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WD 2004/ 015032 PCT/ US2003/ 024924 PROCESS FOR
HYDROGENATI ON OF AROVATI CS | N HYDROCARBON FEEDSTOCKS
WGOCHNHEAINBNG THI OPHENEI C COMPOUNDS 5 Fiel d of PO®US2003/024924
I nvention The present invention is directed to a
process for the hydrogenation of aromatics using
ni ckel based catal ysts. Mre particul arl t e t
"icnicedR i SO b el SaTIoy e YD REAREON
i n hydr BEEPBERGlee6ONBIANING T HIQPHENEAT SREENDS
conmpounds, which are known to deactivate nicke
catal ysts and to substantially reduce catalyst life.
Background of the Invention Nickel-containing
catalysts are widely used to hydrogenate aronmatic
Figld epBigdaeention 15 vari ous hydrocarbon feedst ocks.
Bec afﬁ%%ré)sfentt)iﬂserﬁﬁ)?% el o prBbdss &l tﬁ@ﬁfdrxg%éﬁ&? of arﬁmatics
poi soni'fng by sultur conpounds conmmonly Tou In suc
usingeniskel bissd dabudydie dstenuakiscidarty, tier predehyinveietion elatdsze the
to a consi derable d ee prior to_being contacted.with
hygrpgeptiorat ama&wyé@ﬁ%[rwgﬁm feedsierk enifings ugphgaeic compounds,
WS Bre Knbwh %o B&ctiy5Ye OfERA c&QIé&\? TRl ko amRUALISIPledsid datlyst life.
Impurities to remain inth eedst ocks, 1ricl udi ng
aromati c sul fur conpounds, such as thiophene, 20

benzot hi pphene and di benzot hi ophene, which are
Baﬁggli‘)%‘gf’g&ﬁn‘f?&ﬂ%nous to supported nickel catalysts.

Bec ayigke1lcB8taRhS 8hINEs @fe Widekalsed B B}dYSdehatVardibhticdfompounds in
conpounds is a Sevefre world-w de problem extensive =
vagibusiiyslsodasthon foedstockenBaeauswiof the vensitviily of akkebeatalywsto ppisoning

an,. attenpt .to determ ne,the chani,sm,of. sul fur
by bR ngl St B Tof kGl TR APS 8 p o are pgprmatty
deSXAIREE to 4 BorsiiRravde Beddde MRS beilig Kontastad wiBaks nivkel Ratalyst.
den Hoed, W, Visser, ~C (1995); Fuel Vol. 74 No. 12,

Dyspita doslegdBsization step. ipisinebwncqgren fr smpll empusss ofpeRisimpurities
to ‘f&}xeﬁh P fh% af?égigjfo@% gnég%@ﬁ% ERURGC 9{11 ec%ﬁﬁ}fouﬁ&g Fl]?éh?aﬁgﬁigﬁhene,

was evalu rs conclu or a
beaadthiloyhdrg ané slitetzdthvphane; vahich apopatcilady pyisendub ty suppsrted
.the predoninate deactivation mechanism This study
1“?@8&%@F@& that sul fur absorption could be switched 30

from SBE?%‘%@t}fe%ﬁ@%ﬁlg%inMema%%s besmak QBﬁ'lbgltnﬁfé%Ss a severe

| ower sulfur content “in the feeds. However
wartheidededblemaextemsivengudies Imavb beén sandficied abeatqus laboragoreks in an

t d. I i f . surf l. Stil L. .
o oIS b E O S B RS P
redull@t FBMENampsllif tHe AR By HOERNE K WAAMdek, W. P deh ERled ! WD eVisser,

sul fur, but not with t |o(£henes. Wiile there nmay be

C.dil 9%y Beaidiol. HsNool 2 pp 1 B0 E3 e sphfiuimaisogingen asvarietr of nickel

ey Tom P st TSPl ies BERSRS PR o P Eghors conctuded
fof gedstcatkits tbaseasesuriie: 2ei0sHiRd 5P dA PGS U2 fedsiddR24
with the nol ecul ar wei ght and the caonpl exity of the

depgsivation sechgnisint fhissivdispggested that sulfur absorption could be switched
from surface to bulk using higher temperature and lower sulfur content in the feeds.

However, they concluded that moving into bulk sulfur absorption did not extend catalyst
life, as a surface layer still controlled catalyst deactivation. Others have reported that bulk
sulfur absorption can occur with thiol type sulfur, but not with thiophenes. While there
may be disagreement as to the precise mechanism of sulfur poisoning, it is generally

accepted that the toxicity of sulfur compounds found in hydrocarbon feedstocks increases
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conmpounds, such as thi ophene, benzothi ophene and

di benzot hi ophene being especially detrinental to
waizekisosat al ysts. A possi bl e expl anation for POTAIS2®3/024924

t hat hi gher nol ecul ar wei ght sul fur conpounds, such

.as_thi gphenei ¢ .co unds, . are t as, readil . )
withobe medsemii sveiaht an econiple st diemalehilp ot hierhensie

' d RE dhefPothidphsid dnd GEoedbothttphnCieh iall
co%%?%f%é?é %?ﬁ?ﬂgka sfabﬁe gurface spec?egghhich g%g?ﬁga Y
detrménia te aickelystalysis e poFiiile explasioptfoithisds thah hightremeleeular

GBS S A 95 e S B ORI b

. as d§@,r RAHRR 208 1&?@?%@,% 4nA8 arci 6D es Bh tldCRirface of the nickel

adsorption of sulfur conpounds reduces active sites,
cateltshfopmingastalde surfice spedigsoriick hlogks aqtive gatalysksifese dhis

based on,the sulfur in.the.feed. an .
adyiagnn §F ienrifero bRt AR s e e Sy} BBty believed o
beGfredi@bleduaty b hidH ledeebf AReHHios af deystaEmpiadds.t Since surface

hydr ogenate aronmatics in feedstocks containin

adsdrpgrhefiruifor eqmpids cedyepsaactiye sitasacatal ¥y yendars @g?faﬂ%? catalyst
LA f . N

NG S TSSO BTSRRI ey of

sulftieort thi epiissRaif checeamgipssn ckieh based catalyets tusahial hydrapeasts aromatics

_conditions taq be,aﬁgor,bed on 15 theﬁ@u face of thn’f )

in depdalpghst contaun BYORNSBRIE COBPPYSSceneTALY B SBOTIS%,cafifyst ks than

fe&ﬁto%ﬁ%&d‘ftﬂﬁl{ng %\veﬁﬁ&l@é\hbﬁ&eigb{%%ﬁ pARABIBHREARE of the tendency
operated 1 n Such a manner that thiophenelc conpounds

ofitlre thivphéedcsdnypdunds dnden copeintioml procdssamnilifimne ta beeadsorbed on
ni ckel sed catal yst l.oyed.in the, proces woul.d

B AL e deeheh ey it A eo el Fibts et tac an

arc?t%‘l s dHITREANB ProdRELERIRed Asush AR eithat tiR phEWeE dr@bunds

as "now been found, contrary to teachings in the
in irei foedserok,did heitpoides dr idfastivateshamickelibesed ca gmployed in the

cat al ys exposed tq.thippheneic¢ Toun ent. i
rigror Db B Sefst Silfco TRORERE! B ERTROH R e P SRR M impfoved
pr5&£§iderable periods of tinme by control of certain

process 25 conditions as hereinafter described.

Accordingly, the present invention is directed to an

I mr oV for the hydrogenation of aromatics in
&Hggﬁgéggﬁgﬁgggg stocks containing thiopheneic

C OBt vaBecnfoud, cotgary tdreadningyeh itleesprivr drtp thatthieilifetimes of

.being _conducted in a hyq%ogenation reactor, in_the
nigeed based calghysisiexResed i duePieatis FyEpUndgREcseRt i hydroprhen
E S o e R Rl B e rocess
contltiohs o heaeinafier detvaibed.hActdrilimghe el weseonipwentibs iadizected to an:

. deconposed _and .substanti al absor.bed.into the hul k

ImgRONIRecK B S B o rp A BRI PSP

cc}?&'ail‘ﬂﬁg ﬁﬂ&L}SH'éﬁeiE Q@m?&iﬁfs QE ifpuricl] {98 8Fonf2ie€ hi@Bgenation being
tenpefature fromthe start of the run, the

candiciphreylregenptiomtactaeinshpprssense of vickelrbaseit eatalysts. The

in%x;( © iéé{}l]’eréslggéﬁe%ggngo&e %?féirrc])%enzati\c/)%)reza%%%/a e:ll ?e%g’%on temperature

sufficiently high from the start of a run, that the thiopheneic compounds are decomposed

and substantially absorbed into the bulk of the nickel based catalyst. It has been found that
by operating the reactor at a higher reaction temperature from the start of the run, the

thiopheneic compounds decompose and enter into the bulk nickel, instead of being
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adsorbed on the surface of the catal yst, thereby
decreasi ng the poisoning inpact of the thiopheneic
woanpmusds and substantially extending the |ifecofustdes/o24924
catal yst. Brief Description of the Drawmngs 5 Figure 1
Is a graph show ng the effec% of reactjon Ienge[ature
adspabed o1 the sydrcsrithrcatalysteherebk dpcrgasing the poispniyg impact of the
bR IO ufd R b oy R¥Rh @58 HRORF A M alyst.,
ﬂn?ﬁ%%@?&@&tﬁ¥ﬁe ?§§ﬁ??§wa?e exprgssedein ternsyof as
aromati cs concentration in the product as a function
of __sulfur ure and reaction tenperature. Figure 2
Brief Deseqintion ozﬁg?&slﬁ’@m&?rsonati cs concentration in the

Progy g i bRkt B9 6AEBAR poisoni
\%%L%e p éééggagﬁ sh&@ln?)fﬁé aegpaf fefﬁéhd?ﬂc ter'ﬁtp @ poisoning

sol ck contalining different thiopheneic

of e mikeLicadiyst bydi thfophenic compeand ime hpdrocarbprysaleens feogdstock. The
aph show the at.tenpted recovery. of. deactivated ..
refli S Ry S a ety PRI U CE BIRyen de Qi pgict 594 Rnction of

sulhC4Pb e h&Y Rlastionlempel-airt ed Description of the ,
I nvention The present invention relates to an inproved

pr odegwe £ds a yaph shewimgianynatics sardestatiominiheprodaetdenm the

f.eedst ock ont ai ni ng & hi.aph i O0u e .
bR et g hapanybal S ARARRE Lo B AR EleRbhencic
coRDORAILNA Siffcdént USAsnfigli®isn. i s i ntended to include

relatively high nolecular weight aromatic sul fur .
conpberied isaermphshewingshertemmiehrse iy pha Aractivgfed nickel catalyst

di he ' Lke, which are known poi sons
bytrg&nnl éﬁ%&hﬁ’g@%@g alvéltlgj(?lsel.‘lleﬁ?‘he i nproved aronmati cs

hydr ogenati on process of the present invention
i nvolves ., contacting a hydrocarbon feedstock
Detghaddpeseripiion ofriBs et t hi ophenei ¢ conpounds wi t h

an agfl \é%ﬁﬂ%ngﬁﬁ%ﬁlreﬁ% elaf A RbVEE prbE’esf@ férﬁtﬂf]dg'énattﬁfg ?omatics

rel atli reaction tenperature romthe, star
in dfdiohabow feedFygiscahtayningthiephendia compodnds usikg nickal basgd catalysts.

Is "agtivated" 25 follow n rocedure.reca nded .
Therjerng SiopPeteis e ot e forBts g LR DR ARy iy pien
mblBMAAMAS TRERb RS $llBr ahpdbulE shdh dshBiopR&e! Bénzathiophene,

speC|f|e% heating rates and for specified periods of
dibenzethiophtheauidibe ﬁk;@ rddenargknen peisoeets nigkel ﬁ@s&i eptalysts.

cat st ther,eb acti LNng | ecd.fi . i:S .
St et anebd B RS SR B oh bR kR sl rvolves
confactifi€a hdibbarBorbickastbdk donerimiag atonsdtics Md tfophbseic compounds with

catalyst is "activated" the reactor is cool ed down and
angtivated nigkelibasesk eafal et i rqagtor.cl a éer‘lﬁfquiwgb dgacken temperature

S j t : C . " G "
BRSSP TEpiGARTh b thidlo BY 08 ShalysEROMINRC.
followingr aﬁﬁbéﬂrc]l)aéeeﬂecdﬁhmb_ﬁded Hyethp eatalystreadorc dl?htrFl[cﬁVaion procedure

aromati cs hydrogenation, reactors are nor start
usapllY oIy oesan8 WG PREDY e frasis 68iRssH isd peating gatse and for
T

actieapeyiat Sweeifically ahisatbptroduwenpiekelatxalef to midkhkmetab sThenlatter is the
activity

active site in"the catalyst. After the catalyst is "activated" the reactor is cooled down and

—

the run is started by introducing hydrocarbon feedstock into the reactor with hydrogen.
Because, nickel catalysts are generally believed to deactivate more rapidly at higher

temperatures, commercial aromatics hydrogenation reactors are normally started at the
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The basis for the present invention is the surprising
di scovery that by operating the aromatics
waypdiggsisat i on process at an el evat ed t enper at BCE/US2@®BAN024924
the start of the run, it is 5 possible to convert
t hi ophenei ¢ conmpounds into species fhat are diffused .
lowpst MpeRSFaIEs PRI IAGISLPIOBE SPRULFIORE! Al thegafalyst deactivates

',ﬂ.ﬁ RS W 6 HHB %39 adthAty.
ngaléﬁag?&gm%gga se oflgﬁﬁgﬁ%ﬁﬁc g?wcagglysts en%loygd
i n tThe basip fevhepreset dsentidn tshbe surpBsing disconeve that by gesrating the

lifetines, in sone cases tq.three tipes .or re.the ..
gt R EBTAORPEGST & puslealed oIl Tp Bl pttgT the ran, s
pogsﬁfé% o §6rﬁfeh'tﬂigﬁﬁcﬁﬁﬂ?&ﬁﬁﬁéﬁlﬁds thed pebid§ i hre el D BBsorbed into

overy is that if the process is operated at a
the bulkof theariglet eatalyst instead efl foymiag gutfies speeied yhich poison the catalyst.

deacti.vates, the activi anpot be restored . .
B GRS kel (Bt ttploved SR byl BliRFE s te invention have
lofdde iRt Rl in solnedBRRAPS o 18 (iRABS 6r bR thD LiIERIMERIf Catalysts run on
co

nmpounds are adsorbed on the surface of the catalyst
thesemaciood at aloswebstermgitemperatier of active sites, it is

di ffjcul,t to substantially.r.e I RV RAYE
Thugt Fer Ry B HAENEY WO R irestEb el tover
teﬂﬁF@fﬁ@lﬂé initRI§ TNt @i éa8ali @ dopeivates, thé @ctﬁﬁt?%@ﬁl&t&b réstored by raising
el evated tenperature fromthe start of the run, and
the temmerataraity clekiated fayslsdhergalies Hanperathat encedhs tionhepgis y
hi ah | . .
coggfad-i 4D s R SHELE of BINGUINE R ERRER shfbdil mumber of
actihé sifes) i isadiffoubed satstantinhereswialogsdctivity k This) sheday tothe
_ bei ng adsor be on the catalyst surf ﬁce. 20 The ter n%
impsqvef presess Hahe Drpser dnVFEHER P APFal§dhe PLOCESS 4t 8f gleyate
ErafiPd Bbm! tHe kbl f rtlgzattun, %ﬁﬁg %aﬁﬁgincﬁ?@f)ﬁbé‘és 3¥a temperature
I ophenel ¢ conpounds and hydrogen are first
suiffitieraiyhighd thahthe tiopheatcompoondsairesentjinghe éaedstock eaginue to be

CoEL @ R EPEy VHBA AT EaN AR iy vl yitced Bt il adsorbed
orPhb b¥alysoRrREQcedur e per se, which is normally ,
acconplished in the absence of feedstock. Wiile it js,
pr ef Brertewn t"stapraf tlee muné as wigd therein genermblyzsfersigithe peinhingime that

t rature fromthe tine f .
BRGSO AR PR B Bl pR P S REL P
rehd16r donthinih§ ainb® d2fRsk EharS€6B&:tive nicRtldRgatcdtalystfedtadef the run”

any point in time before the nickel catalyst adsorbs
geneplll doesmat ancledesmycatslyst pstoypiampiosedisepeitdhich is pergally

. T r ks i: NQi .

o HEhSR T puREDL FARLONE WA R o e
retjGir&t high tepapesdtaterfaa the timatecddtddki amdrindmnigen anf fitssinaroduced into
of the run", and 30 to be V\g) t %&2 the.scop (gf t gle .
thp Fassionthe el E1aEoT Ty H 8 PIPRAEE 65156 1t BHRREPL o ighide any point

. T t ' .
i GAE g D ARG Ml Wi RO ER ompouncs
oraits surfacei Thes, steoat ddlyystin bringing therreastorto the requir¢d/einpatature after

fixed-bed, downfl ow reagtor with a.fresh chargg. o "
fegdstopkyigroduchgn 15 sfig copRideisd Kvepmep SO G of the run', and

to't' Saatih G &@?@;ﬁ?@tﬁ& Ffe@ént%\}ehti&ﬁ essentially the same as

e reactor enmperature. Since )
The term "reaction temperature" refers to the temperature at which the

hydrocarbon feedstock and hydrogen make initial contact with active nickel catalyst in the

reactor. In a typical fixed-bed downflow reactor with a fresh charge of catalyst, the
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t he hydrogenation of aromatics is an exothermc
reaction, there will usually be tenperature

wdibd4gnsnsei al across the catal yst bed, with thecraaedosn24924
outlet tenperature normally being higher than the

"rqo6ha SO WHl B SRETANY (SN BY TSR D Hifigemperature. Since
thefgﬁﬁ{?%g?eigtl %stlésqsaﬂlewperﬁﬁmw tmeré Lyl gacdl vat e

rogenatlon of aromatics Wil occur in

terﬁpléismwxﬁffbrepnaltacms thof catdhpst bed amglstthe b@@tor wutlet tempenatire
nsuff

o b TR 53 S GEL A M e RS e o
of % Ef@’lﬁtthé’\fela&opﬁqtﬁQﬁéjgl%&eﬁ%xﬁ@s%@fé%qlﬁﬂ SorRpAmUS G811 @éactivate

e |nprove process of he present i nvention it is
ﬁrstg and lgalrogeationt ¢fearom®t1¢sea1¢hqcom 1n@rrb®qmnli pertigas of the catalyst bed

ok B SR S0 0S4 BRerl ARl it Hlaions
at WAHHAGAS @ﬁ%aﬂ‘a%%f’&ilpﬁtlﬂné@dhb bbeeptaRyerted to lnt o a

speci es which’is absorbed in the bul k of the nickel,

i nstleauctte pithadmprdsed begessiof theepresayt myeetiopr it {staitical that the

et iR st p s R W 0ect 83he RAFHRTER M T e

thioPh&RicdibntuBEs Sieskat Irehe hiy@dsarbsn! fdadmclcwﬂbke eghveited to into a
occur. 15°Wiile the reaction tenperat ure i.n a cor ance

spogieswhigh lé’pfrbég@ﬁd in thedwtk erth%avk@awtea@ ehsing adsorbed on the
i

soff R G Syt T 20 bt ok e Bl pSiabr E‘?Sﬁgmﬁﬁ‘e ¥&ktor ot
ext&AChe Rmpetnne ad vhich MWmeﬂhmesémmns)fsud:}tm aracking Will occur.

general | range from about 140C to .about 225C,

pr ef‘@hﬁ%ﬁ&ﬁ TPRHRP ATBRATATIIRT R APCPTEHSE VIDIGB e PreseRl myggtipn may vary
soflens! @e%leﬂd&% Bﬂ‘tﬂe@g{;vﬁ? o?‘lﬁ@ Wk Rfsed éﬁﬁ?& Hé[hgt ltb%d and the

oregoi ng teachi ngs and t 0 exanpl es;

aamnmdaafreemtdr@leslgm,sthe Bdacﬂlcbre‘@mpﬁramre fimnt thwhmrt crféh@tunowll generally

B S i i STRA SIS RS R o o Sl o, nd

ml')ﬁ ?éfél‘éﬁl i 15 0RY 1R oS BB ° € 0 BagddstBiht €Sregoing teachings and the
rogenat| on. O her suitable process conditions for

emmpte,s; mgvﬂ:b be appreeerit m@ﬂmwduléfrdoméhfr s whatagaeiparigmpeyatures to

BRSPS
reBRON twhEOmB$ b@ uted f@bﬁl‘dtnaﬁ@@hﬂﬁ@@na@ﬁﬁ a liquid hourly

space velocity (LHSV) of fromabout 0.5 to abqut 5.0,
pr ef@thabwtablem%wndﬂlqms o capaing oyt the impeNed gEomatcs

h}hdrll%g,e%l;{)%l oc£¥ dF ﬁgqﬂveﬁlﬁgﬁ H{Eﬁfde %Dco‘?r u&@@f &bghtﬂioo psig to about

OW 1S In € rang out
801*&&@ pﬁﬁ%ab]grfﬁfrﬁe abkbit)%OO pmghl@ahs(mn Geo pélgg‘ amim hbmdﬂloﬁﬂ%;pace
about 50% droca Ef?St 0C taBIe §§
valasty, (AR of #@frb Q.Sa AR oy Jtggbout 3.0.

of t I
B o Aty
th8 OB gk ©f ﬁbmﬁboﬁﬁm tambowt@AYa pmfcrgb]fyrm theaboge offfraembant 20% to

about 80 wlo aromatics, up to 100 wlo aromati cs,
ahoubp@eabl y from about 2 W to about 50 5 WO

20041—19&1%9%01? LR Q3184¢ 82 %se in the improved aromatics hydrogenation

process of the present invention include any hydrocarbon or mixture of hydrocarbons
boiling in the range of about 80°C to about 350°C and containing from about 1 w% to

about 80 w% aromatics, up to 100 w% aromatics, preferably from about 2 w% to about 50
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W aromatics. It is noted that in commercial practice

wi th higher aromatic concentrations in the feed, it
woOodypssal to dilute the feed with product reegTius2d06/024924

control heat release, thereby diluti ng t he act uaI

aromatic | evel reaching the catalyst. . in the reac
wo Beonmass.db o hal R ceMEFAT Al gEAGHSE SHit hp‘?l&]&f‘éﬁmaﬁm% qgcentrations
R S L R A L
thdré}:gfailhﬁing thet dvtual desiatie dexteé veabhing dlre @ty liethedeqetardi ng

roduct s eC|f|cah ns, t.o |levels

f .th
aborheamBrays SOmAIC Rigfogglion OSSRV ERis (PaLg employed

1o fe'&ﬁae @8 ?Hgnegtcg Q8ndtiratid i@ th@ﬁﬁ%carb(cﬁi 18d486kB BetoBreated to the

etection). Suitable feedstocks include |ight
deﬁrerd levady ﬁos@dampm slﬁpmdlrtgemprbéuct spgsifidations &e levelsof lesg than

PN TS RSN Vprar vy r B BB Yo B fler

vafu@ b@ﬁ,%%e ﬁlgltggrab{emugghenel C conpounds The i nproved
process of the invention is particul arl advant ageous
i n tSuigalle fredstacksAacludnlight ang deacaobisntss vihite atls, naphtha, kerosene,

o SERRNRSIRs o Ra bt g Y ARONGR Spppunts el
froRPEbdu® 020 103G 1 itgiaphedei doatpotiids. SkeMmiptoved process of
products ‘after 15 hydrogenati on include use_in

theimaentivgss pariicwerly gdvantageess ke deteoqpaiiztion phifspearkan solvent

oGRS I e AR B BIE S Mg o

ern’nic yst nmay

frdde alssTRIBOY@ th dbdut 80 Cpsplieatians domthe selvertytodgester on

process aof the inventjon.' This jncl u gs cat

I
hyémsa%t@a ipgfudepedn Aeatings (Painls W PISkes AL %P&BSHS?é@ﬁF@ﬂ( geaners,

- prifh@al SeRrt Ahsaklions: B aﬁﬁaee%@icay copr eci pi tati on

rre to ‘as k n| catal ysts. Supported
ni ckiely maderh yisitlee] biaded vatabypt tmey bs entplayed frethg nmpwsd elfomatlcs

hy]tiiyqegﬁa‘lflaatn@rﬁr&%gs &% )gh? &%,ggﬁéﬁal tlés WYudeB F%ﬁ]&?‘% br{p%‘etld 1mpregnat1on
re%ﬂ@&' bs ﬁ poped &cﬁ@%falﬁ% aoal BihésePréeedd Bpdopratspitation referred

be used in the process of the invention

‘tows bulkgmk@l eatalystha{iuppartem wiRkdl catglysenthieh way hpygead ipthsprpcess of

ot Grvafth orcesnpebe ey b PeRUFERpnE S sodle B3P ag Mottty v

préfefib®) froldabeet I@WW% tﬁabout@@tw%at]ﬁﬂk aickeuaedystwhieh yaily.be used
Thus, the overall range of_ nickel contents for the o
inthecpreress af g ieveniipy sulk generallyrave parickgh eontent dios abott 20 W to
@ ocC \s ) I
bPARYER HEER Bk A apSUSOL p ool PR AGHE. e

nitlee] bhteris @&Qihﬁbapécb@eﬁﬁalmywamd Knedecer) cmalystmTl]nns ghebverall range
other catalytic netals s do n

of.rmk@} o 00 e BRSA R BN IS faFast i GERBRGVE process of
th%uI o (?Hé fﬁ)?rgalgb%tfl Wt SdbuPBo Wg. JP% ickel édﬂz[lysqt@ﬁﬁfaﬁl% for use

supports or supported nic based tatal ysts
inithe prastant pﬂ)@egsrmammelude nﬁmcmatrmu;atsa)f jottes catakytic awtals as long as such
al u si li ca, i,ca al unm na zi rconia and
mglaligloriat BFTSere P B RECORPGALAR OF L ioBhST i oripih Buld
fogE GRS thbQk RAfG gl | y preferred supports. The 6
Suitable supports for supported nickel based catalysts include one or more
refractory oxides such as alumina, silica, silica alumina, titania, zirconia and combinations

thereof. Alumina, silica, or mixtures thereof, are particularly preferred supports. The
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the final catalyst may range from about 40 n2 /g to
wahowt01369 n2 /g, preferably from about 80 nM2PCEUS2003/024924

about 250 n2 /g. The follow ng exanples will serve to

illustrate the invention disclosed herein., These 9
BEGaniorearea Ob therfinaheriel ysinay BEESTRBRANGUHO T (2 aPay 390 ™ /2

a8/c.5 limting the scope

preg%g}i’]%%%\g/%%i%g%/g?&a%%/(;u\?\gsq Tgose skilled in the art

Wi | IThe éslingring examaplys will seate orifustiate theayveptomdidelosed herein.

TSI ARG oFl 1 6 eagbpl s GRise Ao 00 AREbe construed as
limﬁgﬁgﬁ%ts@ﬁ)et&f tHEMRBRIBh and RRyeThesd skifled i aed érEWlill recognize

erature on the polsoning of supported nickel
mangtvatiytiins thet eahyf erméadedvitlyen dcpamﬁiungngomﬁw pritibefibe disclosed
. feedstocks containing thiophenei c conpounds. The
IVeRHgRyst used in these experinments was a conmercially
avai | abl e high activity nickel catalyst containing 28
W% nickel on an alum na support having a BET surface
Examgple of 120-140 n2 /g. The catalyst 15 was supplied in

a pre-reduced. and air stabiljz f i.on
o U S PRSI i oottt lof el Sl old AP Rt
terhfdriufiCor Bie PBRUAB g G b@IpaEd Rkl databysteiised g hydesgenation of
placed in a conventional fixed-bed down-flow reactoQr

. A Qr.
hythesarbar fegstockiepnipining HierheppicpBRpRls. Hihgcaighist uied in these

approxi | l i 4 . 0
oGBS Vi hASLSIRE il ks Rt RsuRe) phtal s voo
nidkgg@ﬁ _ﬁlgalhfiliﬂaBﬁ@ﬁaﬁ héaag erHamsiufaoé dl;rtea@fﬂ m-1§®1 fnémg._ l(;he catalyst

a |t[ona two hour tor ce r ce nickel O e.
wapRED AR g reFR ORI KoM oM 23 SrARERa o e Cotalyst

1816 Uit ' {BR5)WRAK placed i
5 MRS S L Al P RBal gl
coBOfonali fited sred sloomel dve seactont €t capdlyst Avastctivatef] in flowing

g SRR YL 13RO B8 BERARA AR SR

hotBRG IR BolRCTOIIVRE by Redttitg o 2809 at4PCARSHA BolingX8Pan
psi g, volune hydrogenyvolune feed of approximatel

. y
adBDionalTive hontstovedicalsifacsaicksbexidte Thi ¢atalyivasthgiscopteg to room
he reaction tenperature. For Run 1 the reaction
eHReA™F %t ure fromthe start of the run was 52C. For
Run 1Bvé hls MRS tordicice 0Fias ahyd®cirbommsdlhentfeaistock fvithhaeboiling
run was 93C. For Run 3 the reactigon tenperature from

poifgangeafitront 10HE b2 Vasvitlpan womaties eontant of I'Rire and gepjaining

5 .the i r r
g R PR RGP RO, B ik v
contlRizas inchidgan adrHS AbT b messaref afii60ipsig, vblumes blyfitagen/volume feed
exposur e

(i.e., benzothi ophene exposure) and reaction.
ofiaprioximaatelye00i I oBYEHabe bRIWaeR Gitereni g v e refgion
ter\?\lggaﬂ{re.w %k{rlethe Qéa\é@(')}l RipRraRBE BOH the StafUrithl ruRS¥as 52°C. For

g of catal yst,

Run 2 the reaction temperature from the start of the run was 93°C. For Run 3 the reaction

temperature from the start of the run was 121°C. For each of Runs 4 and 5 the reaction
temperature from the start of the runs was 149°C.

The results of these five runs, showing aromatics concentration as a function of
sulfur exposure (i.e., benzothiophene exposure) and reaction temperature, is presented in

Figure 1. Note that the sulfur exposure, given as a percent of sulfur per weight of catalyst,



10

15

20

25

30

WO 2004/ 015032 PCT/ US2003/ 024924 is cal cul ated bases

the sul fur (benzothi ophene) level in the feed passed
wover/mss2cat al yst. At the |owest tenperatur ePCB528}2003/024924

t he catal yst aI m)st i mredi ately deactivates with

s RO BRspe TP Lo bea e oph R e oLt e Tebd stk pygryhg catalyst.
At est tgﬁg&raf%éﬁﬁd C?:‘tth@@a‘?éﬂrst 2186t $hieb{atdd déRBvates with

cat al yst 5 -"reaction tenperature of

nedliditle suorc. 1 w%) rmnahezcata;laﬁc étmaderathenmesstenss (92°C and 121°C),

S Rk A By Sl LGP o SRRy e

-~ reabBn ?e’ii’i}%lré’cﬁfe of qa9@t IWhibR iR a&%ﬁda&@é‘kﬁtﬁ&ﬂe f)ﬂ:%erﬁ ihvletttion, there is

content and was found to have 6. which is in
nogndidatagrad eatahist dgactivation vag ever étVéé 1 thejeatakyist. f The catalyst

th
st S SRR RO Ve AR XA yiighisim
gof)&ﬁ ebadntabigtthe 20l cldtddpAlue e suldhd levdlén Henzoduvt wab ﬁ’ﬁ&sured
he feed passed over the catal yst was converted

peaodls@bcmé%unm asl Svand V%%W@@de%ﬁharhl Brnhwhidg theifoad had about 50
PP@' s,rélpﬁx%tbelq%o%%tﬂe ?1 af{aedl Jajggedf&fe?ﬁl%' dafhl st ?vgi& nverted to a

S 1IN ow t enper at ur
sp&ﬁ@cmumwa@ ﬁbso@b‘éﬂtb’rﬁln’t(ﬂﬂly caita]ystdhuk maoun chalabtyvadug itt 0

|l ow activity of the catalyst_ at is tenperat
sul flhe fpsaema @Xp%n@ﬁ%mﬁ&a%eﬁéa’t@éiﬂw FepRErres RAsC) g A‘?actwa‘ﬂon

, ocgl%g %ﬁ#rgplﬁgg‘{ﬂgﬁighg hES tolIBnacRPy &.Ethe %gt!ﬂ(%t atttﬁ‘ig t&ﬁ‘ﬁéi‘&tﬁﬁ:t with

ctivation at” about 2% sul
sulfosldhdigg imin¢asingl the édacticasionestpo Msndd@raa@tmmerawee (93°Cnaed

12A¢ C)? lﬂgy‘l%{@é;?g\ﬁl ¥ r‘ge%% li%\éﬁrqetg%g@?l\él? Iﬁ}‘l? op h%{ ]rqaéll rnfg,a Which level

co%%%&ﬁggfbceﬁj #ilﬁafeﬂﬁoderiﬁ@ﬂﬂléﬂf‘ coxﬁe?e@ge%‘%f the avhi®b®d nielel surface.

W% on cat al yst when the run was stopped
Atctbe hghptm&dcztlmaemp@atumﬂé@°C)nmwaﬂce§d@n@ witly dreagecntighi the sulfur

er, Wt ed h| act i Vi
YR PR30V e Pt et YERE ot nghE b b s
m&tldREEcVetabb Akiigh togEhenitR tis co'ﬁﬁnﬁléiimgﬁ hetley, todadates balk
bul K ni ckel sul fiding observed with benzot hi ophene at
subfidihe isoepariag msé@dmgewyﬁtﬂrtgawfécq #lBeingr t hi ophenei ¢
conpounds, a further study was 25 conducted using
t hi ophene, as well| as benzot hi ophene at two different
E eptration levels. This study involved two
addi tional runs (Runs 6 and 71 using th

cat sl monshigarotAbToNk sBkeHTdas oebin AP bissbene a

F gl
nig Rfrl e s bARSATR, Sndr oOEERGe B B R et B s
congtisteusitidithidghens as weﬂ apdenzotiiepheoe aetwor different mentgqhen
of thiopheneic

loge.c: e SRAMET G350 BpoRt sumiEnS sdRd 25 usify Tie Rt artghyst
hﬁi)%p‘aglﬁﬁg%ﬁf REARRENEJ GRS @hditioRls B ABlaple 1 %%@ylﬁ)au the runs

approxi mat el y 400 ppm benzot hi ophene.
weresuhdwtadfat attéraperatite afd 40t@.s The enlyveviablembetivegen fée 2hre%r1ms was
th\c/\l(?ogc%géalttgolrlsoﬁz’typicc;rtj ttJJS Zg&%{coc%drhgp%ﬁnds which were as follows: Run 6
approximately 50 ppm thiophene, Run 5 approximately 50 ppm benzothiophene (same as
in Example 1, above), and Run 7 approximately 400 ppm benzothiophene. The results of

these three runs are shown in Figure 2.
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The results of Runs 5 and 6 show that thiophene
behaves sim | ar to benzot hi ophene and that bul k
weuabd4iodsazg can be obtained for either, provi ded#Crhs2003/024924

proper reaction tenperature is enployed fromthe
start of the run.

In R 7.the.catal yst . .
deadhe vespliof RRTSH 2t SIOALELRPPECES Bhayerimilfga beprpthiophene
a’?ﬁﬁp‘@‘ﬁlﬁqm{g%ag%e BB ?[e%%r Q%?tﬁryﬂﬂéd)the\ﬂﬂréﬂ'ér Readtidd ur
oadi ngs up

or Runs . This indicates
tentﬂwdtu@tls vaploybd grbmcihm sarttof #he mns I@Run Hitbpersalgstovas deactivated

wi PP RIEh ok P g B 8t B o e Rk fugtipn with

- sulﬁﬂq?&gﬁg B &S diver Rﬁﬂé‘«‘ﬁ hﬁd 6' Thisfiggit StePthabathviry high

10 Exanple 3 An experinent was conducted to
comtetiatiing @f tmoph@aelacompmgdson the feedsinojed 0 ppa b thasusipce sulfur
adsor on the s
porgpnia s &SP PESTTT oh (et St ARl Bt kel bulk
sult¥idgai si ng the reaction tenperature to a higher
tenperature were bulk sulfiding takes place. In this
experinment, after the catalyst in Run 2 at 93C was
sur{ e 15 sul fur poisoned, the reaction tenperature
%4ised in several steps to 200C. Fromthe results
of tAh &xperpent wRondlavditd detdringny i th activity afa batalystgroisoned by
that by raising the tenperatur further deactivation

sulfiarpdserbed %ﬁ@cﬁmfﬂ‘iﬁ ofithe cafalystAt E‘VW 8T Pedefpte reatiop Arppgratures,
coﬁlﬁe rg% AR Hisin ?‘?ﬁé)%% tfféags%ﬁiré fo Qfll\%gr SOg&tatlﬁ@Were bulk

per ternperature use was o hi gher
sulﬁal&[g tﬁlealplawed I s dpekinmunt, fifter the patalysi inRunabiatt93eC was surface

roper reaction, tenperature been . .20 d fr
ramw%ﬁgatth%quaa?fm te: e@ﬂ%@ &ag %?F& 13 §e‘léJ?S 188 ?"ga%(idgt%h gom the
res?ﬂ’tg ()i"{hn?%! E{(Ht%h@%ntlﬂ Fis)%%'@@ 6t CarCN RO HAS by Hising the temperature

supporte cataly used for aronmatlcs
ﬁlﬂlym‘rdeg&wauommtmeé,vhnt thecacimity aleessly desican b¢ enly mppaginally

recaBIely g oF DR Iee e Uealper arirr i FanERR0 B ars qypr S0°C

h1é}{é§ Ha RedMited Hor Bulle SN Hi#tCep6sitich Eéﬂl&h@bﬁ)@éﬂteh@t[bnﬁémphﬁture been
sul fur 2 |ntothe bul k of the nickel, rather than
usbkfrom thelstrtiobtheghnt he surface of the catal yst.

Becayse,nore th Syl .

t hi % eall?g}/e cxal Fi cfeg'x;o%gtg&ﬁté gﬁ? sﬁg.ls &Bgﬁ# bsrlfﬁloéﬁé?%lﬁl ﬁ?mpounds
of tipdied aadkal md:lysm tded dbr atemati¢aigidromgnition dah@elamlded/mj

process of the present invention results in

acBE AR VoA AHEYEh DrOGFSS ALl FFHen jomgntiap, By Smglpying apeaction

teré @%r?@%‘g%g%l /tgé ﬂc@@ X? t%%ﬁ&& is §9ncﬁ1c¥\\@ t% 9%3&&98%@93@ of t%le sulfur
intoytte bggrdtheariclad, rathentht being ads)rbgddomﬂla stuGaee fod eltbsqat&lj@t

I taini t hi oph
B2 5 e iP5 BB ER ST piophendie ColfpBlnds! R be

absorbed into the bulk of the catalyst without deactivating it, the improved process of the

present invention results in a dramatic enhancement of catalyst life, e.g., up to a threefold

or more increase.
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5 conducted in a hydrogenation reactor in the presence
of a nickel based catalyst, the inprovenent which
woan@riisss operating said hydrogenation react oPCatUS2003/024924
reaction tenperature sufficiently high fromthe start
of a run that said thi opheneic conpounds are
Weddaionposed and substantially absorbed into the bul k of
said nickel based catal yst, thereby extending the
life of said nickel based catalyst. 10 2. The process
1. of Telarbeeks ‘fvhrehfehydrbMa’aomuﬁammtlcsmntaﬁafdmcdrhm@sfﬁmmck also

feedstock conprise fromabout 1.whbto, .ab
contpiging thiprhengic CWOBI]I%@@ JpPRties; %ﬁl&gr n%ﬂ@ g}rchogeﬁlgtlon %emg

: conﬁé(gce? frg%ggd}%é il RGKof Ath8 bfb%eﬁée%ﬁaaﬁ@kgl basel caliyBt.tthe

I ophenel ¢ conpounds. 4. The process. of
impEbedniend “Mmrmbmpmtmgmﬁdl}drwmmmg@mfﬁ%@on

temfpgggglﬁg gg’%lc%gl g*g% %}f‘f’eﬁﬁf 8&% Ee nsé} e o 2 rcgllqﬁounds are

dec%ﬁ{pg J a&hg,gbé%aﬁﬁﬁy ﬁ%@bé@m&tﬁe baiknse sﬁfdoﬁbﬁélwhedl&taly&@ thereby
b o W% ni ckel . The process of claimb5
extmﬁgthe lifafisand okokkl Ms@@lﬁt@k&w‘fal yst is a supported

ni ck cat al con ai ns f

2. abo@ﬁe BIOCEHO Iﬁ%@}{gl e1n heﬁ{gm {1%5018?8? Olg;%dr&%:ﬁﬁ% %sttock
ﬁi‘gt?sre%d}nﬁﬁélﬁ 1R%46 hkbhrI6d vealadnyaicsi s a bul k ni ckel
C

l'yst and contains from about 20 W to about 80 W
3. ni cke pr@cssmelapnddélﬁelénh%hﬁéirﬂ@%b%%?@twktqqétagﬁgﬁﬁ?P out 0.1

for alyst is alumna, silica
ppry,to ﬁﬁ?&tgp g{)tﬁjeolpg%rfelc %hl%l%ea%)r ocess of claim1 wherein
4. t he ThY grResrdrenithsesikdreiakhd thigphbyee ocmphmmds cafpss thisphene,

f eedst ock haw;g a_boiling point rapge of from about
bergothiopheapslivenzabiophery andHBIXGHETOELObi claim 9 wherein

5 the r t ISARARRRA HaSROS &Qﬁﬁﬁﬂoﬁﬁab t 10
fr orTn% a %}ésé)sf\/\}ﬁ? 1h£ go%ltq g%i &P/o ar gmat [ césl,%(lxi he on
Wt@é&ﬁﬁSS@ﬁv%hﬁkml vvher ein the aromatics content of

t he product dro t.ion,is .l es han
6.0, 5 Thpragssil clove WhGEBSERan e pet B BB nickel
t A f f
callytsla, %ﬂﬁ*%%gf‘?%a‘a‘y%&ﬁé‘%éﬁﬁ%‘ﬁ%ﬁgi‘? e br ocess. of

7. ¢l aiTie pmassrdc&mmrﬁewhqamtsam@@kb@edtcaiabfs i§ aﬂsaﬂlﬁiﬂﬁkﬁé?atalyst
el ow t. bstantial cracking
g(%%le}ﬁ@s D6 DAL gt%%{%g%gm 024924 14. The
g. pr Oq@ﬁn&a‘es&&@élm(@ wﬂeﬁoﬁrﬁthe stipgorhfiod s4id stigpontstl asitsl atiyst is
contai ns from about .2 ppmto about 10 ppm

alm@,rﬂﬂmarmlxﬁmdbﬁrd@f 15. The process of claim®6
g, Wher. Ierf)rgcaelssd L SIRRO! HRGel 55 Bl ardAlBbY Red 40K RlahydfdcPon

abo
solvent feedstock having a boiling point range of from about 80°C to about 350°C

10.  The process of claim 9 wherein the aromatics in the hydrocarbon feedstock
comprise from about 2 w% to about 50 w% aromatics.

11.  The process of claim 1 wherein the aromatics content of the product after
hydrogenation is less than about 0.2 w%.

12.  The process of claim 1 wherein said nickel based catalyst has a surface area of
from about 40 m?/g to about 300 m*/g.

13.  The process of claim 1 wherein the reaction temperature is maintained below the

temperature where any substantial cracking occurs.
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15 Wb to about 30 web nickel. 5 16. The process of

claim 15 wherein said supported nickel catalyst has a
weoeundsmasn3ar ea of from about 80 nR/g to about PBED/USRI0G/024924

17. The process of claim1l wherein the reaction

tenperature fromthe start_of the run in the ran
14,67 Promoats et clarodordherb ke Pybecerhe fopfgosk opaes Hom about

cl ai 7 sure is from about 200
0zﬁg%tot%ogmp%%B@%B&%a}np% The process of claim 18
15.WheTRé procbs off iaim icswitereimsaid suppdited rtickeh basatlystso0tainsZipom about

The process of claim19 wherein the hydrogen
15 pimtaahort 3 whasickel he total hydrogen flow is from

abo at&ly &AL B surface area

16. ﬁé‘ ﬁl{)%%s(g 0?2%“ @%ﬁeeﬁ%gerug? ﬁrr)ﬂg r}@rﬁg%éieﬁi start of the
offrbkﬁ absut Sbmf/p td hllﬁ)utaﬁ@m *tg from about 149C to about

200C. 22. The pro | aim 21 wherein.the.to

17,0y eShe pisors o P dOURTS 00 BErien GTaganEe Bsgonp Sl of the runis

ol 13 mberein the LHSV is from

m{ﬁg m@é%f%{%&%@gﬁogtgaﬁbﬁ . The process of claim 23

18 whe Tk prdches dfyethimgdrwisoeis dhptotab prassw & from abetd00 patg to about
hydrogen flow is from about 20%to about 50% 25. The

80 PY8ess of claim5 wherein said supported nickel

j9cat ¥§1}oc%sot%1a$ﬁhr1f8a$1@er@ih¢1ae DAS Vfik Ginpdtout 03Qo aBoutd.q.0

about he process of claim 16 wherein
20t he The poicessoft I9avkareinfhehydrogengoasympfon hasisithptotal g

n the range of f 0C to about 175C. 25 27.
hye}rﬁgerbﬁ%(é%go@fa gﬁwti%ﬁ]ﬁéﬁé‘?n the lifetinme of said

21Nni chgk phaearbadial ywhereh thexdaetictetintperanat dtoth the stant & the run is
as conpared to the sanme, catal yst started at a reaction
mﬂewp&%ﬂﬁ%b@%dﬂ%@@@%‘i%ﬂﬂ: ophenei ¢ conpounds are

abs OIr.P% zogoc'egg & ctlii%f ﬂuykrﬁerglfn é@é"{o‘fial nge%sgllﬁ% lis Regemboses ﬁé% to about

process nthe lifetime o
60@2@@ supported nickel catalyst is 30 extended

Y31 mrie prefteotol Qe PURTSEBBCLE S oat Bl O abat 0.
24t Ni gﬁeﬁpporgﬁgﬁmﬁe& RORRL regal éodk@mptie B&éiskth@fotal

Sai ni ckel cat al yst
hydrogen flow is from about 20% to about 50%.

25.  The process of claim 5 wherein said supported nickel catalyst has a surface area of
from about 80 m? /g to about 250 m?/g.

26.  The process of claim 16 wherein the reaction temperature from the start of the run
is in the range of from about 150°C to about 175°C.

27.  The process of claim 1 wherein the lifetime of said nickel based catalyst is
extended threefold or more as compared to the same catalyst started at a reaction
temperature below which said thiopheneic compounds are absorbed into the bulk of said
nickel based catalyst.

28.  The process of claim 26 wherein the lifetime of said supported nickel catalyst is
extended threefold or more as compared to the same catalyst started at a reaction
temperature below which said thiopheneic compounds are absorbed into the bulk of said

supported nickel catalyst
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