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TEMPERATURE ALUM NA SUPPORTS FOR NAPHTHA HYDRODESULFURI ZATI ON FI ELD
. OF THE | NVENTI ON [ 0001] This invention relates to a catal zSt and
met hod f or Wey0eteRd4XTl f uri zi ng napht ha. More parti cul ar | JETHSEERP1000
nmet al hydrodesul furization conponent is |oaded on a high tenperature
al um na support in the presence of an organic additive to produce,
after sulfidation, a catalyst that is then used for
hydr odesul furi zi ng napht ha. The hi gh tenperature al um na support has
defined properties that mnimze olefin saturati on. BACKGROUND OF THE

| NVENTI ON [OOOZISEEDEUM@@&%s@ggW%ﬁ ThaberesroRef
sul fur levels i . exanplre, 1t 1S expected
t hat regul atADDVIENA SUPRORISIHOR NARHTHA HNXDROA U BAHIREZ A
by 2006. In many.cases, these sulfur levels will be achieved by
hydr ot r eati ng napht ha produced from Fluid Catal ytic Cracking (FCC cat
napht ha), WayELD ©F TekanNEENTAONr i butor to sul fur in the nogas
pool. Since sultur Tn nbgas can also |lead to decreased perfornmance of
catal ytic converters, a 30 ppmsulfur target is desirable even in
cases where | at ] ] aresult,

t echni ques Ldr(gﬁ?equwgzn%i&rrg%%geﬁﬁ%&%?ﬁﬂd ?l\r%ﬁé:ozﬂ ﬁﬁapht has while
at the sanehydrodesalfinizingmgphtha. Mdrepartnulaflybe @2eoimgtabr operti es

such as octane nu r. [.0003] Conventipnagl .fixed bed hydrotreating can
reduce the Eﬁ&’i"ﬁ‘t"g‘ﬁ&f&;"cﬂn %‘JII‘AE‘I’J?&“ r‘ﬁa%ﬁ?ﬁ%gnf‘g“%g?w}’ %%afr vag'fng’.na
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| i berated H2S reacts with retai ned olefins form ng nercaptan sul fur

by reversi m&rﬁ&@ econd ed at severities which
produce pr isdTﬁ?Egy VRN H However, signi fi cant

oct ane nunber | oss al so occurs. [0004] One proposed approach for
preserving octane during sulfur renpval is to modify the oLef

content of [092f eedEmdrangnentalegniations aandatn thedowatingpdsutipr 1%\?]@dnby
contact Wi ¢ Roforl MALRAETdEAL). 4% SAniIDS) isCAlRb KA hAt teBulabiBhe WiIINO-
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ol efins. [RAQEE ogasadbmtleyels el 20 ppedonisshby 2006 ENE nanyS@srs.itheseg

whi ch i devel b bil. Co £ iR
'S descri betbIit IREEF YL PROV St P orer ins BB aer st S sid?
AM 99- 31 ti ebg%ﬁﬁegm%ﬁ%«@(@@tcamﬁ%nﬂw), e id tierlgrgast tortibis ko sulfur

Cct ane Loss” . S. Patent Nos, 5,985,136 and 6, 013, 598. %’ﬁ/pi cal
SCANF i ni ng indhdimegasaalc Siere SHEIrinaegas can aw lspd te degsas
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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 severe octane number loss due to extensive reduction of the olefin content as
well as excessive consumption of hydrogen. Selective hydrotreating processes

have recently been developed to avoid significant olefin saturation and octane



[ 0006] Even though SCANfining controls the degree of olefin
saturation while achieving a high degree of HDS, there is still a
need to inprove the selectivity of the catalyst systemto further
reduce thewiegneesspd7 ol efin saturation thereby further peRughdiddthoo
oct ane nunber | oss. SUVWMARY OF THE | NVENTI ON [ 0007] This invention
relates. to a catalyst suitable for the hydrodesul fiirization (1113S)
of naphtha which is prepared by a process - 3 - conprising: (i)
heating an alum na precursor to a tenpera@ure above at |east about
800C to forma high tenperature alumna, inpregnating the high
tenperature alalg) Rq t}.an aqueous sol ution of éa) a cobalt salt,

(b) a . ol PRESRLMRSSa M OQHHafEs& iny puqteproceeses, the dibaratechibaS reacts with
forman i npf&ﬁlﬂéﬂ@(ﬂe d t he h
tenperature al um na %@5&%&%’?@ glr%gjpctﬁpr gP fjs%/dna@g%hnﬁx%%?ss%g%n
than about Senducted attﬁ&yeatrgwdm pmﬂace pridglet within he fid reguladions

medi an por epgl, e bout, 100A ta about 1000A; and a
surface ar egﬂbet V\/Ie‘fgsrrgéagioal{& %?F OSHolsP %58% e/ g; (ii) drying

t he i npregnat ed high terrperature aI um na at tenperatures |ess than
about 200C L@l? gr dried inpregnated high tenperature alum na

catal yst pr or ;OBHBroposeq a@upwlufqrgar@mvmg astanenguringit A reinghval
t enper at ur ej

| erper atur cisab by B Qs cEREBE BT b GBI RS SBATRA el
prior to sufalicgtadgbyconiget with al h}EBSdesu[ﬁ)ﬁ&&l}ioﬂ (HDSpeafabyst €0.S. Patent
enbodi nent , Bhg ?g{oggtelh S rec or. cont |ns fromabout 1 wt. %to ("‘
about 8 wt . e eoRs ase @%attl WF AHEpRscizes Mipoleligst | -
to about 20 wt. % nol ybdenum based on catal yst support. The HDS

cat al yst th contain alpha alumna in addition to other high
t enper at upzfﬁgpgin gi“es‘iﬁ?ﬁ“%)é deileped mgthas @ﬁ'HDSalpp%:AlNﬁ@&%] whioht ik @r
enbodi ment #@k Bk
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t enper at ur eNatenal Petrol e Refirow Asﬂﬁ@timl papetdaAM-gh-F1eimeT ‘WeldRive

al um na; (i n Ihe rature alumna with an ‘
aqueous soldl:J é@{tﬁg?_%drgﬁg%‘ﬂ T@fta&eﬂﬁbﬂ%%sﬁﬂt?ﬂﬂﬂ% (c)
at | east on‘5398)$ 436iand a0l 3, 598 T?piEﬁ[HCﬂNﬁﬁ'iB@%ﬂaﬁ%ﬁ%&ndé Sﬂ@sﬁ&t e
al um na, prowgted that the hjigh tenperature alumna has a ganmng,

e

and chi al J%% a%%ﬂf%?ﬁsf%s(,f%hﬂ#&ﬁe%ﬁmm@ awaphthalfasdatioakn Tlhmfeted’smlck
wei ght of tibeogdadfdd the f abou
1o0A {0 npan LoRaUEI it & e daRhfa U PRERE: LinblSed S095PY Gafou
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cat al yst pr%ﬁzir sor; and (iv) sulfiding the dried inpregnated high ( )

tenperature alum na catal yst precursor to forma HDS catal yst,
provi ded that the HDS cat al yst or catalyst precursor is not calcined

prior to sybdogli NOEQE | ates
to a net hog foﬁi1 t he BnDS o} ;g%a %nhlgé)géj\g}ll%ﬁ%é EE re?EE ngSeaﬁi‘f ﬁf’ at
| east about™Blegchigving addgle deglree okg1g 81 thefe isrneﬂm;aéﬁm e Prpve feng:
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heati ng ansaturation thereby further minimizing octane number loss.

SUMMARY OF THE INVENTION

[0007]  This invention relates-to a catalyst suitable for the
hydrodesulfurization (HDS) of naphtha which is prepared by a process



al um na precursor to a tenperature above at | east about 800C to form
a high tenperature alumna; inpregnating the high tenperature alum na
.With an aqueous solution of (a) a cobalt salt, (b) a nolybdenum salt,
and (c) at weamt/o®a® organi c additive to form an i npregR&TAF2H7/HH000
tenperature alum na, provided that the high tenperature alum na has a
gama, eta and chi alum na content |ess than about 50 wt.% based on
the total weight of the alumna; a nedian_pore dianeter in the range
of about 100A to about 1000A; and a surfaéé area between about 40
n2/ g and about 200 nR/g; (ii). drying the inpregnated high tenperature

al um na at & r

| ml:J)r egnat ed ﬁHJZ)E{S?{ (#p@? %%%?@ %‘Pgﬁ%nr?llggg g?@gogttbg‘rtgg{lﬁ%%}l% élﬁgre(at le3st
sul fiding thbogk $EIC tmﬁoemrrah@h teirger dtaveduming, smpregriatagthe higlst
precursor to forma HP cat al pr ovi deld tha t.he Bi cai @) st or
catal yst pr &IOPFFHIE @IYHBINaCKFT |%“6PP§)$° prior of { ?)dﬂ‘& | Salfs “HDS.
[0011] The EE’E?’ Gadmin Shie, AP fe‘agsif&{eé t"%%&i‘w@ﬁpmrﬂﬁanﬁﬁ ated

i mproved se |V|tytOV|ard In satdrati on while maintai
hi gh | evel higm&pﬁawmamnahpmfvm thatths high eoopgrairg ahenmalmsai

| ot of the X—ra 10,0 attern 0
Bcanpl es. 1 Eamat sl 854 G RpuRE b EeRPichE eyl o6 ke, BB dheBora
d: s: ri Eut I ow::g%m Jfigh® enesInaP b hiyedioi p&eadmhﬁte} in thORhge dﬁ@unm@oz&s(}a
pl ot show ng

ore size dlstrlbutlons b I—ggorzos metry f 2
Exanpl e 3. Pbo8 ra@d@ swiacesres bgwrﬁéw 80 sy and ghout 200 m¥/g;
distributio
! 55?)%&%}% EARLER &Eahi [ 1l ;F/e umih® 3PRkn ér%ﬁ?%sréséﬁxaﬁ

pl ot show n |str| por osl
Exanpl e 5. pbOGE0E’Guo dotniasdredimpreghatieti digh teaypatatuire ahnmm cptﬁly&tr n

for the sup ort for Figure 7.i.s p| ot

bore i 2o APEEPISE #CPLPang s tied ipoiERSge el e Rbrafig Ak
pore di anet estali¥t plécRyop 3o T8t Y WDSGaZAyst] PRASJedihgt i BDISscatalyhiodr
showi ng the percentage of C5 olefin saturation at 90% HDS conver si on

vs. the medf#Alysbpischrsemdt Bet ¢algiped reier tgsulfiding pobserdldPea) of the
al um na supports used to prepare the catal ysts of Exanple 12.
[0009] Figure 9 is a plot show ng the percentage of C5 olefin
sat urati on Hi008D% HBDS mefaresdembodsnert) theddlD8rcafrdy st miecursorcontains tfiwen

alumna s Upgl:?orrutti \%Jr?.‘%itc} Ecli)cpl{teso\?‘rli% E:(?bealﬁ %tasaﬁlt grtl %:at%{ysltzégf)}p{;r? ar:{'ci') from about

6 wt.% to about 20 wt.% molybdenum, based on catalyst support. The HDS

/‘\

catalyst may further contain alpha alomina in addition to other high

'temperamre aluminas such as delta, theta and kappa.

[0009] Another embodiment relates to a method for making a HDS catalyst,
with the catalyst prepared by: (i) heating an alumina precursor to a temperature
above at least about 800°C to form a high temperature alumina; (ii)
impregnating the high temperature alumina with an aqueous solution of (a) a
cobalt salt, (b) a molybdenum salt, and (c) at least one organic additive to form
an impregnated high temperature alumina, provided that the high temperature
alumina has a gamma, eta and chi alumina content less than about 50 wt.%,
based on the total weight of the alumina; a median pore diameter in the range
of about 1004 to about 1000A; and a surface area between about 40 m*/g and
about 200 m%/g; ‘(iii) drying the impregnated high tempefature alumina at



WD 2007/ 084437PCT/ US2007/ 001000 - 6 - [0010] Figure 10 is a plot
showi ng the percentage of Cs olefin saturation at 90% HDS conver si on
vs. percentage of surface area (neasured by Hg porosinetry) |arger

t han 150A Lum na supports used to prepare the

Exanpl e 12%@%@ DESCRI PTI ON OF THE | NVENTI ON [oofﬁ}@héewt“@?@n;
"naphtha" is used to refer to the mddle boiling range hydrocarbon
fraction or fractions that are major conponents of gasoline, while
the term "FCC naphtha" refers to a prefered naphtha that has been
produced by the well-known process of fluid catalytic cracking.

Napht has having a m ddle boiling range are those have boiling points
from about tEOWerdtuEss legsthan about 2@ todorpadriaBidapregated hi@OF) at
at nospheri . fromab 21C .t.q. about, 221C (70 to
430F). Pr ogltﬁgf I%’Sa#éegﬂfl ﬁl[ﬁ% ﬁ‘ri%%}éereﬁ%sco S%H%/\Ptaﬁ%uﬁigg’cﬁfg‘ﬁ %8 ogen

resul ts in impraghdthd higietemperamtabhmehy chiadyst precok &iritd Somnd HDS
aromati cs. G%S’ébnaphftlg(fﬁl such_as_ steam cracked napht has and coker

napht has meSAt PESH at the; HRRB patakbysyor calplyapreaisenis nst calcingdhs
Typi cal ol efjify o udpBhbdr Rays- gy in contents of at |east about 5
wt. % up toe%l:l)out 60 wt.E% ugase on 't he wei ght of the naphtha,
preferably about 5 w.%to about 40 w.% sul fur contents from about

300 ppnw t t 700 ase n_the weight .of t apht ha; _and
ni trogen cg[r@gﬁrs ﬁng%‘%gegi%ocgnﬁﬁﬁwq?%s 5%8&6':3@%%%%%85?2'& eRIEhe
vei ght of thevingphohdin E3rabnt S dtNedst BoRITE ¥t oh Bale® bR thé reidht S itce
ol efins, dienes and cyclic hydrocarbons with ol efinic side chains.

Because ol S13ANha&eRMBHERET (Dconfacting he paphtha withd &DS enighisé nnder
olefinic nayghjr PG-34 i r t
val ues than dogge%ydr o%g%ﬁgléﬁﬁggﬁ’fvﬁgé.ﬂwqee galqg%tiqu gé}%ap ﬂégﬁglr%é}?
typi cal |y ralgminsmprscufsonteafitreperatirthapovayt Ehstabonn869C at foem a high

conpounds, ci.al Iy sul fur-containi and. ni trogen- cont ai ni.ng
conpounds. tgﬁpp%rétgge%el Ii’%fém@é?%ﬂa?@lg tﬂ?mﬁqﬂemﬂ?éatgﬁ alogapa pth gt e
sel ective raymuvas selhtionlof (&) AcoBaliddn, (B a gldybdensat s418LhATCY 419832 dne
ol efinic naphtha is, prepa; ed usj ng igh tenperature alumna as a

a h
support nat@ERRe additiye to rady iprregnatad hish mpeRgyes dvming mpyided
surface arqfafthe ROMS Lak, ; :
al um nas. Al aha glll%}?n na firggltrﬁghgrr%{gtg hgtg %#ag%ﬁ?,gﬁgta g)rjrﬁlélr gl:u gﬁgggﬁt&nﬁa
phase as i tlesssthitnpheut Sthemn %61 besed andhe batabivainhs ofittes dleaiied afmedian

sufficientl [ erat ures u t enper s ip range of
about - 100006 HBHETROBBEEEE L BTIRA by lih SO0 &S en Lo pert e reas
boehni t e orbepsoedabme i i/ g(AHUHILE 200 ﬁﬁﬁl%]l{ﬂy Abyih tRE irdhreBRAte8 high

(Al (OH)3) when heated to increasingly hi tenperatures are converted
t hrough t hd®PRFTANFS 2hnmiRaat tempseatuses l@srsgham phRUtAPSE to formn gatriadal | y

accepted ph o GRS ' j rat
begi pni ng PR AR HEN ARSI Ahfid bardlyRe bRERRR M KTAARE e
al um na - > digdtimpaegnatedhighetemparainianaivaliph aatalystpreenrsbheo fdras e HDS

transition (o] i erature increase begi.nning wt

g bbai t ¢ araeagitr bttt Wl R SRR i ol BBt e et
al um na. Theigphaselfidingsi isofts HBSoci ated with a tenperature increase
beginning with bayerite are as follows: bayerite -> eta alum na theta
al um na -> al.pha alum na. As noted above, al pha alumna is the end
phase of thgofgat i vge BDOLEGIvR! Wil @ﬁﬁ ﬁﬂﬁ] L) i, eta,
delta, kapga i;ﬂd theta. As us)gg’ hg%rglasn, |gﬁe errpg]?g%lg?e a S{ringna
nmeans al umimgrovest sebestivityrtowands alefidshtuaatidaphileansinediping scttighilead of
and m xtur her-eof wi.fh_.only mnor anounts of gamma, chi, or eta
phase al umﬁ%&’#t@egiﬁﬁﬁ%?f , chi, and eta alunina is | ess than
about 50 wt.% preferably |less than about 30 wt.% nore preferably

| ess than %boui 20 wt . % based on the weight of the alumna. In an
RIEF DESCRI%’TION OF THE FIG S
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made. [0015] The high tenperature alum na support is then inpregnated
with a mxture of (a) a cobalt salt (b) a nolybdenumsalt, and (c)
.one or nore organic additives, such as organic |ligands. The cobalt
and nol ybdav@a03/834%7 used to i npregnate the al um na supB&EUSHHRY/0HAD
any water-soluble salt. Preferred salts include carbonates, nitrates,
hept anol ybdate and the |ike. The anmount of salt is such that the

al um na support will contain from about 25wﬂ.@6to about 8 wt.% WO
2007/ 084437PCT/ US2007/ 001000 - 9 - cobal T~oxi de (Co0), based on the
wei ght of the support, preferably fromabout 3 w.%to about 6 w.%
and from ab w54 64 ; i -
preferably ??%%ﬁaboﬂ%éugg 1\?\? ?%?@aﬁﬁ&%hﬁg% | %5%):{%? %f%lj;%g?hh"é%inds
are or gani c sappbrts OEExainplds lar 2 hypot hesi zed to aid in distributing
the Co and Mo conmponents on the silica support. The organic additives
contai n oxygen and/or nitrogen atons and include nono-dentat e,

bi dent at e apgpoz]! y-FEigaral 6s 4 bianRUswindthepsreRiz dsteibutivhs by HHands)
may al so be cheLatin%,aEFnts. Organic ligands include at | east one of
car boxyl i ¢ ReregimepyopEsampls 20 aci ds, ami nes, anino al cohol s,

ket ones, esters and the |ike. Exanples of organic |igands include
phenant hroline, quinolinol, salicylic acid, acetic acid,

et hyl enedi af@t03et rBigosd 3 ¢s aplad sh&Ridy theqynk alredisteitntionnby &g aaceti c
acid (CYDTA), alanin rginjne, triethanol am ne (TEA), glycerol

hi sti di ne, B%FVPSE¥§E5§F%FP&U§nidine, and nitrilotriacetic acid
((NTA), citric acid and urea. [0017] The high tenperature al um na
supports have |arge pore volunmes as neasured by nmercury porosinmetry
usi ng ASTM H0ddd Atgurb sva pist showingibeasre sizg distgbutiers by Hep
degrees. Th in the range fromabout 0.3 cc/g to
about 1.5 Cﬁ?ﬁgﬁﬁ?%f§@§§?$ﬂéﬁgbt 0.5 cc/g to about 1.5 cc/g. The

medi an pore sizes as nmeasured by intrusion volume of nercury are in
the range f 100A. t o abo

Lo about  10MRRST T 1EUHer sisc BIPEARowiRe e ol o PR R OB B0t

usi ng nitrog&Bsiniéty for ERenpRIWe from about 40 nR/g to about 200
n2/ g, preferably from about” 40 n2/g to about 150 n2/g. [0018] Wil e

not wi shing to be bound to any particular theory, it is postul ated

that th hi MET ith |
i anet or s, Roal oo Fakre R REt AL bEul XHh) Y feHRAgh rinbfl fbr B BEpgtet o
citric aci dExaMple07/ 084437PCT/ US2007/ 001000 and urea, and | ow

severity drying, lead to HDS catal ysts having the desired selectivity
towards ol efin saturation while maintaining the activity of the HDS

catal yst fooodepul Fusirei 8 2l J16t SIRRbiBané ?ije 5128 QisMBAMCdr tA@ BelSp R 8
hypot hesi zed to assiSt in producing an effective dispersion_of netals
(t hr oughout Exrenplehith asmsdtantparkidiameten by Hmporosimetrnef 6728n t he
increased selectivity exhibited by the present catal ysts. [0019] The
hi gh tenperature al um na support nay al so be doped with netals from
G oups 2-4 [6008he Pénurod is affdbt shdveingdhe petdeatagedAC falefinsatuaatiorgat

G 1-1 bly f .2 d 4. EX | f h t al
Thol hde zr Dogh s Sgutsid . ettt Shie diarmeter Fhpsen of HauOn -
Merck 8¢ Cgore bftsh) of H99Runfifh 3hySdrtfhRRAOHrbPite W cddiBists of Example 12.

[0009] Figure 9 is a plot showing the percentage of Cs olefin saturation at
90% HDS conversion vs. (1/median pore diameter) of the alumina supports

used to prepare the catalysts of Example 12.



[ 0020] Hi gh tenperature alum na supports were inpregnated with
aqueous solutions of Co and My salts using conventional techniques,
i.e., techniques known to those skilled in the art of hydroprocessing
cat al yst %gizﬂﬁl saypt hesis, manufacturing and/or use. T Rh@3641600
| i gand may be a(?ded to the aqueous solution of salts prior to contact
with the alum na support. One enbodi nent for inpregnating the alum na
support with netal salt is by the incipient wetness nethod. In this
met hod, an aqueous sol ution containing megal salts and an organic
additive is mxed with the support up to the point of incipient
wet ness usiﬂ)% ﬁfnvzrrjti onal . t echni ques. 4,202-1] The manner of
i mpr egnat i o931 ¢ héiEpEniGhis asplepshawing the parcentage ofds definygaturation at
i mpregnati EDR! dhhvaski i lLxture o obal t ysalt and
organic i 3?1%6 using | n%l%#‘@%ﬁ{é\gg%ﬂ&%é%@f rrgﬁcné’r?%ém?ar?%lr’ee%%
support andperesimétryrlergentthany 150k for thechlempizosuppotts ised ropiycpaaNhE
salt solutign or bdenum,salt sol ution containing organic |igand
up to the @f}%ﬂéﬂ%@%?@- WD 2007/ 084437PCT/ US2007/ 001000
wet ness. | n anot her. enbodi nent, the order bf inpregnation by cobalt
salt followed by nolybdenum salt may be reversed. In yet another

DEJA H.ED DESGRIBEION O THREINVENTIONa ni xt ure of
cobalt salt and nol ybdenum salt plus organic |igand to incipient
wet ness. The co-i n&regnat ed support may be dried and the

r

co- i npr egna®®dhl p é’@§§n¥lé'pé&mg§'.' is|ypeddo refieptditie middieiboiting, range

extruded alwms . J nated.with a mxtutre of. cobalt
ol oy ErBeaBUR RAIckoRRY BierioURHEARE it comuils ot frstiing JiBhs
dried. Thi shertem HBGC maphthe' refige ad agpriforddsiapBha that lalslbeeh Prédiaied by

enbodi nents, the, organic |liga be a single |igand or may be a
mixture of PF é’éﬁih&‘g‘mé’r?ﬁ?gé’gﬂh’(ﬁéa@fﬂ}ﬁ W&céﬂﬁpﬁa%hﬂ?élwgtgyﬂ raddiehe
reacti on mMpdilihL rafedioa A eddi : edn: L h

f rom about 560 %S rggboutottggsoc tgqidéﬁl?r% g%@f??&s@%ﬁtg?ﬁg{)?’ &P@Q%i ng
may be unddrs)iadhow 233°G (P040r4500F) arasmosphericpeksuae, prieferablyrfrom

00221The i cplsAr, | egted with roge | fide
<[51t concen'?g{bl(';:{'?1 ?%?gg g‘# X?élg%ngg&?eé‘? f§9f)fjr).' ot gu%ﬂ% &?B‘{@%%P%ﬁ?@gggﬁsgn
total vol ureithéutgeided hydesgemi resilty infa peptitha tol id ielRivalehitth iR olefins
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- 13 - from about 60%to about 100% of the dispersing aid renmains on
the catalyst prior to sulfiding or use for HDS. [0025] Foll ow ng
.sulfiding, the catalyst nmay be contacted w th naphtha under
hydr odesul o 2eor/meg4ddondi ti ons. Hydrodesul furizi ng condi FCEHS20HRI1We
tenperatures of from about 150C to 400C, pressures of from about 445
kPa to about 13890 kPa (50 to 2000 psig), liquid hourly space
vel ocities of fromabout 0.1 to about 12, ,and treat gas rates of from
about 89 nB/nBto about 890 nB/n8 (500 t 0-2000 scf/B). After
hydr odesul furi zation, the desulfiirized naphtha can be conducted away
for storage or for further processing, such as stripping to renove
hydr ogen sul fide. The desul furized naphtha is useful for blending
wi th ot her rEehdvtive Gatalysty- r ange hydrocarbons to make nogas.

[ 0026] Enbodi nents, including preferred enbodi nents, are illustrated
in the foll gy ex I I . ).

ext rudat e uggﬁ}ﬁ _as’?ggg g%i A &[v\q/;lse %%%%B%?g%ng&ﬁ%?fls}%ﬁ?%l?ﬁ%ﬁ% olefin
(130P) wi t h saeYathi fiein &irMefirs neplythaiicpfephtad using a ighiNmBperfiniré owed
by extrusion_ through a 1/20" qu%grgaobed die, The resulti n% extrud](';l.tc?:l
was cal ci nedURINGFES\AFURRGEt Wakiali Sligh rmperapis fupinas aremodgryie to hig
partial st e%ﬂ?fa&é’a&&?ﬂ‘éﬁ?a@éﬁ’crﬂd"ﬁizfgut_@%'bbﬁz@(ﬁ 2@ PAr8e hotd KIHERAs.
Exanpl e 5. Specific cal cination conditions, alumna phase

i denti fi cat iAlpba aBETingus thecmoat FablethigiNtemperatuye alumwiaphese as it er s

by Hg, are Ilisted in Table.1l..The X '

(é'l um na sup W%fﬁbsn 8%‘6%?‘?‘6“’&! SEP Tgeﬁa?%&pﬁoegfgtﬁ%%g?vh\ggﬁ 3‘%3'—@@& atures
Intensity reftH &Stediperptudés Bckavige of abdteI000ICao gbouf 1260°Cratmpre. Thus
Figures 2 through 5 show the pore size distrilhutions [ ot rysion
For Exanp| oSS pracurads Seh Rodsos b HEsE PRI B G568 and: 4

Tabl e 1 ExamhydireWpRebbsite @I(YBNPAVhdPReated to increasingly high temperatures

are converted through the various alumina phases to the alpha phase. The

- generally accepted phase transitions associated with a temperature increase
beginning with boehmite are as follows: boehmite — gamma alumina/chi
alumina — delta alumina/theta alumina — alpha alumina. The phase
transitions associated with a temperature increase beginning with gibbsite are
as follows: gibbsite — chi alumina — kappa alumina — alpha alumina. The
phase transitions associated with a temperature increase beginning with
bayerite are as follows: bayerite — eta alumina — theta alumina — alpha

(— alumina. As noted above, alpha alumina is the end phase of the heating of
other alumina phases such as gamma, chi, eta, delta, kappa and theta. As used
herein, high temperature alumina means alumina that contains theta, delia,
kappa and alpha aluminas, and mixtures thereof with only minor amounts of
gamma, chi, or eta phase alumina. The sum of gamma, ¢hi, and eta alumina is
less than about 50 wt.%, preferably less than about 30 wt.%, more preferably
less than about 20 wt.%, based on the weight of the alumina. In an
embodiment, the high temperature alumina contains greater than about 50 wt.%
of at least one of theta, kappa, delta and alpha alumina, preferably greater than
about 70 wt.%, more preferably greater than about 80 wt.%, based on the total

weight of the alumina,



Al um na Al um na Phase SA, n2/g Hg PV, ec/g Median Pore Di aneter (by
Hg Area) Medi an Pore D aneter
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[0013] The high temperaturt;, aluminas according to the invention can be
prepared by heating a precursor such as gamma alumina, bayerite, gibbsite
and/or boehmite to a temperature greater than about 800°C. The temperature
used is also a function of the nature of the starting phase as well as the time of
heating, the time being controlled to achieve the desired phases. The high
temperaturé alumina thus prepared is preférably predominantly a mixture of
theta, kappa and alpha alumina, more preferably predominantly a mixture of
theta and alpha alumina. By predominantly is meant that the weight of the Q
designated component or components comprise more that about 50% of the
weight of the mixture. It is also noted that heat with steaming can be nsed to
produce the high temperature alumina. For example, steaming an alumina
precursor at about 95% humidity for one hour at about 1000°C results in a pure
theta phase material. Other methods for preparing the high temperature
alumina can be used, including conventional methods, provided the high

temperature alumina has the described characteristics.

{0014]  The alumina phases are determined by X-ray diffraction techniques.

The different phases each have a characteristic X-ray diffraction pattemn as (.
determined by essential peak intensities and d-spacings. Accordingly, X-ray

diffraction can be used to verify that a high temperature alumina has been

made.

[0015]  The high temperature alumina support is then impregnated with a
mixture of (a) a cobalt salt (b) a molybdenum salt, and (c) one or more organic
additives, such as organic ligands. The cobalt and molybdenum salts used to
impregnate the alumina support may be any water-soluble salt. Preferred salis
include carbonates, nitrates, heptamolybdate and the like. The amount of salt }s
such that the alumina support will contain from about 2 wt.% to about 8 wt.%
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cobalt oxide (CoO), based on the weight of the support, preferably from about
3 wt.% to about 6 wt.%, and from about 8 wt.% to about 30 wt.% molybdenum

oxide (Mo00s3), preferably from about 10 wt.% to about 25 wt.%.

f0016]  Organic ligands are organic additives which are hypothesized to aid
in distributing the Co and Mo components on the silica support. The organic
additives contain oxygen and/or nitrogen atoms and include mono-dentate, bi-
dentate and poly-dentate ligands. The organic additives (ligands) may also be
chelating agents. Organic ligands include at least one of carboxylic acids,
polyols, amino acids, amines, amino alcohols, ketones, esters and the like.
Examples of organic ligands include phenanthroline, quinolinol, salicylic acid,
acetic acid, ethylenediaminetetraacetic acid (EDTA),
cyclohexaneciiaminetetraacetic acid (CYDTA), alanine, argirn:ne,
triethanolamine (TEA), glycerol, histidine, acetylacetonate, guanidine, and

nitrilotriacetic acid (NTA), citric acid and urea.

[0017] The high temperatul:c alumina supports have large pore volumes as
measured by mercury porosimetry using ASTM method no. D4284 using a
contact angle of about 140 degrees. The pore volumes are in the range from
about 0.3 cc/g to about 1.5 cc/g, preferably about 0.5 cc/g to about 1.5 cc/g.
The median pore sizes as measured by intrusion volume of mercury are in the
range from about 100A. to about 10004, preferably from about 1504 to about
1000A. The surface areas, as measured by the BET method using nitrogen, are

in the range from about 40 m?/g to about 200 m*/g, preferably from about 40
m?/g to about 150 m*/g.

[0018] While not wishing to be bound to any particular theory, it is
postulated that the present high temperature alumina supports with large pore

diameters, when combined with organic ligands such as arginine, citric acid
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. and urea, and low severity drying, lead to HDS catalysts having the desired
selectivity towards olefin saturation while maintaining the activity of the HDS
catalyst for_ desulfurizing the naphtha feed. The organic ligands are
hypothesized to assist in producing an effective dispersion of metals throughout
the alumnina support which, in turn, is a factor in the increased selectivity

exhibited by the present catalysts.

{0019]  The high temperature alumina support may also be doped with
metals from Groups 2-4 of the Periodic Table based on the JUPAC format
having Groups 1-18, preferably from Groups 2 and 4. Examples of such metals
include Zr, Mg, Ti. See, e.g., The Merck Index, Twelfth Edition, Merck & Co.,
Inc., 1996,

Catalyst Preparation and Use .

[0020] High temperature alumina supports were impregnated with aqueous
solutions of Co and Mo salts using conventional techniques, i.e., techniques
known to those skilled in the art of hydroprocessing catalyst design, synthesis,
inanufacturing and/or use. The organic ligand may be added to the aqueous
solution of salts prior to contact with the alumina support. One embodiment’
for impregnating the alumina support with metal salt is by the incipient wetness
method. In this method, an aqueous solution containing metal salts and an
organic additive is mixed with the support up to the point of incipient wetness

using conventional techniques.

[0021]  The manner of impregnation of the alumina support by metal salt
may be by impregnating the alumina 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 ligaﬁd up to the point of incipient



-3 Versal/ 1000C/ lhr 0 + a 143 0.75 143 175 1373 Cal cination

WO 2007/084437 PCT/US2007/001000

-11-

wetness. 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 ligand to incipient wetness. The co-impregnated
support may be dried and the co-impregnation process repeated. In yet another
embodiment, an extruded alumina support may be impregnated with a mixture
of cobalt salt, molybdenum salt and organic ligand and the impregnated support
dried. This treatment may be repeated if desired. In all the above

( _ embodiments, the organic ligand may be a single ligand or may be a mixture of
lisands. The impregnated alumina support isolated from the reaction 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,

[0022] 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 oxide, metal salt or metal complex to the corresponding sulfide
in order to form the HDS catalyst. The hydrogen sulfide may be generated by a
C 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. 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 from 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
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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 abdut 5hrl,
The LHSV pertains to continuous mode. However, activation may also be
done in batch mode. Total gas rates may be from about 89 m*/m® to about 890
m*/m’ (500 to 5000 scf/B).

[0023]  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
presulfurized such that H>S may be generated during sulfiding. In a liquid
phase sulfiding agent, the catalyst to be suifided is contacted with a carrier
liquid containing sulfiding agent. The sulfiding agent may be added to the
carrier liquid or the carrier liquid itself may be sulfiding agent. The carrier
liquid is preferably a virgin hydrocarbon stream and may be the feedstock to be
contacted with the hydroprocessing catalyst but may be any hydrocarbon
stream such as a distillate derived from mineral (petroleum) or synthetic
sources. If a sulfiding agent is added to the carrier liciuid, the sulfiding agent
itself may be a gas or liquid capable of generating hydrogen sulfide under ( g
activation conditions. Examples include hydrogen sulfide, carbonyl sulfide,

carbon disulfide, sulfides such as dimethy! sulfide, disulfides such as dimethyl

disulfide, and polysulfides such as di-t-nonylpolysulfide. The sulfides present

in certain feeds, e.g., petroleum feeds, may act as sulfiding agents and include a

wide variety of sulfur-containing species capable of generating hydrogen

sulfide, including aliphatic, aromatic and heterocyclic compounds.

[0024]  The dried catalyst is not calcined prior to either sulfiding or use for
HDS. Not calcining means that the dried catalyst is not heated to temperatures
above about 300°C, preferably about 200°C. By not calcining the catalyst,
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from about 60% to about 100% of the dispersing aid remains on the catalysf

prior to sulfiding or use for HDS.

[0025] Foilowing sulfiding, the catalyst may be contacted witﬁ naphtha
under hydrodesulfurizing conditions. Hydrodesulfurizing conditions include
temperatures of from about 150 °C to 400°C, pressures of from about 445 kPa
to about 13890 kPa (50 to 2000 psig), liquid hOl-.lﬂy 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 for further processing, such as
stripping to remove hydrogen sulfide. The desulfurized naphtha is useful for

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

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

the following examples. .

Examples 1 to 5

[0027]  An alumina extrudate useful as a support was prepared by mixing

C Versal-300 (UOP) with 30% Avicel (FMC) as organic filler and 2% HNO;,
followed by extrusion through a 1/20" quadrilobed die. The resulting extrudate
was calcined using various conditions of temperaturc,.time, and partial steam,
to produce alumina supports of Example 1 through Example 5. Specific
calcination conditions, alumina phase identifications, BET surface areas by N,,
and pore volumes/diameters by Hg, are listed in Table 1. The XRD patterns of
these calcined alumina supports are shown in Figure 1. A copper anode was
used. Intensity results are plotted vs. scattering angle (two theta). Figures 2
through 5 show the pore size distributions by Hg intrusion for Examples 2, 3, 4,

and 5.



0.59 285 805 1378 Calcination + O Exanmple 6 [0028] A
commerci al al um na support (Norpro SA31132) containing mxed theta
and al pha al um na phases was exam ned by X-ray diffraction techni ques
as in ExanplSsehsidy ough 5. Figure 6 is a plot of the XdR¥2007/001000
diffraction pattern for the support. Figure 7 is a |l og-1o0g p?ot of
pore size distribution. Figure 7 shows the pore size distribution
based on HG i ntrusion volune. The nedi an pore di aneter determ ned
based on nercury intrusion volune is 672/ -while the nedi an pore

di aneter determ ned based on pore area is 209A. The support has a
surface area of 62 nR/g as neasured bE N2 BET net hod, and pore vol une
of 0.77 cc/g as neasured by Hg (ASTM nmet hod). An i npregnation
sol ution was prepared by dissolving 8.34 g of urea and 4.20 g of
citric acid nonohydrate in 10 ml _of water, followed by dissol ving

2.13 g of jcobalt carbonate hydrate (4612% C¢) and Medidn 9] Ofledddmmdni um
hept anol ygdat e. [ The i npregnatijon sol utifon was addedPdre t}]e Pateum{ na
support usling the iSHer9s Ea wet ness i mpr egngt i on {tRisheteguBianitize
i npr egnat gd® 5’[‘TI ystVersal3 9 i ed 4iluminec a$%}eus&$ ijn (e slultey Het i on
and HDS eval dat i{on wWMYMBIR callci #48Fon] ™ f:;é Area) Vol | SC#
1 Versal/400°C/1hr | 7y (broad) | 340 | 0.81 67 94 1369
Calcination
2 Versal/800°C/8hr ¥ (pure) 199 0.82 102 126 1371
Calcination
3 Versal/1000°C/ thr 8+8 143 | 0.75 143 175 1373
Calcination (1247)
4 Versal/1000°C /1hr | 8 (pure) g6 | 0.78 256 307 1375
Steam (95%)
Calcination
5 Versal/1100°C/10hr. | o (major) | 43 | 0.59 285 805 1378
Calcination +0 .
Example 6

[0028] A commercial alumina support (Norpro SA31132) containing mixed
theta and alpha alumina phases was examined by X-ray diffraction techniques
as in Examples 1 through 5. Figure 6 is a plot of the X-ray diffraction pattern
for the support. Figure 7 is a log-log plot of pore size distribution. Figure 7
shows the pore size distribution based on HG intrusion volume. The median
pore diameter determined based on mercury intrusion volume is 672A, while
the median pore diameter determined based on pore area is 209A. The support
has a surface area of 62 m?/g as measured by N; BET method, and pore volume
of 0.77 cc/g as measured by Hg (ASTM-D4284 method). An impregnation
solution was prepared by dissolving 8.34 g of urea and 4.20 g of citric acid
monohydrate in 10 ml of water, followed by dissolving 2.13 g of cobalt

~ carbonate hydrate (46.2% Co) and 6.13 g of ammonium heptamolybdate. The
impregnation solution was added to the alumina support using the incipient
wetness impfegqation technique. The impregnated catalyst was dried at 110°C

and used in the sulfidation and HDS evaluation without calcination. The



15 -

| npregnated solid contained 3.9 w.%of Cot) and 15.5 w. %

Mb03 on a dry basis. Exanples 7-11 [00291 The al um na supports’ of

. Exanples 1-5 were inpregnated with Co and Mo salts using citric acid

and urea asvORYaMesE3additives. | npregnation and dryi ng WAI/GEAH0{0&§00
out as described in Exanple 6. Table 2 lists the netal content of the
dry catal yst precursors. Table 2 Exanple 4 Support from Exanple 4

Support SC4 Mb03 CoO 7 1 1369 18.1 4.5

-15-
impregnated solid contained 3.9 wt.% of CoO and 15.5 wt.% MoQO; on a dry
basis.

Examples 7-11

[0029]  The alumina supports of Examples 1-5 were impregnated with Co

and Mo salts using citric acid and urea as organic additives. Impregnation and

drying was carried out as described in Example 6. Table 2 lists the metal

content of the dry catalyst precursors.

- Table 2
Support from
Example # Example # Support SC# MoO; CoO
7 1 1369 18.1 4.5
8 2 1371 19.6 49
9 3 1373 16.8 4.2
10 4 1375 _ 17.5 4.4
11 5 1378 15.5 3.9
Example 12

[0030] Catalyst precursors from Examples 6-11 were sulfided and tested in
parallel with a commercially available reference CoMo/AlLQ; catalyst (RT-
225) for selectivity in cat naphtha hydrodesulfurization. The catalyst
precursors were sulfided using 3% H,S in H; and virgin naphtha, Feed for the
catalyst evaluation was a Cs~-177°C (350°F) FCC naphtha feed containing 1408
ppm S and 46.3% olefins. Catalysts were evaluated in an MCFB-48 unit
(Multi-Channel Fixed Bed-48 Reactor) at 274°C (525°F) at 220 psig using H,.
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Feed flow rate was adjusted to obtain a range of 2-methylthiophene
desulfurization from 65% to 95%. 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 to calculate the percentage of olefin saturation (%
OSAT). Results of % HDS and % OSAT were stable after about 30 hours of
catalyst on stream, and were used to evaluate the olefin saturation t% OSAT) at

' various HDS conversions (% HDS),

[0031]  Figure 8 plots the percentage of Cs olefin saturation at 90% HDS
conversion vs. the median pore diameters (based on Hg intrusion pore area) of
the alumina supports used to prepare the catalysts of Example 12. A
commercial catalyst, which has a median pore diameter of 904, was tested
under the identical conditions and showed 14 wt.% of Cs olefin saturation at
90% HDS conversion. Compared to the commercial catalyst and the catalysts
formed on lower temperature alumina (precursors from Examples 7 and 8), the
current inventive catalysts supported on high temperature alumina have lower

olefin saturation.

[0032]  Figure 9 plots the percentage of Cs olefin saturation at 90% HDS
conversion vs. (1/median pore diameter) of the alumina supports used to

prepare the catalysts of Example 12.

[0033]  Figure 10 plots the percentage of Cs olefin saturation at 90% HDS
conversion vs. percentage of surface area (measured by Hg porosimetry) larger

than 150A for the alumina supports used to prepare the catalysts of Example
12. -



5 1378 15.5 3.9 Exanple 12 [0030] Catal yst precursors from Exanpl es
6-11 were sulfided and tested in parallel with a comrercially

.avail able reference CoWb/ Al 203 catal yst (RT225) for selectivity in
cat napht havogerosiesul f uri zati on. The catal yst precur soPCTHS2H7/001000
sul fided using 3% H2S in H2 and virgin naphtha. Feed for the catal yst
eval uation was a C5-177C (350F) FCC naphtha feed containing 1408 ppm
S and 46.3% ol efins. Catal ysts were evalugted in an MCFB-48 unit

(Mul ti-Channel Fixed Bed-48 Reactor) at ~ddsc (525F) at 220 psig using
H2. WD 2007/ 084437PCT/ US2007/ 001000 - 16 - Feed flow rate was

adj usted togbiaisk.a range of 2-nethylthi ophene desul furization from
65%to 95% Product streans were anal yzed using online GCs and SCDs.
C5 Adefin content in the product was conpared with C5 ol efin content

in the feed to cal cul gte the percenta f . olefin saturation (%
OSAT). Results of- % a&?l‘éfsb/g"@ﬂ% k&ﬁegvamd@SWWtW%oam@a

of catal yst yphelsis! amn iqyal uate the olefin
saturation (% %A'geg%reva?i%ﬁ&ﬁ%;@%g%@selrﬁéi ons (%}IDS). [0031]

Figure 8 plots the pefident beating arCsluptios precimsontata temprratffshdds at
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prepare the catal ysts
temperatures less than about 200°C to form a dried impregnated high

temperature alumina catalyst precursor; and _

(i) suvifiding the dried impregnated high temperature alumina
catalyst precursor to form a HDS catalyst, provided that the HDS
catalyst or catalyst precursor is not calcined prior to sulfiding or use for
HDS,

~

2. A method for making a HDS catalyst, the catalys.t prepared by:

(i) heating an alumina precursor to a temperature above at
least about 800°C to form a high temperature alumina:

{ii) impregnating the high temperature alumina with an
aqueous solution of (a) a cobalt salt, (b) a molybdenum salt, and (c) at
least one organic additive to form an impregnated high temperature
alumina, provided that the high temperature alumina has a gamma, eta
and chi alumina content less than about 50 wt.%, based on the total

weight of the alumina; a median pore diameter in the range of about



- 17 - CLAIMS: |.A catalyst suitable for the hydrodesul furization
(BDS) of naphtha which is prepared by a process conpri sing:
(i) heating an alum na precursor to a tenperature above at | east

about 800G, ,0ufMisiisd hi gh tenperature alunmina, inpregngidii@éRBeldbdh
tenperature alumna with an aqueous solution of (a) a cobalt sa?t,

(b) a nolybdenumsalt, and (c) at |east one organic additive to form
an i npregnated high tenperature alum na, provided that the high
tenperature alum na has a gamma, eta andjghi alumna content |ess

t han about 50 wt.% based on the total weight of the alum na; a

medi an pore dianmetef in the range of about 100A to about 1000A; and a
surface area bet te pbout UH0LR/apdamsirfive dre2Betweh gbout 40 m*/g arid

drying the inpre?;@# Lgh. tenperature alum na at tenperatures |ess
t han about 200C to ?rﬁ%mégg’ri ed i npregnat ed high tenperature al um na

catal yst precursor; aiil) drying tHel impregudtéd HiglOtehfiRratotestubiig ggnat ed
hi gh tenperature_ al um na glata yst_precursor to forma_ BDS catal yst,

provi ded that thETRSEMEESIesAthag abeyt 2006 tofoam s dided imprsgnated héghed
prior to sulfi di@%ﬂaﬂgalhﬁ{iny@?alﬁ{% thed.fpr making a BDS
y: e

catal yst, the catal'yst prepared ati1hg an al um na precursor
to a tenperature abovévht $ufidingtheurie8(aPregnatat high thingbratrerpdnaing

alumna: (ii)inp nating the high t rature al um Wi fh

aqueous sol utionéa‘g?lygtagreguré%ﬁq toggb??l??§ﬁ$tag’s r%%ﬂ%@é‘#ﬁﬁl%nd (¢c)
at |east one or g@fndil@sta(ﬁicﬁa&élﬁ_ﬁt ﬁr@cﬁ:@bfﬂs&fbticm%ﬁq@ﬁo%ﬁﬁﬂihgrwglﬁé‘f&r e
al um na, provid that the high tenperature alunina has a gamm, eta

and chi al um na ent |ess than about 50 wt.% based on the total
wei ght of the alum na; a nedian pore dianeter in the range of about

3. A method for the HDS of a naphtha having an olefin content of at
least about 5 wt.%, based on the weight of the naphtha comprising;

1) contacting the naphtha with a HDS catalyst under
hydrodesulfurization conditions, wherein the catalyst is prepared by
heating an alumina precursor to a temperature above at least about
800°C to form 2 high temperature alumina, impregnating the high
temperature alumina with an aqueous solution of (a) a cobalt salt, (b) a
molybdenum salt, and (c) at least one organic additive to form an
impregnated high temperature alumina, provided that the high
temperature alumina has a gamma, eta and chi alumina content less than
50 wt.%, based on the total weight of the alumina; a median pore
diameter in the range of about 100A to about 1000A; and a surface area
between about 40 m?/g and about 200 m¥g;

(ii) drying the impregnated high temperature alumina at
temperatures less than about 200°C to form a dried impregnated high
temperature alumina catalyst precursor; and

. (iif)  sulfiding the dried impregnated high temperature alumina
catalyst precursor to form a HDS catalyst, provided that the HDS
catalyst or catalyst precursor is not calcined prior to sulfiding or use for
HDS.

W,

(.



WD 2007/ 084437PCT/ US2007/ 001000 - 18 -. 100A to about 1000A; and a
surface area between about 40 n2/g and about 200 n2/g; (rii)
.drying the inpregnated high tenperature alumna at tenperatures |ess
t han about 200C to forma dried inpregnated high tenperature alum na
catal yst precursor; and (iv) sulfiding the dried inpregnated
hi gh tenperature alum na catal yst precursor to forma HDS catal yst,
provi ded that the HDS catal yst or catal ysi precursor is not cal cined
prior to sulfiding or use for HDS. 3. A method for the HDS of a

napht ha having an olefin content of at |east about 5 w.% based on
t he wei ght of the naphtha conprising: (i) contacting the
naphtha with a EMS catal yst under hydrodesul furization conditions,
wherein the catal4yst i'Bhepmefiavdsdflyaihrel, 2ngr whatainitiahighdempsatuteo a

tenperature above at | east gbout 80 to rma high, tepperature
ot na. 1 AR SHRPHS (Gt OB e ey kARt RPLA AR us
solution of (a) a cobalt salt, (b) a nolybdenumsalt, and (c) at

| east the organic additive to forman inpregnated high tenperature
al um na, provi ded-t hatThehmetioshof daige # avhareinathe smmamit oF highjigmnaeratore,

of the. al umehAnE egs BARAAREZE NG, fee I AR 0 7 100N o

about 1000A; and a surface area between about 40 nR/g and about 200
n2/ g; (1i1) drying the inpregnated high tenperature, al um na at

t enper at ur es Ies§-thaﬁ%ﬁ@°ﬁ6ﬁ@q@8’§&mﬁrg‘ ] ngﬂquég ERReFYHre
(t enperat ur © aflrffla"3 ef Bl itih dBOEEED $A1%, BREA on total blrhdnasul 1 di ng t he
dried inpregnate ilgh tenperature alum na catal yst precursor to form
a HDS catal yst, provided that the HDS catal yst or catal yst precursor
is not calcined prior o sulfidi or for HDS. ., - 19.- . 4
The met hods of - cllai s Theangoy {atdaidls. bber £ icritn e riktianpore dipmer
conpri ses afs freasiaband 50fA thsaut 1060Aa, kappa and al pha al um na.

5. The nethod of claim4 wherein the anount of high tenperature
alumna is greater than about 70 w.% based on total al um na.

8. The method of claims 1, 2 or 3 wherein the pore volumes are in

the range from about 0.3 cc/g to about 1.5 cc/g.

9. The method of claims 1, 2 or 3 wherein the surface areas are

between about 40 m*/g and about 150 m%/g.

10.  The method of claim 3 wherein the naphtha has an olefin content
from about 5 wt.% to about 60 wt.%, nitrogen content of from about 5 ppmw to
about 500 ppmw and sulfur content from about 300 ppmw to about 7000
ppmw, based on naphtha.

11..  The method of claims 1, 2 or 3 wherein the amounts of cobalt sait

and molybdenum salts are sufficient to provide a catalyst support containing



6. The nethod of claim5 wherein the anount of high tenperature
alumna is greater than about 80 w.% based on total al um na.
7. The nethod of clains 1, 2 or 3 wherein the nedian pore dianeter is

from about :150A to about 1000A. 8. The net hod ofp&Eldi00 081000
or 3 wherein the pore volunes are in the range fromabout 0.3 cc/g to
about 1.5 cc/g. 9. The nethod of clainms 1, 2 or 3 wherein the

surface areas are between about 40 n2/g and about 150 n2/g.
10. The method of claim3 wherein the napbt-ha has an ol efin content
fromabout 5 wt.%to about 60 wt.% nitrogen content of from about 5

ppmw t o about 500 ppnw and sul fur content from about 300 ppmw to
about 7000 pPemnabeaslewt-&nigapeutifawt.% cobalt and abuys 6wt How 24 wtlhi ns 1,

2 or 3 vvherﬁ%&%ﬂg&u%ggéoﬁfalﬁﬁ%t%ggr t and nol ybdenum salts are
1w

sufficient rovi catal ys " cont ai ni ng

PCT/ US2007/ 001000 -20 - from about .%to about 8 wt.% cobalt and
about 6 wt.%to 20 wtg%om)l bdenym ., based on al unm na support. .. .
12. The nethods df cl affdngtho SBECI@“W] r PR 3tWeer ficE2ane pddijive;ig
an organi ¢ Lj @afihic ligand. 13. The method of claim 12 wherein the
organic ligand Ts a nono-dentate, bi-dentate or poly-dentate |igand.
14. The nmethod of claim 13 Wierein the organic ligand is at | east one

carboxylic acid, ;poly i acid i .ap de, anmino al.cohol
ket one or ester. 18 %efgéﬁlﬁg?%@Wogﬂgﬂgg%ﬁﬁ Tjgamel}%qnﬁl 1§ fdmiono-
or gani ¢ | i gdestates bitlehiagsbr polg-ddntgtb¢ipanahr ol i ne, qui nol i nol

salicylic acid, acetic acid, ethylenedi am netetraacetic acid (EDTA),
cycl ohexanedi am net etraacetic acid (CYDTA), al anine, arginine,

triethanol am ne (AEA) TheN&BLE)! {y t 10 REre; t e;
guanidine, nitrilotri acetr%fc aciogc I{E'ISFIA)3,q c?ﬁlﬁg‘f‘éa%ﬂlggﬁ%r]?%?{ga?s at least
one carboxylic acid, polyol, amino acid, amine, amide, amino alcohol, ketone

or ester.

15.  The method of claim 14 wherein the organic ligand is at least one
of phenanthroline, quinolinol, salicylic acid, acetic acid,
ethylenediaminetet_raacetic acid (EDTA), cyciohexanediaminetetraacetic acid
(CYDTA), alanine, arginine, triethanolamine (TEA), glycerol, histidine,

acetylacetonate, gnanidine, nitrilotriacetic acid (NTA), citric acid or urea.

16.  The method of claims 1, 2 or 3 wherein the catalyst precursor is
dried at temperatures of from about 50 °C to about 200°C.

17 The method of claims 1, 2 or 3 wherein sulfiding of catalyst
precursor may be in-situ or ex-situ in the presence of at least one sulfiding

agent.

18.  The method of claim 17 wherein the sulfiding agent is hydrogen
sulfide at concentrations of from about 0.1 vol.% to about 10 vol.%, based on

- total volume of gases present.



16. The method of clains 1, 2 or 3 wherein the catal yst precursor is
dried at tenperatures of from about 50C to about 200C. 17. The
.method of clainms 1, 2 or 3 wherein sulfiding of catal yst precursor
may be in-situ or ex-situ in the presence of at |east one sulfiding
agent . 18. The method of claim 17 wherein the sulfiding agent
i s hydrogen sul fide at concentrations of fromabout 0.1 vol.%to
about 10 vol.% based on total vol une ofégases present. -21-

19. The method of claim3 wherein hydrodt hrfur|2|ng condi tions
i ncl ude tenperatures of from about 150C to about 400C, pressures of

from about 4451chg 0 ( j 1 Qui e

hourly space vel OCI ti e@%o#lgﬁoﬁi&oégﬁﬁzs \?l?e li)%ﬁgﬁ%%%zgxg%%cﬁgg{xs

gas rates ofmélndmahpufanﬁes oBfnoth abnmudﬂfcasabnﬁum%sq&cmrwmmm

scf/B). The rre ho f clai 1, or . erein the dried

catal yst pr @@G%ﬂﬁ's Bpaé‘ﬁlp g@%gg‘i‘ﬁ"‘;@ tpg(]ﬁgtpS}é YX’&H“]{IEP‘F &t ures

greater thangRouts GPRGmPAYORE 0l 0icS s bhdhPrdden'at kY réf@sof from about 89
m*/m? to about 890 m*/m® (500 to 5000 scf/B).

20,  The method of claims 1, 2 or 3 wherein the dried catalyst
precursor or sulfided catalyst is not heated to temperatures greater than about

(, 300°C prior to sulfiding or use for HDS.



