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- [0001] Thi s HvsPlkase rel ates to a nethod for hydrodesul fegfrhibddgeorooz
naphtha. Mre particularly, a Co/lVlo netal hydrogenation conponent
is loaded on a silica or nodified silica support in the presence of
an organic additive and then sulfided to produce a catalyst which is
then used for hydrodesul furizing naphtha. The silica support has a
defined pore size distribution which mnimzes olefin saturation.
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achi eved by hydrotreating naphtha produced froth Fluid Catalytic
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sulfur in ﬁﬂﬁ,ﬁl}gﬁsrmf)mvﬂrﬁﬁﬁ)ﬁ“' fur in nogas can also lead to
decreased peTTOrnmance ol catarytrc converters, a 30 ppm sul fur target
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processes have recently been devel oped to avoid such olefin
saturation and octane nunber |oss. Unfortunately, in such processes,
- 2 - the BAOKGROUNIY OETHE INVENTEON ned ol efins form ng
mercaptan sultur by reversion. Unfortunately, the H2S liberated in
t he process reacts vvith retai ned ol efins form ng nercaptan sul fur by .
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catal yst conprised of about 1 wt.%to about 10 wt.% Mb03; and about

0.1 wt. % sechaasorptane QEmdET00; and a Co/ Mo atomic ratio of about 0.1
to about 1.0; and a nedi an pore dianeter of about 60/k to about 200k.
[ 0006] Even though SCANfining controls the degree of olefin

sat ur at i-o[0043] | e Gahieaviong! fixéd béd bedpoteatifig BiDSredulke tiee sdfigtieve] of
need to inpro t selectivity of t cata stemio further .
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BRI EF DESCRI PTION OF THE FI GURES [0010] Figure la is a plot of olefin
saturation at 90% HDS vs. nedi an pore dianeter (M D) neasured by
mercury intrusion. [0011] Figure Ibis a plot of olefin saturation at
90% | DS vsworee/ 084 procal of nedi an pore di aneter. [OBCRUSFOHUIL2|
is a plot of olefin saturation at 90% HDS vs. the percentage of
surface area in pores wwth pore dianeter > 150A. [0013] . Figure 2 is
a graph showi ng pore size distributionZPSD) of a silica support as
measured by mercury porosinetry. [0014]Figure 3 is a plot of olefin
selectivity vs. HDS activity for four different CoMd/ S102 cat al ysts.
[0015]Figure 4 is a plot of olefin selectivity vs. HDS activity for
CoMb/ 5i 02 i B4R [PMa0E With t@RRRH éfiRNfobminmeeapt shigehct ed
silica support and the reference CoMd/ Al 203 catal yst. [0016] Figure 5
i s a pl ot refersibef Unfogupately the/HyS libep&dint the procespreacts with retained

CoMo/ Si Q2catal ysts. prepared w L fferent ni.c ligands and th
refer enceo?%f%/tﬁfrﬂ %’g{ch ?“tlﬁ'ég?i’ff"rf?fglﬂf’e%% réceﬁf'gs[ ca&sbeo‘foéﬁuﬁ&d at
sel ecti Vi gyvetitiesWRfich prddiide)profdudtiviithih &URF Rigulfiong e B1dvedvler Si S fiangt
CoMo/ Al 203 catal ysts, [0018]Figure 7 i.;s a plot of olefin selectivity
vs. HDS a®fiappmpimhsy lessmbiosPesTeat al ysts vs. the reference Colo/ Al 203
catal yst. WD 2007/ 084439PCT/ US2007/ 001002 - 5 - [0019]Figure 8 is a
pl ot of olefin selectivity vs. HDS activity for CoMd- CA S102

cat al yst s [@004d oPn¢ hragwseld Approach fogprdsarvmgsociane nieberahwringmdfur

CoMb/ Al 203 t gl.yst . 0, Fi i l.ot, of ol ef | i vit
S A B aral iy Bk pleti Sontencn G Rinda blefingodidation”
r ef er ence chiaMat AlIRRPedBY ab@tt withQRFIDSHatAykQU.S. Pat&itans. 6h0209).

pore size distribution (PSD) of a silica
The olefin modification catalyst oligomerizes the olefins.

[0005] One recently developed method of HDS is SCANfining which is a
process developed by Exxon Mobil Corpo;ation. 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.%
MoOj3; 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 200A.

[0006] Even though SCANTfining 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.

SUMMARY OF THE INVENTION

[0007] This invention relates to a method for making a catalyst and a method for
the hydrodesulfurization (HDS) of naphtha. One embodiment relates to a method
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support (SC-595) as neasured by N2 adsorption. DETAI LED DESCRI PTI ON
OF THE | NVENTI ON [ 0022] The term "naphtha" refers to the mddle
“boiling ra rbon fraction or fractions that ar ]
conponentsqg Zgafsa(g)‘ﬁ?%e, while the term"FCC naphtha" re grizdst@go%gmooz
preferred naphtha that has been produced by the well known process of
fluid catal ytic cracking. Naphthas havi.ng a m ddle boiling range are
t hose have boiling points from about 10@'(i .e., fromabout C5) to
about 232C (50 to 450F) at atnospheric pressure, preferably from
about 21C to about 221C (70 to 430F). Producing naphtha in an FCC
process without added hydrogen results in a naphtha that is

rel ati vel yfdrimydking actatdlystsuitabilesfon the HPS, ofonaplitha spmpesmes Gh as

st eam cracked napht has..and coker. i i yely
i an concelIEERGE priliarPRan oyl e sl ndt o of RGPS Bt U ¥
cont ﬁnt Sf 05?]@3 drﬁﬁﬁ%a eriwlliafsi p!ﬁgle%mgné betaeentab6it @vsbdwg fxad abowt2.0 be/g
wei ght of the naphtha, preferably abouf 5 L20tqQ a 0 . %

sul fur conhmsdiangprraisigs indes W&ﬁ/oféb%dgo&%&%gﬂboga@% agquepRs
wei ght of {he - | QA PEYQM et BROVESAR
about 500 %)Jgﬁt\}v&?ggg%%%n ?h%'%%ﬁ‘?‘“@?ﬂ?ﬁgﬁ’ﬁsa%t ha@d e?i Elsﬂi nc ucljce
open chai naddidt¢ rsforaya catalysk pfecussorp(ip megingritie cytelyist precdrsse &t bons

ith ol efinic side chaips. l.ef i i e hi,gh-
bct ane. nurBEREEHHS 6 Ban aPar ATECHiaghin e SRR wEhvSPe M.
(‘research angg e Weled Rt M YREcUrbd o forrf the 8aelyshyisvided thatdhe dried

-napht ha. While olefinic naphthas are typically high in olefin

[
content, temslystayreanser epeatalyst Bined caletpdarirrdo salijling gr pye for HDS.

sul fur-contai ning and ni trogen-contai ni ng conpounds. Sel ective

Catal yst [0023] In one enbodi nent, the catalyst for the selective
removal of [0908] ur Arctlermimbodiment eflates tag orethodforfthe IS of naphthi having

naphtha is a silica,s orted. cat al.yst, that has.h i n W t h
(a0 "2 cobean olapiceRyy BF ook im e Bed g VP eh B G bt
organic aOLQJrﬁljerﬁngD(? 2BhtacBdgithé HARE Kl Deétivel IDSUsatalYieursiel i ca
support contains at [east about 85 w.%silica, based on silica
support, poairedesylfrization senditigaswhereiftheseleptivg HDS gatalyst fsprgpared by

| east abo - 00 Sk 118k d ' o

6 ca vameSething 24K SopSEiiRl fifs il coffict BPRPICHE: UL B Bveos,
modi fi ed didsed enuke sueightrafthe sidicd; aiddmscepers vedume . b§toeed pbawidd.6 s t
and nol ybdenum sal.ts uysed fo i.npregnate the silica.SUpRRAGr e.an
ot o1 —so o o & oolg cane Pet R sk e et B BB oA R *Y
hept anmol y g, #as ddendebks sollifienTYaNY céalsalt, (b)a fotybddnain $418 and (c)

silica support will contain fromabout 2 w.%to ab Lit) 8. W % cobal t
(‘oxi de, bastdeashopareanie addytiye &e Sonmy a cRGRISE BERALISOT oAy B EalhE satadyst
"W

. % and o 1, 7 i .
pr ef er abl JJ ré%@%g%@e%#é%gﬁg%éb%ﬁ% %gg Z%ﬁ%%@;'g@d%ﬁifs&pé%%usr]sor,
The sili cangdypifosulSdingvibe daiedeapdyss prcmmmstoabmh@gateﬁlsb)prmﬂédmat the .

porosi metry. usin STM net hod 284 and l.a i -

Por o vol usieiatity R REear Gecq At Hisheag neodurty BablBhg S5 vee Kaps.
preferably about 1.0 to about 1.5. The nedi an pore sizes as neasured
by nmercury are in_the range from about 150A tq abqut 00A,

pref er abl y{088Mt TheAilics supporied gajelyat: ‘ﬁliﬁ’buﬁﬁﬂé‘sé&%foﬁ'@%z@%"i‘@tﬁﬁout
500A. Sili ' SvaflEshiehfl sHRGhGh RPN MAhiRBSnAES high level
comer ci alsﬁ%\lﬂgﬁgé%@ew#ﬂgtﬁa[ &826] Wi Ise not wishing to beg?ouﬁla to
any parti afiHDStdfehe paphthaifsegpost ul ated that the present silica
supports with |arge pore sizes and | arge pore di aneters when conbi ned
with organic additives, i.e., organic |ligands such as arginine,

citric acid and urea, lead to an HDS catal yst having the desired
selectivity towards ol efin saturation while maintaining the activity



[ 0031] The manner of inpregnation of the silica support by netal salt
may be by inpregnating the silica support with a mxture of a cobalt
salt and organic |ligand using incipient wetness, drying the

i npr egnat SHOLUHH}BY and t hen i npregnating the dried suBpbUB200i/Q0003
nol ybdenum salt sol ution or nol ybdenum salt sol ution containing
organic ligand up to the point of incipient wetness. |In another
enbodi nent, the order of inpregnation-ly-cobalt salt foll owed by

nol ybdenum salt may be reversed.. In yet another enbodi nent, the
support may be co-i-npregnated with a m xture of cobalt salt and

nol ybdenum salt plus.organic ligand to incipient wetness. The

co- i npr eg At AtF DINFCRIPTION O K THEE FAGURRS co-i npregnation process
repeated. "Tnh yet anot her enbodl nent, an extruded silica support nay
be inmpregnated with a m xture of cobalt salt, nolybdenumsalt and
organic’ | i ang. | : ' &Sl t may
be repeat ég‘?{ltﬁ dﬁﬁé}ﬁ%}éﬁiﬁﬁ?@?ﬁ%ﬁ%@%ﬁ%@ %i I rr}én s,s%tsh{én%g?g e

| i gand mayidifeter QUIPE lembasypetlby merayryhistrasionxt ur e of | i gands. .The

i npregnated silica support isolated fromthe reaction - 9 - mxture
is heated and dried at tenperatures in the range from about 50C to

about 200 for féf&.,s d

vacuum o:foléirzuai rﬁgg‘?'&?f%?rét{ﬁfg"é? IiL"guc %rsm ’ﬁﬁ?’?%gg% i 0032] Qﬁe&g%ﬁgﬁl of

cat al yst pmnetiam pore dismieterat ed wi t h hydrogen sul fide at

concentrations of fromaboeut 0.1 vol.%to about 10 vol. % based on (
total volunme of gases present, for a period of tinme and at a
t enper at uneoB2)f f i Eigard 1¢ & £plov of blefhi turatonl et S0BIEADSSAL theQfert@itade of

conplex to the corresponding sulfide in order to formthe HDS

cat al yst. SWC%WC@@HI%SWFgﬂng%rdeh%Q‘gt ed by a sul fiding agent

i ncorporated in or on the cat.al yst precursor. In an enbodi nent, the

sul fiding agent is conbined with a diluent. For exanple, dinethyl
di sul fi de [8813]be . Eigwbs Adsla graph shomeppphee siz¢ distributiond®ED)afwumliea of

hydrogen sul fi may be .ysed, but this extend the tine required
for acti vgf’P%?{ggiﬁl%ﬁléﬁe#% aTF{célfy Hé&osbrggpﬁ?/‘esent and activation may
take place in either the liquid or gas phase. Exanples of inert

carriers include nitrogen and ljght hydrogarbon uch .as _net hany
Wien pr esdf®14k nebignes 8 1japlat %Pgeéfhﬁq)iﬁfdé’dtya‘és- §§?§ aBtFWP}hB’f.tftBP‘éﬁh%é%m
vol unme. TemmabAlidl 6saffsk.i N the range fromabout 150C to about 700C,
preferably about%GOéﬁ{So about 343C. The tenperature may be held
constant or nmay be ranped up by starting at a | ower tenperature and

i ncreasin t [ ri I Js L _or. I Nss /d:

t he rangeqﬂgﬁo Sﬁ%ﬁf@%{,ﬁp giogb?%@g%%%yé%sbrig?gfl 8 @; g%ou?Mélsﬁfsbizg
to about RaffyseshavingifferenBéfzaaikcifegnds waresaiectédsitivh yumhatitindthepsi g
to about 2500 psig (446 to 173381cPa). If a liquid carrier is o
present, #RErE Lf?WHé%hp?C% Sk velocity (LHS'V) is fromabout 0.1

he' to about 12 hr-1, preferably about 0.1 hr-1 to about 5The LHSV

pertains to continuous node. However, activation nay al so be done in -

bat ch nodd00I]t al Figace § ag @ platwy olefin salestidours. 8DDFeetigty rabout 890
nB8/ nB8 (50Q. t 0_scfLB). .Cat.ak i i ith
" oty ot afoRiBia Ry SRR stiiie Refifed g Be it

w th a suldiMbix,09eathlysand can take place with either a liquid or .
gas phase sulfiding agent. Alternatively, the catalyst may be - 10 -
presul furized such that H2S may be generated during sulfiding. In a
l'iquid ph ul gl : Lded fgiopont act ed
with a caiglﬁea Ii%%u g%?ﬁl‘%%@ﬁ ?%l%?irlvdﬁgggﬁﬁg%ﬂéﬂ%ﬁ?l I ng agent
may be addedptratirhaged Cuddo/SiOgandCoMa/Bd,Qenatalysts) i quid itsel f may
be sulfiding agent. The carrier liquid is preferably.a virgin

hydr ocarbon stream and may be the feedstock to be contacted with the

[0018] - Figure 7 is a plot of olefin selectivity vs. HDS activity for CoMo/SiO;

™
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catalysts vs. the reference CoMo/Al,O; catalyst.



- 12 - 2000A, olefin saturation is nearly flat/constant, indicating
that diffilsion is no |onger affecting HDS reactions under the
“testing congiti | oyed, and pore size is no |onger Jd.md]

sel ectivi twb%gog}sa%‘gg\%ﬁmi n Figure I b, which is a plot of O}Jldé[ﬁs%bdmomoz
saturation vs. the reciprocal of nedian pore dianeter, olefin
saturation shows a linear relationship to the reciprocal of nedian
pore diameters of the silica supports. -&-shown in Figure Ic, there
is also correlation of olefin saturation with the percentage of
surface area in pores with pore dianeter over about 150A. 10038] Tabl e
1 lists various silica supports together with their medi an pore

di aneters (by Hg porosinetry) and surface areas (by nitrogen BET

measur enen .| as, percgnt of ,oletin s ton at % HDS
conversi o nwoﬂgi eﬁdﬁumg\ﬂg’ﬁ P%g?e%wglescﬁllvflﬁrvsi ﬁ%g&ﬁ‘gghﬁ{a. &110 s

tabl e showsARgRIPERSlySs dridd AahfdMREElent SorHitibRs Vs.Mhe afbidnes GuMo/ALO;
olefin selectivity w%,en useéd as HDS catal yst carriers. WO

2007/ 08443e#dys1US2007/ 001002 Hi 10 91940 wad)/ | Ron Inot | Egon
I noot locoo.o | not Lt00' 0 CSOAND 0. 0047 LOOWND 4200' 0 8800' 0 2600'0
9PCCEO 2400' 0 :

[0020] Figure 9 is a plot of olefin selectivity vs. HDS activity for two small pore

CoMo/8i0, catalysts vs. the reference CoMo/Al, O3 catalyst.
[0021]  Figure 10 is a graph showing pore size distribution (PSD) of a silica
support (SC-595) as measured by N, adsorption. ‘

DETAILED DESCRIPTION OF THE INVENTION

[0022] The term "naphiha" refers to the middle boiling range hydrocarbon
fraction or fractions that are major components of gasoline, while the term "FCC
naphtha” refers to a preferred naphtha that has been produced by the well known
process of fluid catalytic cracking. Naphthas having a middle boiling range are
those have boiling points from about 10°C (i.e., from about Cs) to about 232°C (50
C to 450°F) at atmospheric pressure, preferably from about 21°C to about 221°C (70
to 430°F). Producing naphtha in an FCC process without added hydrogen results in
a naphtha that is relatively high in olefins and aromatics. Other naphthés such as
. steam cracked naphthas and coker naphthas may also contain relatively high
concentrations of olefins. Typical olefinic naphthas have olefin contents of at least
about 5 wt.% up to about 60 wt.%, based on the weight of the naphtha, preferably
about 5 wt.% to about 40 wt.%; sulfur contents from about 300 ppmw to about
7000 ppmw, based on the weight of the naphtha; and nitrogen contents from about
5 ppmw to about 500 ppmw, based on the weight of the naphtha. Olefins include
open chain olefins, cyclic olefins, dienes and cyclic hydrocarbons with olefinic side
chain“s.mBecause olefins and aromatics are- high octane number componerits,

olefinic naphtha generally exhibits higher research and motor octane values than -
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does hydrocracked naphthé. While olefinic naphthas are typically high in olefin
content, they may also contain other compounds, especially sulfur-containing and

nitrogen-containing compounds,

Selective Catalyst

[0623] In one embodiment, 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. Organic additives are organic ligands. 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 silicecus supports and diatomaceous earth.

[0024] The cobalt and molybdenum salts used to impregnate the silica support
may be any water-soluble salts. Preferred salts include carbonates, nitrates,.
heptamolybdate and the like. The amount of salt is such that the silica support will
contain from about 2 wt.% to about 8 wt.% cobalt oxide, based on catalyst,
preferably from about 3 wt.% to about 6 wt.%, and from about 8 wi.% to about 30
wt,% molybdenum oxide, preferably about 10 wt.% to about 25 wt.%, based on
support. '

[0025]  The silica supports have large pore volumes as measured by mercury
porosimetry using ASTM method no. D4284 and large pore sizes. -The pore
volumes are in the range from about 0.6 ce/g to about 2.0 cc/é, preferably about 1.0
to about 1.5. The median pore sizes as measured by mercury are in .the range from
about 150A. to about 20004, preferably about 1504 to about 1000 A, more
preferably 200A to about 500A. Silica supports having the desired median pore

sizes are commercially available.
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[0026] While not wishing to be bound to any particular theory, it is postulated
that the present silica supports with large pore sizes and large pore diameters when
combined with organic additives, i.e., organic ligands such as arginine, citric acid
and urea, lead to an HDS catalyst having the desired selectivity towards olefin
saturation while maintaining the activity of the HDS catalyst for desulfurizing the
naphtha feed. The organic ligands may cause metals to be distributed throughout
the silica support which in turn is a factor in the increased selectivity exhibited by
the present catalysts. During the FIDS reaction, the catalysts have minimum
diffusion constraints. The large pores of these silica supports allow free. transport
of gas phase naphtha range hydrocarbons to and away from the HDS catalysts
active sites. This helps to fully utilize the intrinsic characteristics of low olefin

saturation of the present catalysts.

[0027)  The silica support may also be doped with metals from Groups 2-4 of the
Periodic Table based on the IUPAC format having Groups 1-18, preferably from
Groups 2 and 4. Examples of such metals include Zr, Mg, Ti. See, €.g., The Merck
Index, Twelfth Edition, Merck & Co., Inc., 1996.

[0028]  As noted above, organic ligands are organic additives that are
hypothesized to aid in distributing the Co and Mo components on the silica support.

The organic ligands contain oxygen and/or nitrogen atoms and include mono-

" dentate, bi-dentate and poly-dentate ligands. The organic ligands may also be

chelating agents. Organic ligands include at Ieast one of carboxylic acids, polyols,
amino acids, amines, amino alcdhois, ketones, esters and the like. Examples of
organic ligands include phenanthroline, quinolinol, salicylic acid, acetic acid,
ethylenediaminetetraacetic acid (EDTA); cyclohexanediaminetetraacetic acid
(CYDTA), alanine, arginine, triethanclamine (TEA), glycerol, histidine,

acetylacetonate, guanidine, and nitrilotriacetic acid (NTA),GTU‘IC acid and urea.
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[0029] While not wishing to be bound to any particular theory, it is postulated
that the organic ligands form complexes with at least one of Co and Mo. These Co-
and/or Mo-organic ligand complexes interact with the silica surface to disperse the

metals more evenly across the silica surface.

Catalyst Preparation and Use

[0030]  Silica supports were impregnated with aqueous solutions of Co and Mo
salts using conventional techniques. The organic ligand may be added to the
aqueous solution of salts prior to contact with the silica support. One embodiment
for impregnating the silica support with metal salt is by the incipient wetness
method. In this method, an aqueous solution containing metal salts and organic
additive is mixed with the support up to the point of incipient wetness using
conventional techniques; i.e., techniques that are well known in the art of

hydroprocessing catalyst preparation, manufacture, and use.

[0031] The manner of impregnation of the silica support by metal salt may be by

impregnating the silica support with a mixture of a cobalt salt and organic ligand

~ using incipient wetness, drying the impregnated support and then impregnating the

dried support with a molybdenum salt solution or molybdenum salt solution
containing organic ligand up to the point of incipient wetness. In another
embodiment, the order of impregnation by cobalt salt followed by molybdenum salt
may be reversed. In yet another embodiment, the silpport may be co-impregnated
with a mixture of cobalt salt and molybdenum salt plus organic ligand to incipient
wetness. The co-impregnated support may be dried and the co-impregnation
process repeated. In yet another efnbodiment, an extruded silica support may be
impregnated with a mixture of cobalt salt, molybdenum salt and organic ligand and
the 1mprcgnated support dried. This treatment may be repeated if desired. In all
the above embodlments the organic ligand may be a smgle ligand or may be a

mixture of ligands. The impregnated silica support isolated from the reaction

(.
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mixture is heated and dried at temperatures in the range from about 50°C to about
200°C to form a catalyst precursor. The drying may be under vacuum, or in air, or

inert gas such as nitrogen.

[0032] The dried catalyst precursor is treated with hydrogen sulfide at
concentrations of from about 0.1 vol.% to about 10 vol.% based on total volume of
gases present, for a period of time and at a temperature sufficient to convert metal
C ' oxide, metal salt or metal complex to the corresponding sulfide in order to form the
HDS catﬁlyst. The hydrogen sulfide may be generated by a sulfiding agent
incorporated in or on the catalyst precursor. In an embodiment, the sulfiding agent
is combined with a diluent. For example, dimethyl disulfide can be combined with
a naphtha diluent. Lesser amounts of hydrogen sulfide may be used, but this may
extend the time required for activation. An inert carrier may be present and
activation may take place in either the liquid or gas phase. Exémples 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 during activation. Total pressure is in
the range up to about 5000 psig (34576 kPa), preferably about 0 psig to gbout 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
LHSYV 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 sc/B). -

[0033]  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
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presulfurized such that i{zs may be generated during sulfiding. In a liquid phase
sulfiding agent, the catalyst to be sulfided is contacted with a carrier liquid
contammg sulfiding agent. The sulfiding agent may be added to the carrier liquid
or the carrier liquid itself may be sulfiding agent. “The carrier hquld is preferably a
virgin hydrocarbon stream and may be the feedstock to be contacted with the
hydroprocessing catalyst but may be any hydrocarbon stream such as a distillate
derived from mineral (petroleum) or synthetic sources. If a sulfiding agent is added
to the carrier liquid, the sulfiding agent itself may be a gas or liquid capable of (_;
generating hydrogen sulfide under activation conditions. Examples include
hydrogen sulfide, carbony! sulfide, carbon disulfide, sulfides such as dimethyl
sulfide, disulfides such as dimethyl disulfide, and polysulfides such as di-t-
nonylpolysulfide. The sulfides present in certain feeds, e.g., petroleum feeds, may
act as sulfiding agent and include a wide variety of sulfur-containing species
capable of generating hydrogen sulfide, including aliphatic, aromatic and

heterocyclic compounds.

[0034] The dried catalyst is not calcined prior to either sulfiding or use for HDS.

Not calcining means that the dried catalyst is not heated to temperatures above

about 300°C, preferably about 200°C. By not calcining the catalyst, from about C\

60% to about 100 % of the dispersing aid remains on the catalyst prior to sulfiding
_ oruse for HDS.

[0035] 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 treat 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
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hydrogen sulfide. The desulfurized naphtha is useful for blending with other

naphtha boiling-range hydrocarbons to make mogas.

{0036]  Selected embodiments, including preferred embodiments, are illustrated

in the following examples.

Example 1

[0037] This example demonstrates an important feature of the subject CoMo
supported on SiO; catalysts which is to maximize the mass transport rate for fhe
HDS reaction; that is, to minimize diffusion limitations for this reaction. For
catalyst spheres and extrudates with cross-section diameters of about 1.3 to about
2.4 mm, median pore sizes of about 200A to about 2000A allows for effective
access of naphtha range sulfur containing molecules in and out of the catalyst
particles. Reducing the pore sizes of the silica supports leads to diffusion
limitations on the HDS reaction, and to more olefin saturation at a given HDS level,
as shown in Figure 1. In Figure 1a, the Y-axis isthe olefin saturation tendency
expressed as a percentage of Cs olefin saturation at 90% HDS conversion (both
measured on a weight basis), and the X-axis is the median pore diameter in
Angstroms, measured by mercury porosimetry, of silica supports of extrudates or
spheres with nominal cross-section diameter in the range of about 1.3 mm to about
2.4 mm.’ As a reference, a commercial catalyst (RT-225) manufactured by
Albemarle (CoMo/ALOs, 1/16" cylinder extrudate) tested under the identical
conditions shows 14 wt.% Cs olefin saturation at 90% HDS conversion, based on
the weight of the sulfur and olefin in the naphtha. Compared to the reference
catalyst, all catalysts on silica supports shown in Figure la héve lower olefin
saturation. In particular, when the pore sizes of the silica supports are larger than
2004, the olefin saturatlon is reduced to 8% or below, much lower than the

7 Vrefercnce catalyst As the median pore diameter increases above 2004, selectivity

continues to improve. When the median pore diameter is between about 500A to
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20004, olefin saturation is néarly flat/constant, indicating that diffusion is no
longer affecting HDS reactions under the testing conditions employed, and pore
size is no longer limiting selectivity. As shown in Figure 1b, which is a plot of '
olefin saturation vs. the reciprocal of median pore diameter, olefin saturation shows

a linear relationship to the reciprocal of median pore diameters of the silica

'supports. As shown in Figure Ic, there is also correlation of olefin saturation with

_the percentage of surface area in pores with pore diameter over about 150A.

{0038] Table 1 lists various silica supports together with their median pore
diameters (by Hg porosimetry) and surface areas (by nitrogen BET measurement)
as well as percentages of olefin saturation at 90% HDS conversion, based on the
weight of the sulfur in the naphtha, This table shows examples of silica suppoits

and their porosities and olefin selectivity when used as HDS catalyst carriers.
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[0039] As can be seen from the data in Table 1, silica catalysts having larger
median pore diameters have lower olefin saturation (OSAT) at 90% HDS. In
general, supports having similar surface areas but larger pore volumes will have
larger pore sizes while carriers having similar pore volumes but larger surface

areas will have smaller pore sizes.

[0040] Figure 2 is a graph showing pore size distribution (PSD) of silica

support SC-593 as measured by mercury porosimetry. As shown in Figure 2, the ( y
e

silica support exhibits a uni-modal pore size distribution.

Example 2

[0041] The CoMof/silica catalysts were prepared by the incipient wetness

technique. A molybdenum urea solution was prepared by dissolving ammonium
heptamolybdate tetrahydrate and urea in distilled water and was impregnated on

the silica support SC-593 so that the MoOs concentration on the final catalyst

was 21.3 wt.%, based on the weight of the catalyst. The impregnated solid was

dried under vacuum at 60°C. Four separate cobalt-organic ligand aqueous

solutions were prepared by reacting cobalt carbonate hydrate with citric acid (':\
(CoCA), EDTA (CoEDTA), nitrilotriacetic acid (CONTA), or ethylenediamine B
(CoEDA). Each cobalt-organic ligand solution was impregnated on the

MoUrea/SC-593 so that the CoO concentration on the final catalyst was 5.3

wt.%, based on the weight of the catalyst. The catalysts were dried under

vacuum at 60°C,

[0042] The silica Supported CoMo catalysts and a commercially available
reference CoMo/AlO; (SC-154) catalyst were sulfided using 3% H,S in H and
virgin naphtha under sulfiding conditions. Feed for the catalyst evaluation was a
Cs-177°C (350°F) FCC naphtha feed containing 1408 ppm S and 46.3 wt.%
olefins, based on the weight of the feed. Catalysts were evaluated in an MCFB-
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48 unit (Multi Channel Fixed Eed-48 Reactor) a't ﬁ74°C {525°F) at 220 psig
using H,. Feed flow rate was adjusted to obtain a range of 2-methylthiophene
desulfurization from 65 wt.% to 95 wt.%, based on the weight of the feed.
Product streams were analyzed using on-line GCs and SCDs. Cs Olefin content
in the product was compared with Cs olefin content in the feed on a weight basis
to calculate the percentage of olefin saturation (% OSAT). Resulis of % HDS
and % OSAT were stable after about 30 hours of catalyst on stream, and were
used to evaluate the olefin saturation (% OSAT) at various HDS conversions (%’
HDS). Figure 3 plots the olefin selectivity vs. HDS activity for these four
CoMo/Si0, (SC-593) catalysts and the industrial reference CoMo/ALO; catalysi:.
At 90% HDS conversion, there was about 7.7 wt.% olefin saturation for the
CoMo/SiO; catalysts prepared using support SC-593, much less than the olefin
saturation of 14 wt.% on the reference CoMo/Al;O; catalyst.

Example 3

[0043] Three impregnation solutions were prepared by dissolving ammonium
heptamolybdatie tetrahydrate and cobalt carbonate hydrate with three organic
ligands: citric acid (CA), nitrilotriacetic acid (NTA), and arginine (Arg). The
cobalt-to-molybdenum atomic ratio was 0.48 in all three solutions. The CoMo-
CA solution was impregnated on silica support SC-741 using the incipient
wetness impregnation technique in a single step in an amount so that the dried
solid would contain 5.85 wt,% CoO and 23.4 wt.% MoO;, based on the weight
of the catalyst, The impregnated solid was dried under vacuum at 60°C. The

CoMo-NTA solution was also impregnated in a single step and dried under

" vacuum at 60°C. For the CoMo-Arg solution, the solubility was low and a

double impregnation (with a vacuum drying at 60°C after the first impregnation)

was required in order o impregnate a similar amount of CoO (5.83 wt.%) and

MoOs (23.4 wt.%) on the catalyst.
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[0044] The catalyst evaluations of the CoMo/SiOz catalysts on SC-741 were
done similar to the evaluation of CoMo/SiOz catalysts on support SC-593, as
described above. Figure 4 plots the olefin selectivity vs. HDS activity for these
three CoMo/S810; (SC-741) catalysts and the industrial reference CoMo/Al, 04
catalyst. At 90 wt.% HDS conversion, there was about 7.6 wt.% olefin
saturation for the CoMo/SiO, catalysts prepared using support SC-741, much
less than the olefin saturation of 14 wt.% on the reference CoMo/Al,O; catalyst.

Example 4

[0045] Two impregnation solutions were prepared by dissolving ammonium
heptamolybdate tetrahydrate and cobalt carbonate hydrate with two organic

chelating agents as ligands: citric acid (CA) and arginine (Arg). The cobalt to

molybdenum atomic ratio was 0.4 8 in both solutions. The CoMo=CA. solution

was impregnated to silica support SC-743 using the incipient wetness-

imprcgnaﬁon technique in a single step in an amount so that the dried solid

would contain 5.2 wt.% CoO and 20.9 wt.% MoOs, based on the weight of the

catalyst. The impregnated solid was dried under vacuum at 60°C, For the

Con-Arg solution, the solubility was low and a double impregnation (with a -
vacuum drying at 60°C after the first impregnation) was required in order to

- impreghatc the same amount of CoO and MoO; on the SC-743 support,

[0046] The evaluation was done similar to the evaluation of CoMo/S§i0,

catalysts on support SC-593, as described ai)ovc in Example 2. Figure 5 plots

the olefin selectivity vs. HDS activity for these two CoMo/8i0,(SC-743)

catalysts and the industrial reference CoMo/Al,Q; catalyst. At 90% HDS

conversion, there was about 8.7 wt.% olefin saturation for the CoMo/SiO,

catalysts prepared using support SC-743, much less than the olefin saturation of .
14 wt.% on the reference CoMo/Al,Oj; catalyst.
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Example 5

j0047]  This example is directed to high temperature aging and stability of
CoMo/8i0;, catalysts. CoMo/SiO,; catalysts prepared above were subject to a
stability evaluation against the industrial reference CoMo/Al,O; catalyst as
follows. Afier about one week of MCFB-48 unit testing with FCC naphtha feed
at 274°C (525°F), the reactor bed temperature was raised to 299°C (570°F) and
(_ aged at 570°F for about 3 days. The temperature was then lowered to 274°C
(525°F) and catalyst performance (olefin saturation and HDS activity) was
evaluated. The reactor bed temp.erature was then raised again to 316°C (600°F)
and aged at 316°C for another 2 days. The temperature was then lowered to
274°C (525°F) again and catalyst performance (olefin saturation and HDS

activity) was evaluated.

[0048]  Evaluation results are plotted for CoMo/S8i0O, Catalysts on silica
supports SC-593, SC-741, and SC-509-58, and are compared to the reference
CoMo/AlLOs catalyst in Figure 6. It is apparent from Figure 6 that the CoMo

catalysts on silica supports were at least as stable as the reference CoMo/AlO;

( | catalyst.

Example 6

[0049] An impregnation solution was prepared by dissolving ammonium
heptamolybdate tetrahydrate and cobalt carbonate hydrate in aqueous citric acid.
The cobalt to molybdenum atomic ratio was 0.48. The CoMo-CA solution was
impregnated on the silica supports SC-745, 746, 747 and 748 using the incipient
wetness impregnation technique in a single step in an amount so that the dried
solid would contain 5.2 Wt.% CoO and 20.9 wt.% MoOs, based on the weight of
| the cafaljrst. .The impregnated solid was dfied under vacuum at 60°C.
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[0050] The evaluation was done similar to the evalvation of CoMo/Si0,

catalysts on support SC-593, as described above. Figure 7 plots the olefin

selectivity vs. HDS activity for these four CoMo/Si0, catalysts (SC-745, 746,

747, 748) catalysts and the industrial reference CoMo/AlL,O; catalyst. At 20%

HDS conversion (on a weight basis), CoMo/SiO; on SC-747 and SC-748

showed about 8% olefin saturation while the other two catalysts showed from 9

wt.% to 9.3 wt.% olefin saturation, which were much less than the olefin

saturation of 14 wt.% on the reference CoMo/Al,O; catalyst. ( )

Example 7

[005'1] This example is directed to air drying vs. vacuum drying of the

impregnated silica support. An impregnation solution was prepared by

dissolving ammonium hqptamolybdate tetrahydrate and cobalt carbonate hydrate

in aqueous citric acid (CA). The cobalt to molybdenum atomic ratio was 0.48 in

these solutions. The CoMo-CA solution was impregnated on silica support SC-

593 using the incipient wetness impregnation technique in a single step in an

amount so that the dried solid would contain 5.3 wt.% CoO and 21.4 wt.% .

MoQs, on a weight basis. The impregnated solid was dried und'er vacuum at k,
60°C. In another preparation using the same CoMo-CA solution and silica

sﬁpport SC-593, the impregnated solid was dried in air at 110°C. In a third

preparation, the impregnated solid was dried in air at 180°C.

[0052] The e-valuations were done similar to the evaluation of CoMo/SiO,
catalysts on support 8C-593, as described above. Figure 8§ plots the olefin
selectivity vs. HDS activity for the CoMo-CA/SiO, catalysts dried at three
different conditions, and compared to the industrial reference CoMo/ALOs
catalyst. At.90% HDS conversion (on a weight basis), these CoMo/Si0,
cataly.sts showed similar selectivities (7.7 wt.% olefin saturation), which were

much less than the olefin saturation of 14 wt.% on the reference CoMo/Al,O;



11/ 16" cylinder (Criterion) 1.7-2.0 mm spheres (PO)' 12-2.0 mm
spheres (PQ eqnppenb .02/1 aqopnmenb "gm 1/20" quadrilobe 19Fuilk

<4141 UItra

wThl yacol ) steam 1200F/ 111 | Ut raS|
2608}%&%8?:/I h Utrasil (80:20 w Nyacol) st eamcfg%g‘]—‘%%ﬂmoz

w Nyacol ) stedm
IStmtrilrasii/Nyacol | PVAJ/ 20" Q 1500F145rr ( St eaned

U trasil/Nyacot/PVA 1120"Q 14001 1Steam l]J trasit/ Nyacol / PVA 1120"Q
/

- 1200F11

[

Stnmfair ultrasi VNyacol / PVA I/Z0"Q 1300F/ 4 v00Ons sag-Us |

69- 609- CS Z6SPCS 69-09 11:1-09 otos | COL-08 StrL-09

catalyst. These experiments demonstrate that CoMo/SiO; catalysts dried in air at
110°C to 180°C have similar selectivity in gasoline HDS as CoMo/SiO,

catalysts dried under vacuum at 60°C,

Example 8

[0053] The effect of smaller pore sizes is demonsirated in this example. An
impregnation solution was prepared by dissolving ammonium heptamolybdate
tetrahydrate and cobalt carbonate hydrate in aqueous citric acid. The cobalt to
molybdenum atomic ratio was 0.48. The CoMo-CA solution was impregnated
on silica support SC-592 using the incipient wetness impregnation technique in a
single step in an amount so that the dried solid would contain 5.6 wt.% CoOQ and
22.4 wt.% MoO3;, based on the weight of the catalyst. For silica support SC-595,
less impregnation solution was used so that the final dried solid would contain
3.8 wt.% CoO and 15.3 wt.% MoOs, based on the weight of the catalyst .Both

impregnated solids were dried under vacuum at 60°C.

[0054]  The evaluation was done similar to the evaluation of CoMo/SiO,
catalysts on support SC-593, as described above. Figure 9 plots the olefin
selectivity vs. HDS activity for these two CoMo/SiO, catalysts (SC-592, 595)
catalysts and the industrial reference CoMo/Al,O; catalyst. At 90% HDS
conversion, CoMo/SiO; on SC-592 showed about 9.5% olefin saturation while
CoMo/S8i0; on SC-595 showed about 10.3% olefin saturation. SC-595isa
1/16" cylinder and has a bi-modal pore size distribution with the pores centered
around 35A and slightly over 100A. Figure 10 is a pore size distribution plot of
SC-595 obtained by N, adsorption analysis. The N, adsorption was used over
Hg infrusion due to the small pores of SC-595. These resulis demonstrate that

dxrectlonally, supports havmg smaller pores may result in greater olefin

saturation than supports having larger pores. Thus the smaller pores of SC-592

and 595 resulted in poorer selectivity relative to the larger pore silica supported
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[ 0039] As can be seen fromthe data in Table 1, silica catalysts
havi ng | argenoormeisan pore di aneters have | ower ol efin $aTAS07/611002
(OSAT) at 90% HDS. I n general, supports having simlar surface areas
but | arger pore volunmes will have | arger pore sizes while carriers
having sim | ar pore volunes but |arger-gyrface areas will have
smal | er pore sizes. [0040] Figure 2 is a graph showi ng pore size
distribution (PSD) of silica support SC-593 as Measured by nercury
porosimetry. As shown in Figure 2, the silica support exhibits a
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catal ysts were€ prepared t he inci wet ness techniq

nol ybdenumthis example; $ti1bﬁ7'ﬂvlh§5 beiagr: twwdh@st!ﬂe\rpﬁgersﬁﬁﬁﬁﬂlm RT-225.
hept anol ybdate tetrahydrate and urea in distilled water and was

i npregnated on the silica support SC-593 so that the MO03
concentration on the final catalyst was 21.3 wt.% based on the

wei ght of the catalyst. The inpregnated solid was dried under vacuum
at 60C. Four separate cobalt-organic |ligand aqueous sol utions were
prepared by reacting cobalt carbonate hydrate with citric acid
(CoCA), EDTA (CoEDTA), nitrilotriacetic acid (CoNTA), or

et hyl enedi am ne (CoEDA). Each cobalt-organic |igand sol ution was

i npregnated on the MUrea/ SC-593 so that the Co concentration on the
final catalyst was 5.3 w.% based on the weight of the catalyst. The
catalyst S were dried under vacuum at 60C. [0042] The silica
supported CoMb catal ysts and a commercially avail abl e reference
CoMo/ Al 203 (SC-154) catal yst were sulfided using 3% HS in H2 and

vi rgi n napht ha under sulfiding conditions. Feed for the catalyst

eval uati on was a C5-177C (350F) FCC naphtha feed containing 1408 ppm
S and 46.3 wt. %ol efins, based on the weight of the feed: Catal ysts
were evaluated in an MCFB-

)



-15 - 48 unit (Multi Channel Fixed Bed-48 Reactor) at 274C (525F) at
220 psig using H2. Feed flow rate was adjusted to obtain a range of
“2-nmet hyl t hi ul furization from65 w.%to 95 wt .2

t he wei ght @?Qﬁ(ﬁ@s?ﬁsgd- Product streans were anal yzed usﬁ@%&%ﬁﬁﬁoﬁ@z
GCs and SCDs. C5 Oefin content in the product was conpared with C5
olefin content in the feed on a wei ght baslis to calcul ate the
percentage of olefin saturation (% OSATy.#*Results of % HDS and % OSAT
were stable after about 30 hours of catal yst on stream and were used
to evaluate the olefin saturation (% OSAT) at various HDS conversions
(% HDS) . Fi %ure 3 plots the olefin selectivity vs. HDS activity for

t hese four S02 (SC-593) catalysts and the industrial reference
CoMo/ Al 203cat al yst. At 90% HDS conversion, there was about 7.7 w.%
ol efin saturation for the CoMd/ Si 02 catal ysts prepared using support
SC-593, mnuch | esgd.t ha® tdeth@l firintaking arcatalyst saftalilé fot tHo KB Stdfemaphtha
reference CoMo/ Al 203 catal yst. Exanple 3 [0043] Three inpregnation
sol uti ons WePEPPF®&ar ed by di ssol vi ng ammoni um hept anol ybdat e

tetrahydrate and cobalg Calh!agfg%&.stiﬂg%ﬂk% é@R%Bnttﬂﬁﬂﬁts%ﬁﬁ@ﬂ EortkHES:
citric acid (CA), nitrilotriacetic acid (NTA), and arginine (Arg).

The cobal t -t o- nolepstizbenh &t whis basad en sidisapanishasra pore volme between

-solutions. The lLutlo i g iLi

SC 741 si ng '« ne R L0 SxlE SRTaHRE 2 RUETAR RERA R 685 W fi3ehec of
('step_in an ampungbéw 1302 td PEOGHK iwith &vkqubone sbiitionrsfdaa SoBdlt wilt, b)Y a0
-and 23.4 wt. % Mb03, based on the i ght of the catalyst, ‘If'he

i npregnat ed sol iW%‘&dwaalﬁﬁ&Qr(\é\fgg‘G%% ch?aéxw%-ﬂﬁ%a catalyst
solution was als écm:go@gnat ed in a single step and dried under vacuum

at 60C. For the Mb- Arg solution, the solubility was | ow and a
doubl e i npregnation (@ h dryiag thencadalystpreaurse0d tafmperatures 1¢gsrthan about

i mpregnati on) ired jn.order.to inpregnate a simlar anmpunt of
Co() (5,83 w . 0 230 bl drigd ptalyst pretiset v, Uv ™ o

2007/ 084439PCT/ US2007(i$i§ 1 06 fidinkbthe dri¥d4dialyitpreairadryist foemahe ahiatyss
of the CoMb/ Si 02 catal ysts .on, SC 741 were done simjJar.to

the, .
eval uation of CoRVaiesbibahihe drigdscasalysl pypeEoKser epfalystis r@égglrc?r[%lopnor

above. Figure 4 é?ﬂﬁdir%eoﬂls%ffbp}ﬁ%.ectivi ty vs. HDS activity for
these three CoMo/ 81 02(SC- 741) catalysts and the industrial reference

CoMb/ Al 203 catalyst. At 90 w. % HDS conversion, there was about 7.6
w.%olefin saturation for t j cat.al vst.s '
support SC- 741, ch ﬁe@g{htoﬁge r &%;%gde&iz%a@ au]?/%i’tnll ﬁﬁ;%?&?ﬁg%é{%}: %fnat
thF refer eﬂ%ﬁst%ﬂfﬂvmd E)baia@c}iﬁi'm_w’&eﬁghvbﬂh_énabﬂﬂﬂﬂoni’pﬁsihg:pr egnati on
~solutions were prepared by dissol ving apmoni ept ano ate

( tetrahydrate and coba Q_ caf S WH-J&W%%WB’%V&%&%WH%PFH@
~agents as |i ga”%dr%&édlﬁu%'tignQ:Gﬁﬁitﬁxﬂg, Whée iR sefiicfive HIDS cafippdttis t O
nmol ybdenum atom ¢ ratio was 0.48 in both solutions. The CoMCA

sol ution was i nppregeredehy iroproghiting & alisesupBEt tugd has preglicarontentigiant
the ar s ed ot L d B oEE R0 e bl AL BhER R sAfkaT RN B #Bple 2

on the wei ght ofydlamecaitakys abotiR6 icofyr aghetiont 29btd/g, ambmediangparadizes
vacuum at 60C, For _the Col\/b-Arls gﬁlﬁut id]gn, é’ge ﬁol_ bi Iit&/ was Low a
a doubl e i npr egni@ithesangs ehabouyd PPheP ClA st af perequ Sorytian o
i npregnati on) ' i r ARG th GaaSEHEe wig  of
Co0 and Mb03 on %é%%ghf%ﬁgltgq}ggorﬁﬁfyb%ig%%g% ?‘ﬁéeﬁdeg:gl uatai on wgfsgadone
simlar to the eadalities toforof a ColysEpiRurseral ysts on support SGC 593,

as descri bed above in.Exanple 2, Fi re 5 plots .t i

selectivity vs. HDS a@gixvi' '9"If%?’et%gagéﬁt%gﬁg%f}tégﬁggééyﬁgé?ss than about
catal ysts and t hgygeadesformad dii&d estalysepreedsbAla2@3 cat al yst. At 90%
HDS conversion, there was about 8.7 w.%olefin saturation for the




Exanple 7 [0051] This exanple is directed to air drying vs. vacuum
drying of the inpregnated silica support. An inpregnation solution
was prepared by dissol vi ng ammoni um hept anol ybdate tetrahydrate and
cobal t caMMWE/BSMIrate i n aqueous citric acid (CA). ThEUSHELIE0%
nol ybdenum atomic ratio was 0.48 in these solutions. The CoMo- CA
solution was inpregnated on silica support SC 593 using the incip.

- fent wetness inpiegnation technique in-22single step in an anount so
that the dried solid would contain 5.3 w.% Co0 and 21.4 wt. % Md03,
on a wei ght basis. The inpregnated solid was dried under vacuum at
60C I n anot her preparation using the same CoMo-CA solution and silica
support SC-593, the (#yr egﬁ]ﬁdﬁ% el dritdvéasalglst précirBostorfofrh thd Edtalykny a
third preparation, the'inpregnated solid was dried in air at, 1300,
[0052] The eval pravided thetthe didgrocalpiypt BRECRIFOE peceigkystigmop ralgined prior

CoMb/ Si 02' cat al yst n_suppor 93, as described above. Figure 8
plots the ol efi °§®If@&$9{)$§7f‘\;/°§%ﬁ3§'l DS activity for the CoMb- CA/ Si 02
catal ysts dried at three different conditions, and conpared to-the

i ndustrial referenCe CoMd/ Al 203 catal yst, At 90% HDS conversion (on a
wei ght basis), Bhese Tbgvagibp 2’%85{1%‘&15‘?‘52 whstasy ﬂﬁ?%?“@é’ﬁé&sia\fé?r

[~
I'es
(7.7 wt. % Qlefl ' 5 b GRd WE6® 15@R/d. ess than the Aefin
saturati onggﬁjdﬁbé\ﬁi og%r‘ljotgﬁgorégz%rence CoMo/ AI§203 - 19 - catalyst.

These experinments denonstrate that CoMb/ Si 02 catal ysts dried in air

at 110C to 180C have.sim |l ar .sel ecti i ty,li i . 1,02 -
catal ysts dried 4unde|ﬁ\?afeﬁt§ﬂ{j§? C%d’asﬁ&g%rp‘”{?’gg%ﬁ%%%g ogégl%? %/g{cggf (/
smal | er pokke Mng@Frdis aB8HPNS0A 8 abloutt00bAs exanpl e. An i npregnation

sol ution was prepared by dissol ving amoni um hept anol ybdat e

tetrahydrate and cobalt carbonate hydrate in aqueous citric acid. The

cobal t to mol ybdenumfiLholdrichitRs O #heldiR ROMpHMa 0l WdsoBn¥BS

i npregnated on silica support SC-592 using the incipient wetness

i npr egnat i HCCE eepnhguseam cackiedglaphthacyr dokennaphtbant so that the

dried solid would contain 5.6 w.% Co0 and 22.4 wt. % Moc03, based on

the weight of the catalyst. For silica support SC-595, |ess )

i npregnation solgit i oIThasethodbitaitdal of heviereialthelnapitha bas ah wizdind

contain 3.8 wt.%Co0 and 15.3 wt . 0% M03, ‘IFo/ased on t he wei.ght o% thse

cat al yst . - coataRt s bt 2wt 619 #ouka0VH . SFTQRfRROnNS Of fof 2RgE

L0054] The spyfl 1akbos, Reart] HIh@'cohfork Bons ¥BOHIT0YDraN tEabBS 02

catal ysts & support - , as described above. Figure 9 plots the

ol ef i n sel gO0D\pnywybaseBoB maphihd.ty for these two CoMo/ Si 02 catal ysts

(SC-592, 595) catalysts and the industrial reference CoMd/ Al 203

catal yst. At 90% HDS conversi on, CoM/ Si 02 on SC-592 showed about

9.5% ol ef i n sat . at i orhevakeltRd@INMiRiIsOPooD vwIer&iaGhe bibice dupfert Cotdind %t C
ol efin saturation. SC-5g5 I.s a 1/16" cylinder and has a bi-nodal pore g
si ze di strileast aBAULYA WtihE58r es centered around 35A and.slightly

over 100A. Figure 10 is a pore size distribution plot of SC 595

obt ai ned by N2 adsorption anal ysi s. The N2 adsorption was used over
Hg i ntrusion dud.to tFre setiod gfxiaimsol osZvegseinthe guouaty pficpbait salt

denonstrate that, di.rectionall u ts_ hayi :
result in Grddpal gF’%‘l’lpr‘Fagﬁflfﬁ/%{f?lgﬁe%ﬁ]Oaﬂrog b%ép%rg?%ﬂ%g%}lﬁ{?ﬁ %OSIS%IE%
pores. Thuspdhiebsibh harcenenesuns wts 208ale bgidedmdratout 8ext.%rto pbonie30
selectivity relative to the |larger pore silica supported -20 -

catal ysts a¢t.%Balybdsmumeopde\haged oBSHiRS ¥PPPBwever, the snal | pore
silica of this exanple still exhibits better selectivity than the
reference catal yst, RT-225. WD 2007/084439PCT/ US2007/001002 -21 -
CLAIMB: |.A netiod f dFhenmilethogs af claimisylsdr 2 wihierdin ¢he organiveaddis/eeontains

napht ha conpri si ng: . (i) inpregpating a silica support that has
a silica cdRéRt a%?rm%umﬁreagq a@i’ﬂﬁr%gng .% based on silica, and has




(i) contacting the naphtha with a sel ective HDS catal yst under

hydr odesul furization conditions, wherein the selective HDS catal yst
"i's prepared by inpregnating a silica support that has a silica
content of at |east about 85 wt.% based on the weight of the silica,
and has a pore vol ume between about 0.6 cc/g and about 2.0 cc/g, and
medi.an pore sizes in the range of about 150A to about 2000A with an
aqueous solution of (a) a cobalt salt, (‘B “a nol ybdenum salt, and (c)
at | east one organic additive to forma catal yst precursor;

(ii1) drying the catalyst precursor at tenperatures |ess than about
200C to forma dried catal yst precursor; and -22- (i)

sul fiding the driled cabarrwbo@ﬁ-@wam1toasZMth@edag@rrlwﬂdltwﬁd%Med
that the dried caf ggu?/ (t precursor or cat al yst is not calcined prior
to sulfldlnﬁ%lrn% I 1 DS. 3. The method of clains 1 in 2
wherein the silica support has a pore vol une between about 1.0 cc/g
and about 1.5 cclg. 4, e nethod, of ,cl.ains 1 qr 2 . wherein the
medi an pore si zeé?ar e Thp method 82&’@“?%12%’1"3 ﬂ‘fﬁﬂa’ﬁ’&q%‘BGt‘S 1R

5. The meth _ e naphtha is at |east one of
FCC napht haggréttgieeélfrrri ??’gtﬁ%f(e]od’% %dgﬁgtgr‘@%‘g{er napht ha. 6. The
nmet hod of clains 1 or 2 wherein the naphtha has an ol efin. content

fromabout 5 wt.?9 to out .60 % .ni.tro tEl fpa f
ppmw t o about 50 nﬁﬁﬁﬁbﬁtg‘%‘m’?ﬁﬁm@&h ?‘er‘}@‘% '%1%1[38% M#&t&‘e
( about 7000 paEWxy l@@ﬁﬁﬂ PolyoRRMinG acid, amine, a?dehﬁni‘fBi ﬁi@dh&’if kﬁtbﬁem% 1
or 2 wherein the silica support contains at |east about 90 w. %
silica. ester.g. The nmethod of clains 1 or 2 wherein the anounts of
cobalt salt and nol ybdenum salts are sufficient to provide a catal yst
support containing fromabout 2 wt.%to about 8 wt.9% cobalt oxide and
about 8 wt.%to dhout TBOnwithad nﬁblyibud@uﬂhmlm@e drgenig ligandiis atdgast one
support. nmet hods rein the organic
additive coﬂf%l??{?nggﬁsgﬁ e iab) a[qlcgi“é ;ldt’(%l%rrerfst?co¥541 oth - 10.
The net hOdSctﬁSrl&x'c&iaﬁEnéteﬁ’éaé’ethﬁ@ EDtme) cydahexanadiininvetrascetic acid
organic |igand 11. The met hod f cla ere e organic
ligand i s a(G¥RIAdenlenins, afﬁmﬂ@nfréﬁ%a a"ﬁ‘b‘?“y{%z ﬁ\i\g quiggrﬁﬂjame
12. The met ho q%lgéets+@tbﬁg US! il hiifechioGR OTAORGI fcidlor beast one

car boxylic aci ) am no" aci am ne, am de, am no al cohol,
ket one or ester. . 13. The nethod of claim 12 wherein the

organi c |igand | ast .on h i :
salicylic acid, etr 2815 Hmcg?ﬁylﬁg’ﬂggfog%}\#e}%ﬂep? raace ?@Eg@?gw(c EbTA) |
cycl ohexaneﬁi,ie?dpd glieRaikti c acid (CYDTA), al ani ne, arginine,
triethanolam ne (TEA), glycerol, histidine, acetylacetonate,

Cguanl dine, nitrilotriacetic acid (NTA), citric acid or urea.
14. The method of clains 1 or 2 wherein the organic additive is a

metal dispersion aid. . 15. The method of clains 1 or 2 wherein
the catal yst precursor is dried at tenperatures of from about 50C to
200C. '16. The nmethod of clainms 1 or 2 wherein sulfiding of

cat al yst precursor may be in-situ or ex-situ in the presence of at
| east one sul fi difg age@inethod of claims 1 or 2 wherein the catalyst precursor is dried

at temperatures of from about 50°C to 200°C.

16. The_ﬁemod of claims 1 or 2 wherein sulfiding of catalyst

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



- 24- 17. The method of claim 16 wherein the sulfiding agent is
hydrogen sul fide at concentrations of fromabout 0.1 vol.%to about
.10. vol.% based on total volune of gases present. 18. The
met hod of claim 2 wherein hydrodesul furizing conditions include
tenperatures of from about 150C to about 400C, pressures of from
about 4451cPa to about 13890 IcPa (50 to 2000 psig), liquid hourly
space velocities of fromabQut 0.1 to apput 12 and hydrogen treat gas
rates of from about 89 nB/nB8 to about 890 nB/nB8 (500 to 5000 scf/13).
19. The method of clains 1 or 2 wherein the dried catal yst precursor
or sulfided catalyst is not heated to tenperatures greater than about

300C prior to syhfi dirfg ih& 8f ERIm Y5 Werein 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.

18.  The method of claim 2 wherein 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 hydrogen treat gas rates of from
about 89 m*/m® to about 890 m*/m?® (500 to 5000 scf/B).

19. The method of claims 1 or 2 wherein the dried catalyst precursor
or sulfided catalyst is not heated to temperatures greater than about 300°C prior

to sulfiding or vse for HDS.

o



