WO 02/ 102939 PCT/ EP02/ 05906 PROCESS FOR THE HYDROGENATI ON OF AROVATI CS The
present invention pertains to a process for the hydrogenation of an
aromat i cswoaniiedds® ng f eedstock in which process a specifi ecratrar/g®ve
suitable for 5 the hydrogenation of aromatics is applied. Typically, fuels
such as diesel fuels and kerosene are commonly prepared by cracking or
hydr ocr acki ng hi gh boiling feedstocks, such as vacuumgas oils or

residues, with the aid of a cracking catalyst or a hydrocracking catalyst,

and 10 separatl n% the resulti nBF&%OdUCt into fractions if so required.
However, inPR{eRESS FORMEHER¥EPRPGENAT IO QFn'QBQ'\éAyﬁ$ abl e neither for

use as a fuel as such, nor for addition to a "pool". This is because the
fuel has to meet certain speci fications, including, in particular,

speci ficatipis Webbnt afRSgbnt BeftBRs @csoar%ﬁo@ésé;orak ecﬂb hPSfRen8tibR oS a'HOt h
environmental | y advi sable and 15 increasingly legally required, it wl

beconme everammaticaaoeianing feedstediide wiieh paocesst & specifintomrialysif stfitable fc:ruch

as diesel ail nd kerosene. A conmmon met od to reduce the aronmmtics
cont ent Zof th?i?@&%ﬂ%'oﬂ 6‘@&@3 i3 @PRP%ont act sai d feedstocks in the

presence of a hydrogen- cont aining gas wwth 20 a hydrogenation catalyst to
ef fect aromatics hydrogenati on. Aromatics hydrogenation catal ysts have

been descriDgdcallyt dnsls \selch addigzel fldls dnar kenoasne eare WordmoaR, ﬁn@ba@@%@l bes
a catalyst to be used in the hydrogenation of aromatics which conprises

one or nor eCféﬁklﬂﬂé?rn‘md;ﬁ@@aéklnnglﬁh|bﬂjrﬂgof6%§f§m%§| awmsa/amum easmﬂmrstu ng
of silica- arleu unz% di. rse% IRF 25 a %B( pder al um.na b%%d unt
of 50-90 wt “HIESprefel Fed" ?hcré‘ﬁ ”Ql 3 t?rr‘?dQV RGNS KDY Ho ARE. 06
bei ng nmpst ﬁﬁ%frﬁtrﬁg?%eﬂ@uﬁ%bmp)‘%@ctuﬁﬁéi fré&ndn'%e |fE§§”Félcfﬁre@lf l-tlcmvévéreflﬁrence
all contain platinumas the only G oup nobl e net Furt her,
09225304 digariesgkshafraatian jtats obtalumdm;esulfahrle nhighérydr agenad aduelods sGdih
aromatics conpti si n(gj gl ati num on, carrl er consi sti ng of silica-alum na
CONFI RVATI @@rcéﬁ tion to a "pool". This is because the fuel has to meet certain
specifications, including, in particular, specifications with respect to the
aromatics content. Because it is both environmentally advisable and
15  increasingly legally required, it will become ever more necessary to reduce the

~ aromatics content of fuels such as diesel oils and kerosene.

" A common method to reduce the aromatics content of hydrocarbon feedstocks
is to contact said feedstocks in the presence of a hydrogen-containing gas with
20 a hydrogenation catalyst to effect aromatics hydrogenation. Aromatics
hydrogenation catalysts have been described extensively in the art.
For example, US 3,703,461 describes a catalyst to be used in the
hydrogenation of aromatics which comprises one or more of the metals of
platinum or palladium on a carrier consisting of silica-alumina dispersed in
25 alumina binder. An alumina binder amount of 50-90 wt.% is preferred, with an
alumina binder amount of 60-80 wt.% being most preferred. The catalysts used
in the Examples of this reference all contain platinum as the only Group VI
noble metal.
Further, JP 09225304 discloses a catalyst to be used for the hydrogenation of

30 aromatics comprising platinum on a carrier consisting of silica-alumina
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WO 02/ 102939 PCT/ EP02/ 05906 2 dispersed in an alum na binder. The carrier
preferably conprises 50-95 wt. % of alum na binder and nost preferably

60- 90 w .Wowhk/1ed989m na bi nder. M Vaarkanp et al. (Engel hardX/EPBr/e39n6 - Am
Chem Soc., Div. Pet. Chem 43(1), 77-79 (1998) discloses a catalyst to be
used for the hydrogenation of aromatics 5 conprising a conbination of

pl ati num and pal | adi um on vari ous inorgani c supports. These supports are
selected fromalumna, silica, silica-alum na, and magnesia. EP 0947248
descri bes a catalyst to be used in the hydrogenation of aromatics which
conpri ses adispafsiedadniahalpmipa Sindain’ Ba Fapign rieferabrcamnrigsso?@-9510t. % of

conprising sili.cas i n bout , 7 % of, a | um n inder. The
silica- al u%hhhﬁggm%m?@g %Bg%%egﬁr?%yo&'gp/dﬁ(i ﬁa&_%&ﬂﬁ@ggﬁbow describes a
catal yst t onvP&/aasieshp e, (EhPelh!an)t, ey HRIERaH]. Woc. WivaPRPREALH. 445 12,“
conprises a conbination of plati numand palladiumon'a silica-alum
carrier. Thé’g9 (18a8pHissiosas rragatalyspta be useddor tHDhydrogenétidrb ohhromaticsand

90 wt. % of silica. In ac aratiye exanple this publication describes the
use of 2? catANPEsiNgoft Q‘PWBE%“Q”CBMWHWB@@ RRIBGIWONPENYANIGHS IRY8RIDON a

carrier congrd S0 15k Ganal- 4 % : i _pi ,
wher e n 1 neunrir) THeseAPOUE 418 Al tn Gl AT SRa AR, and
hydr ogenat i pagaésia. f eedst ock containing 8 wt.% of aromatics. In view of the

| ow 20 aromatics content of the feedstock and the fact that it is a
conpar at i veEPO@4AA48 desesiberid ralalyséieba wand o het hyssageaation af sraraatidsy st

suitable for use in_ the hydrogenation_of aromatics. ﬁur.Brisin ly, it has
now been f QYT RAPATSF na L CHPBIEEENT of HiphPdGeRnts BATEHM RAt AR
feedst ogks capFising"dlicaBfiNg!ant abodt PRt % 8f %Pf%gﬁ’hb(étbih&er. Eﬁxgagnéé-ed

whi ch conprises a Conbination of platinumand pa Ium supported on a
carrier conpunsnagosiprisea68F30mvhdo df aluemised i n an al um na bi nder wherein

E Eg S?F})ggfp@r/ﬁﬂé’é’?o%gg ! eggrribéss a%a?gly\é\!tt t'o(y%e ?J%ngjin?.naﬁ,hi% t%gth%/ldrg\geeingaq{on()f
of aromatics which comprises a combination of platinum and palladium on a
silica-alumina carrier. The silica-alumina may comprise, e.g., 10wt.% of

15 alumina and 90 wt.% of‘ silica. In a comparative example this publication
_ describes the use of a catalyst containing a combination of platinum and
_palladium on a carrier comprising silica-alumina and 30 wt.% of an alumina

binder, wherein the silica-alumina contains 13 wt.% of alumina, in the
hydrogenation of a feedstock containing 8 wt.% of aromatics. In view of the low

20 aromatics content of the feedstock and the fact that it is a comparative

example, the skilled person would not consider this catalyst suitable for use in

the hydrogenation of aromatics.

Surprisingly, it has now been found that if in a process for hydrogenation of

.hydrocarbon feedstocks comprising 10-80 vol.% of aromatics a catalyst is
25  applied which comprises a combination of platinum and palladium supported on

a carrier comprising silica-alumina dispersed in an alumina binder wherein the

amount of alumina binder is 5-50 wt.%, based on the total weight of the silica-

alumina and alumina binder present in the carrier, and wherein the silica-

alumina comprises 5-50 wt.% of alumina, based on the weight of the silica-



alum na and al um na binder present in the carrier, and wherein the silica-
al um na conprises 5-50 wt. % of alum na, based on the weight of the silica
WO 02/ 1029892/R@P3EP02/ 05906 3 alumina, the yield with re®p@dP02/a5906

hydr ogenat ed aromatics can be increased ,considerably in this process. Mre
in particular, the use of a conbination of platinumand palladiumleads to
an increased yield as conpared to a catal yst conprising only one Goup VIII
5 noble netal, in particular platinum Further, the selection of a carrier
conprising an alum na binder in an anpunt of 5-50 wt.%as in the present

i nventi on |adaéna, tﬁheaweidwmﬂf@amplent yo dlydregenaiap aaromaticsacarabel ysteasisidc h
conpri ses m)regiqr 6 W(i % of alum na binder. Furthernore, a catalyst
cont ai ni ng @EHSRRY IQARISARCSIhe silica-al umi na conprises 5-50 wt. % of

3L umna, | ANGiTGalBulh e G20 o AN OF pidfin) BRE DRI joddeio?"
stability conpared to a cat t containin a carrier

si li ca-al unmincreaged yisd rasreomban‘edStb wtcét’ca%t abutprising oAlydorid GralipWilli t
has been found that the catalyst according to the present invention shows
hi gh hy@&@ rod@m preial, mpamp%rmleﬁlwﬂ purthes dhaseledtiantdi@ earger edmpgaidoi |

feeds. 15 | I bl e f th
oo o EBUPARR ot b BT Y0, Y kst MRS, B bRy | 1°
used in theto éWﬂfdPéQélé’ﬂ{ giéw Afcdi Qr%dproogt@eﬂslyevmﬂuﬁpbsmpﬁeﬁ%}e than

synthesis. These feeds 0 not cont ain aromati ¢s. 20 The present invention

wi || be desklwbédof alumina hiedei IFubibeownore, Rr catadyst abntdiming reesamier wneesini on

25 The present J nventi.on pertains_t Rrocess for effecting aromatics
hydr ogenat it Eﬁ TR UGB SYTRGRSY 53‘%%“60@&1:0?5”%”% REERTENG b he dwaseick

whi ch Gnt ghisniibly, $asVitlprdtad oBHARPLAS Sttt onfb 52868 htafly X dhedahy

a carrier wherein the silica-alumina comprises more than 50 wt.% of alumina.
Additionally, it has been found that the catalyst according to the present
invention shows high hydrodesulphurization activity, particularly in the case of

gas oil feeds.

15
. Incidentally, it is noted that a catalyst suitable for use in the present process
was already described in EP 0587246. However, there it is used in the
hydroconversion of feeds produced by Fischer Tropsch synthesis. These feeds
do not contain aromatics.
20

The present invention will be described in more detail below:

Process of the present invention

25 The present invention pertains to a process for effecting aromatics
hydrogenation which process comprises contacting a hydrocarbon feedstock
which contains 10-80 vol.% of aromatics in the presence of a hydrogen-
containing gas with a catalyst comprising hydrogenation metals on a carrier,
wherein |

30 (i) the hydrogenation metals comprise a combination of platinum and palladium,

and



containing gas with a catal yst conprising hydrogenation netals on a
carrier, wherein 30 (i) the hydrogenation netals conprise a conbination of
pl at i numwpd2peddBadi um and WO 02/ 102939 PCT/ EP02/ 05906 PET(EP0)/039he
carrier conprises silica-alum na disper sgd in an al um na bi nder, wherein
the alum na binder is present in an anmount of 5-50 w.% based on the total
wei ght of the silica-alum na and al um na bi nder present in the carrier, and
wherein the silica-alum na conprises 5-50 wt.% of alum na, based on the 5
wei ght of the silica-alumna. The feedstock used in the process of the

i nventi on Tiketheycarieacoonrites giicackumingdispersest inl amstumioainder, aherein
aromatics, ,preferably. 10 .at |east. 20 vol.%.of_ ar ILcs, and nore

pr ef er abl yt £ qiwagE éﬁ'c(l?6ll§ Re N1 Al WY %foﬁ't%'(% @?&e‘ﬂ%r%éa%n
feedst ock %@ghﬂef tRE CERch-BRINYRL: dhd RORHES Hhder pretent iRoheCShRy 3Rd
vol.% A preférred feedstock wll substantially boil at a tenperature bel ow
440C, pr efvenexbiny the| ieaBZLG)iInacecopgseh &B-5at wt.easdf SlAmiod, Yaséd tdre the
feedstock will boil 15 bel ow said tenperature. Preferably, the feedstock
subst anPi alW§igRRf tee slio@ealgotna.meani ng that at |east 90 vol . % of the
feedstock will boil above said tenperature. Preferably, the feedstock has
a boiling range of 140 to 3711C. Such feedstocks may be acquired by the
convent i onathd feetistock QB if B phedddsnsf thé aedsiteeks * by nmeans of cracking
or hydrocracking processes, optionally 20 folTowed by fractionation of the
cracking or hydrocracking products. It is preferred to avoid feedstocks

wi th too hiTe lsydrpbarboanfdedstok icongrizesattieadts,0 valdh of akombien eefesals]

i mpurities are ob'bect [ %nabl e to the final product but also because the
have a'Bet ratrngastak0eqldet ofoaramaticsatand srere aefembly @l legrsied@ivol fheThe

25 "pr f or Aoy e e SR B B Rt Bl BRuior ool Hebrl By,

and the preferably it does not exceed 50 vol.%.

A preferred feedstock will substantially boil at a temperature below 440°C,
preferably below 371°C, meaning that at least 90 vol.% of the feedstock will boil |

15  below said temperature. Preferably, the feedstock substantially boils above

80°C, meaning that at least 90 vol.% of the feedstock will boil above said

‘ temperature. Preferably, the feedstock has a boiling range of 140° to 371°C.

Such feedstocks may be acquired by the conventional route from higher-boiling

feedstocks by means of cracking or hydrocracking processes, optionally

20 followed by fractionation of the cracking or hydrocracking products. It is

preferred to avoid feedstocks with too high sulphur and/or nitrogen contents,

not only because such impurities are objectionable to the final product but also

because they have a detrimental effect on the catalyst's action. In general, the

sulphur content of the feedstock, calculated as S, is less than 0.05 wt.%,

25 -preferably less than 0.03 wt.%, more preferably less than 0.01 wt.%, and the

nitrogen content of the feedstock, calculated as N, likewise is less than 0.05

wt.%, preferably less than 0.015 wt.%. If the available feedstock contains a too

high content of either or both of these impurities, it must be hydrodesulphurized

and/or hydrodenitrogenated with a catalyst in an otherwise conventional

30 manner.



ni trogen content of the feedstock, calculated as N, |ikewise is | ess than
0.05 w.% preferably less than 0.015 wt.% |If the avail abl e feedstock
cont ai ns wOt000029B% gh content of either or both of these i mpWmPI2/e®P6 it must
be hydrodesul phuri zed and/or hydrodenitrogenated with a catalyst in an
otherwi se conventional 30 manner. WO 02P102939 PCT/ EP02/ 05906 5 The

catal yst used in the process of the invention As stated above, the catal yst
used in the process of the present invention conprises a carrier which
conprises silica-alumna dispersed in an alumna 5 binder wherein the
al um na bi ntee catalyst eisedtin the arocese wiithefnvenionwt . % based on t he total
wei ght of the silica-alumna and the alum na. Preferably, the alum na
bi nder is present in anobunt of 15-30 wt.% based on the total weight of
the silica-A$fitled abeval the satalysidesediredbatpriogeshof cther p@sentrtirvention
silica-alumn ontained. in the carri.er conmprises 5-50 wt.%of al um na,
based on th%oragrﬁsgqﬁ ao?gglﬁé %?'FEC%QFHPW%éﬁ%BFaé?@F%Id)'ISpf(ﬁg 'Qvta.r%av%'tn@
preferaly y gdinddPwherdih thé aldifingl bihgar B! 3t8LER IRAUPAMRERE HEE-%G\WE%,%S\@H- % of
alumna, the activity and the stability of the catal yst becone

i nsuf fici entn tihbetotalowaigidnofiribe ofilied-ahdmiaapardeihte iaturhina. daeférably, the
preferably is between 10 and 60 w. /21 nore preferably between 25 and 50

wt. % 15 TrRlupuna bidegimpieseny incamosnhel Tesd Whin bagetomithsrtotad waigtpfs
A > CArT T ET =9t ‘ .
Ol Lo a0 theisilcalaiBlit ARG pEdeht FORRAASHALE oY SOTPLISS

I ess than Ithavsilfa-alomiga Roetened!i thessartiBatopise¥ 85000196 dFoATRRINGAL S
and nost preferably, the 20 carrier consists essentially of silica-alumna

di sper sléd ibasege ol (he nwelghidet .the Thilica@lumingonpiedeiably eks40it whPd,y mudre i n
this context does n cl yde these. conmpanents being present as inpurities
in small and§ rg,glyaié-pg)ﬁgt.ug, IFHB? %Ibca'ﬂ@&"ﬁ‘%kcé)'%wsf F&thﬁ%”p‘g)rf"gyﬁa‘?fce of

the catal ySjjumina, the activity and the stability of the catalyst become insufficient. The

10

total amount of alumina present in the carrier preferably is between 10 and 60
wt.%, more preferably between 25 and 50 wt.%. |
15
The carrier generally contains less than 20 wt.% of components other than
. silica-alumina and alumina. Such components may comprise titania, silica-
magnesia, or zirconia. Preferably, the carrier comprises less than 10 wt.%,
more preferably less than 5 wt.% of other components and most preferably, the
20 carrier consists essentially of silica-alumina dispersed in the alumina binder.
The term "consisting essentially of' in this context does not exclude these
components being present as impurities in small amounts, as long as they do

not take away from the performance of the catalyst. .

25 'As stated above, the hydrogenation metals present in the catalyst used in the
process of the present invention comprise a combination of platinum and
palladium. Preferably, the hydrogenation metals consist essentially of a
combination of platinum and palladium. Again, the term "consist essentially of"
does not exclude hydrogenation metals other than platinum and palladium

30 being present as impurities in small amounts, as long as they do not take away

from the performance of the catalyst. Hydrogenation metals in the sense of the



25 'As stated above, the hydrogenation netals present in the catal yst used
in the process of the present invention conprise a conbination of platinum
and pal I'waioamv29Br ef er abl y, the hydrogenati on netal s consiPSt/EPeyesIé al | y of
a conbination of platinumand palladiu Again, the term "consi st
essentially of' does not exclude hydrogenation netals other than platinum
and pal | adium 30 being present as inpurities in small anpunts, as |ong as
they do not take away fromthe performance of the catal yst. Hydrogenation
metals in the sense of the WO 02/ 102939 PCT/ EP02/ 05906 6 present invention
are any netpiesenhinvtendios ats enyonistdisogdicit @rar apat foc hydogenate saronuidic t he

rocess conditions, given bel ow. art from pl ati num and al l adium typi cal
Eydrogenati?ﬂmﬂ‘élfrmgu%‘?%r qb"ﬁeor@: CWq'{'O%HR’ﬁBt}?g&IO% Q[agt,fPorB_ LEp A and

ni ckel, t hepéffa‘ai*rlﬁnV{@éﬁf@ﬁﬁéﬁﬁﬁnaﬁe@gym%#”%@& \ﬁlltda?gﬁétﬂﬁinggfﬁst he

group of rare earth e total anmount o num and pa um

cal cul at ed @g. nethaltsand hiekek othel Groep gWiB ohetdle eatkl ¥stmolybaepom iandt he
catalyst to be used in the process according to the invention generally is
bet ween %0. 1tuagstes, anddhe greyrephiarg eapitmeials.0. 2 and 2 wt. % nore preferably

present i HiE 8l Aot G o Hut gntopAlegiu PP BT At Eaine Bigk o,
mor e pr ef ergbight kst wReRathigd, atbsdntMn Yhe EXRBRREIBILENUIRE ihePES ptde

treated and the process conditions at issue, “catalysts contalning elther
0. 25-0. 5 wtadgoodingotohths anvemdionagengrally ddi hetween @4t ahys$ svcWnt@eféraply0. 5- 1

. % of both plati | adi 15 f d. Preferabl h
bl 2t 1 num arkPOREN LI Abiatee TGRS HEP RO B ¥ B CerPrilihe

ti num ¢ afe A RSO AR 2r
Fractio o of oy peRBEh Wi Soph, AT DrEoReh s AL PTFS M8 e

di sper si on weferablyusetveeged. heinte e wiOko Moes Yréfergsly ehabe @ 25 ahes) wans 100%
(very small _netal 20 particles). The di sdpersi on preferably is higher than
20% nore @@p@mq;@gyorhft@qe.éeeds to be treated and the process conditions at issue,

catalysts containing either 0.25-0.5 wt.% of both platinum and palladium or .
catalysts containing 0.5-1 wt.% of both platinum and palladium may be
15  preferred.
Preferably, the platinum and the palladium are highly dispersed in the carrier. In
the context of the present specification the dispersion is defined as the fraction
of metal atoms present at the surface of the metal particles. The dispersion can
thus range between 0% (very large metal particles) and 100% (very small metal
20 particles). The dispersion preferably is higher than 20%, more preferably higher
than 50%. It can be determined by various techniques known in the art, e.g., by
way of H, titration as described by Mears and Hansford in J. Catal. 9 (1967) pp.
125-134 or by Prelazzi, Cerboni, and Leofanti in J. Catal. 181 (1999) pp. 73-79,
assuming that one mole hydrogen (H,) corresponds to 1 mole platinum or

25 palladium.

It is further preferred that the catalyst used in the process of the present
invention has a pore volume, measured by water intrusion, of at least 0.6 mi/g.
A preferred catalyst further has a surface area of at least 300 m%g as

30 determined by way of nitrogen adsorption (BET).



than 50% It can be determ ned by various techniques known in the art,
e.g., by way of H2 titration as described by Mears and Hansford in J.
Catal . 9 WO98/id29pp. 125-134 or by Prelazzi, Cerboni, andPCeaPanoioosén J.
Catal . 181 (1999) pp. 73-79, assumng tPat one nol e hydrogen (H2)
corresponds to 1 nole platinumor 25 pafladium It is further preferred
that the catalyst used in the process of the present invention has a pore
vol une, neasured by water intrusion, of at least 0.6 m/g. A preferred
catal yst further has a surface area of at |east 300 n2/g as 30 determ ned
by way of rfhe ogtafysdid:aortm 'po&*pa(rB&'@y praCe8sl RAGWA IREAE EPD HD Xafple, Hee

catal yst can he prepare processes known in the art. For exanple, the
carrier corﬁﬂrf'%re MRIBE 'Béf‘ﬁl%?é@lyﬁfsﬁ%?q i the ReperRss of e PrRESI dvanttion

i nvention corrprl ses (a) m xing
silica-alum eqr%ﬁﬁféﬂmﬁﬂgt}%@@%%@@@ﬁr so\gﬁbrt? &r eof, optionally in the 5

presence of(a;a rmtdlhbad;ﬂl@a-blmmlnd with)ahshmgi @gat@@cnwlthef&fnbpﬁwaﬁw theans
of, e.g., extrusion, d(g t he shaped material, and ionally
K<

cal ci ni Ag tiesendeaf aﬁuéabtﬁlllqu M xing step (a) may conprise rrul ling the

silica-alu a,_and the a cursor A swt bl.e al um na precursor

i s boehni tg(byﬁh%mpgéﬁ?ée?ﬁﬁ?@ﬁ 5”'%“51’2? Efﬂes)‘afpﬁlg eSX W$ORi xi ng step (a) may

conpri se ,g,m'ﬁ Wﬂ% eoSHm%?e &4 hanol, ethanol or propanol, ketones,
yde

such as a such as propanal and 15 aromatic quU|ds, such

as tol uene. (d)’bpt:m:%lyocfalmatrgthesdrmda‘hetermﬂ both for reasons of cost and
for environnental reasons. Preferably, a peptizing agent is present during
mxing step (a). Suitable peptizing agents conprise acidic conpounds, such

2 o DO Ui 3o, e RMURRL R . YRR o A g,
(precursor).
A suitable alumina precursor is boehmite. A suitable liquid that may be applied
in mixing step (a) may comprise water, alcohols, such as methanol, ethanol or
propanol, ketones, such as acetone, aldehydes, such as propanal, and
15 aromatic liquids, such as toluene. The use of water is preferred, both for
~ reasons of cost and for environmental reasons. Preferably, a peptizing agent is
present during mixing step (a). Suitable peptizing agents comprise acidic
compounds, such as inorganic acids, e.g., an aqueous solution of hydrogen
fluoride, hydrogen bromide, and hydrogen chloride, nitric acid, nitrous acid, and
20  perchloric acid, as well as organic acids, such as acetic acid, propionic acid,
and butanoic acid. The amount of peptizing agent preferably is chosen such
that it is sufficient to peptize the alumina present in the mixture.
Shaping step (b) may be carried out by suitable methods known in the art, e,g.,
by way of extrusion, granulation, beading, tablet pressing, pill making,
25 Mbriquetting, etc.
Drying step (c) preferably is performed at a temperature of 0-200°C, more
preferably 70-150°C, generally in air. Calcination step (d) preferably is carried
out at a temperature of 300-800°C, preferably 450-700°C, generally in air.



20 perchloric acid, as well as organic acids, such as acetic acid,
propionic acid, and butanoic acid. The anobunt of peptizing agent

pr ef er ablwoiog/1ed98sen such that it is sufficient to pepti PETtHPE2/6i906T na
present in the mxture. Shaping step (b)gnmay be carried out by suitable

met hods known in the art, e,g., by way of extrusion, granulation, beading,
tabl et pressing, pill making, 25 briquetting, etc. Drying step (c)
preferably is perforned at a tenperature of 0-200C, nore preferably
70-150C, generally in air, Calcination step (d) preferably is carried out
at a terrper%@'lﬂdé"%fa@)@@m AR o8 MSPPAUBIRG e, HENer BIXIDY isteri(®) bwo

02/ 102939 P / - B P ' ti [ r.por at.ed,

e.g., duri ncgg%mlﬁﬁﬁig&g%@%tlygy Er{yé ﬂ%(;gnlg} rﬁlgﬂgb%! i]cto g‘?%‘f?%e% #%gt togylggmay
be i ncor porgider c&lcthationfdtep Byhwadrofiitregmatic. 16RrehRAidrPBas bRPdde \bgy of
i npregnation. |npregnation can be done by contacting the carrier wth an

i mpr egnat i g¥eréatting e eaurier withran inmprepoalien salutioorcobnprisimg exsobdblelsattiarum
and pal l_adi um The Jnpregnatign sol yti on_nmay contain additional conponents
whi ch sCabi SABRIEEFY BBHGRTDANG, PRIAYIYEN dis HEPHRATOREPIGHON GTaY rRoniipal <
over the c fi = @T@m o -g@%%n I hut i
desired, aa&gc'{d#@]ngﬂlml |n%3?‘éhé%i'ts ?aoﬁrq SO ut?@H,ﬁogﬁﬁﬁhglgé@#th%pélégﬁgp?gn

sol uti on cafttae metgls aseratddicarteraFor exmophy)tisa hbGlogeneteMeraydibeibagiphi ed.
10 Suitabl e pal | adi um conpounds for use in an inpregnation solution include
H2PdCl 4, pd$|QRfiTgsh A tSteangly geid dapregnatipenselutige, sael 29 @il érvpegnaéPaof .

The use of P 2_Ls. preferred. Suitab pl ati,pum conpound or
use in the Sc}ﬁ%}')eéﬁg{amﬁ%l ﬁ%ﬁj@@%{@g@ﬂ@&f@&t’f%t *_@I @rg]éwg)? rBﬁYi (?nQPP@PCI'n t he
presenag ofSuitaik dila@iire @srhPoudtibNudam e IMgreyratien sadivRrihoude

pl ati num am ne 15 conpl exes. The | atter conpounds are consi dered preferred.
The pl at i numaPatd,, palladidhunitrateypealiadiurc@nctieridepradnetredlexes itbeatsodl Theor ,
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impregnation include hexachloroplatinic acid, optionally in the presence of
hydrochloric acid, platinum amine hydroxide, and various platinum amine

15 complexes. The latter compounds are considered preferred. The platinum and
palladium compounds can be impregnated sequentially or, more preferably,
simultaneously.

After the impregnation, the catalyst preferably is dried and/or calcined. Suitable
drying conditions include a temperature of 0-200°C, preferably 75-150°C.

20  Suitable calcination conditions include a temperature of 200-600°C, preferably
350-500°C.

Process conditions

25 The process of the present invention preferably is carried out at a temperature
in the range of 120° to 382°C. The overall pressure preferably is in the range of
10 to 200 bar, and the partial hydrogen pressure preferably is in the range of 5
to 180 bar. The liquid hourly space velocity (LHSV) generally is in the range of
0.2 to 5 h™. The conditions selected should be such that substantially no

30 cracking will occur. In the present context, conditions under which substantially



drying conditions include a tenperature of 0-200C, preferably 75-150C. 20
Suitabl e calcination conditions include a tenperature of 200-600C,

pr ef er ablwo0 035@9300C. Process conditions 25 The process ofCriEPopom®sent
invention preferably is carried out at a d enperature in the range of 120
to 382C. The overall pressure preferably s in the range of 10 to 200 bar,
and the partial hydrogen pressure preferably is in the range of 5 to 180
bar. The liquid hourly space velocity (LHSV) generally is in the range of
0.2 to 5 W The conditions selected should be such that substantially no 30
cracki ng w hp asaelting With ocew @iecdeiinedcas corditions nuider arischu fessrthahiathwt. %
substanti al | 02/ 102939 .PCT/ EP02/ 05906 ..9 no. ¢crackin i I.I occur are
defined as egm\%ﬂwcﬁ'ﬂgaéﬁ&érm E??qz\é(ggatqﬁ%mn%éoﬁﬁ. VBT Hone iBFaRwRIERbihs in
the feed w Wd hat In5++C t1@dod O r ;

hydr ocar bongmvﬁcﬁ%g dég‘??ﬂe%ggp‘g@ﬁ?é/ g)é)ﬂ{ g@c fgglé Béﬁr?g; gggv%’r s-,rih%neglg%rgp gdaoct S
boi | i ng bel prodi@&Choitingibetow HP6EMds Givkhdyi the foswingforrhulgony 196 C ) (W% =
(wt product (196 CG))- (wm feed 196 C)) x100% w total feed The degree to

whi ch the aromatics are hydrogenated in the process according to the
i nvention in a;{ gi ven castis of course gdependent Of the nature of the 10

catal yst, the,nadqgupe (g,f%}_ i 2k d"' VH $s06@ndi tions. Still,
generally nmore than 15 vol.% prefewabia/ famte than 30 vol.% and in

particular nore than 50 vol.% of the aromatics present in the feedstock
wi |l be hydrogenated.- The resulting product usually contains |ess than 30

{han 5 vol . Sheriediag 8 e Bidarariiten AR nictob@haieh ke Rhfel Aoy’

to the invention in any given case is of course dependent on the nature of the

10  catalyst, the nature of the feedstock, and the process conditions. Still, generaily
more than 15 vol.%, preferably more than 30 vol.%, and in particular more than
50 vol.%, of the aromatics present in the feedstock will be hydrogenated.- The
resulting product usually contains less than 30 vol.% of aromatics, preferably
less than 20 vol.%, most preferably less than 5 vol.%.

15

Examples

General catalyst preparation procedure

20  Appropriate amounts of pseudoboehmite alumina, a silica-alumina, and a nitric
acid solution (1N) were mixed. The mixture was kneaded and extruded to form
extrudates with a diameter of 1.5 mm. The extrudates were dried overnight at
120°C, heated to a temperature of 600°C under nitrogen, and subsequently
“calcined in air for one hour at that temperature.

25 An impregnation solution was prepared from suitable amounts of
(NH,;);Pt(NO;); and/or (NH,),Pd(NO,), with nitric acid. The extrudates were
impregnated by way of pore volume saturation at room temperature. The
impregnated extrudates were dried at 120°C, and subsequently calcined for 1
hour at 400°C in air.



20 Appropriate anounts of pseudoboehmte alum na, a silica-alumna, and a
nitric acid solution (1 N) were m xed. The m xture was kneaded and

ext ruded wo 02002989 ext rudates with a dianeter of 1.5 mm TIR€TEPI2/RYOE €S wer e
dried overnight at 120C, heated to a tenperature of 600C under nitrogen,
and subsequently calcined in air for one hour at that tenperature. 25 An

i npregnation solution was prepared from suitable amunts of (NH3)3Pt(N03)3
and/or (NH3)3Pd(NO3)3 with nitric acid. The extrudates were inpregnated by
way of pore volune saturation at roomtenperature. The inpregnated

ext rudat es Meing the edoue- dE@O(me(érﬂﬁ@IBb @@e\:tury dla¢ dohewingo catilyshe uwerat

400C in air 02/ 1029 02 ove-descri bed

gener al pro%gﬁaFeedz Pﬂ@@yo#)%\jyﬁgg yépg F@CO%‘%gpeﬁ"‘e ABKRTHPCANY yst s
A, B, and R 10 t Sl i ch
are conpar g?léve téégn%argt%%gcgpﬂgﬁga@ar corr%éin aﬂatv% g\%g}lﬁd‘}%\gﬂ
catal yst. Témmoengialy avaitabdé catadystalbe potgpdsitioyi okthel catalysts iS diver wihag
tables: A B C alumna binder (w.%on carrier) 20 20 20 silica-alum na
(wt. % of caeflPWing 18bleso 80 alumina in silica-alunina (w.% 25 25 25 Pt
(wt.%on catalyst) 0.56 0.7 0.35 Pd (wt.%on catalyst) 0.56 0.7 0.35 1 2 3
4 5 alumna binder (wt.%on carrier) 80 20 20 0 20 silica-alumna (w.%

on carrier) 20 80 80 100 80 alumnalin aili¢a-algimna (WE. 99|25 25 25 13
68 Pt (W .[%GH i t 3 AcéTri"ér)o ST A Pu'zéwt. 6O, Fat al yst) 0.56 0
1.100.7 silica-alumina (wt.% on carrier) 80 80 80

alumina in silica-alumina (wt.%) 25 25 25

Pt (wt.% on catalyst) 0.56 0.7 0.35

Pd (wt.% on catalyst) 0.56 0.7 0.35

1 2 3 4 5

alumina binder (wt.% on carrier) 80 20 20 0 20

silica-alumina (wt.% on carrier) 20 80 80 100 80

alumina in silica-alumina (wt.%) 25 25 25 13 68

Pt (wt.% on catalyst) 0.56 1.1 0 0.7 0.7

Pd (wt.% on catalyst) 0.56 0 1.1 0 0.7

Example 1
10

Catalyst A and Comparative Catalysts 1, 2, and 3 were tested in the
hydrogenation of aromatics in diesel in accordance with the following
procedure.
First, the catalyst was ground and sieved to obtain the 10-16 mesh fraction.
15 Then the catalyst was loaded in a tubular reactor. The catalyst was activated by
_reduction in pure hydrogen at 400°C for four hours at 5 bar H, pressure. The
catalyst was contacted with a feed with the properties given below. The original
sulphur content of the feed was 3 ppm. Dibenzothiophene was added to

provide a final sulphur content of 100 ppm.



Exanmple 1 10 Catal yst A and Conparative Catalysts 1, 2, and 3 were tested
in the hydrogenation of aromatics in diesel in accordance with the

fol | ow ngwoproe®aure. First, the catal yst was ground and PCEEPI2/0390©bt ai n
the 10-16 nesh fraction. 15 Then the catgl yst was | oaded in a tubul ar
reactor. The catal yst was activated by reduction in pure hydrogen at 400C
for four hours at 5 bar H2 pressure. The catalyst was contacted with a
feed with the properties given below. The original sul phur content of the
feed was 3 ppm Di benzot hi ophene was added to provide a final sul phur
content of 100 ppm WO 02/102939 PCT/ EP02/ 05906 11 D esel Sul phur 100

" N ct i 1l ot A  ACTA N 20Q2) | 0)

DESC 50 vol ot JIMESBn ol 6 3160 EBPIREC Arommticy Mono-aromat] os 21, 3
W . % Di-aromati|cRUBNY wt % Tri+ aronmatli 10 pPWWL% I nlthe above, Mono, Di,
and Tri+ stand f|dMitrogeo-ri nged aromati cs,3.@ippmwled anomatics, and
aromati ¢ conpournlds with three or nore rijngs, respectively. 5

Distillation (ASTM-D 2892)

IBP 173°C

10 vol.% 239°C

50 vol.% 274°C

95 vol.% 316°C

FBP 366°C

Aromatics

Mono-aromatics 21.3 wt.%

Di-aromatics 2.9 wt.%

Tri+ aromatics 0 wt.%.

In the above, Mono, Di, and Tri+ stand for mono-ringed aromatics, di-ringed -

aromatics, and aromatic compounds with three or more rings, respectively.

- The tests were carried out at a pressure of 40 bar, a H.,/oil ratio of 750 N/, and
a liquid hourly space velocity (LHSV) of 1.5 h-1. The temperature was selected
to obtain 5 wt.% of monoaromatics in the product. The following table gives the
required operating temperature for each catalyst to obtain 5 wt.% of mono-

10  aromatics in the product after 160 hours of operation.

ROT (°C)
A (invention) 232°C
1 (comparative) 290°C
2 (comparative) 260°C
3 (comparative) 258°C

It appears that the use of the catalyst according to the invention, which contains
both platinum and palladium on a silica-alumina in alumina carrier which

15  contains less than 50% of alumina binder, results in a process which can be



The tests were carried out at a pressure of 40 bar, a H2/o0il ratio of 750
Nl /I, and a liquid hourly space velocity (LHSV) of 1.5 h-1. The

t enper at LIWe as293®€l ected to obtain 5 wt. % of nonoar onat i ®ETIEPOL/bEY0Er oduct .
The follow ng table gives the required gperating tenperature for each
catalyst to obtain 5 wt.% of nono- 10 aromatics in the product after 160
hours of operation. ROT (C) A (invention) 232C 1 (conparative) 290C 2
(conparative) 260C 3 (conparative) 258C It appears that the use of the
catal yst according to the invention, which contains both platinum and

pal | adi um cwesaisd pt & Qweh RMparaiiignin et dnei samghatanatics eonteat s thess

t han 50% of_ al un,?' na binder, results in a process which can be WO 02/ 102939
PCT/ EPO2/ 05(58%”(:12 operated at a | ower tenperature to get the sane
aromatics content in the product. Exanple 2 5 Catalyst B according to the
I nvention and Conparative Catalyst 4, which contains only Pt and does not
cont ai n an EMample® bi nder, were tested in the hydrogenation of aromatics
in kerosene. The properties of the kerosene were as follows: 10 Kerosene
Densi ty5at 15C (g/mM) 0.8166 Distillation (ASTM D 2892) 95 vol.% 252C FBP

262C Catalyst B according to the invention and Comparative Catalyst 4, which
contains only Pt and does not contain an alumina binder, were tested in the

hydrogenation of aromatics in kerosene. The properties of the kerosene were

as follows:

10
Kerosene
Density at 15°C (g/ml) 0.8166
Distillation (ASTM-D 2892)
95 vol.% 252°C
FBP 262°C
Total Aromatics 23.9 vol.%
Polynuclear aromatics (PNA) | 2.6 wt.%

The test conditions are given in the next table, together with the test results.

Run 1 run 2

Catalyst B B 4

T (°C) 159 204 250
LHSV (h-1) 2.7 3.1 2.7
H2/feed (NI/I) 460 400 460

P (bar) 35 35 35
Total aromatics 0.7 vol.% 480 ppm 0.6 vol.%
Polynuclear aromatics 0 0 0

15 From run 1 it can be seen that Catalyst B according to the invention is a

breakthrough compared to Commercial Catalyst 4. Under otherwise identical

conditions Catalyst B can be operated at 90°C less than Catalyst 4 to obtain the

same aromatics level. Run 2 shows that very low aromatics contents can be

obtained at high space velocities and low temperature.




Total Aromatics 23.9 vol.% Polynuclear aromatics (PNA) 2.6 w. % The test
conditions are given in the next table, together with the test results.

Run 1 rurwd o@aozabyst B B 4 T (C 159 204 250 LHSV (h-1) PRT/EPB2/45986 7
H2/feed (NI/1) 460 400 460 P (bar) 35 3%;35 Total aromatics 0.7 vol. % 480
ppm 0.6 vol.% Pol ynuclear aromatics 0 O %) 15 Fromrun 1 it can be seen
that Catalyst B according to the invention is a breakthrough conpared to
Commerci al Catal yst 4. Under otherw se identical conditions Catalyst B can
be operated at 90C less than Catalyst 4 to obtain the sanme aromatics

| evel . Run EXafRpl@s3 t hat very | ow aromatics contents can be obtained at

hi gh space velocities and | ow tenperature. W 02/102939 PCT/ EP02/ 05906 13
Exanple 3 Catalysts B and C, which have the sane conposition except for the
metal s contglystdVer anbest %.émhtabs thédéaﬁsn%mﬁaslﬁén%rxe%f [ h'e”m'ét?l@s oi |
feed. The 5 propertles of the gas oil were as S 0| 1 Sul phur
48 ppmvt  Deméernty weere i8€tedgihnihe ydBB8Fénaitmt anharomaties b2 g&3 ilifekd: iThe

(ASTM D 2892r) 95 vol,.. % 333C_ FBP 34f1
5 properties of the gas oil were as follows:

Gas oil 1

Sulphur 48 ppmwt
Density at 15°C (g/ml) 0.8376
cetane number 53

Distillation (ASTM-D 2892)

95 vol.% 333°C
FBP 341°C
Total Aromatics 26.7 wt.%

Polynuclear aromatics (PNA) | 4.6 wt.%

The test conditions are given in the next table, together with the test results.

Catalyst B C

T (°C) 240 240
LHSV (h-1) 1 1
H2/feed (NI/) 750 750
P (bar) 50 50

S conversion (%) 44 35
Total aromatics 11 wt.% 14 wt. %
Polynuclear aromatics 0 0

10
This data shows that Catalyst C, which has a much lower metals content than

Catalyst B, also gives good aromatics hydrogenation.



Total Aromatics 26.7 wt.% Polynuclear aromatics (PNA) 4.6 wt. % The test
conditions are given in the next table, together with the test results.

Cat al yst WBO@2/10296) 240 240 LHSV (h-1) 1 1 H2/feed (N /| PCTBEPIZE&ED06 P (bar)
50 50 S conversion (% 44 35 Total aropptics 11 w.% 14 wt. % Pol ynucl ear
aromatics 0 0 10 This data shows that Catal yst C, which has a much | ower
netal s content than Catalyst B, also gives good aromatics hydrogenati on.
WO 02/ 102939 PCT/ EP02/ 05906 14 Exanple 4 Catalyst B was tested in the
hydr ogenati on of aromatics in a further gas oil feed wunder different
process comXammed The properties of the gas oil were as 5 follows: Gas
oil 2 Sul phur 260 ppmv Density at 15C (g/m) 0.8272 cetane nunber 57
Distillation (ASTM D 2892) 95 voi.% 334C FBP 342C - Total Aromatics 26.8

we. % Pol ymiahigaf B &y Risk&d il Ry Fodebtich of aromatics in a further gas oil feed

under different process conditions. The properties of the gas oil were as

5 follows:-
Gas oil 2
Sulphur 260 ppmwt
Density at 15°C (g/ml) 0.8272
cetane number 57
Distillation (ASTM-D 2892)
95 vol.% 334°C
FBP 342°C
Total Aromatics 26.8 wt.%
Polynuclear aromatics (PNA) | 2.4 wt.%

The test conditions are given in the next table, together with the test results.

Run 1 Run 2

T (°C) 240 260
LHSV (h-1) 1 1
H2/feed (NI/I) 750 750

P (bar) 50 50

S conversion (%) 36 62
Total aromatics 21.8 wt.% 13.1 wt.%
Polynuclear aromatics 1.2wt.% 0.7 wt.%

10  This data shows that by selecting proper process conditions the saturation of
monoaromatics and polyaromatics can be selected. High sulphur conversions

can be obtained.

Example 5

15
Catalyst B according to the invention and Comparative Catalyst 5, which has

the same composition as Catalyst B, except that it contains more than 50 wt.%

of alumina in the silica-alumina, were tested in the hydrogenation of aromatics



The test conditions are given in the next table, together with the test
results. Run 1 Run 2 T (C 240 260 LHSV (h-1) 1 1 Hz/feed (NI/1) 750 750
P (bar) 580301083c¢onversion (% 36 62 Total aronatics 21P8T#PI2OMBe 1 W . %
Pol ynucl ear aromatics 1.2 w.%O0.7 W .% %@ This data shows that by

sel ecting proper process conditions the saturation of nonoaromatics and
pol yaromati cs can be selected. High sul phur conversions can be obtained.
Exanple 5 15 Catalyst B according to the invention and Conparative

Catal yst 5,. which has the sane conposition as Catal yst B, except that it
contai ns nofé QﬁérP"st?e\gt .T&e BfOPSriss ﬁgth%ffi%aé‘? desaibgdiin Fxampde 8- tldst ed
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follow ng tigat conditions were used: LHSV =1 h-1, H2/feed = 750 NI/I, P =

50 bar. The results are sunmarized in Figure 1. The data shows that the
st ar t - of - r ubhe 5equltsi aieasymanarizgdt i bigucatlalist dataasbowsithgt the staet-ofwent i on
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on stream wascheshedivecil® pgdr ogenation of aromatics in the gas oil feed
described in ExaErpI el 3 un%g,rs the conditions given in Exanple 5.

Example 6

10 The activity of Catalyst B and Comparative Catalyst 5 as a function of the time
on stream was tested in the hydrogenation of aromatics in the gas oil feed
described in Example 3 under the conditions given in Example 5.

The results are shown in Figure 2. The difference in activity between Catalyst B
and Comparative Catalyst 5 increases with time on stream. While Catalyst B
15 shows no deactivation (total time on stream over 90 days), Comparative
. Catalyst 5 deactivates quickly. Thus, Catalyst B according to the invention has

a much better stability than Comparative Catalyst 5.



The results are shown in Figure 2. The difference in activity between

Catal yst B and Conparative Catalyst 5 increases with tinme on stream Wile
Cat al yst B8O 0250®B®Ows no deactivation (total time on streamCoEPn2/@0ocdays),
Conparative Catal yst 5 deactivates quicklLy. Thus, Catalyst B according to
the invention has a nuch better stability than Conparative Catalyst 5. WO
02/ 102939 PCT/ EP02/05906 16 Cains 1. A process for effecting aronatics
hydr ogenati on whi ch process conprises contacting a hydrocarbon feedstock
whi ch contains 10-80 5 vol.%of aromatics in the presence of a

hydr ogen- cdaledndi ng gas with a catal yst conprising hydrogenation nmetals on
a carrier, wherein (i) the hydrogenation netals conprise a conbi nation of

pl ati numand palladium and (ii) the carrier conprises silica-alumna

di spersed i an umi i r Whetaldickh 1, na: b i ent
in an armun?' of gA\Sngl\%S‘%; qgﬁagfé%&@r? theﬁidgltcgl %\@?%@l}‘oﬁt ﬁgﬁéﬁll ?(r:a-eggum' na
and al um na bi ndesomprisesenbniactingiea dtydrocarboarfdedbiecki whichecaithingat@ggn na
conprises 5- 50 wt.% of alum.na, based on the weight of the silica-al um na.
15 2. TRe process/@ Of gromatiGh ey Berpresenes af a&mcg@@em@@aar@ag gesswith a

boi li ng poi nt bel . f l,: C..3. Th rocess of claimil
or 2 wherein the %‘g’?ﬁlé‘{;&rggh%%ﬁ@%t@ﬁrﬁ/gt;a?s OPﬁeCao{.f'%Fn%er der, based
on the total wei gi)tth@f hydiegehbliG ity Bemphde 2Q@oflbimatih Bf BRGIURT @pant i n
the carrier. 4. The process of any one of the preceding clains wherein the
silica- alumina contrdlladiimnandce carrier conprises 15-30 wt. % of al um na,

based on the weight,of the silica-al L1m na\. 25 5. The (Proces? of n.¥| one of
the preceding cl gflm%@(l@f‘ gopptises silica-alumina dispersed in an alumina binder, .

10 wherein the alumina binder is present in an amount of 5-50 wt.%,
based on the total weight of the silica-alumina and alumina binder
present in the carrier, and wherein the silica-alumina comprises 5-

50 wt.% of alumina, based on the weight of the silica-alumina.

15 2. The process of claim 1 wherein the hydrocarbon feedstock has a

boiling point below 440°C, preferably below 371°C.

3. The process of claim 1 or 2 wherein the carrier contains 15-30 wt.% of
the alumina binder, based on the total weight of the silica-alumina and

20 alumina binder present in the carrier.

4, The process of any one of the preceding claims wherein the silica-
alumina contained in the carrier comprises 15-30 wt.% of alumina,
based on the weight of the silica-alumina.

25

5. The process of any one of the preceding claims wherein the

hydrogenation metals comprised in the catalyst consist essentially of a

combination of platinum and palladium.



hydr ogenati on netals conprised in the catal yst consist essentially of a
conbi nation of platinumand palladium W 02/102939 PCT/ EP02/ 05906 17 6.
The proceweo oofiosy one of the preceding clai ns wherei n t hecratrat/§3vve
conprises at least 0.1 wt.% of platinumapd at [east 0.1 wt. % of

pal | adium cal cul ated as netals, based on the total weight of the
catalyst. 5 7. The process of claim®6 wherein platinumand palladiumare
each present in an anount of 0.25-1.0 w.% calculated as netals. 8. The

process of any o of the precedin ai s wherein the platinum 10 and the
pal | adi um aﬁae hi aﬁ] p5q<§§§rgfeany ﬁ’”%h%# g pregeding claims wherem the catalyst

comprises at least 0.1 wt.% of platinum and at least 0.1 wt.% of
palladium, calculated as metals, based on the total weight of the

catalyst.

7. The process of claim 6 wherein platinum and palladium are each

present in an amount of 0.25-1.0 wt.%, calculated as metals.

8. The process of any one of the preceding claims wherein the platinum

10 and the palladium are highly dispersed in the carrier.



