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WD 2007/ 149799 PCT/ US2007/ 071429 A SULFUR TCOLERANT
NCBLE METAL CONTAI NI NG AROVATI CS HYDROGENATI ON

W@200A1 B9 AND A METHOD OF MAKI NG AND USI NG SUBEN/US2007/071429

CATALYST 5 The present invention relates to a sul fur
tolerant noble netal aromatics hydrogenation

catal yst, a nethod of naking such catalyst, and a
process for hydrogenating aromatics in a hydrocarbon
feed st gskritaviongransukbrire aaneentoathonINAVBMOMATICS
refiner yiymrddbgati@t iddatesst Agans aveDlOr MAKING

concentrations of mymnaiessand satAwsconpounds and
often require further processing in order to provide

a product haV|ng required or desired characteristics
and prép&Ferest 1iventd Feg6gareed ¢ MatStAE r eRbYG N tofnoble

rﬁ’é&[@tdr%a@@@é aw@&g‘é%atfib%s @latélﬁ%t can ne@Rbyl Qf'trf»?a}él%g
a desirable increase in its 15 cetane nunber and that

$HE! rErrevaP Cof 2B¢ GhEtiOSs SEoAPAI MEH 3919t of aePielkrs 1n a

Jdal%%b% EQe@Nsd S QveneRt oi Byl g SPKenPeLPton.
so, for many refinery streans, the saturation of the

ar orrﬁ/tai“é’s rednbarnet dHer Sl ATE AR FhcTERsESt Raveol une of
$$K%edﬂﬂ§tqggspéPdéggmaéﬁgsDﬁﬁdt9u1fﬁ¥'bdﬁg%ﬂ%ﬁs and often

hydrogenation activity as conpared he activity of
FifshIfarrBenl PYecss simidc kel Or@%lbatiq proﬁﬁﬁ?bdeﬁﬁ‘?ﬁm@nd

avgﬁb%@qﬁ%é' gi Cde%a_tr%'dy%kéraé@é’ﬁfsﬂl"ctsa|and0?£|§+é(§é&s . It

een used in the dearonmati zation of dis ate
feedstagrks cdTheahi g mpdrygénat | oreredtiios cynehinebl e

JEL Al %%e‘iafcéhyéér?tﬁ%t@ oyl degd of A, pver regyired, ;g

reaction tenperatures for dearomati zati on and, thus,
@e@ir@am@mbereﬁ@@r@t@n eheperatiay sargerkercs contalned in

r ti ti s In I |t h r, .
ﬁ?e?h t ecégebglpt :e Pr%et gF % ?yriézds Xgﬁe%\@y@e point.
HNesay o fatri matliz/onef)fnamstatlrbame, f*e@@ls&tami@tlisnscf the

Q%J QEQ%egoﬁkg qg@r %lf% S%Qéréé t@ﬁe letﬁQQ%p%%m
of bei ng pol soned resence 0 fhat is
yciﬂﬂtcaa'dq@dodnctthe feedst ock bei ng pr ocessed Che

pr obl £ \é/lo g the lpr ocle%sbgggof certain.of
ate

refi nery m 8? F2any |aCttlﬁfalet ﬁseyccc))r?'l red

mmGaasltgnutycaﬁtn@enm@nH atteh (e.g. nickel, cobalt,
molybdenum, and tungsten) sulfidic catalysts, noble metal
catalysts have been used in the dearomatization of distillate
feedstocks. The high hydrogenation activity of noble metal
catalysts can provide for lower required reaction
temperatures for dearomatization and, thus, a greater
temperature operating range for dearomatization processing.
One difficulty, however, with the use of noble metal
catalysts for the dearomatization of distillate feedstocks is
associated with their sulfur sensitivity and tendency of
being poisoned by the presence of sulfur that is contained in
the feedstock being processed. One problem with the
processing of certain of the refinery middle distillate

streams is that they often have a significant concentration
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1 WD 2007/ 149799 PCT/ US2007/ 071429 of sul fur making
the use of noble netal catal ysts unsuitable for

W@ e@at#91gp such refinery mddle distillate streR@®US2007/071429

wi t hout such streans first undergoing a

desul furization treatnment to thereby reduce the

sul fur content. 5 U. S. 3,943,053 discloses a selective
aromatics hydrogenation catalyst. This patent asserts

shadulifhs @akahysthe nefeaiors nbyde ogenat icoraflypet | OfsoMeible
a significant period of tine when used in the
J‘b%ctef%tﬁ&gas%}ilfﬁf%ﬁt‘/afﬂﬁﬂﬂbe teddstieér. SThgams without

sadralystant thest Obdipabenty hngdudes:pl-atiBdm dfaantht to
pal I adi um supported on an inert oxide catalyst support

W\edfteqys rsrefer apt oW Hirgho8hfface area gama al um na.

Alummng . Bsohndycatedassbei Hgs@j[@aftﬁrxfee@r@}«ﬁghcs
silica-alumna. A necessary and critical gart of the

et 9P tpPBpar B 10T | NiFhBABR I dHITEGEs tPApr Eghatd e YSt

©Oof £ ditrss %%HEb?énﬂ%iéh kot cthe é5eﬁ|éuéﬂ@%qEﬂegnEhﬁerlod of
pal | adium salts in the sane aqueous solution. Also

e cdred upsdt HattforroReseatight Tatfalysentehetedis an

optd Jpameirght c£@di Q0% sPhaki g goa Rl adbumye Whendithum
is used in dearomatization. The '053 patent does not

b dt e 1uBes PP fsb wina 2as 1 ac Eat &t CgpppPE Support

rBderisal, Q20,1 he, (‘fﬂgwlsbﬁfﬁgc@fa@eamgra%@' WM, G PAPOUNG i na
with aninorganic oxide material in the preparation

Bt incs calpPors . DNIE MEGS cot R ORI etitls CPead AR i dus
1P 0f, SURPOL i+ Bt erhal §¢f ofc usg diR Roble Bt @l on 15

dearonati zati on catal yst conpositions. For exanple,
thes.s15u3081824s dirdages ibheofiset 5 agfrizgoliite Yoids tde

% Q{éﬁn %Eeﬁhé" 4 Ofa SURPQLE |09, plald num, Qgﬁeous

fum T port conponent of the catalyst of
$¢ﬂe1t10®14A@a©emdmﬁtmdi s‘@s theol fee theaandughrefaaetorty

Q&qul é%gﬁ¥ﬁ é%l kh% f%h%ﬁh%%m 95 ?%lladium
S I cCa-a um (0] present In e
Mmportt llsnuaadammmarroanglmgti@@mm Vit0.5% 86t et 9fpes not
W?‘ 0 I Ba%mmdc%%%aseéc' FLGE id s 5%1%58% %Qt?eé*laei or
o} ZI rconlun1or Irconta as a CoO
Tt aloystulsdpport .a mmomemmexamlmcbﬁmahsappon@rganlc
ox1§”|ﬂgte%§g ig {Hgﬂﬁ%eparatlon of its support.

Numerous other patents teach various types of support
materials for use in noble metal dearomatization catalyst
compositions. For example, U.S. 5,308,814 discloses the use
of zeolite Y as a support material for supporting platinum
and palladium. The support component of the catalyst of the
‘814 patent comprises zeolite Y and a refractory inorganic
oxide such as silica, alumina, or silica—-alumina. The zeolite
Y is present in the support in an amount ranging from 10 wt.$%
to 90 wt.%. This patent does specifically disclose the use of
zirconium or zirconia as a component of its catalyst support.

Another example of a support material used in noble

metal dearomatization catalyst compositions is that taught by
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nmet al dearomati zation catal yst conpositions is that
taught by 2 WD 2007/ 149799 PCT/ US2007/ 071429 U.S.

WG2@714828. This patent di scloses a dearonati ZBEL/USIW07/071429

catal yst including platinumand palladiumon a support
conprising borosilicate. The borosilicate of the
support nmay be mxed with a porous oxide matrix

mat erial such as alumina, 5 silica, silica-alum na,

Zjg conizal,and. ttidNighteht bSscsoggest edatBabtt hacion
porous oxide nmatrix material does not contribute to

‘f%]tea]ﬁ’)?&r dgEnAET ¥h FUMAEIBN2BF ik THUA ¢8t 2 SHriport

Eatdarsinigt bbastlitates shapbbgoor1 Q8 RE. thBesupport may
borosilicate is generally present in the support in an

otited YOt nd t e YEhGE16F FRBAT 20" %P 70CM 94 Dburnina

JorNr efier ablyi unfd0m-35 cWhi 40 Lo A Wan¥  UrS. i s
4,849,093 discloses a two-step aromatic saturation

PISESE St hART eRBF GJRF TP PEPRBCBRS Hy Tedtaryst §oes not

EXM i3RI 8 ¢ hy diRgenahienofet@hc oA cSURRer &atﬂ’gﬁst
nore preferred aromatic 15 saturation catal yst

ot &idvseer olip M IILidddrsr sarptpd VIB LOREEaR - cbponent s

195k & 1SURRRET ; FRE&rd.al1 Lypi-eabhy contal iy ?Qoﬁt p@réwsamount
refractory oxide. Possible porous refractory oxid

imdhsde 28BRi eh, Trriyrésivas §PI V@awﬁfmgﬁ%@lramoiﬁr]@%@ﬁ%ablyr

sidi 63 Zi ECPPi @ Jfd t.ania, silica-titania, alumna,
silica-alum na, 20 and the like. The preferred

r ef r aotSor ¢/ 849 @9 Tretierdlalsepsa BFumd iRe arkingtpat epguration
&Qﬁ:%s“smth%@a&lﬁ‘pi% H&%&%Ea%b@@s&ﬁg atSURRREL B¥prising a

co-nulling a zirconi um conpound wi th an”i norganic
ydwematépnahet Fheor! @93 upadehnt Tm&hmﬂmee@rﬁﬁarrédsaromatic

%%&' O cﬁie‘/{;ﬁ?t[z'%t%% al M%u %I g‘?%rael[lé?@p negl e

netal or a met a
Tt C@@P@Oﬁpbﬂe@ﬂsi STygreti @atmalnd:ly@atcaéhw pottreining a

poor93!1 Lent Lh Zderc%%'s§1§9$9§<!5o‘%lds ebLe. gpial.;qes

I'S par i Cul arly use or” ar omat i ¢S
h}@ﬂ@@eﬁaﬂnoﬂ, anaqrtmilal,t scanchaveyree s, f yirtoher anciglica-

H 203862y ?% Sscl'ﬂ%%s a@ gror ”H“ C%n'&ydroge@léf’u%ina,

procéss ‘uses fa ys alnlng a Goup
afnd Ith@obllee n‘éméalprsampmenedeénaat@ar rdxerlecopper s&hgis

-90 wt Y silica

alunina. This patert does not teach the preparation of a
support by co-mulling a zirconium compound with an inorganic
oxide material. The ‘093 patent indicates that its aromatics
saturation catalyst may include a non-noble metal Group VIIT
metal or a Group VIB metal, or both, as components. There is
no indication in the ‘093 patent that a zirconia supported
noble metal catalyst is particularly useful for aromatics
hydrogenation or that it can have a sulfur tolerance.

U.S. 3,869,522 discloses an aromatics hydrogenation
process that uses a catalyst containing a Group VIII noble
metal supported on a carrier comprising 30-90 wt.% silica,

10-70 wt.% zirconia, and 0-25 wt.% alumina. The process of

the ‘522 patent is directed to the hydrogenation of low-
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10-70 wt.% zirconia, and 0-25 w. % al um na. The
process of the '522 patent is directed to the

wosdrogeeat i on of | ow 3 WO 2007/ 149799 PCT/US2007/071429

PCT/ US2007/ 071429 sul fur aromati c-cont ai ni ng

hydrocarbon oil fractions. Feedstocks with excessive

sul fur content can be catalytically desulfurized

bef ore applying the process of the '522 patent. The

Shlfga=azioheentac@ith iSiingCayak b conp@r AiunmcRaceasks ers

are 5 preferably prepared by precipitating the ,

SO HCE Sol L2 r%%‘?ﬁsa“v&n&ué%ﬁﬁi TP diftto CalsPFi gatalytically

cﬁwﬁfﬁgﬁlizaadbéﬂmoe@ﬂgﬂmgdw& Ngro@did ¢al ehbi NGt hetent.

material. The preferred noble nmetal is platinum and

Bthert HoBréthetals ansy SBé 1G8ed eftHet dlighadofarfifrs are

}%H@r%%tl'yogr@%&f’ecﬁ% Rplrathpumc The £222:pabgih or zirconia

%gggests 10 that its noble nmetal hydrogenation .
alyigaapeteensitive PEAreuts (e GABENBAY Here

% Q118 60dRI thomdhiat ;2 .cahei pebdre 6dmibbed fLXiures

of a zirconium conpound and an inorganic oxide

PFVITgEe anPaPtPeulHdlp GSERLP BUPPST (1SE6r ©pFARF nkAne or

and-orpakladibHm et a1 gk ¥ena i furoot obeEant suggests
dearomati zation 15 catalyst. It is desirable to have a
obl e tretablareaetl cydrkgdragerat fomloatal ys¢ sensitive to

SOMPASictigay, Lhat i s il erant Lo SUdin i BXPASHT £ WheNn neq
It 1s used in the dearomatization of a hydrocarbon

tevtstieckmizoure 45 al’docdeshrapterqwichave an inorganic
SEQNOW. ¢k et hod, f0r.,, 1R ffi‘&éf‘&i %ﬁo@@bkgr?ﬁiﬂinum and

aromati cs hydrogenation catal yst has bo a high
e olregtijugs mA dE o glehatiiven castil fit yt @t ang deekerantzato on
Syl fur . poisons. It is further desirable to have a
process for the 25 hydrogenation of aromatics that
are dontiai dedirmbe thydweogearbonbieaustadckrohatiad so

t ' of £ i.ngl vi de
R T TO P 6T S S ORCI 65" My dogEnaCy R (0 SuLes
cataurst wheonpt i 83 ngged30nf Lo dedor0 v tU%ori pConi a,

§é¥8é%r%%nt9eéd¥%ogopf a nobl e

It is also desirable to have an economical method for
manufacturing a noble metal aromatics hydrogenation catalyst
that has both a high aromatics hydrogenation activity and is
tolerant to sulfur poisons.

It is further desirable to have a process for the
hydrogenation of aromatics that are contained in a
hydrocarbon feedstock that also has a concentration of
sulfur.

Accordingly, provided is a sulfur tolerant aromatics
hydrogenation catalyst, comprising:
from 1 to 30 wt % zirconia, from 0.01 to 5 wt % of a noble
metal selected from the group consisting of platinum,
palladium and a combination thereof, and from 60 to 99%

inorganic oxide selected from the group consisting of silica,
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metal selected fromthe group consisting of platinum
pal | adi um and a conbi nati on thereof, and from60 to

WQM7/14978 gani ¢ oxi de sel ected fromthe group PCT/US2007/071429

consisting of silica, 4 WO 2007/ 149799
PCT/ US2007/ 071429 alum na and silica-alum na. Another
enbodi nrent of the aromatics hydrogenati on catal yst
conprises a noble netal selected fromthe group
£onsirst iang 6f 1 platd Niimnapakhhadheim @t aidee0nHE Nakd ON
thereof and a calcined m xture wherein said 5 m xture
VIO F Sc &Y EF AT M HAUCE L 2B EF br &R 'GiSTati BAPIE metal
SOMUHIES ramZt hE QU AP COMROYALh@NSF an dtnanganps1 0adde and
selected fromthe group consisting of silica, alum na
ArfePMS R A A aF Upd ST PG BhEFLpHORA dEd HUS ca et Brol L4
MBking arcoaPstdi®hea HixWhes el ke &aid rethadeion,
conprises: co-mulling a zirconium conpound and an
FHGIGETISC Lo% AN S8 cOMRAVP ot d ! griodpageAsPstihg of
sdldGaq akum pee adbusidongas al Mg da 449 sfar myanm x4 Wik
formng an agglonmerate particle conprising said
i SdtqfelveAlaeal ci ning said 15 aggl onerate particle to
ther%QMtBEQV%Q§vﬁy&§H%'%eQeEﬁéé'é%f%aﬁ%#gt%bkgm£5§ié¥8%,
as a catal yst support. Also provided is a process for
Wy ogerat P nge bl quPsisgf:a hydrocar bon feedstock
£OnLAININRG 28, CPAGENHT AhPBuRl as! f4N RRAGaBic oxige
concentration of aromatics, wherein said process 20
Tolfpiticsle s ropohtacti iy sardipydrocal bord ifceedstvekya and
under, st abl &, ar OBt 6 by 09enation .6ondit hoSa e
with a catal yst conposition, conprising: from1l to 30
wr Whcdier conpalsfromaigl 0ixtors; windpdedicieach ofid he

I I f e Cc .St ] -
e 2o a7 T el G and " CORET Hat 1 on 28t Rer Eort o
$yiomBe ttor999% i moryganite luxideugedect ed fromt he
grou nsi st i of . sili | L :
o1 ISR s S i BRep 8 U N B benasing gromatios
sedudedirarenatn csatricent cabtamiThe iawertioatiet aifes

080U (P ORLISR I agepet o c ol elot D iR e
comprises: contacting said hydrocarbon feedstock, under
suitable aromatics hydrogenation conditions, with a catalyst
composition, comprising: from 1 to 30 wt % zirconia, from
0.01 to 5 wt % for each of the noble metals selected from the
group consisting of platinum, palladium and a combination
thereof, and from 60 to 99% inorganic oxide selected from the
group consisting of silica, alumina and silica-alumina; and
yielding a product having a reduced aromatics concentration.
The invention relates to a novel aromatics hydrogenation
catalyst that has improved sulfur tolerance over comparative
prior art aromatics hydrogenation catalysts and to a process
for the dearomatization of a hydrocarbon feedstock that has a

sulfur concentration. The invention also relates to a novel

support composition and method of making such support
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30 prior art aromatics hydrogenation catalysts and to
a process for the dearomatizati on of a hydrocarbon

wo 2eds10ek that has a sul fur concentrati on. TPET/US2007/071429

invention also relates to a novel support conposition
and met hod of maki ng such support 5 WD 2007/ 149799

PCT/ US2007/ 071429 conposition that may suitably be

used as a support or carrier for at |east one noble
aai@sitthah tBat NEOF poariatedyt bereidy s aasubpopf Oyt deardier
final catalyst conposition of the invention, The

S fakr 1€6PEr ant %‘?%ﬁe(?élh%?we%altricéﬁpé’éﬁ’éﬁ?s’fh%?e”5 SO

dde-d prenthena COMpl ses al sk eastpone inebbe BBtal nvention.
conponent _incorporated onto a catalyst support, which
cat al%t S%Ebﬁr*@l%ﬂ?&r |a§@§1aEF?%&stFoé‘ﬁ@a§ﬁ6flh%fr‘talYSt of

4 OTGRARINE 1 BX Q@dﬁﬁf%n%@t 1ehbt biSe genarahbyexpestetne
by those skilled in the art that noble netal

THABPEES leAdt? o BE TSNSt PVRPRD- s Ul 66F§b¥ﬁ$?‘|gwpport

anbriLQ st hereb9r £, arsthoehethenPrd 011 Alk1BEbLEnpBRLA! ¢ .
catal ysts are not to be used in the processing of

FoEHEEERIYhavPRG 28 1 GRPPRCaRtL 5l fidy tE6neBRt LRt noble
ddat) have:pot s beany hydrt %eag§91veprﬂoorsutleuﬁu}%b%nmg and,

treatment with the noble netal catalyst.
irafioree BPoa®t dchypdregenat i Wjéat%t@ét ?aﬁeif\e%? are

exhiky 43 13.8 £Q|tﬁ{@@ﬁ%chgs§H%f&f I 500RIRY M‘Q@I‘ni%ﬁd
in the dearomatization of a hydrocarbon feedstoc

Tortidiiniang aulEencenticati 6n BRABUIAH res WepD efsd%ptreated
GONGenty %k@ﬂef’ftr@a{ | eSchherey,ald awng £orathe

processi ng of rocarbon feedstock having a
xrerea“ttll\vel yrhm@hl@fulHmomn@em@eméﬂaﬂy@ﬁ, opwgver, exhibits

fdl%%%{ g%ntée%ﬁ Jilah Hg dwl@% Lis%rde\ﬂlno‘lfﬁgy’ or

been rotreat e the reason is
qlﬂ)?trdm@wmawoh elera mmcarbonsfeetreduoexkedonhatmtm a

t ' t f
&&f%rﬁtat URPQEt s uSed 11 QJE ép£§p§rcaodc%%t9gaf_ysto55

er ant aromatics rogenation ca
Tomatiisyt eserabs onelonayot Gwar the rrercmsalsrsumgt ofFezance

B R ol S i it
mridentrtaollenambr earkmmtqcasbhydfegamtqkomheat hhystoti s a
g@ggfgﬁglgt 8rzé£ (”Ml dly, been hydrotreated.

While the reason is not known with certainty, it is
believed that the catalyst support used in the preparation of
the sulfur tolerant aromatics hydrogenation catalyst
contributes in some way toward the sulfur tolerance
properties of the inventive aromatics hydrogenation catalyst.
The catalyst support component of the sulfur tolerant
aromatics hydrogenation catalyst is a mixture of a zirconium
compound and an inorganic oxide component, wherein the
mixture has been calcined. This catalyst support is combined
with at least one noble metal component to provide the sulfur

tolerant aromatics hydrogenation catalyst of the invention

that comprises at least one noble metal component and a



10

15

20

25

30

conmpound and an inorgani c oxi de conponent, wherein the
30 m xture has been cal cined. This catal yst support is

w@owisged with at | east one nobl e netal conmpoP@nUS1007/071429

provide the sulfur tolerant aromatics hydrogenation
catal yst of the invention that conprises at |east one
nobl e netal conponent and a 6 WO 2007/ 149799

PCT/ US2007/ 071429 cal cined m xture of a zirconium

€Oonpoad maRduad N GARICON1AXI E8MEQMRORGAt anAl AI®F$anic
speci fic enbodi nent of the sulfur tolerant aromatics
P FOGENRENBRT calt AI$t SOGAPETS e/ HEGRILa OLi hgnsultur

MUt ¢ arbhgti@mg/&fogfehamént@at?&lml @Btnpp%@@nim@ma
5 |l east one noble netal component in an anount in the

Farfge 8PUDEr bfh MDA S O%e?ﬁﬁrﬁ bere et "eaght peercent, at

eleenthe apdianpther cdﬂﬁah@aﬂlEnQﬁiQﬁmﬁgﬂpQHeBEelfbﬁgb of
anount in the range of from 70 to 99 MBI%ht per cent

Tresd -Wei At ° pee RPZICGES - afe ClHasd@"6R Tt halg otgther
ﬂWHﬂﬂth@fokB@eCéQﬁﬁdﬁaht 10 Theagatd Vit 84PPORLei St from

Fre pared by co-nulling a zirconium conpound and an
(hdﬁgﬁﬁlﬁeéﬁhﬁep?ﬁﬁﬁﬂﬁ aﬂh?éetﬁ%%%ﬁﬁ/PqﬁﬂeﬁFaVﬁi&?%r%¥e

HﬁHéHWd%OQHE'§§§a1fW%ﬁahEC%@'HH%CéE%EEyH% and i norganic
oxide material. The mxture is used in form ng an

aggl6W€r§ﬁéabé?¥|%HR?QﬂﬁaﬂSc§ﬁ®P@%%%kﬁh@©nﬂ%ﬂ&#@g The

Qé%éﬁﬂyu%ﬁﬁ6§£§uﬁéféﬂdﬂd% h%oEB§919Vd§¥éea%gt%§£§in§9 direby
provide a calcined particle that is suitable for use

HET e MéELEF 95t R SUppOrPrétes hehs ulfasondgiepanpound and
ﬂ%e ¢S ohydr o T’?nlrb'rﬂ]ktla‘in That gt ¥St, of; d 'ﬁ%e'dnYF}nEé%ng an

rm "co- nul is used broadly in this 20
kﬂmar@éﬁlBﬂrtbiﬁﬁéﬁﬁﬁh&pmarl$@%§ﬂN1WGXKQCEteEhe

%ﬁéﬁgﬂéqgtfn?%§{ilndl%{gﬁgbxggléggﬁkp%%l Qn %8r95 rov1de a

ure o conponents 0
tdatinies! preferabl yhat M§ub§ﬂ9ﬂbl@|ﬁ®ﬁlﬂﬂefaﬁntbﬁ catalyst

Qﬁgﬁ geneQus, o Xtk e of Lhe ]génIXetgl Sh;%/%@EgQﬁQEfbf

m xture. 'S tern1|s I'n roa
enoulghst nfSCD@elmenUndnude the mxing of the starting

i A R LS
$oramed ciamtion to mean that at least the recited starting
materials are mixed together to form a mixture of the
individual components of the mixture that is preferably a
substantially uniform or homogeneous mixture of the
individual components of such mixture. This term is intended
to be broad enough in scope to include the mixing of the
starting materials so as to yield a paste that exhibits
properties making it capable of being extruded or formed into
extrudate particles by any of the known extrusion methods.
But, also, the term is intended to encompass the mixing of
the starting materials so as to yield a mixture that is
preferably substantially homogeneous and capable of being
agglomerated into formed particles, such as, spheroids, pills

or tablets, c¢ylinders, irregular extrusions or merely loosely
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extrudate particles by any of the known extrusion
nmet hods. But, also, the termis intended to enconpass

wo b@7mawdng of 30 the starting materials so asP@DUyi0eT/071429

a mxture that is preferably substantially
honogeneous and capabl e of being agglonerated into
fornmed particles, such as, spheroids, pills or

tabl ets, cylinders, irregular extrusions or nerely

l&ﬂﬁ&ﬁbﬁg?e@@k@QQﬁflﬁﬂ%ﬁ%rBCTbyEQQQZhQEhéz&etb@@@dknown to
aggregates or clusters, of the nethods known to

L LR R Rt e i m P o ROt OE L F T L

iR, dicRg. o t 8y etdMG,s iPEESHE NOet PAIHEL kZkAGding, and
extru ing, and tunbling. 5 The zirconi um conpound

UgEY "9t he preparation of the catalyst support may

be prigw dedcHh oM ammpinbabkeq SOMNAe frepaib-LEOHH WR the
that is convertible to zirconia (Zr02) upon the

%%ﬂ%ﬁﬂ%ﬁlséﬁp6¥ttmﬁyrﬁ%dﬂﬁp§16?da@@ﬁ%ﬁ%ﬁhﬁélﬁépi?C$%qu? of

2 Fc i un@RnaXY 98 =&t ali B BO 8t ADsRiiere. (2 FBg) ZidHOoRRHEM
conpound, 10 thus, may be sel ected fron1the grou

TOMSINGiAG Bf BhG dESITUTRI PFaf@8lonndteapasticle in air or
£ArHONALES on AL el Al LS illLeELIeSThe hz\/lqrc%llqﬁsq:o@@@lund

hydrates of zirconium Specific exanples of p033|ble
1§Hﬁbaﬁp§'?Pré%h@@ﬁﬁ@xﬁﬁ@@uﬁ&@ PCPHe CoSmItEed Wt Pridate

i norgani c ;oxi dec i nelude zibeconyl . chlqrd d%hlorldes,
(Zr OC12.8H20); 15 zirconyl hydroxide (ZrQ(OH)2):

lzxi'@wﬂ%suﬁfl@tléyqrat@(ssgi) zirgoel wm Anesonyr stdfrtes of
égg§%éﬁyguggg§$g)ZL&ﬁﬁﬁ%%ykoﬁ€§?&§§q§>b%z%giﬁg§iéd with

amoni um zi rconyl carbonate 2Zr ( C03) 2)
Zig ciorwylganiitr ax ed€ ZrmO (UNe3y 1 2yony Zighdomyikeaderat & -CHr© ;

(O 2 st 0T by 56 o dphat e 201500
{EHOHRA4 2Ry L z$w CoaticuniZtet( FachiNer. Fde (Zn@@Amyl carbonate
f (%?J BJ[PhSéMo%%% %%%{?ﬁ ca A2l “E?ﬁ%%mz%

referre coni um comnpoun nc
anmnnnunmztraoay[Zﬂl@KbDﬂatalandnzlrQQﬂyﬂxad@E@téﬁh@h& ;

%ﬁgr anlc OXIg qﬁgq:t%lwgﬁgqézggﬁgg% aratlﬁgn%roup

e caﬁaF?s support from
wiosphadregadnire ( @R@des,czwﬁnqnmumgtetrs@mquxdeal@nﬁm@”
giééé%%um silicate (Z2rSi0O;); and zirconium oxide (ZrO;). The
preferred zirconium compounds include ammonium zirconyl
carbonate and zirconyl acetate.

The inorganic oxide material used in the preparation of
the catalyst support may be selected from the group of
inorganic oxides consisting of silica, alumina, silica-
alumina and any combination of two or more thereof. The
preferred inorganic material to be combined with the
zirconium compound to form the mixture that is to be
agglomerated and calcined to provide the catalyst support is

selected from either silica or alumina, or a combination of

both.
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al um na and any conbi nati on of two or nore thereof.
The preferred inorganic material to be conbined wth

W@ b@7/12979C0oni um conpound to formthe m xture tPEL/UBDOT/@71429

be 30 aggl onerated and cal cined to provide the

catal yst support is selected fromeither silica or
al um na, or a conbination of both. 8 WO 2007/ 149799
PCT/ US2007/ 071429 A significant feature of the

i nvent isaBnk githat tdeuzier e@ntua CormEURE apdthle the
I norgani c oxide material are to be co-nmulled to form
%%EFQﬁ%%PuF@mﬁ?u?¢m9%QM§h€oﬁﬁ8ﬁ%ﬁ?%§eﬁ%ldﬁpﬂé§@alﬁ% %Eﬁrﬁf be

Go-Pheaicpi tat Forn netdhod e rtobm gndn Xidr@m@bnénié r&oni a
and anot her inorganic oxide. The use of co-nulling

PRRYSEA T6f Ve Preadi A &t R RANM Y K FoY éoé@oﬁo‘ﬁ%%td%re of

ARG anbioaRE e 11N Aheicab al YS! SPRAEL o MOs &RYEIing
while not wanting to be bound to any particul ar

PhEGF, Offt CPsPhRTiRVEd 1oPhaE t e T AWM IFPAGOBE C3 hepproach
& arldhg 1 6ampeDent s used SLRosRK N e Gat alyad:

support, in conbination w t he ot her steps of

BHEP 1§ PRePeEtAI S RIFUPPSE ECuPntTidures 1t ol ¢ Heelieved

SRaci@l cetﬁgﬁiiﬁf%pfthtehétgyu% 5&Ap%rn%m:sa{19@@tirg§naklng
hydr ogenat i on st of the invention.

?%ﬁlﬁﬂq@lﬁgtoﬁu@P@¥%nzﬂqIcﬁ@bhﬁ@@¥@QﬂW%Qﬂ qhﬁeogger steps of

M8y khe'éa%%f?é%’%%%PBQtadgoﬁ{ﬁaﬂﬁﬂé%oﬁbugh&OQEEBHHi
y ‘'way “of an aqueous solution and for the inorganic

g trgte P alb e t 91 lder ot heafbran @fata oW er ceend i i

glygkegftggé Ry e contained within an aqueous
slurry Wil e the speC|f|c concentration of the

zi rcomi trecoppowhdiion afthéhsobbeiomdg snat2@ipnde af the
fldd,cal jaspect of the t%VEH&'Qﬁ‘ FNe SaLHt b&ﬂgggkﬁ% :ﬂg/eway

I 'nor gani ¢ oxi de materi al oul d conbined to
®h & awEener s@l@E;QH)q@ﬂoﬁpdethﬁrnnangaalhavxngetmﬁierial

tgp!ofPeerl‘iq' €he ES?rHiéfe g%degg'}”ﬁlﬁé“%a%rg %9' Blac Jiay be
esired type o aggl omerate particle an avi ng
@mitredofizhicom S usorpouny. aﬁdimnahgaapecoﬁlde

TR 0B AR SOOI AL LELE 1 <o
not a critical aspect of the invention, the solution and the
inorganic oxide material should be combined together in a
manner so as to provide a mixture having the properties
required for forming the particular desired type of
agglomerate particle and having such amounts of zirconium
compound and inorganic oxide material that the calcined
agglomerate particle has the final desired zirconium content
and inorganic oxide content. It is preferred for the co-
mulled mixture to have properties of a paste that is suitable
for extrusion to form extrudate particles capable of being
dried and calcined to yield a calcined particle (i.e.,
catalyst support).

The co—mulled mixture is to contain an amount of

zirconium compound such that the calcined agglomerate
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and inorganic oxide content. It is preferred for the
co- mulled mxture to have properties of a paste that

WO 200304479l e for extrusion to form extrudate PEF/USDDEE71429
capabl e of being 30 dried and calcined to yield a
cal cined particle (i.e., catalyst support). The
co-nulled mxture is to contain an anount of
zi rconi um conpound such that the cal ci ned aggl onerate
P2 MO 2RO RL 349798 RGHIIS200¥£QT 142 % hpalahige! et hasom 1 to 30
Z|rcon|un1content in the range of from1l to 30, weig
HErEEnPCRE"9) (i th FﬁéhmépﬁhWeb%W%éﬁFcﬁéFnﬁeb%%é&“&ﬁ-O“

tihe doetal wwehghtoofridheacak sbaeghpardicl@dandiculated
cal cul ated assuming the zirconiumis netal. The

TR d /i XLUFE T 16 MSTEbnt Bt W TEBaAL mekture is to

tnerganiae axbag: et erdalyasyehothad dherical 6hBedthat the
aggl onerate particle has an inorganic oxi de content

¢ FIREY AAGEOBET FrO AT 16 ©992 it L WIR N ReC et gHtontent

perapnt-anbei 8g basedonct be Lotal Welilghthcofet B8t percent
cal cined particle. The type of inorganic oxide

Pt Paiseds e e tifali0eppBparhtlin ol ciRedcaREl iste -

suppafife %P el BPaLLo NG 1 P OF MRNCS RIOREELI €5 ©fc the
final catalyst conposition of the invention, and it

REAPATREAOD PﬁetQ¢rQﬂﬂﬂh¥ﬁFCéﬁPﬁﬁ¥t Q@ﬁnﬂmpéﬁtféhethe

ﬁéﬂfﬂﬂﬁghc%UPPgﬁérﬁﬁeé'H% %H&eﬁihéﬁ‘céﬁgi vstheogatal ysin of
support contains both silica and 15 al unlna In

e dtriveatafbunt’d sifciFarhairefe Wi arincemiigmofontent
]_Séc&dl%dt @ual upL nay i 5 Jan tsﬁ?p&@@g@f ofpd nometi 194t 0

1, the catalyst support is to contain a zirconium
Oﬂt@@ﬁn aset petaelsnmenieporn @h@ﬁ%ﬂﬁﬁuﬂpthnS@heC¢aﬁgb

f m, p r Yo t
bR et el SRR sl BBhpe a0
$hbume¢@halp@i@@n18be1m@ebase@eomfﬂhEMtdtéD toel @ght, ofhe

éig% Eak¥§§o§yté$ﬁ§ %%%tgﬁkcglgifgaQ%ggggggeﬁp? as the

zirc |un1 me e support
sldnage- t dnakbei aeowo] am maE|oa0@e<gﬁeatmwothan011ﬁ]wt 5y

'g¥ef¥bqgf egthQ: quort ha%ng %ﬁx&UbSE%QE?B%% from 2

sence f uni na ‘or onIy “sifica 1n col
to 10 wt.% w1th the weight percent being based on the total

weight of the catalyst support and calculated assuming the
zirconium is metal.

When the support has a silica-to-alumina molar ratio of
greater than 10:1, including when the support has a
substantial absence of alumina or only silica in combination
with zirconia, the catalyst support is to have a zirconium
content, as the element, in the amount in the range of from 3
to 30 wt.%, preferably, from 5 to 25 wt.%, and, most
preferably, from 7 to 20 wt.% with the weight percent being
based on the total weight of the catalyst support and
calculated assuming the zirconium is metal.

As earlier mentioned, the co-mulled mixture is formed

into an agglomerate particle, such as, for example, a

10
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with zirconia, the catalyst support is to have a
zirconium content, as the elenent, in the amount in

wao b@7nstge of from3 to 30 wt.% preferably, PCDOSBOV1429

25 wm.% and, nost preferably, from7 to 20 wt.% w th
the wei ght percent being 30 based on the total weight
of the catal yst support and cal culated assum ng the
zirconiumis netal. As earlier nentioned, the

Sohddileedanpxtuy es itafierned pente- abraggl ereradgce. It is
particle, such as, for exanple, a 10 WO 2007/ 149799
W%ﬁ@o#@fiﬁ%gﬁ@@ﬂf@?é% P%%}CFJ}@ 9 PabPeplaged

peldietie @hadni extéudat @y Lkihg ki@l eedsfien hbgns for
aggl onerate particle to be a shaped particle that is

ef%av%ﬂ&n@y CH8i Ay RAOVIT BYEFUSR ORC NEHS o OrBXER LRFF trigrdate

pde i6a=mebhedi M x4 Wi t@-hheredynfarmean Ae&{/yﬁ@t@ceé may
particle conprising the co-nmulled mxture. A dr

ng
S EP TRy CHEVENR AgETRIS 1N ThE SIS EENT oc?errtéﬁﬁviqﬁ@“%é %%ﬁ Pt

wekat idd €819F 11 at@la 0ok 8t i h &Sy hath iar enkng g'ﬁ&ﬁ’erate
within the agglonerate particle. The dry

RRJY1 i6HHer- afBe par Y179 @%@ebég@f%@wee@aatls% %‘{t%ﬁm e

temmeralune fey 5&%\@1@9 cexpessc %tre&e%vyg alides,
but, preferably, the drying tenperature wll be in

THET AgEObRTEFom dbout PTSIErablpscEie dFhéngi hemperature

peri od fiar cdeyingd he agglongLat e part Lol esh 3>canYhe time
suitable tine period necessary to provide for the

rResiiaced canBuni nofthe edigermenat a rae idleatiisl engontEnble
§4mérﬁ%r§%glﬁggé§§ _ﬁlﬁcp@E5595§Sf£¥|ﬁﬂé %%sﬁ?gd amount of

cal cination step. dried or undried aggl onerate
pattdtclon its thd cimled-lile coheepr eseride elyganmerate

0 in ' at a
?g{e(rynt%g?ae%upg%ﬁd (?or a %lr?g%g%?%d&t{%t is suitable for
achi éviengrt he @Ileswrrcéziedieggeéomér@taé clayaticon te prbvimgsl in

Lalcined.part t tabl.e f S . th
e R R et e T S
ydraagenati and tat & ystne Genéoal that tike scakebhat fan

R R s R R e
¢slaimedhearangee ofhdtr gm 560table for use as the catalyst
support of the sulfur tolerant aromatics hydrogenation
catalyst. Generally, the calcination temperature is in the
range of from 450 °C (842 °“F) to 850 °C (1562 “F). The
preferred calcination temperature is in the range of from 550
°C (1022 °F) to 750 °C (1382 °F).

To prepare an intermediate catalyst composition that is
to be subsequently dried or calcined, or both, to provide the
final catalyst composition of the invention, at least one
noble metal component is incorporated into the calcined
particle (catalyst support). The noble metal of the noble
metal component may be selected from the group of noble
metals consisting of platinum and palladium. The at least one

noble metal component can be deposited or incorporated upon
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25 C (1022 F) to 750 C (1382 F). To prepare an

i nternmedi ate catal yst conposition that is to be
waeemgaepTent |y dried or cal cined, or both, to pPCWUS®07/071429

the final catalyst conposition of the invention, at

| east one noble netal conponent is incorporated into

the calcined 30 particle (catal yst support). The noble

netal of the noble netal conmponent may be sel ected

fHomdae ygeodpeedrnall esimgt ahg €ONSiStsungapl e phadd Nwn

and pal |l adium The at |east one noble netal conponent

AN P dEpBSi ted 9 Rédrperat Bdt Mottt foppincorporating a

200 d 3494991 REJ/ MR20Q1AQE1438p0othe watial ystrsuppordo Rke
using any of the suitable nmeans or nethods known to
ThodBrERPF e i PR &t lPGPrPﬁ%trepd'r% "RGLa MRobl e

ARIRIndnit Ondo Catdl ysta194RPALbpott, Ishdr ehehhednd & use
an inpregnation nmethod to incorporate ‘the nobl e net al
5= néht 1P Pt e Catal §f§?o§l@fbfp%i5r€t LEhgn@cbafohgtal

é&@ﬁﬁqen’t’fﬁ‘ﬁhggsthé tediRief @ﬁf)ﬁgri 0, d iRGORPEr Ak €1 theown

nobl e netal conponent into the catal yst support using
HHE RENE KABWAS S itRGI%ent wet ness met hod. The

| Tpr egRat igne g0k uid P Alict he @99%@@ Rial seLYTT 8 udiQn
conpri ses a heat-deconposable salt of platinumor of

A Hdiegm Brabf et osiedt Enaat arf paidtadiunpr of

i sselived b owat &, p%%%hﬁsa% ;E%Qﬁ%oﬁ'u% phatioumy in
salts that may be used include the platinum conpounds

witerchFeroplat i of cwciidle ambhium cHitor pRat Paatles used
B onppl @h'enbgaﬁy Clch o@n@%h%g‘ do. téﬂl‘d“r'o%ﬁa@?m@' Qr]t,ici‘um

tetrachl ori de drate; platinum dichl orocarbon
ahiredy] i @@lOdQPlQWKﬁﬁU§ﬂ @meaPlﬁﬂHﬁlC §®dﬁunplatlnum

e it B 20eerhi POh I Saiedal T th mmy
@Echmwarrhehmledxdfelq@caldleaddum@mrtﬂwnd@péﬁtlnum,

QL0 R%kkgﬁ B4t %erék&agé%a%ml%“ Ao PALL AL UM

nitrate; msu ate:  diam ne um
iydrage . d@xamgleeaamnmSpallba:daumctlhinorsades ahdt may be

et anag paLl Al AL DLLLELE, e ESLSbEehasc acsc
pi&iadqmmeghabtcmp palladium nitrate; palladium sulfate;
diamine palladium hydroxide; tetraammine palladium chloride
and tetraammine palladium(II) nitrate. The preferred platinum
compound and palladium compound for use in the impregnation
solution are, respectively, tetraammine platinum(II) nitrate
and tetraammine palladium(II) nitrate.

The amount of noble metal incorporated into the catalyst
support should be such as to provide the final catalyst
composition of the invention having a noble metal content
that is in the range of from 0.01 wt.% to 5 wt.% for each of
the noble metals with the weight percent being based on the
total weight of the final catalyst composition and calculated

as elemental metal. The preferred noble metal content for

12
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solution are, respectively, tetraanm ne platinun(ll)
nitrate 25 and tetraamm ne palladiun(ll) nitrate. The

waewany7ed nobl e nmetal incorporated into the CBEHUYHDT/071429

support should be such as to provide the final

catal yst conposition of the invention having a noble
metal content that is in the range of fromO0.01 w.%
to 5 wm.%for each of 30 the noble netals with the
avdrghiorper gephl bedngpRasedsomnthige dnil owekghh ©f1 the s
final catalyst conposition and calculated_ as

& ehefit-dr ABtal MOTheSrerérted Hgbl® méal Ebntent for

12 Wer20Q7£ 149799, PCHUS2Q07 L3429 i #ael ynoht eud@taltner
conponent is in the range of fromO0.1 w.% to 4 w.%

Ak, 2 oSt pPeterfddt! fcroé%oﬁe?tt%r F 2 LGP B B

Ednmplneat akysbr i pROsicingR BBY 4 Ngd udei it R8h1e dnetal
pl ati num nobl e nmetal conponent or a palladiumnetal 5

COMpOYrERY 6F PRt A 51 &CCREM ARl EGpaltUladiiEm Abbt e

é@ﬁkﬁnat‘i@?@@ﬁe@ﬁe dito Sheukdnbes T ecagiizedqt Bﬁttl_fa@es&&_sﬁ%r
of a conbination of the two noble netals contained in

Fhee It g CME bl €F dnAraderaries BYdtogeEn&ENoR &t ER vt

SRRV hdemaenPaNGRI RLAARE b6 Sadydr@9enakbeRially when
activity, especially when 10 the catalyst Is used in

?ﬂ?‘%mlﬁgtoﬂsh@ﬁ%@é}r FeRCPeatRy gtk SykagpRgon feedstocks

ﬁéngHgf I;gant £ SUbAUrs CONGERLLALLOPS: i &S, CORPRLRHLO to
cat al'yst "conposi tions contai ning only one or the other

@ﬁﬂﬂh§5tn€PQPOSqTﬁﬁﬁsquqt§lﬁﬁéfe@¢%ﬁiqnﬂ‘OFhéhﬁlﬁbmer noble
AL A Y S, sCOMPOSL Sléf%rfe‘%frehh?ok nvent#;0n 1t @ ,coNpLi se

both a plati num 15 conmponent and a pal I adi um
coimrorigntn Ph tihe prefgricedtpi paltrice dogst a platinum

[ elgmenta
& :H %%ntﬁmg?g %JP%?J}I%UC% [ sclg%ﬂbgﬂ%gtr ange 21 %Fgfne red0 flnal
Q@:aﬂ;ystppefﬂeoabtyon,f rtdr weZgh‘o Batio arfd elppshtal

;%Pf el ¥on%[£{'1r§un%l 19,3 1?% %é‘eof I}tr%Fn dhé‘té‘o 10:1,
cat'al yst conposition’is drie UIt

Ebleqﬁm:ra@tluv effon I e ng lexeeSs mvaiterpr@rfevebaw | Bom 1:1
t(p ef rom Generally, the drying tenmperature will be

in the range of fromabout 75 Cto 250 C. The tine
peri dthef dntermediate catalyst composition is dried at any

suitable temperature for removing excess water or volatiles
therefrom. Generally, the drying temperature will be in the
range of from about 75 °C to 250 °C. The time period for
drying the intermediate catalyst composition is any suitable
time period necessary to provide for the desired amount of
reduction in the volatile content and to provide a dried
intermediate catalyst composition prior to its calcination.

The dried intermediate catalyst composition is calcined
in the presence of an oxygen-containing fluid, such as air,
at a temperature and for a time period that is suitable for
achieving the desired degree of calcination to provide the
final catalyst composition (sulfur tolerant aromatics

hydrogenation catalyst). Generally, the calcination

13
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drying the internedi ate catal yst conposition is any

suitable 25 tine period necessary to provide for the
waele®rnedIanount of reduction in the vol atil e PONUSINT/071429

and to provide a dried internediate catalyst

conposition prior to its calcination. The dried

i nternmedi ate catal yst conposition is calcined in the

presence of an oxygen-containing fluid, such as air,

Bh@dr s urenper ah wie: anrthgkobrartemezercodighat)i so 550 °c

sui table for achi eving the desired degree of

el ngiro%P§cPﬁﬁF€6F88 ERECIFIHAD CEPRFYEUCONposit iF6R

{sd wr trebaramy arqmstics chydrogenatdsen-cat al yst).

Generally, the calcination 13 WD 2007/ 149799

PCT/ U82007707122F L 4 Enpererar e1¢s 9 Wife 1PEARGEIYT from

250G 10482aF) at 9uS0QLarkd022 Rle ThRydref @EbRd200 n /%m

cal cination tenperature is in the range of from 280

{SFFP {52 Cetgssippd, byrrféhef Bl mehapad ygeloying No.

EURAYIheR: 9bndde-dnvent k-gRqe genenal lyrhascas s fiace
area in the range of fron120% nm2/gm to 600 n2/gm as

HtSriTed By bher BET. FBERGUS enphBYiTig IRB. thThecontains

@I@{&W%&tllleaeﬁnr@&ml%trl@ng@lwtwezﬁt&%@geo@r €8 i& and
applicable to the final catal yst conposition that

Tomtidiendn eprheratsian ¢atitntéonbimeiion with the

zircenj a0k ghlica ?ﬁtlgo%&ﬂgwﬁoﬂ r’ch%%”’%'a@%k@%‘aﬁ’@& Nising
the zirconia. For a cat al yst conposition that

e porleppar edPBet hgEordr adat abysets uppor® eanlt al withep bt Ivhe
]_5 L ]caandoahum nad nthe nrelaliye Anpunts ssuch, that

e nolar ratio of silica-to- alumna is in the range
@ﬁumMnﬂnlE 10 tlee Irge e fsonf Ack0 1B diled , of he heuffaral

I |t f
PR EOTRL L anyiay, LonBEtetal 15 LPgohBOge o cne
Riggmatfo £550 ﬁ@@nggmndo wwsﬂn¢g@fep2¢ﬁ%ﬁaﬁﬂwonﬁ4cm 350
{lAM. 055 $90 /B 00ha Fafo 4. 108k GB1 8] VAL FABROR! f01h
a ta y avi ng

at was’ prepared using ca t ‘support
%D%uﬂngfto al um na nDIar ratlo exceedi ng 10:1,

L i Yhe, LU SUBROCL D08, B SUSLANL8! o BRSAI Soang
a catalyst support having a 51llca to-alumina molar ratio
exceeding 10:1, including when the support has a substantial
absence of alumina or substantially only silica in
combination with zirconia, the surface area of the final
catalyst composition is, in general, in the range of from 200
m‘/gm to 500 m?/gm, preferably, from 250 m?/gm to 450 m*/gm,
and, more preferably, from 300 m?/gm to 400 m*/gm.

The pore volume of the final catalyst composition as
determined by using standard mercury porosimety methodology
is generally in the range of from 0.7 ml/gm to 1.3 ml/gm, and
the median pore diameter of the final catalyst composition is
in the range of from 50 angstroms (A) to 250 angstroms.

The final catalyst composition of the invention is

particularly useful in processes for the hydrogenation of
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conmbi nation with zirconia, the surface area of the
final catalyst conposition is, in general, in the

WO 2009249099 from 200 25 n2/ gmto 500 n2/gm prefRCEDB2007/071429

from250 n2/gmto 450 n2/gm and, nore preferably,
from300 nm2/gmto 400 n2/gm The pore volunme of the
final catalyst conposition as determ ned by using
standard mercury porosi nety nethodology is generally
atortde of apgecoirbsom Qund, nkbgariol k3 i Agmisandl 3tbr the
t he nedian pore dianeter of the final catalyst
CHPYSIHZERIPR OF PiHE traAgecdF 2 ¥ 0t B09aRGetPors (A)

1 ZR0Q aRIshEONBL sd he fanal scahat ysintcorpeshtboni &fs or
the invention is particularly useful in processes for

the HydrogehRat i off oft 14 WerobdY/a%grgys of the invention
fgjyﬂé%ZQQ@/@Zﬁéggxﬁﬁﬂ%@ﬁtF@mﬁ&gf@ﬁﬁ{Qgﬁﬁeséngensitive to
u

especially, it is use or the dearomatization of

At drfdt PesSeBnbai Py TEroeaPbemseedsréeksSthat Tt So

SO Al R o3kgRhEE CadniGaNeeRt pabbons: @f orsukbuheidfndeed,
one of the special features of the invention 5 is
THHE UHE I PHATF O ety SECEERPBSP t T iN'sVce88TsBART ti ve

%#Fﬁ%%t%%%e805§0@5£@‘HJ%%”b@EBeﬁiﬁ%&&fﬁﬁ“ﬂﬁé&p%@&é&a&téb
is sulfur tolerance permts the processing of
i itéeLrcont Bihi IR Ueydr ocar bon f eedst ocks that have

not been QMQ[Qtﬁﬁﬁhﬁ%aﬁrc%@éiy@@wﬁnﬁﬁ%ﬁtﬁbﬁiM?&'Bé
hydrotreated to 10 reduce their sulfur content. Thus,

vl @y eche nf Fhal eyt iesnpbst tisie may 168y ehplenaedocks
%r%b the shydrogenatd.on of fa@p%ggti’&!{ 4 EheOL L eedst OCKS

d inawde variety of applications, one
pegitdaduleapbylidesiamblse iapphecat derpdigigi pft hehydrocarbon

{? %%knghgt 90#%9&%@ %ana1§o£&QQ§%&ﬁ%ntB%tafé%géﬂdgsand
oth a concentration of aromatics an a concentration
ofcagentirat Ope corwemplrat ed hydr ocar bon feedst ock of

the id?l\é.e%kgé' i%écgqﬁ/%r% E%J'nl?efb ecfgt%tcikl Lat .St EAM ion
conpri si ng y%?ocar ons ﬁaV|ng oil'ing tenperatures
atclatdess pheef enpressiwte lilatehet 280 arngerof ihgohy @&boigrbons

S e R U S e
range of from about 140 °C (284 °F) to about 410 °C (770 °F).
These temperatures are approximate initial and final boiling
temperatures of the distillate feedstock. Examples of the
refinery streams intended to be included within the meaning
of the term refinery distillate stream or distillate
feedstock include straight run distillate fuels boiling in
the referenced boiling range, such as kerosene, jet fuel,
light diesel 0il, heating o0il, and heavy diesel 0il, and the
cracked distillates, such as FCC cycle o0il, coker gas oil,
and hydrocracker distillates.

Another contemplated hydrocarbon feedstock of the
invention includes a refinery heavy oil fraction having a
boiling range that at least in part overlaps the lubricating

base 0il boiling range. The source of the refinery heavy oil
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tenperatures of the distillate feedstock. Exanples of
the refinery streans intended to be included wthin

wo k@7 ng of the termrefinery distillate BCFES2MTO71429

distillate 25 feedstock include straight run

distillate fuels boiling in the referenced boiling
range, such as kerosene, jet fuel, [|ight diesel oil
heating oil, and heavy diesel oil, and the cracked

th sddildnaties, bsughLamtFCe ayel e @hduunCker cgasdetlved from
and hydrocracker distillates. 30 Another contenpl ated
HAIrGEarBofit feetist ok 6f ERed TR I6h FeRéfigesr 3 tion

siefd ineuy pheany o JgRetii-on: bavi g i&n keI bi pgudANGEL . The
that at least in part overlaps the |ubricating base

I LIBGH FRRGer AhgICITRE- S5t 885 of 1 HeS enrRaryY heawy 300 °C
ol 2 1By WD, 200y /-£497 983 PET/ US2007/ 07 1429 wsbraehi ore may

be a Ilght or heavy vacuum gas oil derived from the
VAEUUhVE BEPFRAti I SAANE HoRPHEr i Ir éSPERECT rBRY i%h

§¥Héﬂ§y%@ Qg khewatiReRhetick 1 fystid |latjannef a. §VU§Eivent
0

oil. The iling range of such vacuum gas oi
Yerreriald ?“ﬁr@ﬂ?%&ﬂﬁ%@ @e@§¥2“9) R G20 @t€Pi480F§S to

Brd0lad @ bl 8als€thd i dN€ark BUENLF V8 PIRGESE8d bPEperties
refinery heavy oil fraction may be processed by known

Ffdreodrgek P agl aR doden@dilng The . §2vas] wenPr ogeaaxinayy Jdrfd ude

Gt Al G sdaYaxt NG e RIQGRSSySLERS, S0 1% L0+ BROVALE 185
product having various of the desi red properties 10

dloreagyl isenChE e bade PoPkesThet ¢y entdhy @ Sphipdeser amkying
dneldde b oPr%ee%ﬂd“c%sgﬁ %hgfr@ﬁé Q%‘ﬁn'%??vb{e%y 0il that

fractlon t hat has al rea een treated by process
Ysafep@ts@@Ideagom/cﬁmrammﬁgmeahd Hewde ngeekinheot the

}Pé 'ﬂ%aQ% Lpe fefdineny Fﬁaﬁe&téfet&% tga§sﬁoghﬁ5 final

erg ne prior treatnent. reating of t
¢4ﬁahy§¢y0h@avyleM1ﬂﬁhameomnvemtrgﬁpﬁebepaedlygtu@Ef

ﬁ fl'?ﬁ' 8%’%‘ dlﬁ%)]:fl c%.@ﬁ%l Béé’é‘ tﬂ%%ds@‘é‘égt hopy

At al al'yst ini's bri'cating base i
w@eustnchnbavoﬁgﬁannhﬁWI|©g @ﬁh@é t0f3%M13501076662 and

Pt B0 £ IR B0 byl 8, LR KBy o
hydrotreated and dewaxed.

The sulfur concentration of the hydrocarbon feedstock
can be a high concentration, for instance, being in the range
upwardly to about 0.5 weight percent of the hydrocarbon
feedstock based on the weight of elemental sulfur and the
total weight of the hydrocarbon feedstock inclusive of the
sulfur compounds. Typically, however, the hydrocarbon
feedstock of the inventive process has a sulfur concentration
in the range of from 10 ppmw to 1000 ppmw . But, more
typically, the sulfur concentration is in the range of from
15 ppmw to 500 ppmw, and, most typically, from 20 ppmw to 100
ppmw. It is understood that the references herein to the

sulfur content of the hydrocarbon feedstock are to those

compounds that are normally found in refinery distillate
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The sul fur concentration of the hydrocarbon feedstock
can be a high concentration, for instance, being in

w0 b@7nsatge upwardly to about 0.5 wei ght perceP@T/0820011€71429

hydr ocar bon feedstock based on the wei ght of

el emental sulfur and the 25 total weight of the
hydr ocar bon feedstock inclusive of the sulfur

compounds. Typically, however, the hydrocarbon

feedstsock ofh hperdduenttive-paogessi haseapsubihbts and are
concentration in the ran%e,of from 10 ppnmw to 1000
PP Ca IBGPTPRDTES TRAS CAPEH LNt eSS urteBnéBAt FatFon

dSndhnitiRe i hangee ergfarr@@u:i@uﬂ:5c@f@£5@\ﬁrt&> 500 ppnw, and,
nost typically, from 20 ppnmw to 100 prmw. It is

undeﬁ@@o@@bPﬁé@GW%éﬁ?é@@réﬂ&%@tﬁﬁ?éﬁﬁxﬁﬁstﬁ@VO%Yﬁ?Lﬁhe
H&Hﬂd§@ha@ﬁohhﬁeﬁﬂﬁgﬂxoﬂ'@Qamggﬁg§téBM§dﬂH%stthho§§% in the

conpounds that are normally found in refinery

R EG9rRCe 182 200N 49799 PCTPUSAOE7 Fo71428¢ @ product
18RS QkalBhydsdesyiturhzed gistidilat gsprodpst sy co

and are chem cal conpounds that contain a sul fur atom

i GHICCRTT geher L1 PHoHelthge of geifosdreraEBRPotrrRIzstock -
@%@Ho%da@s%mgélmeldn%@e%y@ PrRcessirbruebyesSrd e ek

hydr ogenati on renoval of aromatics conpounds that are
N4 tiHe 1 URedRD caf B fee GSN6ERT T At Brdem tdepFavdeeciorfrom 1

Vi 8l d agprodugt waH”ﬂH% %e&ﬁgycﬁgr&ﬁﬂﬁﬁﬁﬁﬁétbQQe@fon the
aromatics as compared to the concentration of

arorarices i nof hehihydicsosrbonn f edstiork, 1hAlsdehg ahe
earamaL! zan! om ALOGRABonLRE, IYALAGAr han ! ferst Aok A e

may | nclude an aromati Ccs concentration in the range of
MYQnﬂQBrbwn @@@@SﬁmphMaH%wamﬂFh thecewirghitiopeieeht Hed nginge

o2 Lbes LOUA welkght gl 1he: ydracarhon cpe
ee tock i nc ing thé “aromatics and sulflr
mXﬂnnmag@pg thedeofck Hromavres apphdoatiag 1ohy de oCaPiboh wt . 5
qg§ggck aromati cs concentration is in the range 15
romZ2 w.%to 30 wt.% and, nost applicable, the
hydrd@&rﬁ@naﬂeeﬂGAkMﬂc apmpasntsomom&eﬂtwamwentlonfmaynbe

ol Bl @ Hhehival stalast, sgmagitin o
Empquﬂﬁseopeaatorn@ygkenmthayst thereof with the hydrocarbon
feedstock under suitable dearomatization or aromatics
hydrogenation conditions that may include the presence of
hydrogen and an elevated pressure and temperature. One
preferred reactor system is that which includes a bed of the
final catalyst composition contained within a reactor vessel
equipped with a reactor feed inlet means, such as a feed
nozzle, for introducing the hydrocarbon feedstock into the
reactor vessel, and a reactor effluent outlet means, such as
an effluent outlet nozzle, for withdrawing the reactor
effluent or the product having a reduced aromatics
concentration from the reactor vessel.

It is a significant aspect of the inventive process that

it provides for the dearomatization of an aromatics-
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20 provides contacting the catalyst thereof with the
hydr ocarbon feedstock under suitable dearomatization

w@eooangted i cs hydrogenati on conditions that nRgI/US2007/071429

i nclude the presence of hydrogen and an el evat ed
pressure and tenperature. One preferred reactor
systemis that which includes a bed of the 25 fina
catal yst conposition contained within a reactor vesse

s apedowhi Ar ac4@ant alecbigedck tieit MRans.issych as a
feed nozzle, for |ntrodu0|ng t he hydrocarbon
?%Vé‘c%qttﬁél?lfjﬂt o t Het fyre k't 6PNYRSEHIY ta]{ﬁd hydregethrn

efddenk qublbet sBanNs.e SWehadscs anyBffdauant opUtd&litions
nozzle, for withdrawi ng the reactor 30 effluent or the

"b]r%&@te SEVARGE %O]r@éiﬂ%eélréméﬁ’hﬁ &Y ATSITEent Pat PORE FrgmOT

tihe rRAGLIHNVESS 8 icildinysS adpsb@nif i1Gant naspgcte@icdde
i nventive process that it provides for the
YA OHEti ZaPFORCOIC N &foRaPesed 77 ARD 2067A149799CS

EGId4320016Q74 428, qRAt-RI-AFREN sk eaafpon Theedst pek

t hat conprises a concentration of sulfur by
eohtraett AGOTARL By dRBERISEA T 1 PR R DO tUREEY 1S8F t H e

SAIRLIGES oRYHEpgenal 10N ccandbt L onsu1 Mt BotiBen Sk fau
tol erant aromatics hydrogenation catalyst of 5 the

FoRRETECof CaRany i @f dilify Pa LPF odbiet Ca ity ds AnPedutelPwing

as.omald ¢3.ceRsent rat i:Qn 1as oeREPRLeth Mtk nthe, AL OMat i cs
concentration of the hydrocarbon feedstock. The sul fur

vl erramoraroied e hydr agénat hont cat'aspsseprovi des the
r%“&.%%%l% Having A LQlerr0cs 10 Sy Tk BAL SPALNG,,AS

conpared’to many of the prior art catal ysts, thus,
didmgifng for the proceSS| ng of feedstocks having

hi gh r ol r | ow .
for I%glssgglg\%g?egp N c?sfot Fg%?%gg&gf ]{CﬁJ O% ggt Bgésp%%}%rlve
proockssr graerzaty cﬂxcetehﬂer €6f molsr Theyr campuptt ohe aromatics

t t
5%¥¥e.g%|y ngggd§§é&ééy?%ogyfeQ§s éﬁﬂ1§uﬁe 9r9§eééglrable

gener mol ar percent  of ¢ aronatics
tonttdienedvientihe @W@@@amboprbee@eta)@dolaBuperteni S

<9§%|Jﬁ§ylzat1$r é%“%ﬂ oggrgggcg edsﬂ%c@rgﬁ 9 exceeds 40

molar percent. It is preferred for the inventive process to
provide for a dearomatization of more than 50 molar percent,
and, most preferred, more than 80 molar percent. The term
molar percent dearomatization is used herein to mean the
fraction of the moles of aromatics contained in the
hydrocarbon feedstock that are saturated by the inventive
process divided by the total moles of aromatics contained in
the hydrocarbon feedstock. The molar percent dearomatization
may be calculated by dividing the difference in the total
moles of aromatics in the hydrocarbon feedstock and in the
product by the total moles of aromatics in the hydrocarbon
feedstock. Thus, the product of the inventive process will
have a reduced aromatics concentration such that it contains

an amount of aromatics that is not more than 80 molar percent
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dearomati zati on of the hydrocarbon feedstock that
exceeds 40 20 nolar percent. It is preferred for the

WO poo2ns979® process to provide for a dearonati PEE/USWOTO71429

nore than 50 nol ar percent, and, nost preferred, nore
than 80 nol ar percent. The term nolar percent
dearomati zation is used herein to nean the fraction
of the noles of aromatics contained in the 25

oy diec arbant f eedsdack niddat nat ge Safdraiethoby r&B@stock, but
i nventive process divided b% the total noles of
HOratilds BehtBPTed 19t OhBORYHIBTH BN féedst Bk e

D ahdpereantt dearimtdizabhofno®y d¥e Laheukatedhdy is not
dividing the difference in the total noles of

B SEIEEs 2P e het HYRITCSE4r BEnt PR eRStEK Sandonha i el 3@ the

proaduct-by, theqtoial, %&bﬁsmeétaéfgﬁﬁﬂﬂéa I RotN@ore than 20
hydr ocar bon f eedst ock. Thus, the product of the

TehAEntieFéepFocess will have a reduced aronmatics

concechathen; spaht thatorbbe6ont & disar AR aMBHRt 2 Ofcfinery
aromatics that is not nore than 80 nol ar percent 18 WO

SOU7/1149 P09 L PET! USRO0F Y 242020 tTRede6REL | BRe reaction
SO Aled i @eﬁ@ﬁawrl%C%he09a£§@d§E QGlom DYl par (145 psi)

desirably, not nore than ercent. It is
ot %Y Ped ﬂé?otﬂﬁ§-pré@@é?rﬁ@lﬁo@ﬁQﬁl@Chﬁ@éné&ﬁ@ pfi) to 70

@HP”@%Q%SFEB?t é&jn%bre”BEéf&PéﬁLﬁo1ﬂQ%ﬁ%opE5EePE3@&wl
the aromatics’ contained in the 5 hydrocarbon

feddstgek, 8dhdeshbst preferred, not nore than 20
”D'aﬁzﬁeEQQ”&eaNXHHEté&%loﬂVSPtéVﬁy&HdHa%%%n §eedstock the

dearonmatizing a refinery distilllate streamas Its
Qﬁﬂ@rb©m9®€@ﬁﬁﬁQNﬂ€ W@héhréh@thﬁFOQﬂﬂ@9Quf@e@%tOCk is

&9%%%%'5YW398t9§?§9H%$9 SEaBY T om 20 bar (300" pel) T

¢H ZPm BAP tqo<228wpsr) taridh0 or &6t 6Fer a]bteyf,eﬁarkdm,smom

gﬁgroﬁg? S%) tgo (Q@A6Q%7Q?DSI d FBBSEE&r?%$rably, from

P Sati of of rocarbdn feédstoc
l@hc€|®a4?éﬁpetata©@ (whizch t-he hydrocarbon

compadit 14ai 875% ThaThihosht o P in EBEMY5% 1,
éﬁﬁIQ@d(6©2tE§ rprefigmablope bf onhe 150/<@t(3@2pEpceos 325

Aerall )Sucﬂdasm9§%HER%%%rgbh¥qu£§(ngrly space velocity
(LHSV) in the range of from 0.01 hr' to 10 hr'. The term
“liquid hourly space velocity”, as used herein, means the
numerical ratio of the rate at which the hydrocarbon
feedstock is charged to the reaction zone of the inventive
process in volume per hour divided by the volume of catalyst
contained in the reaction zone to which the hydrocarbon
feedstock is charged. The preferred LHSV is in the range of
from 0.05 hr* to 6 hr !, more preferably, from 0.1 hr 1 to 4
hr{, and, most preferably, from 0.2 hr 1 to 3 hrt.

The amount of hydrogen charged to the reaction zone of

the inventive process can be greatly dependent upon the

amount of aromatics contained in the hydrocarbon feedstock
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175 C (347 F) to 300 C (572 F) . The flow rate at
whi ch the hydrocarbon feedstock is 20 charged to the

WO 2@ct#0m zone of the inventive process is geP@r/Eb1097/071429
such as to provide a liquid hourly space velocity
(LHSV) in the range of fromO0.01 hr-1 to 10 hr-1. The
term "liquid hourly space velocity", as used herein,
nmeans the nunerical ratio of the rate at which the
e aGarboBe 28c 4 eagdatioek .| Seabaiged tiet ARouLACHE Aydrogen
zone of the inventive process in volune per hour
Hi\Aded 6§ the @HWUﬁeoéfh§§F9F§%?O“c%%¥§Fﬁ€H PRt to
#12aGld-0R 12aNgoh® WiiGh thhe rhyge ogardeny teedstoci /inS
charged. The referred LHSV is in the range of from
oL O Wr SEFY BP6) hri% ismdrelfpreeeradi e PERTOI9 hyasl Fhgrae
Aa30 tfar e, 18NEhe MStqPILf erahl y9 drem O drsck 16818 to
hr-1. The anmount of (%ydrogen char ged to the reaction,

]z?ﬁ”ﬂe Hfm t HE 0RYeRET (P Prodiess BaRLpealyrbatinpm 178 m'/m’
gependent /upen tde s@MmEnt® qf, anemati 6o OoNtaknedokn
t he hydr ocar bon feedst ock 19 WO 2007/149799
PCT/USPE07/ 67am2%6 thal | (% §0Be Sdeapohatiozdd2d m'/m’
@EngyRldeyypbhe, anount of hydrogen relative to the
anmount of hydrocarbon feedstock charged to the
reacﬂ%@nf?égewr%g|Q%%mﬂ§eﬁaﬁg@ PpweReE 6 1781 w8/ nB
ﬁﬂihé%ygtécgéppéin Aépéd%sp6§f@ﬁéechéyfﬂJﬁe BMgrgﬁgﬁ éﬁgsnot
charge 5 rate to be in the range of from 89 nB/ (50
EK}UQﬂﬂQPSteUGQ7%§.Wﬁﬂuﬁy 10,0009 SCH Bsiope Abr ehe
prefenably, from178 nB/n8 (1,000 SCF/ bbl) to 1602
/nB (9 OOO SCF/ bbl), and, nost preferably, from 356
nB/ n8 (2,000 SCF/bbl) to 142&mpBen (8,000 SCF/ bbl).
10 The,f ol EQ%{J&&%‘@%‘ €518 £x Qrfr]ﬁ SENt eﬂl‘ﬁ%twgé h@ﬁ
illustrate certarn aspects o e invention
ew&panﬂﬁlODOOEet@@nEﬂwamajvascah@LWgtIanﬂ ppmgatheoecope
%% QE& i nvention. Exanple | 15 The descriptions in
anple | illustrate the preparation of the
1 nYeapavet icat alfy gti randi gonjplairdss smpport

A zirconia-silica support consisting of 14% zirconia and

86% silica was prepared as follows. A precipitated silica
such as Sipernat 50, 5.07 kg (LOI = 10.8%), is mixed with
a zirconium source such as Bacote 20 (ammonium zirconium
carbonate, 20% Zr0;), 3.72 kg, and 9.8 kg of distilled
water in a muller. To this is added acetic acid in an
amount equal to 4 wt$ of the dry basis mix. An extrusion
aid such as Nalco 9779 may also be added at this time,
also on a 4 wt%$ dry basis mix. The mixture is mulled for
about 35 minutes and extruded through a die to give
pellets of the desired shape and size. The extruded

30 pellets are dried at 140 deg C for 2 hours and then
calcined at 740 deg C for 2 hours. Surface area = 371
m?/g, Hg PV = 0.98 cc/g, MPD(vol) = 175 Angstroms

2. Preparation of zirconia-silica-alumina support
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catal ysts. 1. Preparation of zirconia-silica support A
zirconia-silica support consisting of 14% zirconia and

wWQ@0369%7¢9 | i ca was prepared as follows. A precP@i/us10eto71429

silica such as Sipernat 50, 5.07 kg (LO = 10.8%, is
m xed with a zirconium source such as Bacote 20
(amoni um zi rconi um carbonate, 20% Zr02), 3.72 kg,
and 9.8 kg of distilled water in annuller. To this is
addediagetiL-aiciidal-a1aniZd appyi: egual st ond ot Ysof
the dry basis mx. An extrusion aid such as Nalco
9779r By A s beladded®at thi ST HES VA Sor Bt it %

dryobashs. MX.siTheambXtiMl € i Sowtdll edohot st aRPWr 3Bminally
m nut es and extruded through a die to&gl ve pellets of

t he>dedi Ve S HEe ‘ands st 2&) Thie WéxtPuded! 30 Peld%ers s
areidebegdi @l 2140 rdedi Guf osu o and.them i maltlerade

at 740 deg C for 2 hours. Surface area = 371 .er/.%, Hg
Pvselptogiccl ¢,/ Mop(VéF) > /5 ARgstrBngg 20t distilled
Prepacat { 0ny Qfuizich-conha- §itd 6 alsufihiNae§ UpROrdnowk0 4¥0
2007/ 149799 PCT/ US2007/071429 A . .

zi PéBAFaS sT19 ddeal G- RadsdpgBrauidtonsisti by dfvergellets of
Zi £6eNL&s i AQYOSdhCanand; a3% alldm-na - wasq psepaled -as
follows. A silica-alumna powder (consisting of

nofraaf| §t BESEIoufi har and A5% Sind EaFD B2 b8y EtoP3E
18480 ¢ S Moed Wi th a zirconi umsource such as
zirconium acetate solution, 1.07 kg, (12.55% Zr) and

3. Gukgaet @it i 146d nwat.ed FVa=nbil P&F .CcTlte MPRHUPE) i 76
nuhled: fgfs @about 40 mnutes and then extruded through

a die to give pellets of the desired shape and si ze.
Thereraraided pdl Petrsagselidd-drivegaasudddrtdeg C for 2

h he lLeir C. 1 S 0
O A A e A R

= 76.3Angstyronsrgl SPr éparatiiow ofsborfrasediza-alueina A
2?@%9%%%%@&% 3uakll 68,8l WG SYPROLE L £ONSISL D9unina

and 45% silica), 3.0 kg (LOI = 18.8%), is mixed with a

boria source such as boric acid, 86.0 grams (17.49 boron)
in a muller. A solution of nitric acid (1.25 wt$ of the
dry mix basis), 54 grams and 3.0 kg of distilled water is
added. The mixture is mulled for about 120 minutes and
then extruded through a die to give pellets of the desired
shape and size. The extruded pellets are dried at 140 deg
C for 2 hours and then calcined at 594 deg C for 2 hours.
Surface area = 458 m’/g, Hg PV = 0.763 cc/g, MPD(vol) = 60
Angstroms

4, Preparation of silica-alumina support

A silica alumina support consisting of 43% silica and 57%
alumina was prepared as follows. A silica-alumina powder
(consisting of nominally 55% alumina and 45% silica), 3.0
kg (LOI = 18.8%), 1is mixed in a muller and a solution of

nitric acid (1.25 wt$ of the dry mix basis), 54 grams and
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44. 3% silica and 54. 1% al um na was prepared as
follows. A silica-alum na powder (consisting of

wWoerngddy 55% al um na and 45%silica), 3.0 kpCT/LEI00%071429

18.8%, is mxed with a boria source such as boric
acid, 86.0 grans (17.49 boron) 20 in a nuller. A
solution of nitric acid (1.25 wt% of the dry mx
basis), 54 grans and 3.0 kg of distilled water is
added. kJher nadrune ebswatdt ets fRIicahouhe 12011 UL@S manded
then extruded through a die to give pellets of the

de$PFedPO'shatfe "Ry L8778 THE e xiry-tded pel f &t F? 4r &1 to
drigedeape 1AL deg 28cCaéolry hotice and thes. caﬂmal Red ratied
594 deg C for 2 hours. Surface area = 458 ng/ Hg PV
= @e%%t%c?rge PBCV 6F) 120 69 Ah&ﬂfrénjéoﬁrs F&@p tli on

Of cil ki 684 alwungona aeupporsr A sidurGa al um na support
consisting of 43%silica and 57% 30 al um na was

pr €PAE 88 a& Tl dRe. PA i IHc &VaFufit hed powder MFD (vol) = 58

(cansikstong of nom nally 55% al um na and 45%silica),

3.0 kg (LO = 18.8%, is mxed in a nuller and a

SoPuePardofon wift PECPACEEIUY IS wt % of the dry mix

basi s}, 54,9raMeeand. ) 2400, 20024 44979%a pa (i) . (NO-)

PCT/ US2007/ 071429 3.3 kg of distilTed water 1§ added.

Theé - A xPure? it ﬁﬁtleédlsf@)@%cﬁﬂ E30PHi nut ez 'Erid: fHew! and

extpuded; thr augh@ digal0:, gijve tJ%%' hebsrof v hendes ﬁ@@

shape and si ze. “The ext ruded pellets are dried at

degfCthorsitsir-s adndst hehiGlalici Asgr agn&Hop d@@Oth’lér

2 %gﬂ£§rt55&1%&%daﬁga _cﬂgggdnyd%tangEV%orQZ%%% Cc&ﬂe
Angstroms 5. Preparation of Pt/

Catiabystsatedoluprioot of Pri{NHE) 140( Neg)C 250, 3611589,amd

an (-NQ3 51 [ I er

a0 e S0t pH 6. Eo% T NHGHERG TPo BT e Vet e

equal to the total pore volunme of 100 g of the

suppdietleThi s Sofatyison Fropenpiegnat ed onto t he

support and aged in a closed container for 2 hrs. The

iQ¥prégnat éd Psuppgortl | Gatdrlivedt atipb40tdegr C iidfg 3 |WBS, g/cc

and A 0.3 0.5 Si0, - Al,0s 420 0.470
B 0.3 0.5 B,05-S10,-A1,0, 410 0.458
C 0.3 0.5 ZIOQ—SiOQ—A1203 434 0.434
D 0.3 0.5 Z2r0,-510, 360 0.399

Note: CBD = compacted bulk density

Example II
This Example II illustrates the use of the catalyst
compositions described in Example I in the dearomatization of
a hydrocarbon feedstock and presents performance data for the

catalysts.
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15 calcined at 285 Cfor 2 hrs to give the final
catalyst. Table 1. Catal yst Properties Catal yst % Pt

waoemd1aval yst Support SA, n2/g CBD, g/cc A OPGI/0SH07/071429

Si 02 - A1203 420 0.470 B 0.3 0.5 B203-Si O2- A12Q8 410
0.458 C 0.3 0.5 Zr02-Si O2- A12C3 434 0.434 D 0.3 0.5
Zr02-Si 2 360 0.399 Note: CBD = conpacted bul k

density 20 Exanple Il This Exanple Il illustrates the
useapfcthe catabysdne eRUROSEhAONS) desari bed in Exanpl e

| W@oihezdﬁﬁﬁﬁﬁﬁtﬁgﬂﬁhﬁﬂ_@Em;25=al@WdinﬁﬁbDQ50 ml/g-min
feedst ock and presents perfornmance data for the

calcahysts.e o2 VO 2QU/CAADAET B Qi?éwﬂ&%’lébf%iﬂ cdﬁ@k@lon,
2. Toluene Hydrogenation Test [Tol] 4 8% i ngkl2 1

S OV, 5 dbUqu/g_QngabatalySI %)PgoﬁbPG

on

0 40% GoBYVE(Skon, deg C A 93 0

(@)

B} Oaio ST oDEER L (A 2CB 1D
9
F

; S
-
D

P
O
3L

U5 J.
B8 JrpCs 105,08 S ro2-si
NRESUT TS 1 oroene HYUIUQCHGLI TS I
show that catalysts prepared with the zirco
CORtauhi N rsupport solwene hpireg@obicven hg/eehftogé[raaaxlleom) show

aI t anthose the silica-alumn
%brl a%%l I P/cg 2l ur anraed‘rsrﬁ“’ﬁ%o\rﬂ%ﬁe e OTe At &PYS snln%p upé)é)rts
weteh ntohre actﬁ:rz)@l}aycnmq@anamung SHpPorts wene ﬂ.ﬂoi;dé]emade with
tested.in a, diesel qﬁ% enation test W th an actua

t

el &Fé‘l a%%%%j Et‘oac haa b%aen SHiKEd SPBP%ﬁt%pm
sl f1yrs t swotk Bpbeaz othiropheneir dbei 4 etsaﬂttaSnahg shpymrtlm were

Table 3. Table 3.. Di d t Test 15
Pey EEEPOND @ SO0 ISGETBe THEY S E s EReRn AoEiRl

commercial feedstock that had been spiked to 50 ppm sulfur

o 2 n
L P4
4 4
8 8
Zlrc

with benzothiophene. The results are shown in Table 3.

Table 3. Diesel Hydrogenation Test

P = 600 psig ; H2/0il = 2500 SCF/bbl; LHSV = 1.5; Feed
sulfur = 50 ppm; SFC Aromatics = 47.6 wt$ ; D2887
distillation 95% pt = 265 °C

Catalyst | $ Pt % Pd | Catalyst Support | Treq 80% Conversion,
deg C
B 0.3 0.5 B;03-510,-A1,0; 237
C 0.3 0.5 ZI‘OQ—SiOz—A1203 233
D 0.3 0.5 Zr0,-S10; 215
Note : Temperature required for 80% conversion determined

after 500 hrs on-stream

The results in Table 3 show that the zirconia containing
catalysts show superior hydrogenation activity in the
presence of sulfur, especially the catalyst prepared on the
zirconia-silica support.

Reasonable variations and modifications, which will be
apparent to those skilled in the art, can be made within the
scope of the disclosure and appended claims without departing

from the scope of this invention.
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sul fur = 50 ppm SFC Aromatics = 47.6 w % ; D2887
distillation 95% pt = 265 C Catal yst % Pt % Pd

w@2200al1y99 Support Treq 80% Conversi on, deg C BLODUS2007/671429

B203- Si 2- A12G8 237 C 0.3 0.5 Zr02-Si 2-A123 233 D
0.3 0.5 Zr02-Si 02 215 Note : Tenperature required for
80% conversion determned 20 after 500 hrs on-stream
The results in Table 3 show that the zirconia
containing catalysts show superior hydrogenation
activity in the presence of sulfur, especially the
catal yst prepared on th& 125 Z2i¥conia-silica support.
Reasonabl e variations and nodi fications, which will be
apparent to those skilled in the art, can be nade
%utﬁuﬂ@tpﬁé O§ copEP P hé 8P§EP%§E&%P@uﬂ?eéﬁbénﬂé%ﬁ method
&M oWt hout departing fromthe scope of this
invention. 30 23 WD 2007/149799 PCT/ US2007/071429 C L
Al MS 1. A nethod of preparing a conposition,

shenaiin ngahd; MeEhotin 2 w@ARhESESd £P-1MdhhRgcaoxide
zi rconi um conpound and an inorgani c oxide selected

$¢-fitRe LgPBUPRe oI iRvg S6 Pt &1Y | @fa,SdilgRr nalapna and

$ili cazahwrhpac s oed.of m aimxtare; 10 formng an
aggl onerate particle conprising said m xture; and

calcining said agglonerate particle to thereby provide

Borf@Lia ﬂegggﬁéﬁéféé% St abh g é&%pﬂEﬁ%n%Ssélaa&ééﬁﬁﬂe, and
support. hod as recited in claim1l, wherein

said mxture contains an amount of said zirconium

compound syeh ££‘<§‘iqr§ea;‘a°&e QQEEMFQ RAHCL8 NS Ride a
Zirconiumconte I n the range of
calcined particle suitable for use as a catalyst support.

2. A method as recited in claim 1, wherein said mixture
contains an amount of said zirconium compound such that said
calcined particle has a zirconium content in the range of
from 1 to 30 wt. % zirconium based on the total weight of

said calcined particle.

3. A method as recited in claim 2, wherein said zirconium
compound is selected from the group consisting of oxides,
nitrates, sulfates, silicates, carbonates, acetates,

chlorides, hydroxides, and hydrates of zirconium.

4., A method as recited in claim 3, wherein said mixture
contains an amount of said inorganic oxide material such that
said calcined particle has an inorganic oxide content in the

range of from 70 to 99 wt.%$ inorganic oxide.
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from1l to 30 wt. % zirconium based on the total weight
of 20 said calcined particle. 3. A nethod as recited

WO poochigd7ae 2, wherein said zirconium conpound PGI/US2007/071429

selected fromthe group consisting of oxides,

nitrates, sulfates, silicates, carbonates, acetates,

25 chl ori des, hydroxides, and hydrates of zirconium

4. A nmethod as recited in claim3, wherein said

1 %t Wle@ ho6ORL ai &Si By anbunbiaf 4 Saf - dHRer ganpei oxhgle
material such that said calcined particle has an
THEGRRPE 18K Het ¢ ottéhtC A Y Ak SBPTdnge "6PLErBRT o to
99 MW irRBRIARE CyaXideond4 sWOh 2007 /ch49799m, palladium and
PCT/ US2007/ 071429 5. A nethod as recited in claim4,

F FTHERAEHRPr FREMRPT HohOsPPofat #hg 1§ esarac cat et yistt
SMpRQyit-1@3nnobl e metal  sel ected fromthe group

consi sting of platinum palladiumand a conbination
thereof to provide an internedi ate catal yst 5
SOMQRIthbANasbre A tRE hod cagifies) t 8d-dHd Cledinfl Psing:
further conprising: calcining said internediate
A SO EBAPOST RGO A G LENEPBBYY STproViR@e L& 1P nap thereby
Saaldsty ¢QAROSELd DNy st1Qohpo Al 85, 0Mati cs hydr ogenat i on
catal yst, conprising: a nogle nmetal selected fromthe
group consisting of platinum palladiumand a

o nathan:therepf, andracgak el Aetim X He18%ng@ a noble
cat al yst support, wherein said mXxture of said

Al medet5edi kXt &hebefrore eaneli Haticow eoapiives a
Zhrconigm.eanpound 1,80d AN hBPLGAN & axide $eLeCt el ure as
fromthe group consisting of silica, alum na and
Biddtedyvaltuaipeerg. wiergiomatidsniwdrsgedatsifod cat @lnsst
ﬁ§§ﬂﬁ%§,t%gfbpecééﬁéﬁﬁétio%Q §Qﬁ$§i§a§%f@i%% ﬁﬁaﬁdcompound
m xture conprises silica and alumna in relative
ambuamt $noughnihatxidve seokaredatton dfhesidrioca- tonsisting of
sah%a')?‘a'lﬁﬁﬁgat%d rs"’h’l%%a%lﬁﬁﬁq%ﬁ'%.li 10 to 10:1. 9. An
aromati cS hydrogenation catalyst as recited in claim

8, 25 wherein said zirconiumconpound is present in

§?U§1%@%&5@§gs hydrogenation catalyst as recited in claim 7,
wherein said calcined mixture comprises silica and alumina in
relative amounts such that the molar ratio of silica-to-

alumina is in the range of from 1:10 to 10:1.

9. An aromatics hydrogenation catalyst as recited in claim 8§,
wherein said zirconium compound is present in said calcined
mixture in an amount in the range of from 0.5 to 20 wt.% with
the weight percent being based on the total weight of the
aromatics hydrogenation catalyst and calculated as elemental

metal.
10. An aromatics hydrogenation catalyst as recited in claim

9, wherein said noble metal is present in said aromatics

hydrogenation catalyst in the range of from 0.01 wt.% to 5
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m xture in an amount in the range of fromO0.5 to 20
w.%wth the weight percent being based on the total
waweiogh$97ed the aromatics hydrogenati on cat al yRBCT/HSZH07/071429
calcul ated as elenmental netal. 30 10. An aronmatics
hydrogenation catalyst as recited in claim 9, wherein
said noble netal is present in said aromatics
hydrogenation catalyst in the range of fromO0.01 w.%
#10. $H w22 'O 3001 Ji49 129 Ret/ US2RO M DEA29 twk. Yowht Rieight
t he wei ght percent being based on the total weight of
the g rat'p écﬁfw%@:@‘?ﬁﬁtéﬁ“c%%@%t and Eﬁllﬁﬂjraa’f% s
&l emental yeetal. 5 11. An aronatics hydrogentation
catalyst as recited in claim 10, wherein said noble
metal includes both palladiumand platinumpresent in

Al hALRRREEESs yEQgrRAabOBnCcat @l st R raRPHAY Si:SUChin
that the weight ratio of elenental palladiumto-

M ratiedsins S i t P FaRGE 26f 1REbAS Ky o PedLadivy arpl

ﬁht@fr%ﬂﬁﬁlo%?;eﬁydﬂ@%%ﬁ@t I29Bmeat @t drﬁﬁgefn%%'lbﬁdcé@alyst in
claim 1 wherein said aromati cs hydrogenation

%Lﬁlt)ﬁstsuﬁﬁst%at SUHT atte 9aFesaF#O thie erlﬁ‘ﬂ@@téf— PRbM B -to-

ﬁ@%éﬂﬂuhpléanngﬁéﬂEaﬁgé %% f@BmaIQﬂ?Qkpﬁthdrogenat'On
catalyst as recited in claim 12, wherein said

aromati cs hydrogenation catal yst has a pore volune in

1he Aangenatitg Ok'f%cpfogema/tgght Oadad, dd /gm-apd: ay Idelaarlm
pore dianmeter 1 n the range of from 50 angstrons to 25

Bhgstheswen 201942 p tdicomay PESI Pyl isgevat Poris e at a y?st
F £ teckni gl ah Jange\/\@%f LB, S&d ¢ n?é‘%ﬁ' 084 49 X 5@

as a silica-to-alumna nolar ratio of greater t
10:1. 25 15. An aromatics hydrogenation catal yst as

f?C'Ane%roF&aﬂé‘é"?J%i'r%cge‘{’ﬂ%ﬁ‘é n.sald, &1 reonk B%&Q"B?:’Jr}dalm

present 1 n sal aIC|ne m xt e in an anount
1%%3whaq@@noﬁaidoﬁmQﬁ&U;C@Ohydrogenation catalyst has a pore

volume in the range of from 0.7 ml/gm to 1.3 ml/gm and a
median pore diameter in the range of from 50 angstroms to 250

angstroms.

14. An aromatics hydrogenation catalyst as recite in claim 7,
wherein said calcined mixture has a silica-to-alumina molar

ratio of greater than 10:1.

15. An aromatics hydrogenation catalyst as recited in claim
14, wherein said zirconium compound is present in said
calcined mixture in an amount in the range of from 3 to 30
wt.% with the weight percent being based on the total weight
of the aromatics hydrogenation catalyst and calculated as

elemental metal.

16. An aromatics hydrogenation catalyst as recited in claim

15, wherein said noble metal is present in said aromatics
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w.%wth the wei ght percent being based on the total
wei ght of the aromatics hydrogenation catal yst and
w@a0ocosEaped as 30 el enental netal. 16. An ar one€T/T82007/071429

hydr ogenati on catalyst as recited in claim 15,

wherein said noble netal is present in said aromatics

26 WD 2007/ 149799 PCT/ US2007/ 071429 hydr ogenati on

catalyst in the range of fromO0.01 w.%to 5 w.%

Wdﬂbgtela@tm@hgbat@wsaﬁmn hakngahgsesk ardhe . botat.s to 5
ight of the aromatics hydrogenation catal yst and

‘%’:%1 TUlatedngsve e Endtralc PhePal D9 5Pa%Rd AR APBnkPFes Welaht

by dregenbakt 08s Caf & Jrinaas ohesht £0,4th GlidicBl cdbated as

wherei n said noble netal includes both palladi um and

Pata i pPédent in said aromatics hydrogenation

catalyst in anopunts such that the weight ratio of

el enental palladiumto 10 platinumis in the range of

¥ fofiM 2E0me6199: ydrrgenAataPBnat t sy Hy dfogeRatpédntn claim

cat alsteiasshegiA@sh d methal Mheldlae MRl Rasabdium and

aronmati cs hydrogenation catal yst has a surface area

RHrtiHery angecol 1 oTRIZOGrRPAGHRTE N BSUPIRPAGAPN 152 8DLY A in

MMt cschydrogenal ien pat ahyst &5 Ji1eslched | aﬂ@dﬂim to-

18, wherein said aromatics hydrogenation catal yst has

RLPorem vl bivet e 1S &igérer Frdmt® 20ilifgmto 1.3

m/gmand a nedian pore dianmeter in the range of from

50 angstrons to 250 20 angstronms. 20. A sul fur

1ol dranroarbhat i kyltnppregénat Fomrattalapsrecited in claim

EPMRIHE RN oL oMb 130 WoaPodLiLONA b0 05 10 5
% of a no nmet al Sel ectedfromt e’ group

%mf@@t iengaofnptia inange opafedi A andoa conddihat’i on.

thereof, and from®60 to 99% inorganic oxide sel ected

fromt he group consisting of silica, alumna and

591 ifga<agbuat has B2henAtppocessafyat medregéhati g claim

f%fnuﬂgr%ﬁnoga§dh%gkgﬁﬁkgoﬂydrogenation catalyst has a pore
volume in the range of from 0.7 ml/gm to 1.3 ml/gm and a
median pore diameter in the range of from 50 angstroms to 250

angstroms.

20. A sulfur tolerant aromatics hydrogenation catalyst,
comprising:

from 1 to 30 wt % zirconia, from 0.01 to 5 wt % of a noble
metal selected from the group consisting of platinum,
palladium and a combination thereof, and from 60 to 99%
inorganic oxide selected from the group consisting of silica,

alumina and silica-alumina.
21. A process for hydrogenating aromatics of a hydrocarbon

feedstock containing a concentration of sulfur and a

concentration of aromatics, wherein said process comprises:
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feedstock containing a concentration of sulfur and a
concentration of aromatics, wherein said process

wa@eopnises: 27 WO 2007/ 149799 PCT/ US2007/ 07142BCT/US2007/071429

contacting said hydrocarbon feedstock, under suitable
aromati cs hydrogenation conditions, with any one of
the catalyst conpositions of clains 7 through 20; and
yielding a product having a reduced aromatics
EONCRIHNIMAL EaNd ByddcAHRhOEesssascK ecided kaiechai 21,
wherein said concentration of sulfur is in the range
DFOAGRSL DY BT 2BV T PO LB T 230 S A TP dt 8 8§er%€|¥%ﬂ
M\:a@ly@tmc%%powb@{&w dihe 1nehker metalugrohosabdacptal sty a
q§13|t|on i ncludes platinumand pall adi um ere
SheirgHE NEat | BFBICH! aEPRaM £0- patdadirdmiPE in the
range of fromO.1:1 to 10:1. 15 24. A conposition nmade

QX any one of the nethods of claims 1 through 6. 28
2 A process as recited in claim 21, wherein said

concentration of sulfur is in the range of from 1 to 1000

ppnw .

23. A process as recited in claim 22, wherein the noble metal
of said catalyst composition includes platinum and palladium,
where said weight ratio of platinum-to-palladium is in the

range of from 0.1:1 to 10:1.

24. A composition made by any one of the methods of claims 1

through 6.
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