000A
with (a) an--aciﬁcous solution of a cobalt salt and (b) an aqueous solution of a
molybdenum salt to form a first catalyst precursor;

(i) ‘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 (¢) at_least ane
organic acid and at least one organic additive, the organic additive comprising

at least one compound selected from the group consisting . of compounds



a silica content of at |east about 85 wt.% based on silica, and has
a pore volunme between about 0.6 cc/g and about 2.0 cc/g, and nedi an
pore sizes in-the range of about 150A to 2000A, into which a cobalt
salt and a nol ybdenum salt have been inpfegnated, to forma .
regenerated catalyst (ii)inpregnating the regenerated catalyst with .
at | east one organi,c additive, sajd qQrganic additive conprising at

| east one or p&AMBIIEHBE PR V0| Bedsexyd ngrowrsnaslidcOs garken &P Ad: the

and 220 car boho P bef UTRRCLRRSNRE F Ao ilser fliha iR B o

“forma catal yst pr@gur sptionally dryingithe satoyd ngalyktepreatrsr e forar e cemosdr

at a tenperat :Ar,e of |ess than ahout 3509G e-form a

dri ed- cat al ysfnf eaizlys grecuzsog an (iii) optionally sulfiding the
dried catalyst pr qeyrse tior&ﬂlg‘éhﬁﬁﬂné fatseddid, dﬂfa'l)‘v’s@ p%ﬁﬁbb{%mﬂfd@&%a’ior
or catalyst is not Calcined prior to sulfiding or use for”  HD& 4. The
met hod of any thefsetdng driedaathilysy preicuisomsonatal gt is 1dtecakeine quiod te pifdingi ng
two hydroxyl grou&s g 2-20 carbon atons further conprises at |east
one secondary °affi® 8‘@ up. S.The nethod of claim4 wherein the at -

| east 2 hydroxyl groups are separated fromthe secondary am ne group

by 1 or nore carbon atons, preferably by 2 to 4 carbon atons. , |, 6.
The method of any bne & mathgdyforsmgking dysatadish form gheo hydradesuiiudsation e

i s chosen fro@ggo% Hﬂaﬁﬂ@éﬂeﬁﬁd%nﬂ){%@g! yhydr oxyal kanes i nd

)0l yhydr oxyal rrsing two or hydr oxyl groups and between

-and 4 carbon at dijs pesgehsrarimgy spant cetplyancbmprisyngomsibios suppertithathasf |
and secondary aryi nes conptri sing. al ka o, al kepol groups.and

~ pol ycondensat @s"‘ﬂlicﬁe“t"&ﬁm of at lea%g a‘?%%f”ﬁ'&ﬁ%ﬁ%ﬁ? sg}fé’ g?d ?'Psaian%mi or

2 wher ei n t heygidie bedeh abdit 0lEaRE ahEboRO PP RUpdafiPhedihe fork SR8 in the

et hyl ene gl ycol, diethyl ene gl ycol, polyethyl ene glycol,
di - ot hanol ani meEoef ebast A50A kh20Qa intp iich 2 dobalt salf and 8 miolybdenur 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 organic acid and 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 & catalyst precursor; '
(i) drying the catalyst precursor at a temperature of less than about
( . 350°C to-form a dried-eatalyst-precursor;-and
' (i) 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.



8. The method of any one of the preceding clainms wherein the nole
rati o between the anount of additive and the anmobunt of cobalt and
nol ybdenumis in the range of from0.01:1 to 2.5:1. . 9. The

nmet hod ‘of any one of the preceding clai g§ wherein the anount of
additive is at least 5 ww%relative to the total weight of the

cat al yst. 10, The_ method of any one of the preceding clains
wherei n the sil'i caS-suppdietmethed of ¢gaimed \wbbu’-nethbet leastr2 Indesrtyl frdups &R O

and about 1.5 y one of th precedlng
cl ai s wher ei n%ggégdné§m the(])sge%on:sﬁg mdF tgﬁ%}‘ps Yi b&rsmptsor %Béf"ﬁﬁ@ss

| npregnati on areferabilytbiye ma:raﬂ)@fauﬁrﬁgm about 150A t o about 1000A.

12. The nmethod of any one of the preceding clains wherein the silica
support contains at |east about 90 wt. % silica. 13. The met hod
of any one of the gprec i re rm ts of cobalt salt
and nol ybdenum saldtjs a?ﬁetbs“d?tﬁé’cgiog%m% pérfrc:(?/l'tll gé@?ﬂ PHRACng
from about 2 sddittéet ds ahosen fromt 119 @miupl tomistide Wﬂol@ﬁfﬁ#h}cﬁl%‘é’@ ta?hd
about 30 wm. % xﬂ})}/cgden mOXI de, .hased on si‘lica support.

The met hod ofP‘?T) ﬂ?%‘émb?fé%&i%% Pwr?rbye}mylegrnunwdcbnmmﬂ
precursor is | Bi { | egst
one sul fidi ngﬁgggn‘%%d Brobis gcroﬁ‘l%&&sfﬁt %‘H‘CJP QP &Qﬁj yﬁ(r)ﬁg&g%gf &%er%&rfegg I ng
cl ai s wher ei $¢convary pindnes comprigisg aikanotios atkenn!l gobysi atddpalpdonldyssiates S
not heated togleoperatures greater t han about 350C prior to sulfiding

Q use for I\}i 16. A catalyst suitable for the

ydrodesulfurl sation (HDS) of naphtha, obtainable by the method of
any of clainms 1 to 16. 17. Acatal¥st conprising a silica
support that has & sil Tha reethndofianyone of claims 1 or 2 wherein the additive is at .

least one compound selected from ethylene glycol, diethylene glycol,
polyethylene glycol, di-ethanolamine or a dialkanoldiamine.

8. The method of any one of the preceding claims wherein the mole
ratic between the amount of additive and the amount of cobalt and

molybdenum is in the range of from 0.01:1 t0 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 em®/z.

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 10004,

12, The method of any one of the preceding claims wherein the silica

support contains at least about 50 wt.% silica.



at | east about 85 wt.% based on silica, and has a pore vol une

bet ween about 0.6 cc/g and about 2.0 cc/g, and nedian pore sizes in

t he range of about 150A to 2000& said silica support having ,
i'npregnated therein a cobalt salt, a mo¥bdenum salt and at |east one
organi c additive, said organic additive conprising at kast-one
organic acid and at | east one conpound sel ected fromthe -group

consi sting of conpounds conprising at |east two hydroxyl groups and
2-20 carbon atons, 14nd Lher,

. 18.1 The catal ystlgof 'Eﬁfﬂﬁ%bﬁhﬁf&%ﬁﬁfﬁ?@ﬁ%@ﬁ%%@%@ﬁ%ﬁ%ﬁ% tl%ﬁv\/o
hydr oxyl gr oupsnoants of cpbaltseltemd melpidenmrsaleare soffipiensmepravide eastalysne

‘secondary am ng _grou 19, The catal yst of ¢laim,18- rein the
2t loast 2" nydPRRYTAEFamLRol 2 whas Abak & cehet bds dad Ahod WLk
group by 1 or tgabsut3emaen mivlPhienuiloRidR] BRky ob¥ilida él%pén.par bon at ons.
20. The catalyst of claim 17 wherein the organic additive is chosen

fromthe group consisting of polyhydroxyal kanes and

| yhyd | k ' ] b
17and’ 4 car bon at okt perien PRSP B (R B AN SR Kn JuB. SR "

- and secondary caalysepreconpr isssulfiied| ikaitolor ek-sith ke tied pigsaice of antkast one

pol ycondensat es__t her eof . 21. The catalyst of claim 17 wherein

the additive FUf4MgagEBE one conpound sel ected from ethyl ene gl ycol -

di et hyl ene gl ycol, polyethylene glycol, di-ethanolamne or a

@inal kanol di am ne, 22. The catal yst of any one of clainms 17 to 21
erein the nole rati o between the anobunt of additive and the anmount

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

23. The catal yst of any one of clains 17 to 22 wherein the ambunt of

additive is at least 5 ww%relative to the total weight of the

cat al yst. 24. The catal yst of any one of clains 17 to 23

wherein the siliica support has a pore vol une between about 1.0 Gag

and abaut 1.5 cc/ g5, 'Ihcn?elihodTmn?%héloYﬁ{eﬂ?éceﬂ%cMExsg{)hé i Eiikd to

24 wherein the nmedian pore sizes of the silica pport betore
i npr egnat i on eatelyitrpredvssarangelfided ¢xtapstdpooettheasd o tempamtures gRoGAthan
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16.. A catalyst suitable for the hydrodesulfurisation (HDS) of
naphtha, obtainable by the method of any of claims 1 to 16.

C, 17.. A catalyst comprising a silica support that has a silica content of
" at least about 85 wt.%, based on silica, and has a pore \'.rolumc between about

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

to 2000A, said silica support having impregnated therein a cobalt salt, a

molybdenum salt and at least one organic additive, said organic additive

comprising at_Jeast-one organic acid and 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,



27. The catalyst of any one of clains 17 to 26 wherein the anounts of
cobalt salt and nol ybdenum salts 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 wt. % nol ybdenum oxi de, 3ased on silica support.

28. The catal yst of any one of clainms 17-to 27 that has been

sul phi decl by in-sigu e | l: nhy LOR. , 2 A net.hod for
t hephydr odesﬁl furi g%t i 81;1}1&0%%1&?1%%%{ %gllﬂa{/ﬁ%c%ﬁm BCeﬁ"f‘}M’i‘?nf%‘HP"%Pg gf"’

| east about 5 hydsixybaseupsoand He2heiaghin afonmafiniier, cohgristet 10¢kast one
conpri sing contac%in , .under hydrodesul furizatjon conditions, the
napht ha with SCREEYFENHEYBr ed by the nethod of any one of clains 1
to 15 or with a catal yst according to clainms 16 or 28. 30. A
.method for the hydrodesul furization of naphtha having an ol efin
content of at |easi9abdibe dtalysviof bldmd Sowhtrbin theiagldaso? hyavwlkyhgroupsie *

net hod conpri sin a) ,sulfiding a,catal yst according to any one
of clai msmi7 &5 %’?aﬁaﬁ?df gg?ﬁ) gwsﬁﬁF?’%GB'g AmiRe BRPUP by for m?'ﬁ)g?’é'éﬂﬂ a@&sng

the sul fided grfahMsbyY hid dafsonags.ha under hydrodesu| furization
condi tions. 31. ¥he nmet hod of any one of clainms 29 or 30,

wherein the naphtha is at | east one of FCC naphtha, steam cracked
napht ha or coker pht ha, 32...The met hod of any,one.of clagins 29
to 31, wherein the%ﬁap#ﬁé:aﬁysst 3ﬁ° f‘Eﬁan ?fﬁ'f‘etﬁf 063%1‘%4%1%’60{&“- SSR %
to about '60 wiém ﬂlengﬂoﬁpgﬁfhsﬁﬂﬂgﬂz:cﬁ pol?ﬁ%cfrbﬂ"ﬂﬂéh an® RINAYES2RRHEs

ed
500 ppmw and a sulfur content o rom about™ 300 ppnmw't o dabout” 7000
ppmw, rel at i VEORRSISENEIWR PEy OTe hydrapyk graups and between 1 and 4 carbon atoms

per hydroxyl group and polycondensates thereof, and secondary amines

comprising alkanol or alkenol groups and polycondensates thereof,

2], The catalyst of claim 17 wherein the additive is at least one
compound selected from ethylene glycol, diethylene glycol, polyethylene

glycol, di-ethanolamine or a dialkanoldiamine.

! 22,  The catalyst of any one of claims 17 to 21 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 t0 2.5:1.

23.  The catalyst of any one of claims 17 to 22 wherein the amount of
additive is at least 5 wit% relative to the total weight of the catalyst.

24, The catalyst of any one of claims 17t023 wherein the silica

‘support has a pore volume between about 1.0 cc/g and about 1.5 cc/g.

25.  The catalyst of any one of claims 17 to 24 wherein the median
_ pore sizes of the silica support before impregnation are in the range of from
about 150A to about 10004.



26.  The catalyst of any one of claims 17t025 wherein the silica

support contains at least about 90 wt.% silica,

27.. The catalyst of any one of claims 17 to 26 wherein the amounts
of cobalt salt and molybdenum salts are sufficient to provide a catalyst
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.

28.  The catalyst of any one of claims 17 ‘to 27 that has been sulphided

by in-situ or ex-situ sulphidation.

29. A method for the hydredesulfirization of naphtha having an
olefin content of at least about 5 wi%, based on the weight of naphtha, the
method comprising contacting, ‘under hydrodesulfurization conditions, the
naphtha with a catalyst -prepar'ed by the method of any one of claims 1 to 15 or

with a catalyst according to clais 16 or 28,

30. A method for the hydrodesulfirization of naphtha having an
olefin content of at least about 5 wi%, based on the weight of naphtha, the

method comprising ,
(a) sulfiding a caralyst according to any one of claims 17 to 27 to form a

sulfided catalyst;
(b) contacting the sulfided catalyst with the naphtha under

hydrodesulfurization conditions.

31.  The method of any one of claims 29-or 30, wherein the naphtha is

at Jeast one of FCC naphtha, steam cracked naphtha or coker naphtha.

32, The method of any one of claims 29 to 31, wherein the naphtha
has an olefin content of from about 5 w1% to about 60 wt%, a nitrogen content
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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,



