; e3e22<@6PTnx o ' WD 99/65825 *t 66t 66* PCI, - -1 TWO STAGEI ”
HYDRODESULFURI ZATI ON PROCESS FI ELD OF THE II M@W present inv il PR 2"
relates to a two stage process for hydrodes apht ha f eedstreans
Wher ei n t hW(f9%6§825st age contai ns a catal yst corffffi®ed of abear/usIs/vizabout
10 wt. % Mb03, about 0.1 to about 5 wt.% CoO supported on a suitable support
material. They are also characterized ai/bhavi ng an average nedi um pore
~diameter fromabout 60 Ato 200 A a Co/M atonmic ratio of about 0.1 to
about 1.0, a M03 surface conce ation of -1_to about 3.0 x
10-°1g W03/ 2, ah¥VOSEAGE LY DRODRSULFURIA YACESSt 2.0 min
~di anmeter; and the second stage contains a conventional hydrodesul furization
cat al yst i Goup VIII netal and at | east one G oup
VI netal Cﬂrﬁb%ﬁ'ﬁt‘ iN I6Weport. BACKGROUND OF THE | NVENTI ON Napht ha
streans are primary products in any petroleumrefinery in the United

States. These stfeanmppapRsBhaRIgHié iR pauhdis pRLEs Y L0 i n the

i ndustry as the "gasoline pool'". One problem assotiated wth such streans,
especi al | yhyldrogesul@pizinensghiea fee dstrbaids avieerBinQHY ¢irst YAgacEritaipkiang process.
such as fluidized catalytic cracking and coking, is that they contain

rel ati vel yamlgst doewsriisedodf abotesitoabbat st Md0gy abdhd. ¢ eoraboum Y altYabl e

ol efins which contribute to the octane nunber of the resulting gasoline
pool , and €éUssuppoited bhgrdujtablsssupporiematerial.o Thay araglso icheractarizedvasr oct ane

paraffins during processing. There_ s a continuin eed for catal ysts
havi ng evelaViR$ABaEerage TpmeRorg; digmetes fem ab@“‘tgﬂagd@s?tﬂofér@ e of

ht ha st that t | f I h st b ht t
'ho ever | BRERE FaLp e} B d B e FETacySARRREAT SR of 800K AL Fons.
Resear ch oy §-4 Rt s FQUBL Rio@ISHAE ShdPaver ot hifleldsid 8F RAL wiRNY

n
hydr odesulTuri zat1 on ¢atal ysts and” pr dcesses rtzrng napnht ha feed

10 DEC 20%0‘6@2&9&&5%gifngéH_ggaltﬁé%‘%\)hﬂketaﬁE&ﬁﬁﬁs a"@n‘v@nﬁ&ﬁﬁrpti ng to

keep ol efin saturation at a m ni mum ere are comercrally

successf ul hyrrpbedidfurizdiiof @atallydticorfdrisel ofal Magsbse Glows ¥1110faf] andlaere is a
continuing need for inproved catalysts that are capabl'e of conbining

opt i mum hyldastdereuGfouy Vi atdtalroniarn margaicioxide/dippoenat i on of ol efin. SUMVARY
OF THE I NVENTION I n accordance with the present invention, there is

provi ded a_two stage process for hydrodesul furizing a naphtha feedstock,

whi ch pr ocBACKEROUND. OF THE ENVENEHON f eedst ock in a first reaction

st age under hydrodesul furization conditions in contact with a catalyst is
conprised of: (a) abgut to 10 wt. % .M03; and (b) _about 0.1 tQ. S ~ut.%
o0 and (0) a ool vorapblhectredcin Primgpratett & afgPélpffum Ftindry 1A

the United States. These streams are blended to makeup what is referred to in

the industry as the “gasoline pool”. One problem associated with such streams,
especially those naphtha streams which are products of a cracking process. such
as fluidized catalytic cracking and coking, is that they contain relatively high
levels of undesirable sulfur. They also contain valuable olefins which contribute
to the octane number of the resulting gasoline pool, and thus it is highly desirable
not to saturate them to lower octane paraffins during processing. There is a
continuing need for catalysts having ever improved properties with respect to the
desulfurization of naphtha streams so that the sulfur level of such streams can be
brought to the ever lower levels required by ever stricter governmental
regulations. Research over the last couple of decades has resulted in a great

many hydrodesulfurization catalysts and processes for desulfurizing naphtha feed
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.(d) a nedian pore dianmeter of about 60 ~ to 200 A, and (e) a MO su’rﬂﬁéezggz
concentration in g M0O3in2 of about U~ s 10-4 to 3 x 10-4: and (f) an
average particle size dianeter of |ess than about 2.0 mm and i assi ng
‘the reacti P PS8t of the first stage to a second stage, a‘i’%"{{b%%g‘ﬂgﬁed
under hydrodesul furization conditions, @and in contact wth a catal syt
conprised of at |east one Goup VI1l netal selected fromthe group

consi sting

i ou conarSear St aliemAlie theES BlefE SR bR oV EENS ek e
i . Ry~ / . :

or et eq afsdhmercialy Sprodss R maphia BN firllalioR Sl st bk foday,

sul fide edggpiangos iﬁﬁ.n&r&%u%%?ﬁ%dt&tﬁg% th4re @ ﬁagﬂng'alfﬁom%n?st e

measur ed by oxygen chem Sorption. 1n anothef preferre odi nent o

present i ngpfifnuen hi/dfodesolfari¥atidn Withahinifldh h3ago ddnatich @fdlefin.metal is M.
I n anot her preferred enbodi nent of the present invention. the process
conditions of hydrodesul furization are such that the inlet tenperature of

t he feedst SSMMARY OEIHFINVENTIONoel ow t he dew point of the feedstock
and 100% of the feedstock becones vaporized in the catal yst bed. In other
preferred enbodi nents of the present invention. the M0O3 surface
concentration in g MDIceerdagcepati the present inventiang there is groveded a twae Co/ Mo

atomc ratio is fromabout 0O.20 to 0.8~ and the nean re dianmeter is from
about 75 As{agegggmssﬁgﬁg\érodesulfurlzmg a nap%tha %eedstocﬁ. ?ch process

comprises:

i) reacting said feedstock in a first reaction stage under hydrodesulfurization

conditions in contact with a catalyst is comprised of:

(a)  about 1 to 10 wt.% MoO3; and

(b) about 0.1 to 5 wt.% CoQ; and

(¢)  aCo/Mo atomic ratio of about 0.1 to 1.0: and

(d)  amedian pore diameter of about 60 A to 200 A: and

(e) a MoOj3 surface concentration in g MoO3/’m2 of about 0.5 x 10-4

to 3 x 10-4: and
(f)  anaverage particle size diameter of less than about 2.0 mm: and

1) passing the reaction product of the first stage to a second stage. also
operated under hydrodesulfurization conditions. and in contact with a
catalsyt comprised of at least one Group VIII metal selected from the
group consisting of Co and Ni, and at least one Group VI metal selected
from the group consisting of Mo and W. more preferably Mo. on an

inorganic oxide support material.



BRI EF DESCRI PTION OF THE FIGURES Figure 1 is a plot of percent 10 DEC
hydr odesul furi zati on versus percent olefin saturation for the exanples
present ed | le 11 hereof. Figure 2 is a bar chart show jve
'volunetricb§%§%%E¥§ for hydrodesul furization for the catalyg%ﬂgﬁégtﬁégof
Exanpl e 11 herein wherein one catalyst systemis a bed of only the catal yst
of this invention, a second catal yst systemis a bed conposed of 87 vol.%

of the catalyst of this inventjon,and 13 val.%of the conventional .catalyst
F- 742 “and & third dneLired SPafiimeotthe Fhnt BSAROR AGRTVER 5 o
catal yst of 8 [ %, of c i |

s 943" OpghBials YHACRHEE R 8 B bl SQIECOMMEROPER iRl HIASH,
PCT/ US991i a%%?ésh‘?e‘?ﬁﬁ@@xﬁ@&ﬁ@ﬁé?ﬁﬁ%%wr{ab' e for use in the present

i nventi on can conprise any one or re refinery streans boiling in the
range ti-om about 10C to about 232C, at atnospheric pressure. The napht ha
feedst ock general |y dandnethis prefeeteddEniisgdintunt Wiitiedpreseralihyertivmpheses fluid
catal ytic cracking unit naphtha (FCC catal yti c naphtha), coker napht ha,
hydr ocr ack €sronppklhaetalesii dandathotGreapey] meaitindfo.debut ani zed nat ur al

gasoline (DNG, and gasoline blending conponents from other sources wherein
a naphtha boiling range stream can be produced. FCC catal ytic naphtha and

coker naphtha are geH@r%q@errﬁiﬁﬁqﬁd@nhﬁ)@i%Iﬁ’tﬂﬁ%“sp@ﬁ%én‘!%@naﬁ@ product s

IE IR LT T R RN X R
ked -ad | i ; fi.ns,

s oracked YL RCHSHEt BRTRGORHERTDENES Skt BEGRAR, 0,

cyclic ol efjigpey, ofheNfedsied b%Xlen'e§vQ? iPERPPRT M4 belief i nic side chains.

The cracked naphtha feedstock generally conprises an overall ol efins
concentration ranging as high as about 60 wt.~0. nore typically as high as
about ~0 wt.% and noliothyppedtrryd Embadbhents of thé presenttiaveivi, tHOMBO46 The
cracked napht ha feedstock can conprise a dine concenfration of as nmuch as 1
~ wt.% buurfae eonyitcatidnyinr @vie33/irdoin a0, 13 8720tk tod Sox Hduthe~ wt . % of
t he feedstock. Hi gh diene concentrations can result in a gasoline product
wi th poor stele atgmiptiods drom zheutc}.20 ke d. Hxmndrhe Mmead pooe diagmatenis cont ent

will generally ran fyom abo 0,0~ wt.%to about 0.7 w~t.% and nore
typically fé‘%ﬁ‘n%ﬁ?séﬁa&m&%sol‘about 0.~ W . % based on the total weight

of the feedstock. Nitrogen content will generally range from about ~ wppm
t o about QBRYR fON"@FC?‘HE'FfI ut 20 wopmto about 200 wppm
There are i in the prior art that are

simlar to those used in the first stage of the present invention. but none
can ~ 00 E C 2002 W2,9011658HhoRTHdrSo%/ HykBaBesuBuribaionaerany peicend as
having all of the unique properties, and thus the |evel of activity for
hydr odesul folefinahiuration feotheiexatripies preténteti én Eshatple &1 Jieteow ol ef i n
saturation, as those of the instant invention. For exanple, sone

conventi onal hydrodesul furization catalysts typically contain MQ3 and CoO
level s within the ranfiguse 2tipedarichart shewing relatierivolgmediic activity tor

"hnge of 1 nivdhaesRRrE r et the Gy SLivsheras BT BRARE bf B MOGTOR oPRe
nyar odesu f GIN3RT FAETS B ofalhe MRSl RS ABRif 2 seopnd s e et

The pfopert§\es%e %%ear&) dsel OFIg7Lvd1 DA GAL BAMRLSE oPfhid fHeRA&R &R 1BNVeENti on
(%o} to"10 wt

i nclude: (a) a 3 concentration of about 1 .% preferably about 2
to 8 wt.% BN BeRoBvenREMa catiPyst KEF17a26and aYhir@ea@BsO8ysidra wisichlis wei ght
of the catalyst: (b) a Co0 concentration of about 0.1 to 5 w.% preferably
about 0.5 t bed compUsediofl7dwok%pobéaaibt gf thivitvehtion aBd @6. vidl. Yalos thebased on
the total weight of the catalyst: (c) a Co/Mo atomc ratio of about 0.1 to
about 1.0, porventionkhlcdtalyst KFe?42.0. 20 to about 0.80, nore preferably from
about 0.25 to about 0.72; (d) a nedian pore dianeter of about 60 ~ to about
200 ~, preferably fromabout 75 A to about 17~ ~, and nore preferably from
about 80 A to about 150 A; (e) a M03 surface concentration of about 0.~ x
| 0'4 to about 3 x 10-4 g. Mb03/nR, preferable about 0.7~ x 10-4 to about
?.~ x 10'4, nore preferably fromabout 1 x 10-"1 to



about 2 x 10-4; and (~ an average particle size dianeter of |ess tﬂi@rDEZj.zg%
mm preferably | ess than about 1.6 mm nore preferably |ess than about 1.
nm and no ably as small as practical for a comrerci
‘hydr odesul t%{ﬁlp"{z/(gs I'on process unit. The nost preferred catal y%TéU%&S‘i‘F”& SO
have a hi gh degree of netal sulfide edge pl ane area as neasured by the
Oxygen Chem sorption Test described in "Structure and Properties of
_Nblybdenumﬁtfig' ﬁ phAto ' ' with

Hydr odesul AILED S !Iiﬁ"ﬁ ]Q ~F: n NWL&QI., Journal of Catalysis
63, pp 51 ~-519 ( 1980), which is incorporated herein by reference. The

- Oxygen Cheni sor pti on \@sHthi feeakioeRs seigfsiel : Vo
99/ 65825 PCT/ US99/ 11325 -6 neasurenents made ﬁ@?@?ﬁr%sﬁﬁ‘s@s}’%gﬁ"ﬁ%en are

added to a ceafpriseranyasnesér 18are @fidehhitsedndPboiinolin ANE Faifbel tREmCaH gbChed.
For exanple) the oxygen chemi sorpti'on will be from about 800 to 2, 800,

pr ef er abl y td abouel3RAC, lat @Gfodphefic po€ssusndT o nepnhe feedsbdok geremldpout 1, 20U
to 2,000 ~nol oxygen/gram Mb03. The ternms hydrotreating and

hydr odesul fconiaing ¢rasked saphshe whiels usisadly ¢omprisgsafhujdatatalyiio cravksnglositnent .
The catal ysts, for both the fiazpzlt and second stage reaction zones of the

present in\F@ﬁbﬂ@r{FQ catabyiisr naphthal; eokesmaphitay hxdrocsanker nAphiganresidxi de
RNV AT i

silica, titania. | £ X| strontiumoxjde, barium oxide, carbons,
zirconia, &l%éépa%ﬁgﬁgsoﬁ?“}?ggf 'lhgoq{r ffﬁst‘ﬁgﬁﬁte&a&Pia@‘g *’."R‘é‘i‘%&i’}% Sé%erafrhﬁ‘?’b Fde,

| ant hanum Q. n i i i i i (. de;
chrom .t e iced AU AN hifhind bh cdRtOifha SR APIRPI SRAL® |
al um num phpphfiak&indd Bt aFerodubsA Watdific hd/of therald cidkit@ralcushoa. Mre
preferred is alum na. For the catalysts With a high degree of netal sulfide
edge pl ane andeme diic trivee prefemod sirearms forouse inabe psdsancmventisn. be used. It is
to be understood that the support material can contain small anmount of
contam nants. such as Fe. sulfates, silica. and ~~arious netal oxides which
can be present duri nglThtsaprbp feedsiosk, preferablysaprasked mapkthadkedsradse

cont am nant s ariﬁb{)resent int a materitﬁl S used to pr,ep%re t he support

er

and wi || prEsn&F W%alrﬁm@éeﬂryma HSuARRNDERSS. ERGATQIB#ISS. PURAlS®; based on
the total weight of the support..lt IS r referred that the support

mat eri al beurkggﬂg?tgﬁﬁ%%ﬂ? (fplggécthafn MW&%&SﬁFﬁéﬁ%‘?S* pRd e¥eliey " enbodi ment  of
t he presentyy ' . : ~ 9 |V, a 510
4wt % and I EYEREORT SHRICAIR Babehlins, the UpdkelpRb At AR FRoral
present in ddiRplstRRAN dverditiofdtimddnbémeatich @akapt £chibhaRabBat 0 s, _
consi sting of phosphorus and netals or netal oxides from Goup | A (alkali
met al s) of mbee Bpicaltli as Highlas abbut Je w6 remnt most tvpicallgFtomaboHun® 99 65$25
PCT/ US99/ 11325 The hydrodesul furization process of the present invention

wi |1 typi catiolaboe§0 nwinla. hl'lx erackddonaphdlpn taedstosk den sorptselredienag st ep. That
is, the chargestock is preheated_in geed/ ef fl uent heat exchangers riqor to
entering a $UcsAFAtPROf as AHIChRsdReXt Y dut sroge tyngat e pngea dtam aboghe.02n| et

. feed i th hyd - i.ni
et Lty J05 B SE b, G OBk Mk SRS SRR,
t | furi L I . Th
T S R e e R

conponent s §19ﬁﬂ%dn’ibr{t5l{/ill”&rrﬁér5]}r§¢aﬂg€ froth hBAHED.05 Wwti%% tBraBbAI 0 §0wi bahnd he
hydr ogen- contai ning stream have little. if any, hydrogen sulfide. The

hydr ogen stmesetypically fishpabalt e 72dvt M6 asab@h@us weQ%tbayed oh tivetdiy ez,
preferably at |east about 65% by vol ume hydrogen. and nore preferably at

| east about of7tifs fegdstotkinéittngdn cgetent will lgeneratlz sange froRashoutenvppontst age
can consist of one or nore fixed bed reactors each of which can conprise a
plurality ofbaytd0ywpphedsd ngirpsepisalie fronesbontSA Wpam orpbaut 20Pakeppl ace)
and ol efin saturation and the desul furization reaction are generally

exot herm c, consequen

b](cat Wﬁenhcat al yst bedz :ch?éfelt?fﬁ%@%@@?@?&ﬂgﬁmggﬂ%ﬁ?ﬂﬁfﬁﬁggfgtht?aﬁirt.Ogn
t t At .
Fecover oa- o WHGRS ¢ AreReke Ty EQUSETEE b bl e Al PGSR SRE R BE 50 ng ray

be perforned through cooling utilities such as cooling water or air. or

t hrough use of a hydrogen quench stream In this manner, optinumreaction
tenperatures can be nore easily naintai ned. The process of the present
invention, for both stages, generall~~ operates at a |liquid hourly space
velocity of fromabout 0.~ hr- | to about 1 ~ hr- | preferably from about
0.~ hr-1 to about 10 hr-1. and nost preferably fromabout 2 hr-1 to about

el e~ VLA — NN L PNt N NT | 1 3] A A 5NN L . a




the first reaction stage is to use a reactor inlet tenperature behtavnEtchmz
dew point of the feedstock so that the naphtha fraction will not be

conpl etely_va j.zed at the reactor inlet. As the hydrodesu j i
reaction b@v&%&%en t he naphtha feed contacts the catal yst }’Eg@r‘?é%?{he
exot herm ¢ heat of reaction is absorbed %y the endotherm c heat of

vapori zation, thus achieving 100% vapori zation within the bed (dry point
_operation) %]?2 r g t : i oLt zat i on,

t he overal Ibe{% Beﬁrz}%{ecra tf?edsr@gle%@?(gg{shet%@qp g%@;’é{m{%i%ﬁ%g?ﬁ@&é@@hﬁs reduci ng

the overal lLeayheir harBhellfbriidoR AP EaILARIN HiARhY rAB LIy IGANAERRNS 11

~hydrodesul furizatior. T (ltlegree of vaporization is y e ratio of
the inlet dgiirf9dd)lastieoResfaheitdntPRverfion FéMeanab! fhiné eesdiohal 0 the
reactor inlet tenperature (TINR), where Ris the absolute tenperature in
degr ees Ramdnedesiiifaridavorpaitaly sisanpiealy woasain Mo ¢ aad|Cad déwsls bythdw trut er
sof tware prograns. such as Pro/ll, avallable from Sinulation Sciences Inc.

I n the pregamge ebihosg instantiynclaimied. TOpier hydradésolfstizatich batatystshave t han or
equal to 0.990. but less than the ratio at whjch dry point operation is not
achi eved wisUHiage areas aad poye diagisgersn dhe rangergfghe mstanteatalysis. (nly yvhere
point at which.the oper.ati stays. all. m xed phase in the reactor. The
Patio 1 m Albeshe Srobehfs ahfhe Thian Sray Sty e sFERRC b pistin g Seies ol ons.
The 0.990 Rty 04l i1 ed fQr i nii .

roasur emont SSrOqBIBRPEEGSY BFediaRaRaH hish BhoHReC Rl el iRnof bt Higte Theon of
the tenper d R (Pl 1 ; / i f.{ he
actual dewa%-gf) ﬁlﬁm}\?er! r%tﬂde%@}]d‘agﬁﬁlagﬁ? g{esd‘gtﬁ g%: régﬁgtuﬁgbﬁﬂg{)ﬁ[)de&(%%?}et ely
vapori zed GHMd@g ESseh@atibi b€ hbodthetdTEO tD0prefétabBadtuy Sttof Wt IRtdnd
reacti on stages of the present invention can be deposited or incorporated
upon the supprypreborablyyateout 4 ablbevtctnbastd onahe rezingeightichthascaalyst: (b) a

i npregnation enpl o~~i ng heat - deconposabl e salts of the Goup VIB and VII|

metal s or dep@rcomeenitaitorkeiabout 8. &t oo witdhi prederably atroat Q¢% tosti. %asand

i on-exchange. with ippregnation net hods being preferyed, 0 D E C 2002
WO 99/ 65825“9@[?‘@&3’9%1 t-lgogm-éqmafsoa'aﬁﬁsaw 'Lﬁa?té Misiah of 485 cRAlR

i nclude, b limted [ ' | ybd i ckel
itrate, an® AN aoRE o hEeRaRd t 1abodhCo BRTGRNTOR AR Bon

Tetal's on tiig, 6Bl Yl JHBRAY YR AbblAE0 3B BHAALR IS ) ILEGARIADD

sol utions can be pertor using 1 ncrprent wetness tec iques..#Le cat al yst
support is @affefdrdfiduthy AllabREPY0d AQpréfiily Hon?8bastderAle abust 1 &t al |
of the support is determ ned. The aqueous i npregnation solutions are added
such that tAeamditRoe prefotably froncastiaidsA tbabowt 0 An@yatMoDhyudfazgenat i on
conponent netals) to be deposited gn the given ss of SLzopor'g.

| npr egnat i o¢pnsgntraomp ef AbouddS Kd0-2 e Abaet Ak lé)éggr Madyma.peeigmbly an
intervening drying step, between inpregnations.. or as a single

coi npr egnat fi“?ﬂ\“é)t-%p’.‘ I@EAéms%H%‘ gt2l 1Qu%|c¥6Pfe E@ﬁerﬁ{%‘é{ﬁr% @@ngldt EQJI,J' @r ai ned,

er for med atod camir s nn o Fiegrghastele dacSugeoeh FECheR 24 i, o
prefer ably bier@ahRPRUL 14AkokP1 BUAHL RO GreldaBio IEShidibbsa | @M ahde
stocso%ep or “both g

napht ha fe resent I iventi‘on reaction stages may be
performed upggy %xtel?@raw AOWh A0S BRALEAIONRY a (RREkidiANsRBreadRiRtieatied Tenp

(C) 230-370260- 355Tot al” Press (psig)200-800200- 500H, "Feed Rate

SCF/ B' 200- Spfietsd kit 3T hosPyrdfesred Yoo 6/iH bHOLHASY o i gh-dbgfectof ifietal
Standard C, ub~c Feed per Barrel'- Liquid Hourl~~ Space Vel octcy Reaction
pressures asulfidg @dgeg phanci arcaihsimieasured taysthi €D xygen{dwaisemen Test result in

hi gher catal yst deactivation rates resulting in less effective ., 1 ~ DEC
2002 WO 991 deBziveparNSyuctrgand Praperties et Maisbdgnum Sulids: fprretaiienef vel y

hi gh reacti gn essures ing S nergy.and equi pnent, cqsts and provi de
di g’l ni shi ng&b&é‘?‘ﬁ&l"rﬁé‘ﬁb‘f"i‘tﬁj‘?}’;fﬁae‘-f%%&ﬁﬂ“ﬁ& &?(té 3 eg'Ja AUNFEEL IC)'ed to

HTustrate {0 hPYEALALIs 63 pp 515-519 (1980). which is incorporated herein by

Journal o

reference. The Oxygen Chemisorption Test involves edge-plane area



~and shoul d not be considered Iimting in any way. Exanple 1 A sol §Qij)¢f 20§s
‘prepared by dissolving 8.590 g. of citric acid in 1 m of deionized water
to which 2 84 of cobalt carbonate was added. The resulti ,0Nn was
-heated to é’v%’g’ﬁ%q%en held there until the solution was cl eaéj&fq%g”ﬁu%gt ed
solution was then cooled to about roomtenperature and 6.533 g. of ammoni um
hept anol ybdat e was added. After the solution becane clear. the solution was

diluted to A WLl . Lt | um na
" extrudate vé?%sﬁr%ﬁwgiﬁae%?{é@%&%%}?é;%Irtioéiég?\gretg%%dgd_e%a% él%grﬁ géfg%r aé'g wat er
was added tgdttRgs $apidly @ivasd iRtk bd R FEL¥RIApleMHLE SR eho Wet al | of
the particles. The trdansitional alumna extrudate was in " cylindrical form

with an avehegdsetipsioatweill b frbnl aBsuti 800hto 2808 dpreferablyefrdmadiuen (89 toeasur ed
by nmercury intrusion of 87A, a surface area of about 270 mi ~~. and a pore

vol une of &hdid. dhdomocerBiederabiy font hboyal, 20@ ke3.086remobbkegbn/giam MwQH.i on
was air dried under a hood overnight in an evaporation dish after which it
was dried afheisoms yzioareasing and hydrodesul farization aralsometinestus¢85C f or t wo
hours in air. The resulting catalyst is Catalyst A which is used in
Exanpl e 3 UéF%G&‘a'EFQE‘&’@@‘SI ‘i‘lﬁ“ﬁ‘é‘?%l. upflow. all-vapor phase runs were
made using a small fixed-bed unit with an internedi ate cat naphtha (1CN)

95% i st111atton boi | THG CRBIRLLror BB THE Afbeay aeoc Raet et aOpFo ne-
nber. Th l.efd at i j ' | I - . '
et or m ned By Fciony RN AL shbbdrie oAl | ARy SIBER MGELE MRS, 6sazs

PCT/ US99/ 11ggpotAnatérial #23) be dsetefor e @ﬁt_al“ys%lf Yoc\breBeritah@ntidnS WERPOrted on

al um na were prepared such that the atom ¢ nole ratio of cobalt to

ol ybdenum Naitiggl ex@pled.of stitable@appOrtintefialyt indbudeDaMmsina diHeY., titdhia. Mo03
surface concentrations for these catal ysts were between 1.0 and 2.0x 10' |
a M03i n2, ¢dleiuavoxulpe sppantiuml axide, drasium oxwle; earboBg, Zinainia,ahatonteeeowi an
pore dianeters were 7~-76 ~ as neasured by nercury intrusion on the fresh
cat al ysts i ¢Ardkilanthagideixidestnshnding sexpam %ée-slan%iaaém P¥ide; negdyniuma 10%
H2S/ H~ gas blifarlgd at. 370-.300C for 8 hr .and cooled to 250C befare the,

i ntroduct i ofXigf- YHEURLEHERANLRIGEIUBIRIUBAXId freehramya, thopum,.oxjde.grania.

ol et prosstipET n R St od b Y SR ORSRRRE, Telteifyg T
sel ectivi ty%ﬁﬁ%gfﬁuéé{)&e}@ ih-hiEnira/ !}@oﬁsﬁﬂ@f&rémiseamﬁﬁw%omn%,caeinesctgi vity

factor has been descri previously in US Patent 4.149,96 and is defined

as the rati oigfa hiyh deeodemerdlsulfiéd e@fe plahe atnsf thstprésent veatiohi n
hvdr oaenation rate constant: 1 Selectivity Factor =~ Sr Bra Ln LBr~,

where St; Smagnesitlvanfabsdbansedorio dutat bs uhderstdodvibatsthersappert imatedigl Gand Br f

and Brp are the feed and product brom ne nunber |evels. respectively. Table
| shows thatomtair $MpH amavakofganiamisaniscsuch asyk eusaHatesesiisp-Nndiir®UsSat i o i s
greater than 0.0 agd | ess than 0. 86. I ~.0 ~ C zQoz V.\q\99/65825 )

PCT/ Us99/ 11 5wial oxrdesrigiqh qanchy Rissypy duriag the rseparatip)of Jhesinnort paiesialo. oo

2.8 0.20 S %‘hese contaminants are present in the raw materials used to prepare the support
and will preferably be present in amounts less than about 1 wt.%. based on the
total weight of the support. It is more preferred that the support material be
substantially free of such contaminants. It is an embodiment of the present
invention that about 0 to 5 wt.%, preferably from about 0.5 10 4 wt.%. and more
preferably from about | to 3 wt.%. of an additive be present in the support.
which additive is selected from the group consisting of phosphorus and metals or
metal oxides from Group IA (alkali metals) of the Periodic Table of the

Elements.



0.43 6.2 0.86 4.8 Exanple 3 Isothermal, upflow, all-vapor phase pil tD@Igi@t
runs ~.vere nade on an |ICN feedstock {70-163C. 77~ wppm t ot al sulflﬁb -
brom ne n 274C. 200 psig total inlet pressure) tre il of
2000 SCF/ égg%%é)?%ydr ogen treat gas and constant LHSV. Thr egéggjggalbg%sg wer e
tested under these conditions: ( 1 ) Catyal yst A which vas prepared
according to Exanple 1 herein, is a ~.2 w.% MO03 and 1.~ w. % Co0 on an

G ameter (of this i E@ﬁ%&iﬁg@@ﬁé&ﬁéﬁ y?écae%?%eﬁiraeaé‘q%géélxgvéa% SMoos and
2.4 . % : i bt e ~ T ' ' d1/
Toi noh pabi Ny e dhah'? SRR fapHd o Spc b ffifeaRRe 8% BT ot “Rr. 2

talyst t i t: o1 P (87 ~ medi
pore i aner ireSRER BrbadaRdin e i bt AMangers pror o FRRGS, 7, oS Por
al'l three gahaty sérsfifiaprefedtimtod: targeted Qea@aon&ohewgilfeﬂt&%e%m%.-Tﬁ‘@t al yst

D, was also tested but 'the catalyst was first run wth a heave cat napht ha
feed (177 fowastockadaal beseorftaicted weiti2® hydiugent-cuntinidiesireano prior perdugigigof 24
days before switching to the above I CN feedstock and conditions. Catalyst U
w as a conand/or aftekKprehgatingt dihgdtydndgdn-atrtaining stream %avale, bedaddedinCoO. 77
,~ medi an pore dianeter and 1.3 mmparticle dianeter. Al catalysts were
sul tided i theshydrodeswifirizeomnreapen zpne. pllag By drogeniseepmreanderpurand cool ed

to 93C before the intrqductipn. of the initial naphtha feedstock. After the
 nt v oduct | BNCEIESHR Gapnpe BT BEIe Wikt OHIET SOPAADERS Ound ILERIMEN 1 days t o

the sel ect PRTGEPRaRR, 1t fofrefurfed b B BYRgRed AR iR sip R Ve Tue: >
concent I at gy GRALYSH cnalh TR i ArhdrRlialatS bufly Wldd bOYERLLOhoughovs

cl ear enhance selectivity surface concentration Is

| ess than 30%bﬂc%ﬂu&{ewda%g&rfgfet&mlysamagtadtﬂiwz%_ts% by WElUMERYd@aént 0 Oi |

rati o was changed to 1000 after” the conpletion of the bal ances at
2000 SCF/ Bandgnaore, préfdrablysit léass hbwst 7% bgavolantednairoper foresetesalts.vi ty when
t he Mb03 surface concentration is less than 2.9x10-4 g M03/nR2. TABLE I
Treat Gas Ratio Total Days Surface Selectivity Catal yst SCF/ B on G |
Concentration Factor EachOeagtiometagereameonostiafion® &« moreBxeBbebreaciore. 9 x
10-44. 6C? 000 1%4. .0 x 10-44., ~D2p800 28~_.~ x. 10- 43. 9 A 1U00 2~ 1.9 x 10-4 B
1000 25 ' _‘cagh T whichcan compiise@ purality of catphysy bads. SHigesome oletin . 10-4 4. -
Exanpl e 4 The tenperature respon f three lownetal catalysts S
nvest i gat SALURISHY itk plaggeakale tin sadisadon 844 Wy dmulifrizedld Feaifion
brom ne nunber, Ifhi ' ; Y gas to
%% 6&1%1&3 %Qoﬂ?érgxdé.gcté)gll_s%dé%éﬁ&_ﬂﬁ{ee?&ﬁ bE €oothPP ga%ggﬁ B el

oil ratio, rogen an runs were done 1 n 1sothermal,

upt | ow r eage&dtdrs. Br BelwaedPSdtalSeSR]s QR Eh@bArAd readiér SRllatysbes ert@icyv el epar ed
in the faboratow with Mb0O3 contents ranging from3.2-~.2 w. % and CoO

content s r grgiiog of tleehéatRenerated f19m (Herlealrddésudfverzatiah process sapports wer e
used t hat WO 991 65825 _ 14 o _ _
recovered and where this heat recovery option is not available. cooling may be
performed through cooling utilities such as cooling water or air. or through use
of a hydrogen quench stream. In this manner, optimum reaction temperatures

can be more easily maintained.

The process of the present invention. for both stages, generally
operates at a liquid hourly space velocity of from about 0.5 hr-! 10 about 15 hr-1.
preferably from about 0.5 hr-1 to about 10 hr-1. and most preferably from about

2 hr! to about 10 hr-!.



10 D ~ C 20D2 PCTNS99111325 varied signilicantlv in the median pbf@ff 200
di aneters. The supports will be referred to as Support X which had a ~ r~

medi an porg@%glgﬁggr ( MPD). Support Y which had a 87~, MPD. Pé%???’@%” Z

--whi ch had MPD. The average particle dianeters of the ca ~Sts
were ali less than 1 / 16 inch so as to .igolate the effect of pore dianeter
with tenperature. Each catal yst ~~~as sultided in situ with a 10% H2S/ H2

eas blend at 371 C for_ 1~ hr and cooled tqg 93C before the introduction of
the I CN feedst ock. Thér hedflgﬁtmérr&ﬁidnpﬂéomaﬁea@m hetydredssyHurigpigyn in

results as fanction of tenperature arc reported in Tahle |11 bel ow. TABLE
1 ot al ys Mg B o s B I B4 draiSrisi e abPar e SR deBePOEbo
3607 1. 01 29581 R0 TaERTb Brrgfs hibhtng HBigH A ior besclmbreleyd yhobiiled® !
27486."' ' 1. fi~ K 3 A2 : 26072 - =12 i For
pot h CaFal y <3 n gt g s fdrobeRuitataalickhRACH O pEFRS Wik yne ARG 280
to 288C. Hoygdedontddls tifedéRhNSE sdmeH the eRofERnic h&WFTIERIRSIs ABSSILEA Dy I OM
274 to 288C indicating a HDS diffusion Iimtation due to the small avérage
po(rj e size Oi}:jéﬁﬂotﬂ'd&lﬂiiefh&at?of\Zaﬁ}ih(ﬁiz)aﬁbﬁ} ﬂfustd&hiqgﬁ@em%mmﬂaﬁan Wdeinhave
nmedi an pore dianeters G eater than 58 /~ at noderate operating

t enper at ur ethe bedi(dry paint@peapation)o Bpra6sRering sénambitke beROI/remadmitol 325

| sothermal . upllow, all-vapor phase pilot plant runs were nade on a heavy
cat napht ha Vepengatiatk dhe everall tompomtureausesacrpgsnthe seagtosisimpderateg3 tigishr oni ne

nunber) using,the three catal yst isted,in Table |V below.  The two .
| ow et al  CHRBIRS H}%‘f%'a@é&é{‘hﬁg@kfﬁ& RYGOgRNAHAD WHEONK Sl dHC s

LA T E. T M R WE T e T | I
used was a ri‘ﬂ}lgp?g\?tqo\{hltﬁégg)r%?%fg% rTFDTr{S#.O g??ﬁkﬂéﬁa@ d?e%ﬁlto%tta?rt]@e f]El‘?ngo?'?nl%Pr?

di anet er of n or e perfornmance o activity
catal yst at i¢apelatur@i (Ti\@R)! WhERER li9WMeFsdlifte ¢ahprafire in Uegx%ema%meof the
hi gh-activity catal ~~st”  Was | oaded into its reactor (by a fTactor of 4.7).
Thi s resul t dthei dew peinteeypbratures spabe cabludated becougraerf sarftwirieprogtanisy st .
Each catal yst was sulfided in situ with a 10% H-S/H2 gas bl end at 370C for
15 hr and courkds Poo/dB@vadale drarnSimulatiaiuSeieneesdnct e thiopresertdst ock. The
catal ysts were first allowed to line-out for 10 days at the b condi tion
of 296C, 8oEoRBENItON R EDFY T N tafiashowd be &rﬁﬁgma@.ormﬂléftq ﬁ-§§0p@m od,
t he terrperatlure vvaﬁ?i ncreased to 338C and the spaﬁe vel o(?i t'éf S iagclrle‘ased
by a factor 67 hah the migat which gy Poyaperarion ingh aghieyrd ST I cplvgt |
(Case ). Afitar bt AR a t e
condi ti ons. g&? fer ai?%j%?ﬁ‘f%%ﬁgxg%ﬁxf ?%Hﬁge@(@%‘gwc‘kg’%ggﬁpt% @%’%‘?& %ﬁgb‘ggo
SCF/ B: agal %Q\%Be}aﬂé‘@é i} BecRadot The R8I had Var{ S8R wWHal def@flife bY shows
the %IDS results ‘for the three catalysts. TABLE IV Commercial Low Met al
Low Met al Hisglectal apatating ofditiohs.~The @99 snid Pispecifidditd uctqurtddal yst
Support Y Support Z W.% M03 20.5 ~.' ' 3.7 VJt.% Co0 4.9 1.~ 0.9
uncertainties in the measurement of the inlet temperature including variance in

the location of the temperature measurement and uncertainties in the calcuiation
of the actual dew point: however, the naphtha feedstock should not be

completely vaporized at the reactor inlet.

The metals of the catalyst for both reaction stages of the present
invention can be deposited or incorporated upon the support by any suitable
conventional means. such as by impregnation employing heat-decomposable
salts of the Group VIB and VIII metals or other methods known to those skilled

in the art such as ion-exchange. with impregnation methods being preferred.



10 D E C 2002 WD 991 65825 PCT/US99/11325 - 16 Medi an Pore Di amet el 0 DEC 2002
A7787131Base LHSV*4. 711Base Tenperature, C296296796Base

%HDS89. 299 ¢, 69 OCase | LHSV*9. 32?Case | Tenperature, C33 I
'941DS89. 9(V<9é’.07%/ ? Case |1 LHSV *4.711Case || Tenperature, @?@éi@i@ase
Il %1DS63. 8997. 5%89. 9% pace velocities ap_a relative basis. A conparison of

the Base Case to Case | shows that the high activity catal yst had the

~snal | est i%e% e in HDS | evel .. Conparin ths ase Case.vvi.tH Case || shows
that ther e JWHEDLE AHUSHRIEPHEIAUQE SOMINBANFIBgE: Dyt dre pRklimiigH.1g copaltt y

appr ot mat dnego AR Bl e Bl R i Bt A AL
significant HDS diffusion limtation for the high-activity catalyst with

t he HCN f eedst ock at f‘ﬁﬁﬂg?{éﬁﬂgﬁ‘gﬁﬁ?ﬁ% ?@H ﬁ%érg.%nTm@rﬁtﬂ(,ﬁ.suﬁ) gnrredi an

pore di aneter should be out I gher tenperature

oper at i ons.yskx@AY shdvel RAEHESS m&breﬁéﬂidrﬂ%luﬁbhs YAPBE ﬁm‘@ﬁﬁecphﬁiﬁ'g pl ant runs
were made using two very simlar HCN feedstocks with 72-228C boiling range.
1760 (Feed ih¢ipient20atnesaechiijuesppling catalysssugpott isgrecaléinéd @héele binouat 33. 2
(Feed H? brom ne nunber. A |aboratory-prepared | ownetal catalyst and a
commer ci al |afpraidtte bie laddedriet jast wetalhbf the suppertdeetaraingdo The aguensr ci al
catal ysts R1~-? and KF-7-12. The |l ow nmetal catalysts were 1.3 mm asymetric
quadri | obedMpregnaimipsolutionsyars Rdgded sueh Hiat the aqusays solwtivacontains the 2 wt . %

MO and 1.2-1.3 rt. % on al.um na. Conmer Ci -7 was 1/ 16 inch
extrudate - faﬁ agrount of%g)/gr &39%20%%9%93@@:@%%@%&39@ the gjverhedi an
pore di anmet 0 % F- onmer ci al
cat al yst M@E‘%Saqf.j%%ulﬁﬁr?@%aﬁeom%%h@%&fio%edng’g%gﬁh é%?%llgg Péé?i?lgr and
about 1 ~ WhcfedWR@3nand Yﬁa/%‘ﬁ?%)s t WasnsS Ul hi j ituwth
a 10% H~S/ H~Caas %I rénd 5@“37% r e??mgﬁgﬁ%%glled tstggéngg}%?gét he

i ntroducti qmmégﬂﬁt@omgu@gt ﬂ‘%efs@ﬁﬂ&t:@%l‘jpﬂ&fﬁrcaﬁ figert 86 §&pardtbe, draafeldOknd
conditions were 302C, 1000 SCF/ B, 80% hydrogen/ 20% net hane treat gas and
32~ psig t drd¢d impepamatiesdor ealciladonpdlacivation generaliywey perddjmead eda such t hat
HDS | evel s between 96 and 99% wer e obtai ned. Table V bel ow summari zes the
HDS and ol eempengitre géfram arout @S07E tp abents6 H1°6ngr mark préferady digrambgut
selectivity ors. The selectivity factors show that the |ow netal

catal ysts a‘?ﬁﬁﬂé’ Aoyt BOOPC et ve for HDS. TABLE V

HCNLHSVSel ect i vi t yCat al yst Feed(rel ati ve) 4IDS¥OHFact or (x10) Comrer ci al

RT- 2L2. 896. 84~. 6?. 9Co ' - 14 7. .

Cat al yst HL99. 2~8. ~3. ﬁc@@eﬁ?{é‘.@z{%ﬁ?fe@§|m@ﬁﬁ“&?@%@%@%Ci‘%‘?@ %{g‘%s%tit Exanpl e 7
| sot her mal ’inWEIIEQW-fOIaBJ)th‘f@Q&fonpﬁé‘%%% rﬁhg% _;)@H%%cﬂ WAdeMBE o lTBI S ON a HCN

f eedst ock (8~-237C. 1760 wppm sultur. 29.7 brom ne nunber) at Z88C. 325

psi g total ¢edditiops:essure. treat aas to oil of 1000 SCF/ B. 80% hydragen/ 20%

nmet hane treat gas and constant LHSV. A | aboratory-prepared catal yst
containing ~.? ~~rt.% Mb03 and |.a w.% Co0O on an al um na support

Conditions Broad Preferred
Temp (°C) 230-370 260-355
Total Press (psig) 200-800 200-500
H, Feed Rate SCF/B' 200-5000 1500-3000
H. Purity v% 50-100 65-100
LHSV? 0.5-15 0.5-10

! Standard Cubic Feed per Barrel
2 Liquid Hourly Space Velocity

Reaction pressures and hydrogen circulation rates below these

ranges can result in higher catalyst deactivation rates resulting in less effective



"1 0 DFC Q002 WO 99/65825 PCT/ US99/1 1325 _18_ with a 87 ~ median pore
di aneter was conpared to a high-activity commercial CoM cat al yst‘,\@lﬂﬂﬂﬂﬁi.

Both catalysts were sulfided in situ with a 10% HS/ H2 gas t}léf{iﬂ& %Ei ? 1C
for 15 hr YWRP*EHBPed to 93C before the introduction of the H Qe Dck. A
conparison at constant conditions shows Br_\at the | ownetal catalyst can
achieve a sulfur renoval level close to 90% while providing significantly

| ess ol efin hydrogenation (see Table VI). TABLE V I Catalyst W.% W . % MG,
Co0 A efin sq’ﬁgqu&rgmdmg@aango&m@wwvdllglmz;imtmprssqu HICBFSE epergy and
Commercial KF-742 15 4 99.6 85, 4 Exanple 8 Isothermal, upflow, all-vapor

. phase pi | o€4BIPRENICORIS aRgrRIOMidsigHnIshIngNar gidakbenalits-71- 166C 978 wppm
total sulfur. 49.7 brom ne nunber. 49.1 API, 29 wppmtotal nitrogen) at

274C. 200 i total .nl . 1000 SCFI B. 00% d treat

and const aﬁf | EHSS/ aTéIL %eFO{’)|°§J‘§§§3é’%Q‘%SLﬁFﬁﬁ’H?C eq {Qeﬁ)lélé{%ﬁ{}ggg’q‘f%@t%%\/\eggs
tested. B . e . ] h t al t | fided i

LT ruw ¢ oo gd SHBABE G R AR lifiahTh Ay wAE" SR alvel bes SU L Sae

before the introduction of the ICN feedstock. After the introduction of the

| CN f eedst gylamplee] cat al ysts were given 10-11 days to |ineout. WO
991 65825 c LE V1l 1 0 D E C 2002 PCT/ US99/ 11325 Edge Co/ Mo Medi an

Surface Plane Arr.i Selectivity MO Co0 P Atomic Pore Dia- Concentration

Particle umol O- FactAsoliaional was piepars by Hissolving 8Y890. @ oftcitriccadriin 05 et er .
.~ ~ MOym' Size. :'l ~~ MO0 ; | ~ 101 Ea 4.31 .2 - 0.5587] 49 x 10-'tl 3
mv7G 1~. | Fal & deioBized vat@i8miwbh2.840 'gt of Gobait 8@bof@e waDadded: The57841 74

X 10-'t1/16 in260Hb ~ 01 7 0.5; 0.64841 7g x 10"t1/1G nl.3.tR

resulting solution was heated to a boil ther? held there until the solution was
clear. The heated solution was then cooled to about room temperature and 6.535
g. of ammonium heptamolybdate was added. After the solution became clear.
the solution was diluted to 73.3 ml with deionized water. 118.2 g. of a
transitional alumina extrudate which contained 84.6 wt.% solids and the
remainder adsorbed water was added to the solution and agitated for several
minutes to wet all of the particles. The transitional alumina extrudate was in
cylindrical form with an average diameter ot 1/16 inch. a median pore diameter
as measured bv mercury intrusion of 87A. a surface area of about 270 m2/g. and
a pore volume of about 0.60 cm3/g. After the particles were wetted. the solution
was air dried under a hood overnight in an evaporation dish after which it was
dried at about 120°C for four hours and then calcined at 455°C for two hours in

air. The resulting catalyst is Catalyst A. which is used in Example 3 below.

Example 2

Isothermal. upflow. all-vapor phase runs were made using a small
fixed-bed unit with an intermediate cat naphtha (ICN) feedstock. The naphtha
was tfound to have a 80-155°C boiling range (5% and 95% distillation boiling
points). 740 wppm total sulfur, and 46 bromine number. The olefin saturation in

this and all examples herein was determined by using the bromine number test



.Figure 1 hereof shows a plat of the HDS rel ative activin ~~ersuggige @t al
sul fide edge plane area for the catal ysts described in Table VII abo~~t.
The relative HDS activity was cal cul ated for each catal ~~st

“wei ght Nbdyoﬁg@?gsusing 1. 33 order kinetics and then nornalf?@@gg%ﬂﬂﬁg
value for the comrercial Catalyst E (whij¢h was given the value of 100).
Since the selectivity factors in Table V1l are approximately constant. it
is apparent that obtaining netals dispersions higher than about 800 and

| o~i ~er t hdiadduk! 59)8aduserigsagrt oo 3 caRlY Hs SPPPUHIPR shigninpaveriay e

hi gher HDS activity per weiglzt ot~ MU; than the base Catal yst E vet

- retain the praparedisgbh shuitdlbe promic-molehratipog cabalt to-molypdgnune vghed dfonvb03
appears to b xi m zed between about |?00 and ?00(1 pro! O-!'g MO0S3.
Exanpl o o A TKROFSEULTRAN 6 Crsdras addodlupbhs Me@asutlace gonceRighp
nunber) was processed in a commercial hvdrotreating unit ~ith a fired bed
ot~ a ne~ cfomiesseicatalyas aleys bewieehhi.§ and\2edk (ot o MoGly/MA, alsy averhsd C

quadril obe. -4."' ' 10 D E C 2D02 WO 991 65825 PCT/ US99/ 11325 - 20wt . % MoU3,
.7 ~t." ~Opdeaifle BhMBIRR WO RO indh! dhdtheAnsEidh poroaindbarRéRr)s-7dke
catal yst ~i~as sulfided prior to hydrotreating the HCN feedstocl: according

to a standagsdmeasured by aherouncintesionl@abtie fyedh chslyow iawwidized ésrnt. Bach
conditions. Condition Ais a case in which the reactor inlet tenperature
was gr eat ercatilyst whesglfidedlimsivd witl @t 0UeH S ntgas dbgrat ait3#0e4Qff€r & hr
Condition Bis a case where the reactor inlet tenperature was | ower than

t he cal cul atrebicatded poRHO°C Before Gennhittodans o of cheBnaphika teedsekntF ortthe he
inlet changed as a result of increasi ng t he sgaoe vel ocity by a factor of
?.3 and i nctessihegeattor cenditions pices 8 Uid €. AHWsSF (B .+ WO dyHyapeogegnt igadwr at e
approxi mately caonstant. The tenperature rise for Condition B shows {hat the
product at ¥(mp$léée&aémlsnmeéﬁurmgd@eﬁrﬁpaimwe\wmfﬁﬁyzelhbl?.1 delow Hetsgher at i on

h h .dr 5~ i i hed.  TABLE VLJ I t.
Ot ot peckibtRaR AR Bhnbd BF Coy PR oS ol L rilice. hbe sRRiN By
* CCA200037 73815 T - i, H i b~ ~~R~
Doy o pReRa i Hief éirfbed pred s [ U8 Ryt ) 29565 it iae b R = F
0 ; Table Vidilo shawsvdbsdeshitariziod ﬁV@béng;t@rﬁt tbhlﬁe bR obéRAfonaie cl ose

while the ol efin hydrogenation vvas significantly different (83% for
Condi ti on Acorestants 33% for Condition B). This corresponds to a factor of
2.7 increase in the selectivity factor for Condition B versus Condition A
The | ane ol efin hydrogenation reduction resulted in significant octane
savings of 3.~ R01 and 1.6 MON while the HDS | evel was nuai ntai ned at
greater than 90ro. Note that the road octanelloss, (1 RONWOMON) / ?. was only
U. 6~ at 93% HDS. 10 D E C 2D02 WD 99/ 6582 5 CT/QS@Q/ 11325 -21
Si gni fi cant hydrogen consunpti avi we¥epal svSreal i zed fromthe | ower
_ ol efin hydrogenation |evel. %%éﬁr\ﬁ%ep%gm Ln(_}_a_r_L

Brp)

where S¢, Sp are the feed and product sulfur levels. respectively and Brf and Bry

are the feed and product bromine number levels. respectively. Table I shows that
there is a maximum in selectivity when the Co/Mo mole ratio is greater than 0.0

and less than 0.86.



A HCN feedstock (99-232C, 2200 wppm sul fur, ? 1.1 brom ne nunber} vlﬁi 00
‘processed in a conmercial hydrotreating unit with a fixed bed of 9 vz /

comercial_catalyst of this invention ( 1.3 mmasymetric ril 4.2
"W % I\/b03,W9.9§’6#:5% CoO alumra support with 87 ~r nedian g%&ejsaggﬁéﬁ er).
The catal yst was sulfided prior to hyd[(i)l;[eati ng the HCN feedstock
according to a standard commercial practice. Table | X bel ow sunmari zes ten
conditions that were run over two nonths in the comrercial unit. The total
reactor pressure during this time wadABBE3EQ prig while the LHSV varied by
a factor of 2.85 over a base level. Table I X also lists the %IDS and %-H
- which are val ues that wer €cdivier dgbdRatier t he polecdiditatFre@h(x¢oNndi tion.
TABLE | X Condition Nunber Gasp;t\?o Ol Ratio, SCF/BJ;gI et Tenp. C (TIN)Inlet
0(~R) e
0

Dew Point Tenp. C (Tpp) Tpp/T , DS %OH Seleltivity Factor (X
10) 120003633490. 97494750 .

9220002742490. 95497831031 5002742630. 98097681. ~4150032'%92640. 9909758~. 0514502
662681. 00593432. 0610002742821. ®1493451878202882961.62593461. 889502772851. 0l
593333. 797602912931 . 00595383. 8@8@9027928& . 01595343 Condi tions 1-3 above

are at TDp/ TIN rati os bel ow O. and sho. |ow sel e% Ivity values of 1.~ or
| ess. Conditions 4-10 are at TDp/ TIN rati os of 1 0 DE C 2002 WO 99/ 65825
PCT/ US99/ 1 Examplé3

Isothermal, upflow, all-vapor phase pilot plant runs were made on
an ICN feedstock (70-163°C. 775 wppm total sultur, 49.2 bromine number) at
274°C. 200 psig total inlet pressure. treat gas to oil of 2000 SCF/B. 100%
hydrogen treat gas and constant LHSV. Three catalysts were tested under these
conditions: (1) Catalyst A, which was prepared according to Example | herein. is

a 5.2 wt.% MoO3 and 1.5 wt.% CoO on an alumina support with a 87 A median

pore diameter and 1/16 inch particle diameter (of this invention); (2) Catalyst B

which is a 8.2 wt.% MoO3 and 2.4 wt.% CoO on an alumina support with a 85 A

median pore diameter and 1/16 inch particle diameter: and (3) Catalyst C which

is a commercial RT-2 catalyst that contained about 12 wt.% MoQj3 and 4 wt.%

CoO (67 A median pore diameter and 1/16 inch particle diameter). The Co/Mo
mole ratios for all three catalysts ranged from 0.55 to 0.63. A fourth catalyst.
Catalyst D, was also tested but the catalyst was first run with a heavy cat naphtha
feed (1757 wppm total sulfur and 29.7 bromine number) for a period of 24 dayvs
before switching to the above ICN feedstock and conditions. Catalyst D was a

commercial KF-742 catalyst with about 15 wt.% MoO3. 4 wt.% Co0O. 72 A

median pore diameter and 1.3 mm particle diameter. All catalysts were sulfided

in situ with a 10% H»>S/H> gas blend at 371°C for 15 hr and cooled to 93°C

before the introduction of the initial naphtha feedstock. After the introduction of

the ICN feedstock. the catalvsts were given 4-11 days to line-out. Table Il shows



0.990 and greater and show selectivity values of 1.8 to 3. 2. The i@@i?ﬂ
show that for a variety of comercial unit conditions using a cat Blr
this inven gh selectivity values are obtained as |on Dp/ TIN
ratio is gwé)a%rsglshan or equal to 0.990. Exanple 11 A sanple gc??.xs%g é#_yst of
this invention and a conventional catalygt was used for this exanple. The
catal yst of this invention was conprised of 4.2 wt.% MO03, 1.2 wt.% CoQ, on

an al um na_suppo havi n di an pore dj of about 87A. The
" convent i onHI€ %i‘?cal"y‘é’t “\‘R}ég(alg)g CUpRs® g?\éa RESYEIACE RENCRNATALIABI e from
Akzo Nobel, and was conprised of about 15 wt.% M03, 4 wt.% CoO on an
- al umi na suS@@ﬁ YSth%wWhglha}Sm‘*@lhﬂwﬂbl?dﬁnaﬁﬁtl@lﬂ BowsHodearrenhangamaniciat al yst s
were tested in a 1.3 mmasymretric quadrilobe size. Each catalyst was
sul fi ded i Relertivitwinhiengdhd MoPpR sarfiaie gascmltmwnflaﬂesaplmmiﬁmﬂ'éﬁg 16 hrs at
two hol ding tenperatures, 232C and 371 C, and cooled to 93C before

i ntroducti Moggnﬁaphbhaefm caallystsemétr@ar@asnbesip;raﬁsduasrtnaﬁew% 800
upflow, all vapor phase pilot uni'ts. The twd stacked bed tesfs and the full

h f t
(rzlathgﬁaof egglﬁgwf?\eg%g%% geéiééﬁ[)(gt?]?%%é:‘%tgmg%(g? prmw%1 f“(?ﬁ}{?y]ﬁ{?ﬁ and

23.1 brom growyaeEar ehan&drmentat sBREtiVRY UMRerP@ie B 3| DRFACE ¢on¥&itatiopnpar ed,
87113 and 74/ 26, of RT- 225 (inlet)/KF-742 (outlet). A11 tests were

performed at f9 260/ 277/ 293C, 2600 scf/b, 100% hydrogen
treat gas é%esggti’“%P EM(?Q%&’ ‘pressure. Space velocity was held
constant at 6.~ LHSV, Fi gure 1 plots %IDS versus %S fromthe four runs.
Selectivity is shown directly by plotting percent HDS versus the percent
olefin saturation. Figure 1 show equipsgdieptyysel ectivity for the stacked

beds when conmpared with RT-225. And significantly inproved selectivity for
t he stacked-beds#epsusAMLaLgna_Eqmmu_seLemm_L%means_Lhat t he

ST g o PRGN R T T e 8
shows both theatgg' Acked and RToﬁfg are s a /({Qc}loéfl ns at

abou
95% HDS whi |l e KF-742 saturates approximately 8 )B% gure 2 shows stacked
cat al yst beds—econtal-piRg—RF-22=and-KE/42 with si-gnificant - HDS-activity
i nprovenents avar the rejggence casegof a 100%) 25 | oaded rgactor. The
relative vol urrelBrl C aC“;‘lﬁ(s% for th 87 vol . Fglig /13 vol l& 742 st acked
bed was 180 and’for the ol . % RT 25/26 voI Zn 742 stacked6 bed 200.
KF- 742 was adde§ as the 3&bnd (outllét) cat al ys® xilf*a st acked %ed
configuration wix h HDS s20@rtive RT-2825 in thesfrlietd, to i ncrea%e the
overal|l HDS performance of the catalyst system 1 0DEC 2002 -24 LC
AIM5, 1, Atwo stage pro?{? s for hyd)rodesulfurl Zi na 2 napht ha _f,gaedstock
whi ch process c ri ses § reacti ngsai d feeds?8dR™in a first>teaction
stage under hydBodesul fut®¢hti on comddi tions im.garact with a4atal yst

conprised of: ( 1000 25 4.0 x 10-4 4.5
D 1000 40 5.5x 104 4.5
Example 4

The temperature response of three low-metal catalysts was
investigated with an ICN feedstock (71-167°C, 922 wppm total sulfur. 58
bromine number) at 200 psig total inlet pressure. 1000 SCF/B treat gas to oil
ratio, 100% hydrogen and 260-288°C. The runs were done in isothermal. uptlow
reactors in all-vapor phase operation. The catalysts were prepared in the

laboratory with MoO3 contents ranging from 3.2-5.2 wt.% and CoO contents

ranging from 0.9-1.5 wt.%. Three different alumina supports were used that



(a) about 1 to 10 wt. % Md03; and (b) about 0.1 to 5 wt. % CoQO a:ﬁ{é&) a
"Co/Mo atomic ratio of about 0.1 to 1.0; and (d) a nedian pore dia o
about 75wop d9s8255 ~1; and (e) a Mb03 surface concentrati orPdTMUSPINBES/ Nz of
-about 0.5x 10'4 to 3x 10-4; and (fJ an average particle size dianeter of

| ess than about 2.0 mm and (g) a net-dKl-sul fide edge plane area of from
about 761 to 2800 ~nol oxygen/g Mc03 as neasured by oxygen chem sorption;
and (h) %Eln'ea%'iﬁﬁﬂ'cﬁmﬂ@ﬁr{ %trﬂwmﬁb&?@marﬁ&&%“ﬁke snggﬂ)r!s'\).xlpﬁé%t@&eﬁhe

reaction product of the first stage to a second al so operated under

hydr odes yb hisISuppbioX \cmﬂﬁlhtad@niss Arme@iahasore Widrher@r clfPad ) Suppefpy | sed of at

| east one Goup VIII netal selected fromthe group consi stl ng of Co and N,

and at | edsthdad a3 DAMYD. ard Suppettel wdcl hadutild AMBD. cBirshe¢rangg of M

and W on an inorganic oxide support material. 2. The process of claim1

wher ei n plaéu@lmhametﬁrs NbUB dasalysinverbalicless thang /6 ind seaasdtotielagarthent  of
ut 0.5 to 4 w. % and the inor anlc support material is

Co0 f

sel elctsedr ?&:‘5 ?ﬁ@regﬁj’@H?F‘%fOWbthé?‘i“ﬁ@"%‘l’realﬁﬁ?hr?é“a §$1I‘i‘@:5a5‘-dﬁde§im P Mt na.
3. Th | Mo f b 0. 20
2. e PLORNSAl, WS e R LD S 4 g o o

concentratlo |$ fr t. 0, 75x10 4 to about 2.5x10. t 10DECZzZOXZ
P I R S N G e hidkodesiiapason o cage

plane ar E(Ila—ll%) ;ersg s%lso(z)l ncgzstcl)(?n E)PIC%%)OC?'&!’UI'C are rep gcrilllr?'lJvBPesllﬁgelo asured by

oxygen
TABLE II1

Catalyst Wt.% Wt.% Particle = Median Pore Relative
Number  MoO; CoO  Support Dia..inch Diameter. A LHSV  Temp.°C  %HDS

1 4.9 1.4 X 1/20 58 1 260 74.0
| 274 90.0

1 288 91.8

2 5.2 1.5 Y 1/32 87 1.75 260 75.7
1.75 274 86.2

1.75 288 95.8

3 3.2 0.9 Z 1720 131 1 260 72.6
] 274 87.6

! 288 96.0

For both Catalysts 2 and 3. the %HDS increased in a uniform trend
“““““ from 260 to 288°C. However. for Catalyst 1. only a small increase was observed
from 274 to 288°C indicating a HDS diffusion limitation due to the small
average pore size of 58A. Therefore. catalysts of the present invention must
have median pore diameters greater than 58 A at moderate operating

temperatures.



chemisorption. 6. The process of claim31 wherein the process uni0i0&l 2002
operated such that the inlet tenperature of the feedstock to the reaction
unit is bel ow the dew point of the feedstock and 100% of thff{]ﬁgg%?z%k
becones vaB8®se85i n the catal yst bed. 7. The process of cl'ar Wherei n
the process unit is operated such that the inlet tenperature of the
feedstock to the reaction unit is bel owthe dew poi nt of the feedstock and
| 00% of the feedstock becones vaporized in the catal yst bed. 8. A process
for hydrod&xamplei¥i ng napht ha feedstreams w thout excessive olefin
saturation, which process conprises: feeding a naphtha feedstreamto a

- hydr odesul furi zati on process unit containing a bhed of hydrodesul furization
catal yst, which cat alljatheimalcBpibowsaldvapor phaseanlat iy dins Wees Made iy

S R T S AT 1
Concent rat P5EYERRE e firec baishOuud Ao n T8 K0 bl HieI¥or 1“2,
average paldiGhetat (M8 B wefe mades V\Fiﬂﬁﬁuﬁﬁg&'st thht ﬁa(.:lrfﬂed?d?p#r*&) a netal

sul fide edge plane area of fromabout 761 to 2800 , unol oxygen/g M03 as

neasur ed byligy@eNof SR Suppbitoy) a3 WheBapport 79 a8 mIcRafed Y ndréurgper at ed
such that the inlet tenperature of the feedstock to the reaction unit is

bel ow t he detnugion o thé fielk chrabdsd motke axidizéd¥rai. The thiied dstabck ubat omes
vapori zed in the catal yst bed. 10 DEC 2002 -25a 9. The process of claim8
wher ei n t he lightactivigy, serogieraiak casalyst(dilt-742) with avmediangpate tdi@mereoofit/ 7of  Co0
is fromabout 1 to 3 wt. % and the inorganic, support material is selected
from the grbup! BEHEIe MGHtasthe perfpmpance; qtithe higlhactyily edalysuat Ig¥els10. The
process of ¢lgaim9 ere t /Mo atom c ratip.is from.about Q.25 to about
b 75°°51° stmal lewldohrmeRs el Sinlsser R b biah FH NGl Svds from
about 80 ~ : 7 : [-QCAS I [:0 03
surface cor%é%%@?@?‘? géﬁ%sa rr@%aa%g@trgigﬁlgﬂﬁg {g%?ﬁ%‘}%’(\b@gq{i@hk/ggﬁm@ 13.
lbgapg ?Ces&e%ciﬁéﬁb&dgrb%lﬁ!s RhfAlysReEaSh dhtafist Dhas salfididdh sl Witde rege pl ane
H2S/H1 gas blend at 370°C for 15 hr and cooled to 93°C before the introduction

of the HCN feedstock.

The catalysts were first allowed to line-out for 10 days at the base
condition of 296°C. 800 SCF/B and 325 psig total inlet pressure. Afier this
period. the temperature was increased to 338°C and the space velocity was
increased by a factor of 2 for each catalyst. Data was taken after one day on oil
(Case I). After 8 days. the conditions were switched back to the base conditions.
After 4 days. the conditions were changed to 354°C and 300 SCF/B: again data
was taken after one day on oil (Case II). Table IV shows the %HDS results for

the three catalysts.

TABLE IV
Commercial Low-Metal Low-Metal
High Catalyst on Catalvst on
Description Activity Catalyst Support Y Support Z
Wt.% MoO; 20.5 3.2

— W
to

;Jl

Wt.% CoO 4.9



from about 1000 to 2200 , unol oxygen/g Mb03 as neasured by oxyge
"chemisorption. .A .A .AFe. A . Al ul.A 2. A3. AH . A% AFL. AYF. AF. Al . AVl DEC 2002
. A" 9. A9. A3, %A%AL@As AF.A .Aa' .Ar.A _.AYu,§B*"_c o
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a] Ta] ca] CHI cajcajcajcaj caj cajcap tat caj cadfca ey Sy B—@3-
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A comparison of the Base Case to Case I shows that the high-
activity catalyst had the smallest increase in HDS level. Comparing the Base
Case with Case II shows that there was a dramatic decrease in HDS level for the
high-activity catalyst whereas the HDS levels for each low-metal catalyst
remained approximately constant. Both Cases | and II indicate that there is a
significant HDS diffusion iimitation for the high-activity catalyst with the HCN
feedstock at temperatures greater than 337°C. Therefore. the median pore

diameter should be greater than about 77 A for higher temperature operations.

Example 6

Isothermal. upflow. all-vapor phase pilot plant runs were made
using two very similar HCN feedstocks with 72-228°C boiling range. 1760 (Feed
L) to 2075 (Feed H) wppm total sulfur. and 29.7 (Feed L) to 33.2 (Feed H)
bromine number. A laboratory-prepared low-metal catalyst and a commercially-
produced low-metal. catalyst were compared to the commercial catalysts RT-2
and KF-742. The low-metal catalysts were 1.3 mm asymmetric quadrilobes with

84-87 A median pore diameters and consisted of 4.2 wt.% MoO3 and 1.2-1.3

wt.% CoO on alumina. Commercial RT-2 was a 1/16 inch extrudate with 67 A
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median pore diameter and about 12 wt.% MoO3 and 4 wt.% CoO. The KF-742

commercial catalyst was a 1.3 mm quadrilobe with a 72 A median pore diameter

and about 15 wt.% MoO3 and 4 wt.% CoO. Each catalyst was sulfided in situ
with a 10% H»S/H7 gas blend at 371°C for 15 hr and cooled to 93°C before the

introduction of the naphtha feedstock. For the tests, the reactor conditions were
302°C, 1000 SCF/B. 80% hydrogen/20% methane treat gas and 325 psig total
inlet pressure. The space velocities were adjusted such that HDS levels between
96 and 99% were obtained. Table V below summarizes the HDS and olefin
hydrogenation (OH) levels along with the calculated selectivity factors. The

selectivity factors show that the low-metal catalysts are the most selective for

HDS.
TABLE V

HCN LHSV Selectivity
Catalyst Feed (relative) %HDS %OH Factor (x10)
Commercial RT-2 L 2.8 96.8 45.6 2.93
Commercial KF-742 L 6.4 97.8 48.9 3.17
Lab Low-Metal Catalyst H 1 99.2 58.5 3.54
Commercial Low-Metal Catalyst H 1 99.1 57.0 3.57

Example 7

Isothermal. upflow. all-vapor phase pilot plant runs were made on
a HCN feedstock (85-237°C. 1760 wppm sulfur. 29.7 bromine number) at
288°C. 325 psig total inlet pressure. treat gas to oil of 1000 SCF/B. 80%
hydrogen/20% methane treat gas and constant LHSV. A laboratory-prepared

catalyst containing 5.2 wt.% MoO3 and 1.5 wt.% CoO on an alumina support
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with a 87 A median pore diameter was compared to a high-activity commercial

CoMo catalyst. KF-742. Both catalysts were sulfided in situ with a 10% H»2S/H»
gas blend at 371°C for 15 hr and cooled to 93°C before the introduction of the
HCN feedstock. A comparison at constant conditions shows that the low-metal

catalyst can achieve a sulfur removal level close to 90% while providing

significantly less olefin hydrogenation (see Table VI).

TABLE VI
Wit.% Wt.% % Olefin
Catalyst MoO; CoO %HDS Hydrogenation
Low-Metal Catalyst 5.2 1.5 87.7 28.9
Commercial KF-742 15 4 99.6 85.4

Example 8

Isothermal. upflow, all-vapor phase pilot plant runs were made on
an ICN feedstock (71-166°C. 978 wppm total sulfur. 49.7 bromine number. 49.1
API. 29 wppm total nitrogen) at 274°C. 200 psig total inlet pressure. 1000
SCF/B. 100% hydrogen treat gas and constant LHSV. Table VII shows a
summary of the catalysts that were tested. Both Supports a and b were alumina.

Each catalyst was sulfided in situ with a 10% H7S/H gas blend at 371°C for 15

hr and cooled to 93°C before the introduction of the ICN feedstock. After the

introduction of the ICN feedstock. the catalysts were given 10-11 days to line-

out.
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TABLE VH
Edge
Co/Mo  Median Surface Plane Arca  Selectivinn
MoO; CoO P Atomic Pore Dia- Concentration Particle  umol O- Factor
Catalyst Support w0, Wt% Wwt% Ratio  meter. A N MoO3/m3 Size, A ¢ MoO; (NTOD)
E a 4.2 1.2 - 0.55 87 149 x 10 13 mm 761 5.0
F a 6.1 1.5 - 0.47 87 1.99 x |0~ 1.3 mm I885 5.0
G b 50 1.5 - 0.57 84 174 % 1074 116 n 2560 5.2
H b 5.0 17  0.55 0.64 84 1.78 x 104 1/16 1n 1348 53

Figure | hereof shows a plot of the HDS relative activity versus the
metal sulfide edge plane area for the catalysts described in Table VII above. The
relative HDS activity was calculated for each catalyst based on a weight MoO3
basis using 1.33 order kinetics and then normalized to the value for the
commercial Catalyst E (which was given the value of 100). Since the selectivity
factors in Table VI1I are approximately constant. it is apparent that obtaining
metals dispersions higher than about 800 and lower than about 2800 umol Oa/g
MoO3; results in catalysts that have higher HDS activity per weight of MoO3
than the base Catalyst E vet retain the same high selectivity. The HDS activity
per weight of MoQO3 appears to be maximized between about 1200 and 2000

pmol O2/g MoOj3.

Example 9

A HCN feedstock (99-232°C. 2200 wppm sulfur. 21.1 bromine
number) was processed in a commercial hydrotreating unit with a fixed bed of'a

new commercial catalyst of this invention (1.3 mm asymmetric quadrilobe. 4.2
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wt.% MoO3. 1.2 wt.%% CoO. alumina support with 87 A median pore diameter).

The catalyst was sulfided prior to hydrotreating the HCN feedstock according to
a standard commercial practice. Table VIII below summarizes two conditions.
Condition A is a case in which the reactor inlet temperature was greater than the
calculated inlet dew point temperature whereas Condition B is a case where the
reactor inlet temperature was lower than the calculated dew point. From
Conditions A to B. the dew point at the inlet changed as a result of increasing the
space velocity by a factor of 2.3 and increasing the reactor pressure 45 psig with
the hydrogen flowrate approximately constant. The temperature rise for
Condition B shows that the product at the reactor outlet was completely

vaporized. i.e.. the operation went through the dry point in the reactor bed.

10G 10G 10Gy4 10%%' () - ??B<CCCCdIEbC

TABLE VIII
Gasto Oil  Inlet Reactor
Condi- ratio Temp.. InletDew  ATemp. Tpp/TIN %OlefinH  Selechivity ~ RON MON
tion # SCF/B °C Point, °C °C (R/R) %HDS vdro Factor (x10)  Loss Loss
A 2000 374 249 46 0.954 9 83 to 43 1o
B 950 277 285 7.2 1.015 95 33 27 1o 03

Table VIII shows that the HDS levels for the two conditions were
close while the olefin hvdrogenation was significantly different (83% for
Condition A versus 33% for Condition B). This corresponds to a factor of 2.7
increase in the selectivity factor for Condition B versus Condition A. The large
olefin hydrogenation reduction resulted in significant octane savings of 3.5 RON
and 1.6 MON while the HDS level was maintained at greater than 90%. Note

that the road octane loss. (ARON+AMON)/2. was only 0.65 at 93% HDS.
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Significant hydrogen consumption savings were also realized from the lower

olefin hydrogenation level.

Example 10

A HCN feedstock (99-232°C, 2200 wppm sulfur. 21.1 bromine
number) was processed in a commercial hydrotreating unit with a fixed bed of a
new commercial catalyst of this invention (1.3 mm asymmetric quadrilobe, 4.2

wt.% Mo0O3, 1.2 wt.% CoO, alumina support with 87 A median pore diameter).

The catalyst was sulfided prior to hydrotreating the HCN feedstock according to
a standard commercial practice. Table IX below summarizes ten conditions that
were run over two months in the commercial unit. The total reactor pressure
during this time was 280-350 psig while the LHSV varied by a factor of 2.85
over a base level. Table IX also lists the %HDS and %OH which are values that

were averaged over the period at each condition.

TABLE IX
Inlet Dew-

Condition Gas to O1l Inlet Temp. Point Temp. Tpp/TIN Selectivity
Number Ratio, SCF/B °C(T) °C (Tpp) (R/R) %HDS %OH Factor (x10)
1 2000 263 249 0.974 94 75 09
2 2000 274 249 0.954 97 83 10
3 1500 274 263 0.980 97 68 1.5
4 1500 269 264 0.990 97 38 2.0
5 1450 266 268 1.005 93 42 20
6 1000 274 282 1.015 93 43 18
7 820 288 296 1.015 93 46 1.8
8 950 277 285 1.015 93 33 2.7
9 760 291 293 1.005 95 38 2.8
10 890 279 288 1.015 95 34 3.2

Conditions 1-3 above are at Tpp/TN ratios below 0.990 and show

low selectivity values of 1.5 or less. Conditions 4-10 are at Tpp/TN ratios of
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0.990 and greater and show selectivity values of 1.8 10 3.2. These data show that
for a variety of commercial unit conditions using a catalyst of this invention,
high selectivity values are obtained as long as the Tpp/T|N ratio is greater than

or equal to 0.990.

Example 11

A sample of catalyst of this invention and a conventional catalyst
was used for this example. The catalyst of this invention was comprised of 4.2
wt.% Mo0O3, 1.2 wt.% CoO, on an alumina support having a median pore
diameter of about 87A. The conventional catalyst was a catalyst designated KF-
742 and available from Akzo Nobel, and was comprised of about 15 wt.%
Mo0O3, 4 wt.% CoO on an alumina support having a median pore diameter of
about 72A. Both catalysts were tested in a 1.3 mm asymmetric quadrilobe size.
Each catalyst was sulfided in situ with a 10% H,S/H> gas blend for
approximately 16 hrs at two holding temperatures, 232°C and 371°C. and cooled
to 93°C before introduction of naphtha feed. All tests were preformed in
isothermal, upflow, all vapor phase pilot units. The two stacked bed tests and the
full charge of RT-225 and KF-742 were tested with a Baton Rouge heavy cat
naphtha feed having a 72-246°C boiling range, 2321 wppm total sulfur. and 23.5
bromine number. Two stacked bed volume percent loadings were compared.
87/13 and 74/26, of RT-225 (inlet)/KF-742 (outlet). All tests were performed at
reactor conditions of 260/277/293°C, 2600 scf/b. 100% hydrogen treat gas and
300 psig total inlet pressure. Space velocity was held constant at 6.5 LHSV,
Figure 1 plots %HDS versus %O0S from the four runs. Selectivity is shown

directly by plotting percent HDS versus the percent olefin saturation.

Figure 1 show equivalent selectivity for the stacked beds when
compared with RT-225. And significantly improved selectivity for the stacked

beds versus KF-742 alone. Equivalent selectivity means that the catalysts will
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under hydrodesulfurization conditions in contact with a catalyst comprised of at
least one Group VIII metal selected from the group consisting of Co and Ni,
and at least one Group VI metal selected from the group consisting of Mo and

W, on an inorganic oxide support material.

2. The process of claim 1 wherein the amount of MoQ; is from about 2 to 8 wt. %,
and the amount of CoO is from about 0.5 to 4 wt. %, and the inorganic support

material is selected from the group consisting of alumina, silica and silica-alumina.

3. The process of claim 2 where the Co/Mo atomic ratio is from about 0.20 to about
0.80.
4. The process of claim 3 wherein the MoOs surface concentration is from about

0.75x10™ to about 2.5x10™.
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12, The process of claim 11 wherein the MoO; surface concentration is from about
1x10™ to about 2x10™g MoOs/m*.

13.  The process of claim 8 wherein the catalyst has a metal sulfide edge plane area of
from about 1000 to 2200 wmol oxygen/g MoOs; as measured by oxygen

chemisorption.



