- 1 - SOLID ACI D ASSI STED DEEP DESULFURI ZATI ON OF DI ESEL BO LI NG RANGE
FEEDS FIELD OF THE | NVENTI ON [ 0001] The instant invention relates to a
process fwo 0@gssszng of hydrocarbon m xtures boiling wpChius2eiseiaiesel
range. More particularly, the instant invention relates to a process to
produce | ow sul fur diesel products thrp:frgh hydr odesul furi zati on of | ow
nitrogen diesel boiling range feedstreans. BACKGROUND OF THE | NVENTI ON
[ 0002] Currently, there exists a need to reduce the sulfur and aromatics
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being inplenmented in the United %ﬁmEﬁﬁtﬂgﬁ and Japan. Under these new
regul ations, it is proposed that evel in diesel fuels be
reduced to bel ow 0.005 wt.% sulfur, while future regulations may go bel ow
thi s maxi HELBDOFTHE INMENTHINof or e, many met hods have been proposed for

producing | ow sul fur diesel fuels such as, for exanple, using high pressure
reactors, Lﬂ(ﬁﬁg Und?hé%s‘tﬁﬂ‘c_@lnvé&%&?mﬂteéWa'(gﬁ&&és@%r 8pskrading bgi ng hi gh
activity hydrodesulfurization catal ysts. [0003] However, each of these

met hods hhgdieeaitwinnmiktardsasdiing Pothiaxhediesel wingee Ndotehpdrhieukanlyf, thie and
aromatics_content of diesel boiling range feedstreans from which diesel

not or f ueinstant énvkntionaglaientdhe preepss éeiprasdusedawi s b tdiese! peadiicts hr ough t he
use of cafal yti reat nent.s, .the.catalytic treatnents are severely inpeded
by it r ogotsh xS Hhrauinmet fiveutedh tieRd Heakng gk Reuteanty
conventional hydrodesul furization catalysts are typically not efficient at

renovi ng BACKIGROUND @HITHEIENWMENEIONe sul fur atomis sterically hindered
such as those sulfur atonms in nmulti-ring aromatic sul fur conpounds.

[0002] Currently, there exists a need to reduce the sulfur and aromatics
content of motor fuels, in particular diesel, to meet current environmental
emission regulations. New "ultra-low-sulfur" diesel specifications are being
implemented in the United States Europe and Japan. Under these new
regulations, it is proposed that the sulfur level in diesel fuels be reduced to below
0.005 wt.% sulfur, while future regulations may go below this maximum sulfur
level. Therefore, many methods have been proposed for producing low sulfur
diesel fuels such as, for example, using high pressure reactors, feed undercutting,

reducing run lengths, and utilizing high activity hydrodesulfurization catalysts.

[0003] However, each of these methods has certain drawbacks. For
example, while both the sulfur and aromatics content of diesel boiling range
feedstreams from which diesel motor fuels are derived can be reduced to a
satisfactory level through the use of catalytic treatments, the catalytic treatments
are severely impeded by nitrogen-containing compounds present in the
feedstream. Further, conventional hydrodesulfurization catalysts are typically
not efficient at removing sulfur from compounds where the sulfur atom is
sterically hindered such as those sulfur atoms in multi-ring aromatic sulfur

compounds.



- 2 - [0004]U.S. Published Patent Application 2005/ 0029162 descri bes

nmet hods for desul furization of naphtha feedstocks having a boiling range
from 50F WwoQ@)9/a3653450F (232C). The net hods i ncl ude opti @calusgoosoni4aTti ng a
napht ha feedstock with an acidic material to renove nitrogen conmpounds,
contacting at least a portion of the resulting stream under

hydr oi soneri zation conditions with a zéolite having an al pha val ue between
1 and 100, and then performng a selective desul furization on at |east a
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i 2 bty {2

that this 1 nproves octane both because br are less likely to
beconme saflg°@)ad 450FH (RBZAT) eTlnestaddsriatlude optionaHncoachctingfd maplithat does
occur still results in a branched paraffin, which has a higher octane val ue
t han t he Gwedseoskorith ag asidiaimgieriahte nenmyaiedtifrogen onpspds. coptastinghdd Pat ent

Appl i catipn 2005/ 0023190 al sa descri bes t hods for. desul furizati f
Aapht ha. { (8363 BORIOMaUMA SHIBBRISTRgIY S PdaRsemeriztte) coBtiieRe Wistoc
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acidic matérria v rogen conpounds, tontacting at t a portion

of the regabétiviod&sul RRIPatiBADN dDIedsRiagFEbh 62 thORy vstirhénsd ddina zeol i te,
and then performng a selective desulfurization on at |east a portion of

t he hydr oThemeethadsipsidueargasdliee withhinaproatd octanedby @ myeddwinism which i npr oved
octane by a nmechani sm whi ¢ch_appears to at, | east partjal] ¥ I nvol ve
conver t i naPREAra iRk leasinastially invplve gorverting shraighi chpimeleting datg) u. s.

Publ i shed, Pat en | i gat ion. 20 023191 d ri f.qor

desul fur i DERCHR 8fé?ﬁﬁpﬁ‘?fﬁﬁ@&ﬁ?ﬁﬁ%@%ﬁ%@?i°8§?‘?ibﬁ?' pgﬁ%‘ée?"rr anghsde (100
to 450F @fe%fﬁﬁ, -ard 18s TRENP S bédUthd SAuPREN ORI bcaGSO AT Shtlgatforlgpht ha
feedstock wth an acidic . material to renbve nitrogen conpounds, and then
cont act i npranched etefaisablt dodshocrus sriaesidd inat biapshed pataffinyihadh hasest one
medi um pore zeolite, at |east one Goup VI netal, and at_|east one Go
VI melto ahigher ogtane Matuaihandhe cgfrsmmﬁg&%aigh&cminwarﬁfﬁrbved oct ane, Es a
mechani sm whi ch appears to at |least partially involve converting straight

chai n ol efggus)i nt oubs ame1atea'PRkétA pplication 2005/0023190 also describes
methods for desulfurization of naphtha feedstocks having a boiling range from
50°F (10°C) to 450°F (232°C). The methods include optionally -contacting a
naphtha feedstock with an acidic material to remove nitrogen compounds,
contacting at least a portion of the resulting stream under hydroisomerization
conditions with a zeolite, and then performing a selective desulfurization on at
least a portion of the hydroisomerized stream. The methods also produce
gasoline with improved octane by a mechanism which appears to at least

partially involve converting straight chain olefins into branched olefins.

[0006] U.S. Published Patent Application 2005/0023191 describes methods
for desuifurization of naphtha feedstocks having a boiling range from 50°F
(10°C) to 450°F (232°C). The methods include optionally contacting a naphtha
feedstock with an acidic material to remove nitrogen compounds, and then
contacting the feedstock with a supported catalyst including at least one medium

pore zeolite, at least one Group VI metal, and at least one Group VIII metal.



[ 0007] U.S. Patent 6,063,265 provides a process for deep desul furization of
gas oils. The process requires the use of a catalyst that includes a G oup
VI B et alwoao@wsgp2VIi 11 netal, and phosphorous. [0008] UrPEI/uRat08010467 897, 768
provi des a process for inproving the desul furization of petroleum feeds
contai ni ng hindered di benzot hi ophenes._4The nmethod includes treating a
petroleum feed with a hydrodesul furizat’i on catal yst under

hydr odesul furi zation conditions and with a solid acid catal yst under

| esul f y ons an solid tou |
or ocess. ¢ 16 TABoRaRwod R e S OmNER0el bR by ddfeepmiREncy of °
removal Oégéétﬁrgt&?]atffe%? ARy ,iﬁ@@débeﬁkéﬁnglga A ¥ i blefidVRT! ON [0010] In

an enbodi e Inventionis directed t ocess for producing | ow
sul fur di sestichpd otkfiris. st reans that includes contacting a diesel boiling
range feedstream containing organically bound sul fur nol ecul es and

oper ated MR Conth-¥: BREMEHPadvs Sl aiont™ Br B AR s
ni trogen- g?@f)ﬂé.nﬁ“ﬂ PO Y aYRrdSthe e o‘i}}aec%%l?/?tq'hhi' MlNRReEGEagvIReam This

pr oduces east a‘contacting stage effluent conprising at |east a diesel

boi I'i ng r angsl, efGdoupWIIT andtal, and phospieoroas | y bound sul fur nol ecul es and
havi ng a reduced anount of nitrogen-containing conpounds. At |east a

portion o j.d co i.n ffluent is the n . in a first

reaction i?@?é and,ﬁt'g'ﬁl;?tﬁlgt %%ggiz&%é)lg?’l(%s Mpgaségfoggw&)gﬁ{ﬁgéh?r eat gas, in

a second ' . i H ' d

conditi ongi gi‘?f%%t@gqgfpeit@ﬁgﬁif??%sgégﬁ&%glg%?ﬁ{éﬁgﬁ %iiﬁpgﬁlﬁgﬂfh% al (Ijleg'r 3123 ically

bound sul tsthodiretudestrauiting @ipétroleunt fidedl with adorpodssulfyratibr@atalyst 4 -
under hydrodesulfurization conditions and with a solid acid catalyst under

isomerization and/or transalkylation conditions.

[0009] What is needed is a process that provides further improvement in the

speed and efficiency of removal of sulfur from diesel feedstocks.

SUMMARY OF THE INVENTION

[0010] In an embodiment, the invention is directed to a process for
producing low sulfur diesel product streams that includes contacting a diesel
boiling range feedstream containing organically bound sulfur molecules and
nitrogen-containing compounds with a material in a contacting stage operated
under conditions effective at removing at least a portion of said nitrogen-
containing compounds in said diesel boiling range feedstream. This produces at
least a contacting stage effluent comprising at least a diesel boiling range
effluent containing organically bound sulfur molecules and having a reduced
amount of nitrogen-containing compounds. At least a portion of said contacting
stage effluent is then contacted in a first reaction stage and, in the presence of a
hydrogen-containing treat gas, in a second reaction stage. The first reaction
stage is operated under conditions effective at isomerizing at least a portion of

said organically bound sulfur molecules with a first catalyst comprising at least



one solid acidic conponent having an al pha value in the range of about 1 to
about 50 thereby producing at least a first reaction stage effluent. The
cont act i nyoi2no%d3sssgecond reaction stage is in the presercE/uskood/ 010407

hydr ogen-containing treat gas. The second reaction stage i s operated under
effective hydrotreating conditions with a second catalyst selected from
hydrotreating catal ysts conprising at | east one Goup VIII netal oxide and
at | east one Goup VI netal oxide thereby producing at |east a desul furized

di esel boiljng:kan N t her i of the

i nventi on?n? ﬁ(ghé ??@?C gé‘?lgﬁ% tsliarnvgﬁg]ﬁ%%gpg{éa&a&u%g?g]eﬁ:pgggg%gﬂﬁgpg? ngl e
reaction §6&&%0"ﬁlﬁ%§éﬁ%ﬁﬂh@i N9k Sst ORGE f&@ti@h%&f@e‘-‘é&ﬁ%hﬁ@h@%ohﬁéﬁﬁg one
reactor or reaction Zone. [0012]1n still another "enbodi nent, the invention
i ncl udes: imjheseobdnd teavgion stagistineherptdsahce ofh htdsogedOdontdiming trgatcgaspounds
and has an end boiling point of about 800F or |ess, and that al so contains
or gani cal Thesecond martion stagieds eperatethundgrieffgtive dvidrafreating eendiiontls, with

terial .j t act.i t d it .effecti t
Femovi g 2ty SR GGkt SRR hIR ISR AtV Rp RIS Aeetn oai d
f eedst [ ' f t
cont ai ni nororEoa aa] §EEE aEhng PR ToROPEAH M E PR Y. amount

of nitrogprodieiigatieng Ldesudfuried digset boilRg! fange prodwastreamporti on of said
contacting stage effluent in a first reaction stage operated under

bound sul A Hor ecl @ peAPRoTRER s Findanti ailgtanfanethgre ool i
aci di ¢ cOgRORAarIgN 19 iR ShBZeAAlHEthde WhErdiARAR GheRORMridn S@gBDOUL 50

t her eby produci ng east a first reactton stage ef ent; an c)

cont act i ngembfisé et leastsrieaeacior loy deaution-zomet ai ni ng treat gas, at |east a
portion of the first reaction stage effluent of step b) above in a second

reaction opet. at under effective hydrotr.eati conditions with a
second caf(gﬂ%jt seine%tﬁgan?t?’SFner)ﬁbrPF%tap?%@VEQ lgﬁlﬂqqu?tsorrpri sing at |east
one G-oup VIIl netal oxide and at |east one Goup VI netal oxide thereby
produci ng at | eastap desuadting a éebdsiresml thbioinkcludgs 6H09E+ odldngt st ream

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBQDI MENTS [ 0013] The | Qventi on
provi des for inproved eunpeindscans bas amenyl beidingnaing eigabout 800°F or less,

and that also contains organically bound sulfur molecules and

nitrogen-containing compounds, with a material in a contacting
stage operated under conditions effective at removing at least a
portion of said nitrogen-containing compounds in said
feedstream thereby producing at least a contacting stage
effluent containing organically bound sulfur molecules and

having a reduced amount of nitrogen-containing compounds;

b) contacting at least a portion of said contacting stage efﬂuen‘t in
a first reaction stage operated under conditions effective at
isomerizing at least a portion of said organically bound sulfur
molecules with a first catalyst comprising at least one solid
acidic component having an alpha value in the range of about 1
to about 50 thereby producing at least a first reaction stage

effluent; and



range feedstreans by inproving the speed and efficiency of renoval of
"hard" sul fur, such as sulfur contained in hindered al kyl -substituted

di benzot Wwopb@mssisenpounds. This is acconplished by rempeirng200801@geEn
conpounds fromthe feedstream which enhances the perfornmance of subsequent
i sonerization and hydrodesul furizationsprocesses. In particular, renoval of
nitrogen enhances the ability of the subsequent processes to renove "hard"
sul fur, such as sulfur contained in conpounds |ike hindered

al kyl -substituted di benz ul ar
advant age for sul fUr reﬁlg%/%n%pérgﬂ%[pwggﬁ%e% ro pec?gﬁlﬁﬁgoung%@%eﬁ
removal of nitrogen all@ﬁstta%mbﬁcmhem&mact%n %Féeﬁﬂ'uéﬂtrof%ﬁﬁﬁbﬁs and
renoval of hard sul fur species. [0014] The types o hard" sul fur” species in

gasoline or naphtha fesbdstdnkseaond geddtiwnditidecoperateldnander leéfettimed” sul fur
species in diesel feedstocks (and other feedstocks with a hlcgher boi l'i ng
In

range). Naphtha feedstleleetresting epnditinas &vidoa seeandostalyst waedod

h feedstocks, th ffi |
Cypes. of thiophenes. |NrOUFHING HHfeIE SRR tng: st SRE Ceptp VLY Tt ut g
t hi oph | ' i d
Chem cal Resear o (vol TG oxidS A IEATIaR GRubIVY Riduroyedigegy | N0 an

dermonstrated that in s;hedtiwh paddsdst hdesaHutioad dfeselbasilingirangd yrdtru@cked - 6
- naphtha HDS, the HDS rate of thiophene and unhi ndered al kyl -substituted

t hi ophenes does not distfeam.si gnificantly fromthe HDS rate of hindered

al kyl -substituted thi ophenes Al of these t hi ophenes are believed to be
desul furlmm@ lu ' : I§Eﬁ9]§@) dERgeaol ysis, so
any i sone 3 ' gt nrophenes does not

change t he desul furi zat| on nmechani sm Thus acid isonerization of alkyl
groups onl[01B31 i | t uTb@ lnmpnmfeyldﬁaioeggmmmsuifunéelep‘r/@lcm digsal rbell@@p

desul furi zatl H@,ha 0015}D| esel t ocks, Whl ch f ical,l
' nel ude ﬁ%@ e e gt tesiof Yamare] ShafalY oo o
sul fur spgq c]{‘ﬁﬁ enzotﬁt&)ﬁ%ﬂ%ifﬂ?ﬁdéréﬁ ﬁﬁcyﬁ“sﬁﬁ&&ﬁfé& @BRRIGRiopHeaE®e

al kyl - substlttlte ophenes are not “typically present i'n a naphtha

fracti on. cdpouths. r’Eltue 19fac¢um§h‘sl&m by lethosingatitrogee dogippande filvnp pieenes i s
significantly sl ower as ol ls than di benzothi ophene or unhi ndered

al kyl - subfaedstueasn, wh anicep Henpsr formmnse) of subeethnansﬂmg@tm arie  HDS
reaction Di. benzot hi ophenes and nh| nder ed I -sub titue

i onsot TR A AT IO s ol PRICHIE FaRoVE-Of IHBHEC RPEMER RS i o
simlar t ®I[ 1 ned above
By contras il Eﬁ()ﬂ %g’sg&ﬁ fo{)%% %:{eones requi rré éultf%'%isi?ﬂ agg&%ﬁay for

sul fur reémifcaineﬂhﬂ'fcotrﬂﬁdﬂﬂgSﬂ(ef‘rﬁﬂd%ﬁ%kﬁ%b@,ﬁuﬁed dikeiebitiophdifesf dfHeowed by
the G S bond hydrogenol ysis. At |ow and noderate pressures, the

hydr ogenainiventien gpovides hartatidat advantage freplfuorethowvalensd hdistbeenot hi ophene
HDS. [0016]1n this inveption, it has been found that the rate_of deep

desul furi E%%XR?ﬁtquY f@agp tiaf semayal fom&rpgf:@éuﬁs&%ﬁgscaa?ﬁ%mm@f RYIF+ boiling
range co , i r.lzing hindered al kyl -substituted
di benzot %B\Rr%i’sgfe?%nﬁés#ﬁ@&%ﬁ. ﬁggfdg%}hﬁl&g@ﬁ%%h. ophenes. This facilitates
the renmoval of sulfur as the sul fur can be renmoved by the faster pathway of
direct CS[Md4fl hydthebypsisydi“hard’t s1dfur speeiesgn gasdlincsor haphtby &realstocks

aromatic rin
are qguxte different from the “hard” sulfur species in diesel feedstocks (and other

feedstocks with a higher boiling range). Naphtha feedstocks typically have
boiling points below 500°F. In such feedstocks, the more difficult to remove
sulfur species are various types of thiophenes, including unhindered and
hindered alkyl-substituted thiophenes. In a journal article published in Industrial
Engineering and Chemical Research (Vol. 36, pp 1519 — 1523, 1997), Hatanaka,

et al., demonstrated that in the hydrodesulfurization of catalytically cracked



- 7 - Thus, acid isonerization of alkyl substituents on di benzot hi ophenes
in gas oils allows for faster and nore effective deep desul furization of
gas oil s.wpQomPsi32shoul d be noted that the terns "hydr @Crastéosgiosand
"hydr odesul furization" are sonmetinmes used interchangeably herein. [0018]In
an enbodi ment, the invention provides g process that produces |ow sulfur

di esel boiling range products from di esel boiling range feedstreans
cont ai ni ng organi cally bound sul fur nol ecul es and nitrogen-contai ni ng

conmpounds. ess [, Ayol yes.enovin l.east oritiqQn.of the nitrogen
containinﬂmégﬁﬁggﬁgsﬁ?Jgﬁﬁﬂﬁ af@E%P‘ﬁﬁﬁvﬁﬁﬁﬂP3@888@@SH§‘ﬁéHﬁFB cont acti ng
t he di esely:hai ] r f§§q§ ; L i i renmoval of
ni t rogen- t:hég a%dﬁlggigeggggg{m S. éﬁjﬁ@%%?@éﬁﬁ%ﬁ%ﬂi t tg%gihtése rg%fglﬂﬁlng range

f eedst r eagubitinitet hRiophbaed. ahllasfatiese ihiophepes hechbélivcdttade, dantfutized

contacting produces a contacting stage effluent conprising at |east a
di esel boby iamgechangsamanvolving dicoettGihbord by drogenalysis, boany isamenzatiasl ecul es

;S‘Sft o ofhak AEBbta i AU BsBIed BRPhTES “%%%aéﬁ%?g%“@%ﬁau?i ehetai;aa
et cat SryafufaPf eaishy, do], A88AahE Ao oL Bla SR 1 Ve e

f r om abougypstit@eaiRidphefles RALERERALYy h6 esfebhan tiabaetp dSsulfiiatiBh df
preferably | ess than about 10. The contacting of at |east a portion of the

cont act i ngaplithge ef fluent with the acidic material occurs under conditions
effective at isonerizing at | east a portion of the organically bound sul fur

nol ecul es resunts. i i kst Cli t. f K a
portion opﬁp%@ firgﬁ&$£g%%?%%kgfgégﬁg$bﬁ%g§fﬁg§d§J%%%%@%ﬁ @%séggﬁgbted in a
second r eB6ilin2 rah k& %ontaifl ddﬂﬁi&i&%?ﬁ%ﬁulﬂﬁ%b@&@@;iﬁ@ﬁfd%@ alg1ireat gas,
with a second catalyst selected from hydrotreating catal ysts conprising at

| east onesubstitytelIdibenetlziopbenete Hnebeatkyleadstioried Gitemzotfioplstrels anxi de. The
second reaction stage is operated under effective hydrotreating conditions

t her eby pREUYPIGHIyRresedn anaphihy fraetiondThe dHab raw of ligdergd Ky oduct

t - 8 - [0Q019]Di esel, boil. : feedstr. itable f i
e R TR Ry RRk AR SIS B UMY o, ror use T
Pref er abl yjhehh6thihfiRele dQinhinderedR98/1{e8SsiuteRdIbRAZofTop kS 2ITHRO]s! | NG

poi nt of at [east 250F, or at |east "300F, or at |east 350F, or at |east

400F, or dte teashadgdin therldDSrehttyon phthvitiyesBibenaothioghenes@adf eedst r eam has
a final boiling point of 800F or |less, or 775F or less, or 750F or less. In

an enbodi nehinderadenliyy bswhstitesd dibgnrethieplicass ore degwlfugized wap|diregt CaBge of

f 451F, t bqout- 800F. | th mbodi , he _ di boi |

f eodst r eahpad BYaeenahtis. kEpdaoteute st en Tonts dhihbens SHltuEramp Bl gs T oo m
ith boj]j f : : .

o have Henfi3neda86yg’ BY IO HNGHER dftaBMIbpRtredliEe 8 diatdies | sam

pr ef er abl pambaiyt fobQulfar sdinoval th@Oinohivs hi dRgenaticmdf aRagomaEE eingbl y about
75 to about 1000 wppm nitrogen. In another enbodi nent, the nitrogen content

of the fetallawedhbhy ite &S beadthysiboganatysisr Adtdowemsk mpdesapppressureas theeast 100
wppm In still another enmhodi nent,. the nitrogen content qf. the f tream
is 2000 wBpHROSENRaQR ,Stearl%@t BHtige Sr%éqr?gﬁefs%%ﬁmofappﬁ%ﬁ%ﬁe

nitrogen appears as both basic and non-basic nitrogen species. Non-limting
exanpl es (j018}si ¢ Ii thioprrensbACit¢Rs bagn foedditat ths et bfdesemnd substituted
qui nolines, and non-limting exanpl es of non-basig_nitroggg speci es may

i ncl ude cdepdfvizasioarfar gapetls.tandeothenfasdstocks containing &P90kH bering

feedstreans suitable for use.herein have a sulfur content fromabout 100 to
about 40, BIESABRRRRdSLFan B MBFaNsd P isomersoee hindehe, fliatseBg i and

more pref ﬁ{/b% Jth 330 t&n ﬁﬁﬁgfsd,e?éd Qﬂ)%gé\@t@%ph-&‘és.s lﬂlﬁ&facﬁRQ{%@lrt ¢ as

or gani cal ound™sul tur nolec suc or- exanple, sterica

hi nder ed esfigvdl Gl sulfubay fige Swklrtcan®d fsHd Rl bNgE fakster ipaftiv@x afirest ©f
sterically hindered organically bound sul fur ol ecul es include sterically
hi nder ed SitwadAutdrogendypsis withaut hagingetonfitst hipdrogenhieophanoenasic ring.-

di et hyl di benzot hi ophene.



- 9 - 10020]In the practice of the instant invention, the above-described
di esel boiling range feedstreans are contacted in a contacting stage with a
mat eri al woio@i3esstor the renoval of nitrogen-contai ni N@CTAISP@SWEI07
contained in the feedstream Non-limting exanples of suitable materials

i nclude Anberlyst, alumina, silica, sulfuric acid, and any other material
known to be effective for the renoval of nitrogen conpounds froma
hydrocarbon stream It is preferred that the material be sulfuric acid and

an a1 Kyt ad s g5 Soubtn S ARy ESRRREP 60 LiheaHibEn i In MR BT oo
nore T eachRhws Jor ARG EAMARIET AR IR ARLArSaHos BFRRE 8Ast he same

material. In sone cases, the material Can be present in the form of beds,

and fixed _beds are_pref ed. [0021]' The contacting stage is operated under
condi ti on@‘b‘fﬁecti UeshPBf‘{ i"*eﬁB(?é’lt ?Jhgttepggglpy OH&# lng'ﬁ]a t he

Feedstr earfHod BB ATRE" 2PE sRPERTithy sBe M ErBeRRRnI Bty cTno at 1 east a
di esel boiling range effluent containing organically bound sul fur nol ecul es

and havi n{0H 8] educbuamembodimentithe tyentionpravideng proegssuhatsproBycest | east a
portion, | east about 10

t is nt at . . % of the nitrogep-containing
corrpoundsi%’?’éggﬂ?gl%e%hflgé%g‘? Bmﬁucsﬁr#am figsiboibing rangs {fedstreamst | east

glr)g? ter ggl %g%hnceﬂ‘%t% Eggé'gg@yagglgﬁ is%l%u%\ﬁn%%%cgﬁ%?e{qddg@ﬁ{gg §%®§&%8ﬁ’g€l\£ (c))/orrpou nds
removed fegmpbiRdS.eEHE b SRIFS Wdl@é@fé?ﬁ@vihg a@leds?@%brt‘i&ﬁbf HDMRlogeh

ni t rogen-contai ning conpounds that wll result 1na contacting Stage
ef fl uent combaiing cgnipesaads fiam tiodies@boitingrangeafeedstreagdry, cdmaatihgon t he
contacting stage effluent. Mre preferably the contacting stage effl uent
cont ai ns ﬁ'@ﬁesfﬁatwllzggmﬁﬁegfi%treamnw&g@mat%%hs iablefasgepovekef t han 10
wppm nitro i.n.an i ase

d deal |y sui t abl | 5 |
LT ogen, REEnC BB PBRundy ¢ Lht EoRGeiRE PLRC dRst bR BB o hor 11 on

of the ni 5 i &ﬁmﬁ g ednthet t IRE6 | &3 ans under
whi ch t hef%eggﬁg%@%gﬁg&aggte I uggg’slvr\ﬁ ?&Hg‘?/%dgﬁggg’bove e%gdcfﬂnggscri bed
total nitpaghicesaroatictiagistapk effluent ddmptisiitpra 1easth,diedel Boilmgednpeoval ,

etc. [0022] As stated above, a preferred enbodi nent of the instant invention
utilizes siflyentcentasingasgamiealimbenndsulfur medeatder and hajngtaangducedh t hi s

nbodi t ' | boili f eedst defi b ,
i mat ol $OORL SEGIPERAIGPTISIBITA GhPBORRI AbJeae! bROTHMLOL WIS g
luti ' ' | d Yo sul furi
i 0, baseHs Sl s RalEhdy FoRBAA 5a Thot FABF S slirtin 45 Lol “s0

W . % nor eomaefedvaith ¥ falBoedtalfBt. MTh&ofirst culalyst iB8ludes %t 1chBEose héidid ¢ aci d
sol ution may be obtai ned through any nmeans” known. However, as stated above,

it is normatergdldraveng amalphiahalye froor aboutcl tb abwiuntSi0p preferabhye lespehdan aci d from
an al kyl atj on process unit  havi a.sulfuric acjid concentratigon within the
above- éef by %aﬁ@gé‘?or& Rrﬁfﬁrg@wqgﬁ%ghaﬁtaibSHt EQO&&§W%§%dﬁ§ﬁt @ ng an
olefinic C r i D ol.efi -\ i_sobut ane to

o oduce. aPRTIRCR BRTOhERARE' AR SONIAl Rt Ac RS et dchut BRHES, ¢
subsequengddifiens affeeavevat Bomekizifg &t 1884t poien Tl the b’kgarﬁééwy baEsd for

contacting the hydrocarbonaceous m xture is typically Teagent grade
sul furi c st meldcntesandaesalts ona éinstrreadtion sthgatfflwant Atleadt a3sortion%
Preferably the_sulfuric acid has a sulfuric acid concentration of greater

t han abou®f U fgst sgacting stagerftnenbissubsedyentlyqontagted s seeansireartion t he

sul furic iLd.under _conditikonsg effective.at, producing at | east gn al kylate
and sul 1 utPeE HTRE DfERRG i RYFroen R Bt A vl e Bl

conpri ses ; fhrd Cc A ic acid
sol ution, Seg{r:cetF g?l?bnll 3‘1 ggir%etgaglrn\gfcﬁgan@gﬂgod&# %ﬁﬁ% .q%egrgrtsoﬁlge g?%'%]gs/a{gwfe{é%out 75
W . % to ekdeatandt\astonelfiroupO/bmictal aixddd. Theweddndateactiomktagetiie remai ni ng

bal ance bei ng aci d sol ubl e hydrocarbons. It is:-nore preferred that the
ef f ect i veORGA unsles ehlectue hydeatreating qonditiansdheraby produeisgitdeastiei on so

produced go S et yween. about 82 ncg 2 W.%sulfuric acid, about 1 to
about 4 vﬁ?sw}ﬁtwgﬁrﬁeﬁﬂ{]%@&ﬁ&fﬂ&h SH&*%hce being acid sol ubl e

hydr ocarbons. However, it is nost preferred that the effective



conditions be selected such that the sulfuric acid solution so produced
conpri ses between about 85 and 92 wt.% sul furic acid, about 1.5 to about 4
vol . % watwo,20e0va3bs532he remai ni ng bal ance bei ng aci d sol ulpCe/usgasocanbons.
[0023]1t should be noted that it is within the scope of the present
invention to dilute the sulfuric acid _gpbtained fromthe allcylation unit,
or otherwise, with a suitable diluent, preferably water, in order to
provide a sul furic acid solution having the above-described concentration

outturi o RAsoi | Pidiel BhisiEheR JeetsubRmY GRIE Y s 18 Bl begiRor o t1e
pr ef er abl }h\%@ﬂ% bo?l Withid tHe ﬁHgHbfﬁﬁoWZ%Thﬁ aDOAEBOOF . dRLeFEMAbIE théie

sul furic ac concentration once the diTuent has been added to ‘the sulfuric

aci d sol utliesel béitiagsahge feedsaeant lsrandnitiabodileg point ofitaeidasn2 80Feasat ed by
standard anal ytical techniqgues. The equivalent acid st roen%tjh can then be
cal cul at elf Qe or ot leash 7P Foomat eastdi) Fapeat least 4515k refezablyi the= wt . %

|furic gcid / (w. %sulfuric acid +.wt.%water). |n this formla, th

aci o sol uBIRECHBRITBE TPBEh eadairent e 2 RALGALEE Pl eI RODNE Reidhr ¥ ) car'ed as
[ t dh gt ¢ ST Ld; tent.

002471 n o2t veiSy B DERE deisah B cttidinefe B6¢ HiRbURREraf@ G esel

boi | i ng r gsedetrbaadsilaoiling ransd of froth #5 1 F towbotI8DOTF Clighsthep! ution at an
acid volunmetric treat rate of greater than about 0.5 vol.% based on the

di esel boembodimeanmigthd dieseltbahng rangsd fecditrgam latagt inoligles keadssat range/ ol . %
and nore preferably 0.5 to agbout 5 vol,%_ The contacfing can be hi eved by
any sui taﬁ@@pﬁﬂp&é Pwelpéﬁdaggedégpﬁnhwb@rwﬂegaﬁ%% h@ﬂkﬁ'@%ﬁﬁ& Phods.
Non-1imtj Wl ' ' [Si Ve i Bcl ) A val ves,
mxing ta lE(gutor ve'sseegé fgeﬁéirggﬁgrcgéﬁ%% rmgrgglg %gg%ﬂggﬁ#%%@nﬁs g)garrpl es

of ‘non-di gp&ktSINN® WBpROSIEroleRA préFeraBBkashbul Sdstoboul €500 RASPrh Gliesg@nd fiber
filmcontactors such as those sold by Merichera Conpany and described in
Uni t ed St ahésdraipeeterdthlytabouB’y 58 aBodt, 10G( wppirsnitwpehy Ihmnothgor at ed by
reference, which involve contacting along a bundle of netallic fibers

rat her t hambadpgaenistheyeigrogenicoatent 94 the tgedstream 13 at least 39 svppaty, At act i ng

hat are 1800 PiRsba S 100 BB o Bo 8} FarRingraheid e Bratfpelis '™
boi I'i ng r aggend Gﬁfllx%tf%@éﬂégglﬁj E‘stﬁ(tﬁlﬁ)a?\’ﬁ:pWBf fes&Card 50 MBFHPoPTeQQ%el%O@t | east

a diesel boiling range pr S sent to suitable arondtics and

sul fur rewppal oplesseThenitrdpers apputs us bdtisbiasiciand neatshsiohistdgen, whi ch now
contains the renmoved njtrogen species, is preferably separated fromthe
di esel bospacaes. ragdimitngexamplge of basic nilrogen spesi¢sameplineludd and t he

dl esel botl RGSLNSE AEATMEY can RS SoRaral ol B Aoy, Tepne a0 be
exampl es Al ihlBebs SEAAI A ACIBLAAES ah A ShiRuRLAMED Y AEL L g el ectric

field induc I'ng, "centrifugation, mcrowave induce and

settling embadiifentféddstoaine saitablesfor La€ Rereikihuey 8 sulfuf chsteRt foai red t hat
the diesel boiling range product and the used sulfuric acid solution be

separ at edabaut 1410 tovabdut 40080awppm sulfiropredgrably about 208ptarattoud 304090 ce such
i ar PP oDt RIFLeTeB R SRt (e ANut A5 SO0 ey (e P | codstr eam
W th the appears as organically bound sulfur molecules, such as for example, sterically
hindered organically bound sulfur molecules. Non-limiting examples of
sterically hindered organically bound sulfur molecules include sterically
hindered d:benzothiophenes, i.e., 4-methyldibenzothiophene or 4,6-

diethyldibenzothiophene.



sul furic acid solution also occurs under effective conditions. By effective
conditions in this enbodinent, it is to be considered those conditions that
al | ow t heweubdumsss2zaci d treatment to achi eve a reducti omrcofuseeosoogen of
greater than about 85 w.% preferably greater than about 85 wt. % nore
preferably greater than about 90 wt.% gThus, it can |ikew se be said that
the contacting stage effluent will have a nitrogen | evel about 80%
preferably at |east about 85% nore preferably at |east about 90% | ower

t han t hat he dj esel kL r . ' i) ically
result i n[(gfzg nt agh t%% pggé;béee %3@%‘? “ﬁ@&?ﬁ{d@a‘ﬁ?@ﬁggg’rﬁi@? éelj\}%#&/g#eggless t han
about ZOOb&ma@raﬁ%]@?@édaﬁwmk%écéMBteahﬁt&com&m@oﬁhgm& Puphenabl y | ess
t han about 50 wppm and nost preferably | ess than about 20 wopm It should

al so be neiiesbl¢ Fart the fremolvaLiof nitaged-domtaiairr-t¢@ipasndsheontainediialthe ef f ecti ve
conditions are also to be considered those conditions that - 13 - mnimze
yi el d | ostasdsweamnnNambimiting gxamples of sutable materials inslude Adnberdyft, t o about

0.5 to about .6 W.,.% eferably out 0.5 to ahqut 4 % re.preferably
about *o° saeninaatch S Rap e efief mitafAktat S pe el ng st age
ef fl uent, g4pr Hig&aéﬁrh | AT TN ay¢fsi ction

st age. Inﬂ{%hlgehﬁ‘%ﬁ) nga lon s a%%q-sattr %ldaﬁy?%gst aeégf)%aﬁ 'OH lck)#) %%%{g%a

cont act i ngha$ tieomatdridl besulfusiccreid and atoreiprbfeared that theaiudfuritacidier i si ng at

| east one solid acidic conponent having an al pha value in the range of
about 1 tspeaivcutfuso acist ethtemeidl fyomearsalkylatioatprocessounitndhegontagtioger abl y

| ess t han abou'gméo. Wi | e .a range of al pha val ues .can be us&j to aghi eve
the desi r 888F SHHBECOMPIEKA QS QNe] FTROTERFACIO8S PHEFACHRBACREY FaEh PRYRIG |

during the_|] . ' - 504 ' t Y ' pha
val ues | eg%d ?(grgﬁﬁ('s:% ?a}{aés%gn ?:Ir'lga(?:?{rilillg Ig% Oﬁfo (gejaég ’etgla?ﬁ?\étﬁ ﬂgf éie}legéég {;bgg%ﬁnsol id
aci d cat afhesfiopmi s¥bdddeard Yixkalbes aroprefé@éphous al um nosilicates,

al um nophosphat es, and silicoal um nophosphates, sul fated and tungstated

zirconia, niobic ag¢jd, and . supported or bul k heteropol ids or derivatives
t hereof [ U&Zﬁ Pr ef ﬂ“i’ soniagiing stageds Ope H’éﬁlﬁrscoé’lﬁli"t&)‘é‘b%/ FAIVEUSE as first
catal ysts [ : ol i I . i : is or

nol ecul arregﬁéx%g %grt Zéasgr Eﬁs‘tl@?%ﬁgﬁ +l=txtr(1) eﬁ&og%lg@g %{gﬁé‘%ﬁ%ep rggéeﬂ(} lﬁ??eei n

have an afpBél beiliHg rafgd hRdsRO4R thiis pRycink 4 Gomtaelihg StgeAlfillantval ue, or
al pha nunber, is a nmeasure of zeolite acidic functionality and is nore

ful |l y descompadingogdedstia dicsch boding tangefefflientnmadainaneotganicalkyi bamdsSt at es
Pat ent Nunber 4,016,218, J. .Catalysis, 6, pages 278-287 (1966) and J.
Cat al ysi s§u1§1r, mglegulessad hrydng mgsévqed/mneﬁnteeféumogemeaﬁ%m& ed herein by

aspoct t BORPRTRa bt e A Forkiha ik FieaREpEla Pl A E TSR, Y o e

the al phapiajdif-@hiainil &6h bﬁmdsr{?ﬁé@émﬁ_tﬁe@e/&rsﬁ%%, bf aflRlaSf MBARG 5t about
800F. Conversion is varied by variation in space velocity such that a

conver si owtye velht teastldbdun SO0wtIs! oeat lcadt abolne 1 avet% sorditleast@abboan®0 conver t ed
to a rate constant per unit volunme of zeolite and conpared with that of the

silica- Wt%y Prefgrablyssheat lgrsisat poriiencaf the nifsegen-rovi@ining gopurasingdpce
activity of 1000F. t i.c activity is expressed.as a nultiple of this
ot andar o, Fmaved framsieteddssfeal harreinbndd g IR0 B Aielal B pHEefer cr ence
catal yst Eﬁfﬂ%ﬁiiﬁ%c %hn&?tl’(%ﬁ x&?ﬂﬁegﬁ%iﬁﬂ‘égh&%tiﬁg@% uefit cHlftginidgrer ef ore,
as the al pha valte of a zeolite catal yst decreaSes,” the tendency towards
non- sel ecldsy ehair g0t 150 wppm tdesl re@R6Len, based on the contacting stage effluent.

More preferably the contacting stage effluent contains less than 25 wppm total

nitrogen, most preferably less than 10 -wppm nitrogen, and in an ideally suitable

case, less than 5 wppm total nitrogen. Thus, by "conditions effective for

removal of at least a portion of the nitrogen-containing compounds", it is meant

those conditions under which the contacting stage effluent will have the above



[ 0029] The at | east one solid acid used as the first catal yst may be
conbined with a suitable porous binder or matrix material. Non-limting
exanpl es Wb 20090135532t eri al s i ncl ude active and inactive mrardars2@B®isOTh as
clays, silica, and/or netal oxides such as alumna. Non-limting exanples
of naturally occurring clays that can_ li)ﬁ_corrposi ted include clays fromthe
nmontnorillonite and kaolin famlies inclhuding the subbentonites, and the
kaol i ns cormmonly known as Di xie, MNanee, Georgia, and Florida clays.

QO hers in which  th in mneral. consti.tuept is halloysit olinite,
dickite, qgsc’clrﬁlteg,to%l ggtﬁ%%ﬁﬂ ?@cﬁﬁvaﬁf@% lt?e‘igs}’gd.°rfﬂéo‘%¥’a(§/rsfsc§%‘%oe used in
the raw stahgvaSefri gi nally mxed or subjected to calcination, acid
treatnment, or chemcal nodification prior to being conbined with the at

| east one zeolite. [0030]1t is preferred that the porous nmatrix_ or binder
material (R sesAsstatedabovhea prefared embodimentnf the indantapvention ay. 1t is

enbod! menblilives SHifie A & phE malfidh indhe EBTBCUSE Rl R Inis hubifens., o
zeolite tg dg&%l Bgﬂfnggigﬂgrg g%ed%f&gﬁf %E la¢fihgé abwé,nf apHhtel? comBbRdAVRREr ably

| ess than about preferably about 2. [0031] The first reaction

st age canabglfofigpecidasiutibn oThedulfilbiceacid soludion saitabkaior use herwigs each of
whi ch can conprise each of which can conprise one or nore catalyst beds of
the sanme oentdirfsfatdeast aboi T ai%disvlfuicacidibased ondheypuldame ac atief,

talyst b b d, fi b d -ligiti I
of sut a0PE BIY LS R aheds K0 Pl peork s ety Aapfinty Wede o 8ol s bods,
| 81 5% . e
ones. o PBattert LTARRPABGENINS Ry BELOACTRARED AR RS Ah o' Ig

- Convent Hepadves O dtixgdmbyval it s ARre préferred dhiththewglfufieakidélutibhibei es such
as cooling water or air, or through use of a hydrogen quench stream 1In

t hi s mannthre, spept acidrfromaeant alkylatmmyenoacssrwet bavingea swbfuricead| y i nt ai ned.
[0032] Thecgriléesrlttrarti%gcvgiit}?irll)t E:% gvé:-sde 1n%a%gr?gdesyr:g%{/pi%glnﬁl(;{a%%% per];]::gscst ve at
involves combining an olefinic hydrocarbon feedstream containing C,4 olefins
with isobutane to produce a hydrocarbonaceous mixture. This
hydrocarbonaceous mixture is subsequently contacted with sulfuric acid. The
sulfuric acid used for contacting the hydrocarbonaceous mixture is typically
reagent grade sulfuric acid having an acid concentration of at least about 95
wt.%. Preferably the sulfuric acid has a sulfuric acid concentration of greater
than about 97 wt.%. The hydrocarbonaceous mixture is contacted with the
sulfuric acid under conditions effective at producing at least an alkylate and
sulfuric acid solution. The sulfuric acid solution so produced comprises at least
about 75 wt.% sulfuric acid, based on the sulfuric acid solution, preferably
greater than about 75 wt.%, more preferably about 75 wt. % to about 92 wt.%,
about 0.5 to about 5 wt.% water, with the remaining balance being acid soluble
hydrocarbons. It is more preferred that the effective conditions be selected such
that the sulfuric acid solution so produced comprises between about 82 and 92

wt.% sulfuric acid, about 1 to about 4 vol.% water, with the remaining balance

being acid soluble hydrocarbons. However, it is most preferred that the effective



isonerizing at |l east a portion of the sul fur-containing conpounds present
in the contacting stage effluent thus producing at least a first reaction
st age ef fwoent9/035332i s preferred that the effective condipCirarsgoosnidashe fir st
reacti on stage be selected such that at |east a portion of the al kyl groups
present in sterically hindered sul fur:(f?r_lt ai ni ng conpounds are isonerized
to forma |l ess or unhindered sul fur contai ning conpound. It is even nore
preferred that the effective conditions in the first reaction stage be

Ster i cal | SORPHRES b SiesBRtbeR BR b al Rrigptfa forion oA SEGRbrstY,
| ess O UBBWERIABUDES - aniSREDE siilfufiRGcR, B¥but] 8'tBub8lt AWRLYE ldiy, Ni ndered

sul fur-contal ni ng nol ecul es, suc , I's 1 nportant because these

ol ecul eswithptheathining balancedeigacidrsebiblohgdesanbdnssi s but are
desul furized by the indirect hydrogen route, and it is also known that

desul furi ,QNn is..|im to, hydrogen pressure in t react or. At. hi gher
pressures ﬁﬂ%;gr og enéllhf)ghie@? ngttegrtga%ﬁ Il§/ ﬁﬁhﬁ% a}ee%fm?ﬁ I qtﬁﬁf-: BBWBmeﬁQEQB npounds
such as T34 i : S Wteal S LTicult
o decul 107§ 34eThE SElMLfe 2B oBbincirtfh WE PR ACRUARCHE Siherise P& &4 ¢ hout

r esorti ngsidicabié dilaent, pacferubly eviver, i ordks to \procide Wil firic ard 3bkigionl i f e.

Thus, the present invention achieves better desulfiirization of diesel
boi | i ng r hajagithe dbeyedascrihed comeeniraiion of helfatik pridgi.guplisleast ablost gberi cal |y

i nder B 2aFRREE R PARSHOR RS ST AP O B ERES B8t | ow 1 0
moder at e Qﬁf&lﬁ%.%,ﬁﬁﬁg S&%g%:ﬁpﬁg%bc{lgdfsoxgﬁ?ﬂl&’o%%o%t SRYwt. ;:Pofa@%}j% ate

hydrogen pressures, abou psig, preter y about 75
to about §&RrmficthesulfrierRictanenhtbiontontedht dilabAthasMnhriddd téHe oSt
preferably about 150 to about 600 psig. In another enbodinment, lowto - 16
- noder at sulfiyriic agidrsoputens whe sulfefie actdocqtentsandewatee sontens areameasur@d0- psi g,
or |less than abouf 7Q0 .psig, aor |ess than about 600 psig, or |ess than
about 500 ;5§ta@da1r<f1a%33ml?aléﬁmrﬁewe% eI Fdivelent ggid Yronsde Far ekl ogen

pressures - P . s . | read: | L 1Q0 psig, or
at | east i@gm%gff({;&t(@rtﬁg? bj{l(g‘gllsrfé %JQE?%&UI?%B@%&% ?%lzg'g{w 38 ort o/r?f of the

first reagilfgic 8¢id9§welohlsubfitic RiEHNEN WatiPStithid firuld the dcfd conduct ed
to a second reaction stage operated under effective hydrotreating

condi t i onsolubkrleidrocarboa coatemof ¢hic spent tatiey1pti ers acideis afeabedaogre mezpnt ai ni ng
treat gas, with a second catalyst. The contacting of the at | east a portion
of the fiﬁ@‘t‘emé’&lélﬁF@Peﬁtwé‘eéﬂi/ﬁuﬁ@rﬁm@\ﬁﬂ%w%@ oifd catal yst produces at

| east a desul furized diesel boiling range product stream Suitable second
cat al ysts‘wzag hydr pf praetiting thitl h¥s8EndMi ¥t tRE fhseatihl &fttbr)kh&lidsgpSt one
Goup VIII netal oxide, preferably an oxide of a netal selected fromFe, Co
and N, nboidingrrefige &dddgtr€amandbntachid withdhewsslfuricetat sdilitiocat anadidat | east
one Group VI netal oxide, preferably an oxide of a netal selected from M

and W noYelusetrie teesf (ateof greater tiagiabeut P aceoldrehasadbihe digsedboaling such

as, for e I t least.one of sihica, ,al ugphna, .or_a kaolin clay. O her
2t tab) e CRER fGedsiieant 3¥ErHTy Hhotl 0o B qtu 2Dy ohrartl ik porEtiy o e

met al cat glsygt KRl bhe j (A The G ou
VI net al@.S(&)igia?gY}g? ‘ﬁl}'e/b'sg?glr?g%}ﬁc |C(§‘Jrrllsoze(§§ée}ﬁ %ﬁ?@éﬁ??ﬂ@%‘.‘%ﬂiy presenlto
i n an anvineludiag dottgdispersivand nondispepsiab ondthadds. WNo ligiteigedrhplesr om

about 0.1 to about 12% The Goup VI netal oxide will|l typically be present
i n an anpehsuitableydisgersivametngds includeanixing 5olves, mixipgdanksadn vesselsm about 5

to about 30 . % . and rre preferably from about. 10 {.o about 2 .% Al
metal oxi 3d &%\eb(ﬁ{mﬂ@r@%ﬂ?gﬁ@ﬂﬁng Wt“.’glg O%BHHE‘{IWG?‘W %gﬂé%n t hat

t he perce i : j , I i§qthe
suppor t m@?@@ﬁﬁgg%@gggf%@@% %Hvtd %@@%Q@f‘ﬁ“&&gf‘éﬁggg eev\S/:S)]tiJ d nmean
that 20 gby Merigteup Odnpanyeiral describedwadJited StsUpRSit Numbet 7 - support
mat erial, preferably inorganic oxide sugport materials may be used as

supports 33981494, varieh isshergby ingorperatechby irefeeenceowhicloinvolve eontgcténgnpl es
of suitabl,e suppor terial s..include: zeolites, .alum.na, silica, titania,
cal ci um o8B ,aqg‘ﬂdg?]g? mﬁt%lillf:?éb,erﬁéqtﬂﬁ%h&?iWC?(EQrngrfg], ingxt pagiclgs.

di at onaceous earth, | anthani de oxides including ceriumoxide, |anthanum

oxi de, neodym um oxi de, yttrium oxide, and praseodymnm um oxi de; chrom a,
thorium oxide, urania, niobia, tantala, tin oxide, zinc oxide, and al um num
phosphate. Preferred are alumna, silica, and silica-alumna. Mre
preferred is alum na. Magnesia can al so be used for the second reaction
zone catalysts. It is to be understood that the support nmaterial can al so
contain small anmounts of contam nants, such as Fe, sulfates, silica, and

T 1 N 2 1. . Y .



- 18 - 250C to about 425C, nore preferably about 300C to about 400C.

Typi cal wei ght hourly space velocities ("WHSV') range fromabout 0.1 to
about 20hWol2009p3883er ably from about 0.5 to about 5hll amdThisdeosgersoyas
treat rates range from 200 to 10000 scf/B, preferably 500 to 5000 scf/B.
Any effective pressure can be utilizedjpand pressures typically range from
about 4 to about 70 atnospheres, preferably 10 to 50 at nospheres. [0036] The
second reaction stage can be conprised of one or nore fixed bed reactors or

sane or aPfigrsh EoBuRling TEafS B ROPARHIE Hia MBESpttb Aty ShubStifier . o, "
can be usgflthdds e RESIStAE SreIRSHiERYs dRPERiP her types of catal yst beds

i ncl ude fluidized beds, ebullating beds, "slurry beds, and novi ng beds.

I nterstage cooling or heating between reactors, or. between catal yst beds in
the sane 1&¥Por, dhe CBBtaéF%ﬁgdﬂféée §i"1$§feb% I8ngs f?F@E(P@lma‘f'ltEﬁﬁ"can t ake

pl ace, and @l efin saturation, and esul .e.ati ci] I; neral ly
Excot her m St aPic Ot RS ot BESEF sk iRk s2ReE PERMAE RIS ol b
recover edy, é’éﬂ%% bR fati&ind SARNSMRR bRStessesn Of iy td afidesul ff/aali onal
cooling may be perforned through cooling utilities such as cooling water or
air, or tbolatioh, whiclofiow doycking ere rpmeowedd sitrogamspéecies,his preferatdy, opt i num
reacti on tenperatures can be nore easily maintained. [0037]1n one .

embodi mensepArateddromdbe dieschbeiingaiange producs: Thedised suHuricagid selntighages

are conbined to . formaone reaction stage, In this.enbodinent, at |east a
portion oﬁngﬁée g’&ﬁ‘f@&‘ﬁﬂ% rgxg%eggroglpf:f B%ht’e ?%pad'ﬁé‘? Bt A psags gf‘ﬂ&'lnetoﬁ’(facti on
st age whergi.p:4 t IS k irst and second
cat al yat <Rl LSRRl & Aalynle BYE ORI BE | “Compr i s6s
from abougxdmplesaifauitablé sepafeivn @kttode ineludt peavisy séttling, ielewtrit fiehd

catal yst | oading, of the single reaction stage while the second catal yst

makes up inducedsaitliogrcenttifigation; mienoayaystindueed sestlingcandisedtling yst may be
conbined in a single catal.yst rticle. It is.preferred that the first
catal yst EBWafGedatith Pegleagaatsugfaaps&aﬁgwe% 1t_1gggef§rrﬁ§rt]a%tntﬁe@lges[ehe t ot al

cat al yst i i.ngl i : K | y.about 5 to
cotan Vst ARR Rk oA e LSBT RS ORI RO RLEL SRR Yrabout

si ngl e regnbived t6sepfated intodap&ridn iaseParitioANievide svheasid y@tliethnkesct ors or
reaction zones each of which can conprise one or nore catal yst beds of the

same or ddfimy evdlescar adlgstrostatic praeipitatoher oteregmolar davigieyst beds can be
used, fixed beds are preferred. Such other types of catal yst beds include
fluidized @(ﬁﬂfﬂ eb I . h S| , {gq\é +hh Nt er st age
cool i ng 0|[ eating ét%\?g{é%tlggg)?ttggg,&gsgybglgﬁ%ergﬁggg a %/rg?mg\ggg tP%\ t he sane

reactor, galfuRE aBINCNE6h BisBCR capBnddreffidetivaicenaition’. Gyeffakive! ace, and
ol efin saturation and the desul furization reaction are generally

exot her mi conditipas tin this emhddimknytit endeatandidtued tpshyeonditianstthaalbeam be
recovered. \Were thi,s heat recovery OqE)ti n.is r}ot, avai | ?bl e, &anenti onal
cool i ng mitye BHIWIG agd EatmeRbioAhigR FF‘gjﬁ{S‘f‘PPiq imuogen A1 geealgdinfRg wat er or

air, or th g, 0 t i timum
reaction ?é&r‘b%sa%'r/&’sg & %Q%@%S%r@ﬁ%?%o%&{f a'i/?l lérgp_r% %igfse@ﬁg%?a&gﬁt of the
present i SNARAR 9BVt 8 TARRER cah!likeMité BE shehhOtHet@neadkinighst@¥é St i ng
hydrotreating units because one can sinply substitute the percentages of
the first effuaitweill kavield mecbgahdeeclfabout B&Yd) pdeferabdptat hepst abalty8%al r eady
enpl oyed.
Haled more preferably at least about 90% lower than that of the diesel boiling range

feedstream. This will typically result in a contacting stage effluent having a

nitrogen level of less than about 200 wppm, preferably less than about 100

wppm, more preferably less than about 50 wppm, and most preferably less than

about 20 wppm. It should also be noted that if sulfuric acid is selected as the

material, effective conditions are also to be considered those conditions that



[ 0038] The above description is directed to several enbodi nents of the
present invention. Those skilled in the art will recogni ze that other
enbodi menwe 20bvai3ssee equal |y ef fective coul d be devi sedpCoruseasnyidny out
the spirit of this invention. [0039] The followi ng exanples will illustrate
the inproved effectiveness of the inveggion, but are not neant to limt the
I nvention in any fashion. Exanple 1 -720 - virgin diesel feed having a
boiling range of 117C to about 382C, a 50% TBP of 306C, an APl gravity of

36.8, and_contai ni. | es han sul fur and m nj t was spi ked
wiih a6 BTOERGe SR oS i be SRTHE A toifte BB e AR T 2ot o
of the vigg o he esd Was al so

spi ked wi ?Ebl?h%gﬁugtapgggﬁ%bﬁ’f gﬁm@%"?@ﬁ%ﬁ??éﬁ’%ﬁﬁbﬁm noline ("THQ') to
make feedprefetdblyabowmg®s toaboans mat%ons of 11 and 95 wppm [0041] The feeds
were hydrotreated with a commercial cobalt nol ybdenum on al um na cat al yst
mar ket ed -756 ,under conditians including te rature 25C,
pressures 1100 péi'féea[g ?pé)ﬁﬁoﬂf)gﬁ?)eg‘é (i?&éréﬁ gtégggfti?eég, Brre%irgbl?;_scf/ B.

Bef ore hydudehfigdilynall liS @ oftludtel thairsthdacbA stdpe! A tHE FirithBaQIM $thge,

10%4- 12S/ H2 usi ng “conventional nethods. As can be seen I1n Table 1, at an

equi val enthesstdesstmgpdreied ofithé contaeting stagereflnéntds Sphaicsedywitht efirstiDS
relative volunetric activity (RVA) on |l ower nitrogen feedstocks. Table 1
catalyst comprising at least one solid acidic component having an alpha value in

the range of about 1 to about 50, preferably less than about 30, and more
preferably less than about 10. While a range of alpha values can be used to
achieve the desired isomerization reactions, due to the temperatures involved
during the isomerization step, solid acid catalysts with higher alpha values lead
to increased cracking of molecules in the feedstream. Solid acid catalysts
include crystalline or amorphous aluminosilicates, aluminophosphates, and
silicoaluminophosphates, sulfated and tungstated zirconia, niobic acid, and

supported or bulk heteropolyacids or derivatives thereof.

[0028] Preferred solid acidic components suitable for use as first catalysts
comprise at least one zeolite or molecular sieve. Zeolites or molecular sieves are
porous crystalline materials and those used herein have an alpha value in the
range of about 1 to about 50. Alpha value, or alpha number, is a measure of
zeolite acidic functionality and is more fully described together with details of its
measuremeﬁt in United States Patent Number 4,016,218, J. Catalysis, 6, pages
278-287 (1966) and J. Catalysis, 61, pages 390-396 (1980), which are all
incorporated herein by reference. Generally the alpha value reflects the relative
activity with respect to a high activity silica-alumina cracking catalyst. To
determine the alpha value as used herein, n-hexane conversion is determined at
about 800°F. Conversion is varied by variation in space velocity such that a
conversion level of 10 to 60 percent of n-hexane is obtained and converted to a

rate constant per unit volume of zeolite and compared with that of the silica-
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alumina catalyst, which is normalized to a reference activity of 1000°F.
Catalytic activity is expressed as a multiple of this standard, i.e. the silica-
alumina standard. The silica-alumina reference catalyst contains about 10 wt.%
Al,Os and the remainder is SiO,. Therefore, as the alpha value of a zeolite

catalyst decreases, the tendency towards non-selective cracking also decreases.

[0029] The at least one solid acid used as the first catalyst may be combined
with a suitable porous binder or matrix material. Non-limiting examples of such
materials include active and inactive materials such as clays, silica, and/or metal
oxides such as alumina. Non-limiting examples of naturally occurring clays that
can be composited include clays from the montmorillonite and kaolin families
including the subbentonites, and the kaolins commonly known as Dixie,
McNamee, Georgia, and Florida clays. Others in which the main mineral
constituent is halloysite, kaolinite, dickite, nacrite, or anauxite may also be used.’
The clays can be used in the raw state as originally mixed or subjected to
calcination, acid treatment, or chemical modification prior to being combined

with the at least one zeolite.

[0030] It is preferred that the porous matrix or binder material comprises at
least one of silica, alumina, or a kaolin clay. It is more preferred that the binder
material comprise alumina. In this embodiment the alumina is present in a ratio
of less than about 15 parts zeolite to one part binder, preferably less than about

10, more preferably less than about 5, and most preferably about 2.

[0031] The first reaction stage can be comprised of one or more reactors or
reaction zones each of which can comprise each of which can comprise one or
more catalyst beds of the same or different solid acidic material. Although other
types of catalyst beds can be used, fixed beds are preferred. Non-limiting
examples of suitable bed types include fluidized beds, ebullating beds, slurry
beds, and moving beds. Interstage cooling or heating between reactors or

reaction zones, or between catalyst beds in the same reactor, can be employed.



95 1.0 Exanple 2 [0042] This exanpl e denonstrates the advantage of the

I nvention of adding an acid catal yst conponent to a HDS catal yst system
when treawvorgodmss3ni t r ogen content feeds. As separate pacriuskes/0104CF- 756
was | oaded into the reactor mxed with a faujasite type solid acid, ECR- 32
(U. S Pat. No. 4,931, 267), having a Si :1§\I_ ratio of 13:1 and a Pt |oading of
0.9 wt.% Pt (the Pt was added by incipient wetness inpregnation of an
aqueous Pt salt solution foll owed by cal ci nation as is conventional). The

2009103556 2Be iR o8P HE o i B hor T Ao BN i Ruch

yat em anded i bl %?"‘fcﬁS’ﬁttﬁ%ﬂ?‘ﬁéﬁ{@vﬁ%‘”ﬁ@é‘?gﬁ%ﬁ?ﬁ%ﬁ?‘%ﬁ%‘&‘?‘%Eie The S

resul ts omahhts optipgurnreadticl ensperaturesicihbe fart @agily maintained.
[0032] The first reaction stage is operated under conditions effective at
isomerizing at least a portion of the sulfur-containing compounds present in the
contacting stage effluent thus producing at least a first reaction stage effluent. It
is preferred that the effective conditions in the first reaction stage be selected
such that at least a portion of the alkyl groups present in sterically hindered
sulfur-containing compounds are isomerized to form a less or unhindered sulfur
containing compound. It is even more preferred that the effective conditions in
the first reaction stage be selected such that at least a portion of the alkyl groups
present in sterically hindered dibenzothiophenes("DBT's") are isomerized to
form a less or unhindered DBT.. Isomerizing the alkyl groups of sterically
hindered sulfur-containing molecules, such as DBT's, is important because these
molecules typically do not undergo direct hydrogenolysis but are desulfurized by
the indirect hydrogen route, and it is also known that desulfurization is limited to
hydrogen pressure in the reactor. - At higher pressures, hydrogenation of
sterically hindered sulfur-containing compounds such as DBT's is facile, but at
low to moderate pressures, it is difficult to desulfurize the sterically hindered
sulfur-containing molecules without resorting to higher reactor temperatures,
which shorten catalyst life. Thus, the present invention achieves better
desulfurization of diesel boiling range feedstreams by isomerizing the alkyl
groups of the sterically hindered sulfur-containing molecules, such as DBT's, to
form less or unhindered sulfur-containing molecules which readily desulfurize at
low to moderate hydrogen pressures through hydrogenolysis. By low to
moderate hydrogen pressures, it is meant 50 to about 1000 psig, preferably about
75 to about 800 psig, more preferably about 100 to about 700 psig, and most
preferably about 150 to about 600 psig. In another embodiment, low to



Table 2 Catal yst Feed N (wppm as THQ HDS RVA conparison with KF-756 on
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WO 2009/035532 PCT/US2008/010407

-16 -

moderate hydrogen pressures refer to pressures less than about 800 psig, or less
than about 700 psig, or less than about 600 psig, or less than about 500 psig. In
still another embodiment, low to moderate hydrogen pressures refer to pressures

of at least 50 psig, or at least 100 psig, or at least 150 psig, or at least 200 psig.

[0033] At least a portion of the first reaction stage effluent, preferably
substantially all, is conducted to a second reaction stage operated under effective
hydrotreating conditions wherein it is contacted, in the presence of hydrogen-
containing treat gas, with a second catalyst. The contacting of the at least a
portion of the first reaction stage effluent with the second catalyst produces at
least a desulfurized diesel boiling range product stream. Suitable second
catalysts are hydrotreating catalysts that are comprised of at least one Group VIII
metal oxide, preferably an oxide of a metal selected from Fe, Co and Ni, more
preferably Co and/or Ni, and most preferably Co; and at least one Group VI
metal oxide, preferably an oxide of a metal selected from Mo and W, more
preferably Mo, on a high surface area support material, such as, for example, at
least one of silica, alumina, or a kaolin clay. Other suitable second catalysts
include zeolitic catalysts, as well as noble metal catalysts where the noble metal
is selected from Pd and Pt. The Group VIII metal oxide of the second reaction
zone catalysts is typically present in an amount ranging from about 0.01 to about
20 wt.%, preferably from about 0.1 to about 12%. The Group VI metal oxide
will typically be present in an amount ranging from about 1 to about 50 wt.%,
preferably from about 5 to about 30 wt.%, and more preferably from about 10 to
about 25 wt.%. All metal oxide weight percents are on support. By “on
support” we mean that the percents are based on the weight of the support. For
example, if the support were to weigh 100 g. then 20 wt.% Group VIII metal

oxide would mean that 20 g. of Group VIII metal oxide was on the support.

[0034] The second catalysts used in the second reaction stage of the present

invention are preferably supported catalysts. Any suitable refractory catalyst
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support material, preferably inorganic oxide support materials may be used as
supports for the catalyst of the present invention. Non-limiting examples of
suitable support materials include: zeolites, alumina, silica, titania, calcium
oxide, strontium oxide, barium oxide, carbons, zirconia, diatomaceous earth,
lanthanide oxides including cerium oxide, lanthanum oxide, neodymium oxide,
yttrium oxide, and praseodymium oxide; chromia, thorium oxide, urania, niobia,
tantala, tin oxide, zinc oxide, and aluminum phosphate. Preferred are alumina,
silica, and silica-alumina. More preferred is alumina. Magnesia can also be
used for the second reaction zone catalysts. It is to be understood that the
support material can also contain small amounts of contaminants, such as Fe,
sulfates, silica, and various metal oxides that can be introduced during the
preparation of the support material. These contaminants are present in the raw
materials used to prepare the support and will preferabiy 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 to 4 wt.%, and more preferably from about 1 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.

[0035] As previously stated, the first reaction zone effluent is contacted
with the above-defined second catalyst in a second reaction stage under effective
hydrotreating conditions to produce at least a desulfurized diesel boiling range
product stream. By effective hydrotreating conditions, it is meant those
conditions chosen that will achieve a resulting desulfurized diesel boiling range
product stream having less than 50 wppm sulfur, preferably less than 15 wppm
sulfur, more preferably less than 10 wppm sulfur. These conditions typically
include temperatures ranging from about 200°C to about 450°C, preferably about



11 2.3 4.3 95 1.5 1.5 [0043]As can be seen in Table 2, the benefit of the
acid isonerization conponent increases as the nitrogen | evel of the feed
decr easeswOh@/i3E82RVA activity inprovenent at the saneportusegsnidierd | evel
increases from1l.5 to 4. This activity increases is a multiplier of the
benefit seen for |low nitrogen feeds. Thgis, the conbined hydrotreating/acid
catal yst systemon the feed with O wppnm nitrogen as THQ di spl ays greater
than 10X the activity of KF-756 alone on the feed with 95 wppm nitrogen as

THQ Signifi tl bacrease i tiwvit t.he . comi .
hydr ot r ea#(#]?&c?%d"&g?él @5’?‘°§§/Bfeefﬁﬁ%iy §é‘é'ﬁty3é8%ﬁ té?taqoblglg Pﬁ?‘ﬁ FEPRL i t r ogen
feed | evel s: t M ' T Hi s
tomonst 1 oh ST HEEFRATLEEVE R ORVEISV DRI f6RORAATD THERbGRDOMETE S cary
to reap tpefiabpf from Mouties p6 abent Shrflvat hyaltogéx gaptreatrates range from

200 to 10000 scf/B, preferably 500 to 5000 scf/B. Any effective pressure can be

utilized, and pressures typically range from about 4 to about 70 atmospheres,

preferably 10 to 50 atmospheres.

[0036] The second reaction stage can be comprised of one or more fixed
bed reactors or reaction zones each of which can comprise one or more catalyst
beds of the same or different second catalyst. Although other types of catalyst
beds can be used, fixed beds are preferred. Such other types of catalyst beds
include fluidized beds, ebullating beds, slurry beds, and moving beds. Interstage
cooling or heating between reactors, or between catalyst beds in the same
reactor, can be employed since some olefin saturation can take place, and olefin
saturation and the desulfurization reaction are generally exothermic. A portion
of the heat generated during hydrotreating can be recovered. Where this heat
recovery option is not available, conventional 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.

[0037] In one embodiment of the present invention fhe first and second
reaction stages are combined to form one reaction stage. In this embodiment, at
least a portion of the contacting stage effluent is conducted to a single reaction
stage wherein it contacts a catalyst system comprising the first and second
catalysts described above. In this embodiment, the first catalyst comprises from
about 1 to about 90 percent of the catalyst system, i.e. total catalyst loading, of
the single reaction stage while the second catalyst makes up the remainder. The
first catalyst and the second catalyst may be combined in a single catalyst

particle. It is preferred that the first catalyst comprises from about 1 to about 50



[0044] This exanple illustrates the inportance of an acid catalyst for the

I nvention. Five catalyst systens were tested on the 11 wopm N as THQ f eed
used i n Bxarzpdosissander simlar conditions (three of thecrtaSalgsisoner e

al so tested at a higher tenperature, 350C) follow ng a standard
sulfidation. The first systemwas the ggne as used in Exanple 2, but KF-756
made up 89 w. % of the catalyst load and the 0.9 wt.% Pt on ECR-32 (13:1
Si:Al) was the remaining 11 - 22 - wt.% The second catal yst was an 80: 20

S A 1 e PeegeC et 10 Sy foqti of 1he BB R5H0n g es, MPrPRERLST
KF- 756 angs Qs ¥ abbuts 30 dstPretérabfy 330@ 1040 abot1® 5t Alrthiy &ﬁb@(‘?}iﬁént,""as an

80:20 mixture of 1CF-756 and 0.5 wt"”. % Pt on a commerci al anor phous

si | i ca- al the simgleatadtitat stagé\Barl be conprsedtofroed drymbkFfixddhbed rewtorsairal yst
was 0.9 wt.% Pt on alum na (a non-acidic support). Pt was added to the
support s xdagtionzones canhadf whidhoehn eampriseqnerpt mare catadystdeds of thyf sathe  HDS

W th'| O PER Syt MalbonelpUres pestad eualyShvile caodte Wacth RER- 756 o

11 wopm Nyf gedeHref2pdd. &ichidtheiy et ofBtalyst beds include fluidized beds,
ebullating beds, slurry beds, and moving beds. Interstage cooling or heating
between reactors, or between catalyst beds in the same reactor, can be employed
since some olefin saturation can take place, and olefin saturation and the
desulfurization reaction are generally exothermic. A portion of the heat
generated during-hydrotreating can be recovered. Where this heat recovery
option is not available, conventional 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. This embodiment of the present invention may be especially
attractive to those with existing hydrotreating units because one can simply
substitute the percentages of the first catalyst outlined above for the

hydrotreating catalyst already employed.

[0038] The above description is directed to several embodiments of the
present invention. Those skilled in the art will recognize that other embodiments
that are equally effective could be devised for carrying out the spirit of this

invention.

[0039] The following examples will illustrate the improved effectiveness of

the invention, but are not meant to limit the invention in any fashion.

Example 1

[0040] This example demonstrates the HDS activity advantage for HDS of a

lower nitrogen content feed at equal sulfur content. A severely hydrotreated
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virgin diesel feed having a boiling range of 117°C to about 382°C, a 50% TBP of
306°C, an API gravity of 36.8, and containing less than 1 wppm sulfur and 1
wppm nitrogen was spiked with 4,6-diethyldibenzothiophene ("DEDBT") to
increase the sulfur content of the virgin feed to approximately 500 wppm sulfur.
The feed was also spiked with the nitrogen containing compound
tetrahydroquinoline ("THQ") to make feeds with nitrogen concentrations of 11

and 95 wppm.

[0041] The feeds were hydrotreated with a commercial cobalt molybdenum
on alumina catalyst marketed as KF-756 under conditions including
temperatures of 325°C, pressures of 300 psig H,, and hydrogen treat gas rates of
1000 scf/B. Before hydrotreating the KF-756 was sulfided in the gas phase with
10% H,S/H, using conventional methods. As can be seen in Table 1, at an '
equivalent Starting feed sulfur level, KF-756 displays greater HDS relative

volumetric éctivity (RVA) on lower nitrogen feedstocks.

Table 1
Catalyst Feed N (wppm) as THQ HDS RVA comparison
with KF-756 on 95 wppm
N Feed
0 2.7
11 1.9
KF-756 95 1.0
Example 2
[0042] This example demonstrates the advantage of the invention of adding

an acid catalyst component to a HDS éatalyst system when treating low nitrogen
content feeds. As separate particles, KF-756 was loaded into the reactor mixed
with a faujaéite type solid acid, ECR-32 (U.S. Pat. No. 4,931,267), having a
Si:Al ratio of 13:1 and a Pt loading of 0.9 wt.% Pt (the Pt was added by incipient
wetness impregnation of an aqueous Pt salt solution followed by calcination as is

conventional). The KF-756 made up 80 wt.% of the total catalyst loading and



1.5 80:20 (ww) ICF-756 + 0.9 wt.% Pt on Alumna 1.0 1.0 [O0045]As seen in
Tabl e 3 the conbination of KF-756 and an acid catalyst is effective even
when t he woantywmys3ef acid sites is reduced, such as 1) kpgTaspiogsiwat
reducti on when the anpunt of acid catalyst particles mxed with the
hydrotreati ng catal yst is | owered by _ag&rioxi mately half, e.g., the 89:11
m xture of I1CF-756 and 0.9 w.% Pt on -32 (13:1 Si:A); or 2) a chem cal
reduction, when less alunmna is added to the acid catal yst, but the

0.9

e oo pr - oltereras? pEdetiAidPhde fo e B fing e nZ e TR TR R 1 o6
on the aC{V@r&E%&'eé’s%td QR4 thO catalyd® systeinl ﬁ%er%ﬂnllﬁﬁc&%iﬁﬁ@%l‘léwi@% E)[]ﬁ

nunber of acid sites present orf the catalyst Is sufficient under

pl at i num standaridsulfidatidry dThé resalisiod thiscexperidicnt asd shiowsh is yisd Table.al so

effective when a |lower strength acid catal yst, i.e., an anorphous
silica-alunina is used, as in the 80Table@ xture of 1CF-756 and 0.5 wt. % Pt
on Catalyst Feed N (wppm) as HDS RVA HDS RVA
' comparison with comparison with
THQ KF-756 on equal KF-756 on 95
wppm Nitrogen wppm Nitrogen
Feed Feed
80:20 (w:w) KF- 0 4.0 10.8
756 + 0.9 wt.% Pt 11 2.3 4.3
on ECR-32 (13:1 95 1.5 1.5
Si:Al)
[0043] As can be seen in Table 2, the benefit of the acid isomerization

component increases as the nitrogen level of the feed decreases. The HDS RVA
activity improvement at the same nitrogen feed level increases from 1.5 to 4.
This activity increases is a multiplier of the benefit seen for low nitrogen feeds.
Thus, the combined hydrotreating/acid catalyst system on the feed with 0 wppm
nitrogen as THQ displays greater than 10X the activity of KF-756 alone on the
feed with 95 wppm nitrogen as THQ. Significantly, an increase in activity by
the combined hydrotreating/acid catalyst system is seen even at low (non-zero)
nitrogen feed levels as demonstrated on the 11 wppm nitrogen as THQ feed.
This demonstrates that complete removal of nitrogen from a feed is not

necessary to reap the benefits of the present invention.

Example 3

[0044]

invention. Five catalyst systems were tested on the 11 wppm N as THQ feed

This example illustrates the importance of an acid catalyst for the

used in Example 1 under similar conditions (three of the catalysts were also
tested at a higher temperature, 350°C) following a standard sulfidation. The first
system was the same as used in Example 2, but KF-756 made up 89 wt.% of the
catalyst load and the 0.9 wt.% Pt on ECR-32 (13:1 Si:Al) was the remaining 11



EAB- 11. However, when a relatively non-acidic support such as alumna is
used in place of the acidic support, no activity enhancenent is observed.
Rai si ng twe 2ve@mse33at ure of the system does not result i RCRUSa@BIOVI4DY boost
for the 1CF-756 and 0.9 wt.% Pt on alum na system but the activity
enhancenment for the 80:20 m xture of 14756 and 0.1 wt.% Pt on ECR-32 or
0.5 wt.% Pt on EAB-11 is nuintained. anpl e 4 [0046] This exanpl e
illustrates that a noble nmetal such as platinumis not necessary for the

Conbi ned T andnparr el cddR S A Ee0 (TRPLRRARE LER TS0 AIGERIH o °

conbi ned an 8 %
m xture RER R 3060 dla §i AMFatigvar 6B: MerR tﬂiﬂtﬁyﬂal aﬂwsﬂ and
extrudedoft)%gllégﬁjel?gzqﬂmlvbos ar?d Co0 [evel Sll n the fini shed ca?,al yst were
appr oxi mare 8Y:200% ar)dnbure eBKRECT56/and 0. 1TWe %vBO8n RGR BP0 : h§1aedpmni um

hept anol ybdate in two i npregnations to i d@gl ent wetness, Wi t
appr oxi malhe Jourth catalystisvastan 3R 0 maixtene efdskd Sorand @ Srwt- & Py %laegnat i on and

one-thi rd?%ﬂg}qgglla{bden m addﬁgf} |@'r11‘tlt Flr}e?(} congﬁd% ﬁlgnat | %ﬁ@ﬁf%syﬁg
| mpr egnat t 120C
for 2 hougg, tﬂ‘n !ké\ﬁﬁgt %ﬁ% GHAPQ th‘igg’ga BQﬁ-agld}E’%@\%mﬁ;gg@Q%V"as added

as cobal t ni ird Inpregnation to 1 nciplent e cobalt

| mpr egnat gddedipdoahy stip %é‘@ﬁs VRS éori\ﬂénﬁoh@lQﬂeﬂﬂﬁS I&BGﬂExatﬂ}ﬂB 2drTiedreaultd 30C for 2
hours, followed by ca nation at 500C for 2 hours. The catal yst was tested
after a ctha:vHE&axﬁadltystﬂBtﬁm@IareQShm’vmgl Thablegsneral conditions in Exanple 1 at
tenperatures of 325C and 350C with or 11 ppmN as THQ in the feed. The
results of the HDS activitytesting fr'ag Shown in Table 4. WO

2009/ 035532PCT/ US2008/ 010407 - 24 - 1e 4 Catalyst Feed N (wpm as THQ

Catalyst HDS RVA comparison | HDS RVA comparison
with KF-756 on 11 wppm | with KF-756 on 11 wppm
N feed at 325°C N feed at 350°C

89:11 (w:w) KF-756 + 1.6 ---

0.9 wt.% Pt on ECR-32

(13:1 Si:Al)

80:20 (w:w) KF-756 + 22 -

0.9 wt.% Pt on ECR-32

(66:1 Si:Al)

80:20 (w:w) KF-756 + 2.1 2.1

0.1 wt.% Pt on ECR-32

(66:1 Si:Al)

80:20 (w:w) KF-756 + 1.5 1.5

0.5 wt.% Pt on EAB-11

80:20 (w:w) KF-756 + 1.0 1.0

0.9 wt.% Pt on Alumina

[0045]

effective even when the quantity of acid sites is reduced, such as 1) by a physical

As seen in Table 3 the combination of KF-756 and an acid catalyst is

reduction when the amount of acid catalyst particles mixed with the
hydrotreating catalyst is lowered by approximately half, e.g., the 89:11 mixture
of KF-756 and 0.9 wt.% Pt on ECR-32 (13:1 Si:Al); or 2) a chemical reduction,
when less alumina is added to the acid catalyst, but the particles are kept
constant, €.g., the 80:20 mixture of KF-756 and 0.9 wt.% Pt on ECR-32 (66:1
Si:Al). Reducing the platinum from 0.9 to 0.1 wt% on the acid catalyst had no



Tenperature (C) HDS RVA conparison with KF-756 80:20 (w.w) Al 203: ECR- 32
(66:1 Si:Al) with 20 M % Mb03 and 5 wt.% Co0 0 325 2.1 11 325
WO 2009/035532 PCT/US2008/010407
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effect on the HDS benefit, as the number of acid sites present on the catalyst is
sufficient under both platinum amounts. The hydrotreating and ;acidic catalyst
system is also effective when a lower strength acid catalyst, i.e., an amorphous
silica-alumina is used, as in the 80:20 mixture of KF-756 and 0.5 wt.% Pt on
EAB-11. However, when a relatively non-acidic support such as alumina is used
in place of the acidic support, no activity enhancement is observed. Raising the
temperature of the system does not result in an activity boost for the KF-756 and
0.9 wt.% Pt on alumina system, but the activity enhancement for the 80:20
mixture of KF-756 and 0.1 wt.% Pt on ECR-32 or 0.5 wt.% Pt on EAB-11 is

maintained.

Example 4

[0046] This example illustrates that a noble metal such as platinum is not
necessary fér the activity advantage, and that the acidic and hydrotreating
component may be combined in one pérticle. The catalyst system consisted of -
an 80:20 wt.% mixture of alumina and ECR-32 (66:1 Si:Al) which were ground,
mixed, and extruded together. The MoO3 and CoO levels in the finished
catalyst were approximately 20% and 5%, respectively. The MoO3 was added
as ammonium heptamolybdate in two impregnations to incipient wetness, with
approximately two-thirds the molybdenum added in the first impregnation and
one-third the molybdenum added in the second impregnation. After each
impregnation the catalyst was left in a hood overnight, then dried at 120°C for 2
hours, followed by calcination at 400°C for 2 hours. The CoO was added as
cobalt nitrate in a third impregnation to incipient wetness. The cobalt
impregnated catalyst was left in a hood overnight, then dried at 120°C for 2
hours, followed by calcination at 500°C for 2 hours. The catalyst was tested
after a conventional sulfiding using the general conditions in Example 1 at
temperatures of 325°C and 350°C with 0 or 11 ppm N as THQ in the feed. The
results of the HDS activity testing are shown in Table 4.
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aci d cat aljyst Although the catalysts are not exactly equivalent, the 2.1x activity

advantage is far greater than possible for simple impregnation of CoMo on

alumina vs. a state of the art catalyst such as KF-756. The acid component is

responsible for the increased HDS activity. The addition of 11 ppm N as THQ

removed the activity contribution of the acid component at 325°C, but a

substantial HDS activity advantage was regained upon increasing the reaction

temperature to 350°C. This temperature dependence is probably due to the

greater metal loading on the acid component of the support vs. the prior

examp'les with platinum. The greater metal loading covered a substantial

number of the acid sites of the catalyst, and the few remaining sites were

poisoned by the nitrogen added to the feed. As expected the higher temperature

altered the equilibrium of nitrogen adsorption on the catalyst and the activity

benefit of the active component was regained. In comparsion, as seen in

Example 3, the HDS activity of the 80:20 (w:w) KF-756 and 0.9 wt.% Pt on

alumina system did not respond after raising the reaction temperature to 350°C,

because the alumina catalyst system lacks sufficiently strong acid sites. It could

be expected that further optimization of the co-extruded ECR-32 / alumina

would lead to an activity boost at the lower temperature in the presence of

nitrogen. The important feature of this invention is that a noble metal such as

platinum is not necessary to obtain an activity benefit from the acid catalyst



- 25 - conmponent. Furthernore, the exanple illustrates that the standard
hydrotreating support and the acidic support conponent may be intimately
m xed t ogwOhee9/i3ss3the sane particle rather than physi calPCy/useoosdieand still
obtain a catal yst according to the invention. Exanple 5 [0048] This exanpl e
denonstrates the effectiveness of the 'Qg\_/ention on a nitrogen-renoved
acid-extracted real feed. A previously hydrotreated diesel oil having a
boiling range of 127C to about 389C, a 50% TBP of 308C, an APl gravity of

36.5, 484 m syl fur,, and 8 m Nkt r n extr ' - W %
concent raf%ggﬁ?q%uﬁwlﬁmre’\%ggﬁgmq leg?rﬁh%gﬁatqéégﬁﬁ@g%%?n%% rO%i de to
neutraliz 1Y A3 ' ' ; | dDEER gnesi um
sul fate tgu I e 4 a S{Hodg%igt%% ?ﬁ 2 %pmﬁhﬁgﬁéﬁ{u%ﬁg%%iﬁﬁjgl y oerfg?half t he
sul fur i ntHehantt pareicleotathérshhn pligsiedllyintized ahtistitihsbiam a éathlyact i on of the
aci d-extracted oil was spiked with approxi mately 500 wppm sul fur as 4, 6-

di et hyl di acaesdimgdpribaényentobDBT") to | ncrease the anount of hindered sul fur
nol ecules in the feed. [0049]1CF-756 and a 88:12 ww m xture of |CF-756 and
0.9 W % pEahifpwson ECR-32 were liquid phase sulfided with a feed simlar
to the one used In Exanple 1 spiked with 6.5 wt% DVDS. The catal ysts were

tested with both the acid-extracted diesel oil and tge aci d-extracted
di esel oi [00481ked hhisexamme dgmanshatesitha stiectiyengss of the,ventieB @i Exanpl e

1. Results. h i;n Table 5. . Tabl I ' ith
- 750 ontiben el ariacied R il ARARYIRAY MR IRTRRSESSE O
aci d- ext r gedind Al GfRL rahde SPIXFE W ABbPBIBTC, a 50% TBP of 308°C, an API

gravity of 36.5, 484 wppm sulfur, and 85 wppm nitrogen was extracted with 1.5

wt% concentrated sulfuric acid, washed with dilute aqueous sodium hydroxide
to neutralize any remaining acid, washed with water, and dried over magnesium
sulfate to yield a product with 2 wppm nitrogen. Approximately one-half the
sulfur in the diesel oil is hindered dibenzothiophenes. A fraction of the acid-
extracted oil was spiked with approximately 500 wppm sulfur as 4,6-
diethyldibenothiophene ("DEDBT") to increase the amount of hindered sulfur

molecules in the feed.

[0049] KF-756 and a 88:12 w/w mixture of KF-756 and 0.9 wt% platinum
on ECR-32 were liquid phase sulfided with a feed similar to the one used in
Example 1 spiked with 6.5 wt% DMDS. The catalysts were tested with both the
acid-extracted diesel oil and the acid-extracted diesel oil spiked with DEDBT at

conditions similar to those used in Example 1. Results are shown in Table 5.

Table 5
Catalyst HDS RVA comparison | HDS RVA comparison
with KF-756 on acid- | with KF-756 on acid-
extracted diesel oil extracted diesel oil spiked
with DEDBT
88:12 (w:w) KF-756 + 1.3 1.4
0.9 wt.% Pt on ECR-32




88:12(ww) ICF-756+ 0.9 wt.% Pt on ECR-32 1.3 1.4 - 26 - [0050] The

catal yst systemw th ECR-32 acidic conponent exhibits a 30% activity credit
on the acwo-eosassssted di esel oil over KF-756 al one. Spi lcmgistévs/010407
acid-extracted diesel oil wth additional hindered di benzothi ophenes
increases the activity credit relative,go KF-756. The invention

ef fectiveness increases as the fracti o of hindered di benzot hi ophenes in a

feed increases. - 27 - CLAIM
[0050] The catalyst system with ECR-32 acidic component exhibits a 30%

activity credit on the acid-extracted diesel oil over KF-756 alone. Spiking the
acid-extracted diesel oil with additional hindered dibenzothiophenes increases
the activity credit relative to KF-756. The invention effectiveness increases as

the fraction of hindered dibenzothiophenes in a feed increases.



1. A process for producing |ow sulfur diesel boiling range product
conprising: (a) contacting a diesel boiling range feedstream having
a boiling range of from about 451 F. to about 800 F., the feedstream
cont ai ni ng organically bound sul fur nol ecul es and nitrogen-contai ni ng
conpounds, with a material in a contaggLng st age operat ed under
conditions effective at renoving at |east a portion of said

ni trogen-contai ning conpounds in said diesel boiling range feedstream
thereby p ilng at | east a contacting stage effluent conprising at

| east a EEQH oi ling range effluent containing organically bound
sul fur nol ecul es and having a reduced anount of nitrogen-containing
conpounds; and copntacting at | east .a portion_ of said_ contacting
stage eff l'uAePﬂioceS% ?%r prefuging; lP‘é’tsuﬁ%f{%%SbePl%@gar@égw@M ERMPIRF
conditions effective at isonerizing at |least a portion of said

organi cal 'y baupebntddtihgls diE6d] D6 HIng Sanke tf€bddtrdabd Bdvirtedd Wil raR QBN fhoth Fbut
at | east one solid acidic conponent having an al pha value in the
range of about451° Fotoabent808DF Hsrfeesstrenny enidinige arganisaky bennglispifer
reacti on stag " L) e . .

hydr ogen- cont g}lﬁlgndééé?‘?l g gtltltﬁ%grsl 1c$£|1thﬁ-%{{ grsL glggﬁﬁﬂsé‘gﬁggﬁﬁﬁagﬁg cc%l tearC té?%%age
under effecti vapetnadnodercanitignecfifdiive ansmwihg atlesse e ponfioa af adig sitrogen-

sel ected fromhydrotreating,catalysts .c risi t |egst one oup
VHIT et al | oxiGE TS SEoRHLt o etk E deareRrae diy dpytucing a
produci ng at lleash céntatgingsfagé kﬂl@%t@bﬂx?ﬁ!sin@@”bésﬁg d_fe@él%ilﬁlg%’dg‘étefﬂuent

stream 2. The process according to claim1l wherein the diesel

boi | i ng r ange PBEHERS @aricadlytbonnd sulfs golwgles aubhapiigm slesed gawuntpt The
process accor %@%h%ogéaﬂ%ﬁg?o Sh&: Pn& he nitrogen present in said
ge feeds

di esel boiling ra ream | nél udes carbazol e and/or substituted
carbazoles. - 28 - 4. The process according to claim3 wherein the
f eedst r eam i ndblLeteiactug ftleast ppeitien bbsaid efntatiog stegd ¢flutritnder ed
organi cal ly bound sul fur nolecules. 5. The process according to

claim4 wherein Saiég iﬁ%}ﬁ?ét ﬁe%k!ié/n {419 RkdndaVofidiibYs JRUA% AYdttizing
nol ecul es are di benzot hi ophenes.
at least a portion of said organically bound sulfur molecules with a first
catalyst comprising at least one solid acidic component having an alpha value
in the range of about 1 to about 50 thereby producing at least a first reaction

stage effluent; and

(ii) in the presence of hydrogen-containing treat gas, in a second reaction
stage operated under effective hydrotreating conditions with a second catalyst
selected from hydrotreating catalysts comprising at least one Group VIIT metal
oxide and at least one Group VI metal oxide thereby producing at least a

desulfurized diesel boiling range product stream.

2. The process according to claim 1 wherein the diesel boiling range feedstream contains

about 50-2000 wppm nitrogen.

3. The process according to claim 2 wherein the nitrogen present in said diesel boiling range

feedstream includes carbazole and/or substituted carbazoles.



6. The process according to claim1 wherein said first and second
reacti on stages conprise one or nore catal yst beds selected fromthe
group consisting of fluidized beds, ebullating beds, slurry beds,

fi xed beds, and novi ng beds wherein each of said one or nore catal yst
beds contains a catalyst suitable for thgreaction zone in which the
catal yst bed is located. 7. The process according to claim1l wherein
said material is selected from Anberlyst, alumna, silica, sulfuric

aci d, sp sul furic |d 0 ed fro n .al kyl atjqn ni t
Sy TP P e i o8 Al 2ol e R RhbR: RlRFFPe o
conpoundsstérically Ainldyredd efanizally béundaiifur ileledit&. process according to
claim7 wherein said nmaterial is selected fromsulfuric acid and

spent sul furic acid obtained froman al kylation process unit. 9. The

process afahe@rdigsst@citingd 8laith & ftieteirs &idistBidallyy haldefd Ri@nitall g healdenl fur
than about 75 wt. %sulfuric acid. 10. The process according to
claimi1 vHeeess aé‘éflt!l’e’é%ﬂﬂilﬁp}&éf’%l c conponent of said first catalyst is
selected fromcrystalline or anorphous al um nosilicates,

al um nophosphat es, and silicoal um nophosphat es, sul fated and

t ungst at &l LHF PEASRFSACCRH BBt Caih § Whiren wg BF #pegndggaaeion stages comprise

het er opol yaG) %r@éatﬂ?iﬂb‘é@s{ée}/ﬁ%ﬁedtfﬁ% #eferoup Jc]mm%h’% JF rﬂﬁﬁﬁ’z%a bd %ﬂla’fiﬁgt 0

claim 10 wherein said first catalyst |s a zeo e or nol ec sl eve.
- 29 - ldsFhenprededied dedsorutl mgving b@dsayhnrem egohef sdid osaoxjmmrercgtalyst

catal yst e A0ATDL BRAYS BT AINIJLER S oncl vy TOSHPEARS DA RTBLHLS

to claim refrn sal second ca se
hydrotreati ng catal ysts conpri sing about 0.01 to about 2096of a Goup

VI e o) 1R6be g SR, duhe ) SRR, A Ml Rl R AR Al

oxi de. I'0OCeéssS ccor erern sa
cat al yst a‘lmmhuh;emhaaosmm:sesldasmm mﬁhhea@dbbﬂamebfmdﬂm abkylﬁt&tnrpra(cess unit, and

mat eri al selqlted frPQﬁ I%y% %;Ilca and/or .netal oxides such as
al umi na @y other material known 1o be effective at removing nitrogen compounds from a

hydrocarbon stream.

8. The process according to claim 7 wherein said material is selected from sulfuric acid and

spent sulfuric acid obtained from an alkylation process unit.

9. The process according to claim 8 wherein said material contains greater than about 75 wt.

% sulfuric acid.

10. The process according to claim 1 wherein said solid acidic component of said first
catalyst is selected from crystalline or amorphous aluminosilicates, aluminophosphates, and
silicoaluminophosphates, sulfated and tungstated zirconia, niobic acid, and supported or bulk

heteropolyacids or derivatives thereof.

11. The process according to claim 10 wherein said first catalyst is a zeolite or molecular

sieve.



15. The process according to claim 14 wherein said suitable porous

bi nder or matrix material is alumna present in a ratio of |ess than
about 15 pails zeolite to one part hinder. 16. The process according
to claim1 wherein the first catalyst and second catal yst are
conbined in the sane catal yst particle._pd7. The process according to
claiml1 wherein the first reaction stage and the second reaction
stage are conbined to formone reaction stage. 18. A process for

pr oduci ng r % od rising; contagting a

f eedst realn% 1& #a? %c%%laﬁgdeg%g (baén}rﬁgWﬁ?lgln@gofﬁﬁto‘%ﬁa ??Sﬁé@mé’r?% Artial
boi | i ng pgduminosilicée. | east about 400 F., and has an end boiling point
of about 800F. or less, and that also cont ains organically bound

sul fur nolecules in the formof sterically hindered di benzot hi ophenes
and ni t r ofefMhe prucassractgding peluind 5 wheteirhsaid stad el daddlyst 3 salectedfidfi i ng

st age oper ted uynder conditions ffec i ve_ at nmo at | east a
portion ofYIEATRIRG f%iﬂg%ﬁcqswsmgm Ay %@ d@\bﬁ%ﬁ/ﬁof\s’aaﬁgwt\@&m@aﬂﬁde and

t her eby parb@duptorwboaisd@a%opa@%bmtmaaoimge effluent containing
organi cal |y bound sul fur nol ecul es and having a reduced anount of

ni trogen-containing conpounds; - 30 - (b) contacting at |east a
portion of4 g8k groeeRtadsdriling itiaae1 fhbleHedtd filt @idlyst %Inhreﬁé’&ﬁlir%@s #5a08le
operated under conditions effective at isonerizing at |east a portion
of said orqgensitéeder pr mewdnaeiial gelesied Bemlctaysapilios, andfdrmestal aidgs gush as
conpri si ng,.a}..l east one solid acidic conponent having an al pha val ue
in the range ot about 1 to about 50 thereby producing at |east a
first reaction stage effluent; and (c) contacting, in the presence
of hydr oggiiThoptagt 'a@&ralhg%ggﬂ% fherkB28ld BiRAL bhBE: &Ldér%?niatrf{&atemal
reaction stage"effluent step above I'n a second reactl

oper at ed nblernnepresnt inverahy df ety that abvgt tHpadtstzeolite tmbddpast ledeond

catal yst selected fromhydrotreating catal ysts conprising at |east
one G oup VIII netal oxide and at |east one Goup VI netal oxide

t her eby prodbeprogesstactmdist taclaies Livharcinzthe fidit estellystnad kecogd catalyst are
product str gam 1 The r cess f claim 18, wherein the first

cat al yst Cf‘i)g%l%ﬁﬁhﬁ §m\7§ SIS han about 30. 20. The process of
claim 18, wherein the first catal yst has an al pha value | ess than
about  10. 17. The process according to claim 1 wherein the first reaction stage and the second reaction

stage are combined to form one reaction stage.

18. A process for producing low sulfur diesel products comprising:

{(a) contacting a feedstream that includes 600° F.+ boiling compounds, has an initial
boiling point of at least about 400° F., and has an end boiling point of about 800° F.
or less, and that also contains organically bound sulfur molecules in the form of
sterically hindered dibenzothiophenes and nitrogen-containing compounds, with a
material in a contacting stage operated under conditions effective at removing at least
a portion of said nitrogen-containing compounds in said feedstream thereby
producing at least a contacting stage effluent containing organically bound sulfur

molecules and having a reduced amount of nitrogen-containing compounds;
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(b) contacting at least a portion of said contacting stage effluent in a first reaction
stage operated under conditions effective at isomerizing at least a portion of said
organically bound sulfur molecules with a first catalyst comprising at least one solid
acidic component having an alpha value in the range of about 1 to about 50 thereby

producing at least a first reaction stage effluent; and

(c) contacting, in the presence of hydrogen-containing treat gas, at least a portion of
the first reaction stage effluent of step b} above in a second reaction stage operated
under effective hydrotreating conditions with a second catalyst selected from
hydrotreating catalysts comprising at least one Group VIII metal oxide and at least
one Group VI metal oxide thereby producing at least a desulfurized diesel boiling

range product stream.
19. The process of claim 18, wherein the first catalyst has an alpha value less than about 30.

20. The process of claim 18, wherein the first catalyst has an alpha value less than about 10.





