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Title: RypWgassshor hydrogenation, hydroisonerization Q#NL 8/0009

hydr odesul furrzation of a sul fur contam nant cont ai ni ng stoc

The present invention is directed to a process for hydr ogenat i on,
hydr oi soneri zati on and/ or hydrode- sul furization of a sulfur

cont am nant contai ni ng feedstock, and to a catalyst suitable for such a
process. 5 When hydrogenation catalysts are used in the

hydr ogenati on of petroleumdistillates and deri vatives t hereof, often a
probl em presents |tself in that tpe feed npri ses sul fur and/or sul fur
conponents, wHixh Froggssr Loy hy F@@Fnﬁﬁéoﬁf}éY'tlF%SB‘f‘e’Ehéa"ca?%l yst. In

such 10 prcoeskes poineeldsudifalrizpdiogendt aosut &hal gshsamirant usual ly

applied, for.d BN Leg nickel or pl ati num cat al ysts. To reduce
this pr obl emof rr%eactl Vah on, much attention has been paid to the
r enoval of at |east part of the sul fur and sul fur conpounds from 15

the gaseous or Iiwnﬂ(iﬁéyaitpﬁh&@ntaohheshﬁdfegeeatE@na process £bA general

sul fur |rrpur| [esel eds .a rgap L t hi ophenes,
rore 1 n par (ISR Btre g azoLechEEE 88k en. RRLEE DA E SRS e,

di benzot hi opﬁﬁe]n@rla?sawq %fs a sul§mztysppmarn@napr:oae@t:gmhégeof whi ch
sul fur inpuriddes 20, Gam e favd!a%q%fteéu&eaﬂher Eb® gabngaapa%ahélssl zed

Co- Mo . cataly Thi s, nmet is al nown_as es ur - i zation
(HDS). °* ?’h’ée Eé’ﬁrr]o§ &BEe&'a?ﬁéV@Fﬁ F§'g§%§iﬂaﬂlyg%?esent in the
gaseous phaseydAidesratsieparcd ipet dolemnt ke stiglrtepr eddctie2dvastiveam t he
Herr]sS is uspaldyr adsried fﬂ%l%‘ﬂ?gQ%%%ﬂ'ﬂ% Ehgs_sf in 8AdcPEAcessed into

el enental sul tur. st ream obt al ned from t he HDS process
still contai W%%Lﬂ‘ﬂﬁ“ (9&] sydifgr crapersnsf: wWhitRese product
streans fronadiBS-aullyt S fBnge u‘Ha)ml(feLttme36: %86 ppArlyst. In s\tbEn ni ckel

LZr?ngl 135 HEAalYSd ddh /iR eI genac 1N 82803YERY gkep. the major
usually applied, for instance supported nickel or
platinum catalysts. To reduce this problem of
deactivation, much attention has been paid to the removal
of at least part of the sulfur and sulfur compounds from

15 the gaseous or liquid feed prior to the hydrogenation.

In general sulfur impurities are present in feeds as
mercaptans or thiophenes, more in particular thiophene,
dithiophene, benzothiophene, dibenzothiophene, as well as
substitution products thereof, which sulfur impurities

20 can be hydrogenated to H,S using a sulfidized Co-Mo
catalyst. This method is also known as hydrodesulfur-
ization (HDS).

The H,S produced therein is generally present in the
gaseous phase. After separation from the liquid product

25 stream the E,S is usually adscrbed from the gaseous phase
and processed into elemental sulfur.

The product stream obtained from the HDS process
still contains some sulfur. Typical sulfur levels of
these product streams from HDS-units range from 0.1 to

3C 500 ppm.
When nickel is used as a catalyst in the subseguent

hydrogenation stepr, the major part of the sulfur is taken
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2 up by the nickel. As a result, the nickel catalyst wll be
deact i vaMH9%3%78e course of tine. Sim | ar probl ergTiNLIBHOBE
descri bed above may occur i n hydroi sonerization processes catal yzed by
a netal 5 catalyst on a support. In these processes, the carbon chat n
of a paraffin is converted into a dlfierent car bon chai n having the
same carbon to derogen ratjo. Wil e the deterioration of nickel

catal ysts calb®e R HRFuPrHG SERHG (i Shennpekedi cetanypErwidisibl e 10 .
process, nobbe deaatlwmym shetaiurgeadtt afimehei r activity in the

presence of sul fug; coNt AP NS e those %@%EEE%E&y ?EVQOQ?K ggéals tO

sulfur is related. to, the properties of e su and e
used. in pydyri semenizs hion |Hrcﬁ>£§sf§€eﬁaﬁlaé§6§édbt’oau§‘ét3115 cat aI yst
of an al IS0y o&tplpst nom anshgsdtadilmmthesa procegisght, Eabi @a@faon

appr oxi mat el ¥hé%1‘?f OF & Shlogiy Jg,gt &4 cqnve@lt%@ q%t%u%pgl’lkﬁf oL

hydr ogenat i on of "aromatics_an fesent yaro oca %onmf‘racu ons
containing € aéﬁllflﬁ’}’lféﬁmtrl*ﬁtﬁ%@%r?%:’-ﬁ?%b&ﬁ’d@yﬁﬂm@lcéiﬁall?st was reported 20

to decrease the amRiné ttHe lyBti@mdibraBrehfibuent chYabf% s cago8Rared to
catal ysts ofb#,heujs_k ]gl lrrsec'gnln ;Etl rench atent ggpllcatlon 2

569 995 descrfbes PR UL D % nPHAFS S5aded V@Fﬁf‘? ite having a
mol ar 10 r aproce$ssinokle aieldhaagfalastseasttai: paandoa hhghr25 specific

surface ar eaacérbelgﬁtﬁy@&e f;s&réi&{céiQ:Pﬁ)réuﬁ.%xakontamﬁéﬁkson@ gﬁt al _or
conpound thereof . chosen f The nost

é OUWP Vllléﬁ er|0|cTa
preferred caPERYEFIVItY RE R stals (‘?Hrpélseﬁf“‘ appri Eat bR
conpri ses atpropetreass @fletlme(mi@mﬁrtaama:lhech@saﬂ (snome&doup VI of the

30 Periodic Tabl gnigs COIDIGIAL I, wid ol de8BSH:BR8.041 08 QL o @ Metal

chosen from Groug of the Periodi'c Table on sal vermcu?lte support.
The Eur dpeancphielitt aphl iR A HY e atérvd serosed ladiug gatal yst for a
process for wetlght ngathe @foa@xcﬁcﬁ{fatszq,ntlemt oof aachydresatban stream Said

catalyst COMBEREs pupfbRPRtiL End USRI BY HhehafloUNEY ome o
olefins present in bvdrocarbon fractions containing
sulfur and nitrogen compounds. This catalyst was reported

20 to decrease the amount of aromatics in an effluent by 66%
compared to catalysts of the single metals.

The French patent application 2 569 995 describes
the use of a catalyst based on vermiculite having a molar
ratio of silica:alumina of at least 12:1 and a high

25 specific surface area. The catalyst further comprises at
least one metal or compound thereof chosen from Group
VIII of the Periodic Table. The most preferred catalyst
described in said French patent application comprises at
least one oxide of a metal chosen from Group VIII of the

30 Periodic Table in combination with at least one oxide of
a metal chosen from Group VI of the Periodic Table on
said vermiculite support.

The European patent application C 669 162 discloses
a catalyst for a process for reducing the aromatic

35 content of a hydrocarbon stream. Said catalyst comprises
a specific silica-alumina carrier on which one or more

metals of Group VIII of the Periodic Table are deposited.



A conparabl e catal yst is disclosed in EP-A 582 347. A di sadvant age
of this L.is that the specific silica-alumna c

obt ai ned%ﬁgdn/?lsz 4soI ution of an al um num al cohol ate and/%#/sg?gé@% ate
and a silicon 5 al cohol ate and/or carboxyl ate. The use of these organic _.
starting materials for preparing the carrier is environnmental |y

unattractive. Furthernore, the prepar dtion of the carrier involves the
extrusi on of a vi3céisageanteage of wiiich daradiysiddist icbadl tpeospesiftiep. 10

G her catal ys{sioh- Qia«hiﬂy%@flﬂl@@u@déwaﬁ{@d fronfliaS IA%Rd o JES pat ent
5, 308, 814 and mternati ng atent I|c tion V\DA—94/19429 In the
driel Hee PRiar YA TR

first docunmehptuPpBum a AEd BF3EeR ite Y
support and alcohaléhe hadfer carkoxzeldtd e 'ﬁm aisuporthesks organicAl t hough

the catalyst scatyphg! houskandePabl humoihy cnd Slidis,Supports appear to

be nore active than™those_on t hey have sone
di sadvant ageSPVEEOREENEBLAY unat‘f??d‘%th’fl%lf PRSI ehy HIGi soner i zat i on
and/ or hpﬁepdeauhénrofatmncansrmramwacm}e@ttktaa&ed:mwratdmwn 20

pal | adi um or_, | n thereof_on a ite support ends to becone
more difficul Swﬁm‘g ?%%{:%éevénTée%dﬁo CK aégotlorhal S =Tlaun rmore, sone of
these zeol ites ar@teRpematabysts otiekadadrum tand Raé‘rid’érhuﬁgatrﬁ?e use of

Icat al yStﬁ% onﬁahe%ased 1ﬁegblé§téﬂ@p9ri@8 EEPN R al e rRES oA Qiéde}%ﬁt 25

n view of the_above nee n improve rocess for

hydr ogenat i ofiP 5?88@@ %ag‘} Jns%ﬁ‘n%/ o]rOn t H{/T% ggiﬁ”f“lﬁ’&z %n of sul fur
cont ai ni ng fée‘dstloshs catalyst ijtsuppoiteedfor e agecdhjtectY cfupdoerti nventi on

to provide andaipgr Qﬁ€5§a’°c9érh¥§ré?9§£‘é‘ii@é‘ bé’%’éﬂré?lp%ﬁfi zation and/or 30
hydr odesul furi zat i a sul fur contam nant containin f eedst ock,

wherein a catal ys?‘gFQOHgEdtU\ﬁl‘éﬁ“#a%s%sl%’wp atiqm @nds &RdiEaAm, on
Anot her 1ohj eckeodfiteheuppuvehsi anpesrt vo p@whelee aactiveprdees sHome on

hydrogenati og, hygl&%&agertﬁéy Havgngéaé éﬁsa% Qg fyrizal iQn,of a

sul fur contam nant contai ni ng erein a cat al yst I s used
whi ch conpri §§‘§tahydr°§8f356FPncoh%@%‘??—ﬁﬁm%?l%)%‘é’e%“ FRA4RF hi gh mechani ¢

strength, hydrodesulfurization using a catalyst based on platinum,
palladium or a combination thereof on a zeolite support
20 tends to become more difficult when the used feedstock is
heavier. Furthermore, some of these zeolites are
expensive materials, thus rendering the use of catalysts
on these zeolite supports economically less attractive.
In view of the above, there is a need for an
25 improved process for hydrogenation, hydroisomerization
and/or hydrodesulfurization of sulfur containing
feedstocks.
It is therefore an object of the invention to
provide a process for hydrogenation, hydroisomerization
30 and/or hydrodesulfurization of a sulfur ccntaminant
containing feedstock, wherein a catalyst is used which
has a low sulfur sensitivity.
Another object of the invention is to provide a
process for hydrogenaticn, hydroisomerization and/or
35  hydrodesulfurization of a sulfur contaminant containing
feedstock, wherein a catalyst is used which comprises a

support consisting of beads having high mechanic
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4 whi ch beads are prepared in an enviromentally attractive

manner . It is a further object of the invention to provide a
pr ocess W98/35j8ir ogenat i on, hydroi soneri zation and/or 5 PCT/NL98/00090
hydrodesul furizati on of a sul fur contam nant contai ning f eedst ock, -
wherein a catalyst is used which has a high hydr ogenati on,
hydr oi someri zati on and/ or hydr odesul furi zation activity.

Still anothef QR OhitherkAYENLLANLESpELBT QY He &y orﬂﬁé}{ﬁiﬁ; or
hydr ogenati on, hydroi soneri zation and?or hydar odesul furitation of a
sul fur cont &hHHF&TE WY TEPREAY f eedst ock, wherein both Iight and heavy

f eedst ocks may bat is ahjdrepematBdechysf otsenbiveeti @and/Omprovide a

hydr odesul t Wiidile ror pyazoqiBhednat helapblssh ol ;1heod uamidon s Lo

provide a 1 rocess fo rogenatt on; somer i zati on ‘and/ or

hydr odes@l f Uiy esntldurs zaklipgr céont aWE FaAt CenkRBl PRy contaimawst ock,
whi ch procesfedaIddidies whkeedBO¥e caBhe¢EEs i8 d8ed whi@Pthdala rayrer, i.e.

wherein a catalyst having 1. - . _balanced, fine-tuned profile of all
the above ddsrrsesstists) AviEe srreziarairh, FSHE s used. The
present i nveémdmdssmlfagddagiorhecsavprysi ng di scovery, that the use of
a non-crystal |l i ngt;aqi @nerher 8blked- 8k UPLBA; SUPROILn WD SURRRIL 1S

obt ai nerdL by sol - el techni ques,, gr eatl¥ Ln&roves t he ab%f-nentl oned
25 chardct €t iIBRIES O OFat W BERGa 8l oRYBFAL FRTRT T PAF TR A/ O or

conbi nat i onshtcherdsaful fand Zeaviongcd degneéunf cdnspeisant contafniatg | east
0.3, in a pragess NatLEQN, 5 rl j I O 2 r

hydr odesul furi ati O&;]cf?{, DAL %%Egp}éggﬁt Q%‘%v@%%%?%%%%%%gpgéfsbedi rected
to a 30 pr oYU IR r SYSRRLSeRSTR¥EA0REEARY | BAETORC MY &Fized.

hydr odesul f uri zatdedn s@fotdesUbbyeceobfagh8aphventieh Nifigto prdiyibdeocar bon

| cedstogl, Whelald) Is, hepdSiatel ancon askedenery 1 L Sheperce of
0.3, at tenperdnefesilifvnization pinge svl fproAPBLATHNRBYCORR B RAL al yst
conprises  feddstiddriMwHiald 3Foe@s@ camboAbkNahe 08-bPEr 819 e Ofs i Gin
crystalline. o acidic slldca-alum na suppoct whi ch. SURPOLL o e p. oDt ai ned
y sol -gel t ni-ques, “corpri'si'ng the I‘SpWI e
4 addition ofalkancafiedusissdiungld prorfdadri efsalistbe above desired
20 qualities and characteristics is used.

The present invention is based on the surprising
discovery, that the use of a non-crystalline, acidic
silica-alumina support, which support is obtained by sol-
gel techniques, greatly improves the above-mentioned

25 characteristics of cataliysts based on platinum, palladium
or combinations thereof in a process for hydrogenation,
hydroisomerization and/or hydrodesulfuriation.

The present invention accordingly is directed to a
process for hydrogenation, hydroisomerization and/or

30 hydrodesulfurization of a sulfur contaminant containing
hydrocarbon feedstock, wherein the feedstock is contacted
in the presence of hydrcgen gas with a catalyst, which
catalyst comprises platinum, palladium cr a combination
thereof on a non-crystailine, acidic silica-alumina

35 support, which support is obtained by sol-gel techniques
and wherein the ratio of Si to Al is from 1:10 to 200:1.

An important and surprising advantace of the process

of the invention resides therein that the support of the
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and silicon through an oil-phase to an al kali ne water phase, and wherein

the rati %8%8/%;/530 Al is from1l:10 to 200:1. An inportant aﬁtg_{_&ﬁhﬁ&@%gg”

advant age 0 € process of the invention resides therein t

of the -~ WD 98/35754 N
PCT/ NL98/ 00090 used catal yst consists of beads which have a nuch
hi gher mechani cal strength than tHe conventional extrudate

supports. Atushd sakelyspeconsiestetolikeadsf whHiehdieive a mumit alighkra

catal yst whi §8chsnue8l &fréndfi9COSSn AKO T HrRntd i 1t & i AERE on is about
equal or higher congarlgd to that of simlar, cat alé)yst havi ng conparabl e
active nobl eS PPOREP a A5 FFRCIATE SR | A5F 100 Y St fiomeP® ot her

wor ds, accoruehgltoftaecapwvkyst orhichhi gherseattinvia prperess aceairidiheact or

vol une i ss achieygd YReBncPHRA &0 1t : [ i.n, EP-A-0 669
162, while the sane .  anount of %ﬁ%a %atol Oggfs%}%rd C%ﬂp%%ee%r%e in
particul ar, FPRAEaRfpBiPLhAF ket hegts MEving qamaRGadl ehastive askant age

t hat subst antieaklyshiesaces, satadFiredldy @rtdasrtion.alid Stheguired for

obtai ning 15 S L Vi .priqr. art catalyst. Als t he
cat al yst usegolg_:lrilgf h%gg?géie}é% Eo%( ?ﬁee%ilﬁfleerh i98h uitiedisfy Setivigyeper
t enper at ur esUBdEpAPRATPH SO haERr HS HESksited yateql comparieids teayrhieesult in a

| oner arxomat beceeBkedisOlosd® in EPrOdMs Strezamwidue tthea Jilce favorabl e
t her nodynam ggnteggi J:i garti um Fi nal Ia/, pronoters, such as the chlorine of
US- A- 3, 943, 063" Ban be"ardpenset® Wit H- The process according to
the invention confiprgesniparticylar nost qpendrealremamkedesbiitotiiei n whi ch

hydrocarbon inveheeds 28t @hdi Agvait il QO Aianis 13ha v qagled in the 25
presence of h drﬁgen. ﬁ; mﬁgortant class of these feeds 1s formed by

t he vari ous §\éF YELoRtaY iRl PRt PFEARL 15 dieguinest d9ranPrderiivgt i ves

t hereof .15 the samgpacalvieedss oxksriar kerthyditagsrat.ed 1l sy drtre

i sonerized a d syl fohi i L0f. .the 30, . nyention
usual 1y have At Far cont ot ants cortEn op e Sl g i BT
preferably frBHED. 1ePBEBBHUHRM COMPREEE tatePneardHOF casadedtén t he

wei ght of thehis mbhgedssork. ifxanpbwesr cdranndi d erdiaarce dintedle al i a benzene,

product stream, due to a more favorable thermodynamic
20 equilibrium. Finally, promoters, such as the chlorine of
US-A-3,943,053, can be dispensed with.

The process according to the invention comprises in
its most general form reactions in which hydrocarbon
feeds containing sulfur contaminants are reacted in the

25 presence of hydrogen. An important class of these feeds
is formed by the various sulfur containing petroleum
distillates and derivatives thereof.

Typical feedstocks to be hydrogenated, hydro-
isomerized and/or hydrodesulfurized in the process of the

30 invention usually have a sulfur contaminant content of
from 0.1 to 500 ppm, preferably from 0.1 to 300 ppm
calculated as sulfur, based on the weight of the
feedstock. Examples of such feeds are inter alia benzene,
"white oils", gasoline, middle distillates, such as

35 diesel and kerosene, solvents and resins. More in
particular the process is to be used for hydrogenating

aromatic compounds in these feedstocks, e.qg.



"white oils", gasoline, mddle distillates, such as 35 diesel and

ker osene, solvents and resins. Mire in particular the process is to be
used f owdgassogenat i ng aromati ¢ conmpounds in these feedsuds®Hoos. 0.
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6 dearomati zi ng hydrocarbon feeds that may contain t hi ophenic --
sul fur contam nants. Surpri@ingly it has further been found that
ol efins stock Jmm Iectlve h drogenated 5 in a
process accor%rgﬁa?lggﬁilﬁﬁ%%ﬁflon %ﬁ cuP? Xa cat al yst

conpri sing ehi?P%%ﬁl%dﬁ%#ﬁﬁ% q&nﬁ#m4ﬂa1;s hydrogenatlon of olefins in an

a:rgrrgtl c Iee?ﬁt ogkxt-plﬁlsnfnglw Ihley rafd 'f@iz%'ﬁ%er been foundNtBaBP8tetifs ol
enpodl nen e alysI o I nventl o 1S .CO | CKe
catal yst in* a%’é%‘?‘%‘éh%egﬁ‘{]%"tgg‘e "Eryo e&é&@?ﬂ%eg‘ygﬁoﬁﬁ{%gﬁgu onal
pat ent &ppl ivagi PROYESA- QF¢O3ABE tm ténqornmsmtlm Parfécordahdye with this
enbodi nent ,wﬁenygreséapps& f@&ﬁpmslﬁ@r@yﬂlp%qliwﬁw igopkagl napts is

e 1nvention prior to or sinmultaneously

cont act ed m% g the 15, cat gst of
with cORYSEPPRGA LA Rl Jc?a‘?lé}%/sﬂtn 3 atrmf‘?tﬁ&nﬁéPdSFﬁé stff ur

resi stance highlpléﬁéicnamalyst is inproved and a very long life-tine
i s obtained. éﬁﬁf¥@c &¥@éHdIQ t%angyEQVS?tkﬂg can be 20
carried out in varlous types of reactors suitable for

hydrogéHhtl6ﬁve§8éﬁnasss%ﬁmQP4ﬁﬁiW%%hn%nﬂ#Ckel Cﬁﬁ@#dsﬁeénreactors
sl urry-phasaceeaghnes, with cithe-phasRiure deRR611®ES and 1hhérhlal§&onal In

di fferent egg %E'Egéﬁl%aq]on%@%ess%fg tgbe %5 inve gn Eodlfi cations can
eac n, 3

be made in Uratt on ‘and process eS| | east partly
dependi ng oACEREIAREar ¥ibh Emkﬁfﬁmhpéﬂmﬁﬁqueat@H@é@@?ﬁ en feedequired for

the desi redcbﬁagihOﬂg sulfur coJ&bﬂnﬂ{aaﬁ%S&scmaalc%a @hient hgeknown ones
used far enatlo hydr oi soneri zati on a

/ :
hydr odesl fﬁ?fiigﬂs R PRI Us &ELOT tO oF St E‘rﬁg?%‘éﬁi’( BaFti al )
pressure usedntectthg a n1¢®¢ﬁcgﬁnﬁmysng Thy dibdiss owmmnierat tbe andfor

hydrodesul f Ykzistance of a nickel catalyst is improved and a very
long life-time is obtained.

The process according to the invention can be

20 carried out in various types of reactors which are
suitable for hydrogenation, such as solid bed reactors,
fluid bed reactors, slurry-phase reactors, trickle-phase
reactors and the like.

In different embodiments of the process of the

25 invention modifications can be made in reactor
configuration and process design, at least partly
depending on the nature of the feed and the temperature
required for the desired reaction.

The process conditions are the known ones used for

30 tke hydrogenation, hydroisomerization and/or
hydrodesulfurization of the feeds used.

The hydrogen (partial) pressure used for the
hydrogenarion, hydrcisomerization and/cr hydrodesulfur-
ization depends on the type of feed and 1is preferably of

35 from 0.5 to 300 bar, more preferably of from 0.9 toc 250
bar.

Generally suitable conditions for the process

according to the invention comprise hydrogen pressures



i zation depends on the type of feed and is preferably of 35 fromO0.5 to

300 bar ferably of from0.9 to 250 bar . nerally

sui t abl e%%ﬁ?s{‘}l&‘gns for the process according to the inwge%%{w@%prl se
hydr ogen pressures 0
between 0.5 and 300 bar, tenperatures bet ween 50 and 350[err]C and
liquid hourly space velocities (LHSV) 7between 0.1 and 25 h[err].

Dependi ng onbehweenpe. bf ahdedi®d dodkr + heetmrrenatas éaetwee@ﬁr‘BOSlairfdabl y be
chosen wi thi gsphe aaadligag& hotrly aé/@wé%&;ﬁ%% ;{s%ﬁd%et%?eoec' ally

t hose contai ni ng conpoun havi n |I|ng poim such
as di t hi 8phefBd Bén‘?o]t hlm%d}rﬁlt@@nf@ﬁl Séhéﬁédsﬁ@q i Ehe a

rat her high temgerature &an émlﬂftdiwﬁqurtgﬁcbﬁh wm&rhraft&e saﬁrcﬁ&kﬂ rdgd hat the
tenperatutre to be cess 10 correspqonds to the .tenperature
at whi chu% he pl atY%ﬁfgu Ohedy Jfeflpdé)uerrc?or COMD1 1 elyp%htqr??ré: tad

effective. sulfur cmnwagd%e@vmm dmmh@zbdw.lm ipgaoTtt amucis gect  of

the inventioaitheaghsg Obéxlil@o@sly SUE0MS3 58S dilophendlY HRFANAL | ON,
hydr oi somer i Z;tl Bhoge! % rodes | furiz n of Oa? setﬁfur con{lgetm nant
cont ai ni ng %F‘ g?’%% ?‘B%%%?tb‘t & rtti’féegﬁ’ I LT e Kt i ¢

cat al yst. Th@rgstﬂhetthehbeohemsmtrtet@ttss he weahtfaly sthe prdamssuse in a
hydr ogengg i oeorl%@l@ehagn%lgﬁél@&n Qlire at WiFOMeSH %&&%npn process

as descri bed aS g Accordin to t he inventi on e catal yst has a
di spersion d&§ gé 6f1maPrI E3EpipRBLon Werd drteidectiveys defined
herein is an i rrpon.bahasals@emtmafxtidsmed:adwdms,t an u@i‘ortrhsrﬁ: %rﬁ@ﬁditrmﬂ’ftl ThF
di spersion d ee_| ne nol ecul es
adsgr bed in %%re gg"’gfl??éh P?%%m%le%éeﬁhéngédd‘g%%e%% c'rersgslf % ow, and

t he nunb &Y IFPIRBLALCRY ohxdwb%@mrw\a%w caancbzi%t sarrpl e. The
di spersi ph dagaeed@anlberde&eidam Nefl HysWPASHIddtt amindrite AU i6f

adsor bed on égggl %bPHI Fgggg&g% n%oéhe cndde, catal yst_ at 2p5 ard ] C and a
0 own

pressure of ar -as anount of a sarrﬁ’le The
catalyst is Glaaéébrs‘ﬂn Zhus, thecivrerhion exleedswateshydy @gmt@tl%I)[err]C

After coolingor usbnlhyarageﬂoégna?é{&ﬁr]x@df@@sdr@@ﬁﬁr@ fdrépegd with
hel i um for es. Subseque tl%# ) f eI i um stream is

ot or ohanged WeEhaer T bHEaRt B0 PRatHRS oo SV ¢ he
concentra®i on of BOcpxdhpastirecd prefé¢mraditéntodifment dafhéeheedotventiidarh a

thermal condugbl vht419etenbera diSpersion degree of at least 0.3. The
dispersion degree as defined herein is an important
aspect of the catalyst of this embodiment. The dispersion
degree is defined as the ratio of the number of CO
25 molecules adsorbed in the first pulse, determined as set
forth hereinbelow, and the number of metal atoms present
in the catalyst sample.
The dispersion degree can be determined by measuring
the amount of CO adsorbed on a sample in reduced form of
30 the catalyst at 25°C and a pressure of 1 bar as follows.
A known amount of a sample of the catalyst is placed in a
reactor and reduced with hydrogen at 200°C. After cooling
in hydrogen to 25°C, the reactor is flushed with helium
for at least 30 minutes. Subsequently, the helium stream
35 is interchanged with six pulses of a known amount of CO
‘and the concentration of CO is measured at the outlez of
the reactor with a thermal conductivity detector. The

amounts of catalyst and CO are chosen such that the

This Sheet Has Been Replac
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anounts of catal yst and CO are chosen such that the WO 98/ 35754

PCT/ NL98/ 00090 8 catal yst is saturated
with CoV@P¥3576he first pulse, the second through si xtBCTALIS®oeI0Ee used
to verify.this. The upper Iimt for the dispersion degree
corresponds to the theoretical nunber of CO atons that 5 can be bound to
one noble netal (Pt or Pd) atom For8 practical purposes a value of 1 is

gengral ly gc&bldxlﬁrhl ﬁls sadﬂlﬁﬁred Wlth co after tﬂ{eefwg@ogs&l@é |t«|bxee cat al yst
used accorain t,.ne ntiqn i s_non-cry sta inity is
qonerai Ly 1Set rionsy SH Sy ke AraorreR ER HGRLEryEREF ) | ne

mat eri al as usedmnemupnﬁn'dmenmldmr(mbeednﬂppasuonuﬁagrae non-zeolitic

material) héér?@sﬁ%ﬂd’é’ sufér{@canéa}awctaqr 'Plumber W@' €8 desssnEhaexhi bit any
diffraction ks mnth a wdth Ss than 1.0 degree of

arc (measur® a 2rbqund t?&eQRﬁMBQ?¥ﬁ'FFFé&tHSh ﬁgP § atom. FOr The acidity
of the silipaaatimahapwpped carrlier of 1 dasagpherb2lpeassuedabseng NH err]
TPD. In thig %gghf& a known anount of a sanple of the support is
saturated Wt err] gas_at 50[err]C The reactor is subsequently
flushed with 20TheefYRRATT UndthfercatidrEtgisednacrAEdiRApE? atiite of the
reactor is uméﬁas@ﬂ 1MdrﬁdmmﬂQ_&Mr@Iﬁy@l&aQﬁlNH[:§r it @knerallyhe outl et

of Lhe 1aChar LR EASML oL M) 2 NRITBl, o ceonduELiul Yoot ector.

Annnnla sor ion 0 a usi é net hod as
descri bed bgaaReylaL\/@!é R clmszh%tnmentnqm GaloéfleysnspﬂéVF@%aFI-E Hei nemann

and J.J.  nokabb81i¥ic Eistdridl ) HaR)an &lx%@,dd&féraléemhl pkacgtnal .

inJ. Catal._ 48 (1977), 36 ich giv sure aci,di ty of
he”mat or § afhicn' 4068 g Srn N LAl U8 A RIS b Bksl PRFR NBRITE. adaor bs
30 NH3 mnthtahhéathgigbﬁsheqﬂ|mhamﬁleﬂ degprste 33 k¥ILmimeasuredEgperi al | y

adsor ptipn shhegoubib gﬁf@gﬁcggoﬁugﬁgﬂuchI(as determ ned according to

t he above nethod% of ar.e ortant
he acidity of tne 5111ca aLumlna support can for

example be measured using NHiz TPD. In this technique, a

known amount of a sample of the support is saturated with
NH3 gas at 50°C. The reactor is subsequently flushed with

20 helium or another inert gas and the temperature of the

reactor is increased, while the concentration of NH; at

the outlet of the reactor is measured with a thermal
conductivity detector. Ammonia heats of adsorption may be
obtained using the method as described by R.J. Cvetancovic
25 et al., in Catalysis Reviews (H. Heinemann and J.J.
Carberry, Eds.), 6 (1972), 21 and J.A. Kovalinka et al.,
in J. Catal. 48 (1977), 365, which give a measure for the
acidity of the material.
A support is considered to be acidic when it adsorbs
30 NH3 with a heat of adsorption of at least 39 kJ/mol.
Zspecially adsorption sites with a heat of adsorption (as
determined according to the above method) of about
40 kJ/mol are important.
However, according to a preferred embodiment the
35 non-crystalline, acidic silica-alumina support has two
acidic sites; one with an ammcnia heat of adsorption of
about 40 kJ/mol and one with an ammonia heat of



However, according to a preferred enbodi nent the 35 non-crystalline,
acidic S'va‘bﬂ/s sgm na support has two acidic sites; one with an ammoni a
heat of adsorption of about 40 kJ/mol and one with an aRFHMALAS/ARAP of
WO 98/ 35754 PCT/ NL98/ 00090

9 adsorption of between 43 and 48 kJ/ nol, preferably about 46
kJ/nmol. In particular, the acidic sité with an anmoni a heat of
adsorption oRdBErREAAN4QE ahetweek 14 Iroand st &irkd/mol nordfetatdspedtodtor t he

preferred emhgdkorabs . Otnt b&rt§cﬁi‘é(§”t&19$‘ adNg N %Sia] 'a!r“%n%nﬁ:‘i!ﬁ | C
support to bgeggedf a %he ca%a]a% %Eef erably has f ratio

adsor pti on Si Pés %F?ﬁp st hed CueRR 483 Iéf?qmqls Y AR drfemi t h

about 40 kJ/ Appostapbt aepact: foanthd : dfefdihred ranibmimidits of g eferred to

herein asst hQn@Eh@h%nr aﬁ'h@ nézQ—crystaiflxtuQ' Sad &P ds'hdg c!zfct L t%ﬁe nQed that
appl yi ng inum pal | adiumor a conbi nation there
support does? F?og fafBtalYaF BT e REFRHE ' 3 Hatd wf \the adsé*fﬁéioal |y not

at nobl e net ahtbsadungsbbeweanzzma% 48 kJ/mol e dren-«lesstaldd ne, acidic

silica-al um n pPRAr o] I btain sal.- gel,

t echni ques, PEE 48 kJ}éo}]ﬁ é %‘tsgé’gc |ve glmlgdn 2%%/ 5@%\%?3111&0i nt of
view. These P8&cKBfguEsdake H@§%Hlb@>‘a ¢h\eféiﬁld1r%t1€ar1-‘o@ EP-A-0 090 994 and
conpriseitt he dropuhSehdddiég®rdoft Ak to ROURAME $Hatofagddl9rgRni ¢ salts of

al um num and n 20 hrou h_an_oil - hase to an al kal i ne water phase.
Thi s pihlc.ir&rglgeﬁegal‘IL $ At & o%? cq%‘sfﬁﬁi’?aé% ri¥r m
porosity. SupportAﬁoaévaﬁtl agevefa plapze |1rg51t1rm1<1mmmrt1ha rdikisy,

speci fi c manaepetsat hat nbeagds ﬁé@l&hﬁé’éé‘ﬁdldméﬁ}% el ol fRrm ng a
separ ate shape fo%nﬁ Igﬂste%,suc extrusi.on. Moreover, beads can be

handl ed very PentyYt% r§°a'f A H S i I SaA P IRRd SHRPOEE ng of a
reacti ont¥esoél thrdcehabyet aiveolyt it degree -afe packdmg ques,i ihd dheact i on

vessel due tg thgignneagt heri c agvant age of
preparing thersupp%rt§ ¥r§<l9 £hd El?éhéar?eepr}%%aﬁnanﬁ%n ng)toﬁ d |§that t he

obt ai ned supBoft’ Theﬁﬁstﬁck%’é?‘?uﬁ g?F?ré@‘%ﬁﬁ o} riehdiar diEtginEss rise to
hardly any pE@dbedi 0a00894i aed, cofiptisalthe Btdpuitg Blddition @rushh Strength

(BCS) and thSq§EQEsC£H§ho§*£££¥@£h£éx§§16§ of aluminum and silicon

20 through an oil-phase to an alkaline water phase. This
way, homogeneous beads are obtained which have a uniform
porosity.

An advantage of preparing the support in this
specific manner is that beads are obtained withou:

25 performing a separate shape forming step such as
extrusion. Moreover, beads can be handled very
conveniently and safely during loading and unloading of a
reaction vessel and enable a very high degree of packing
in a reaction vessel due to their nearly spherical shape.

30 Another advantage of preparing the support by this
sol-gel preparation method is that the obtained support
has a very high mechanic strength and gives rise to
hardly any production of fines, if it ail. Both the Bulk
Crush Strength (BCS) and the Side Crush Strength (SC8) c?

35 the support have very high wvalues.

Bulk Crush Strength is measured according tc the
principle of applying pressure to a number of particles

in a cylinder and subsequently measuring the amount of



35 the support have very high val ues. Bul k Crush Strength is

nmeasured according to the principle of applying pressure to a nunber of
particl ewoossstsy a cylinder and subsequently measuring thepafmiRofg

WD 98/ 35754 PCT/ NL98/ 00090

10 fines produced. A detailed description of the equipnent and --
met hod can be found in the Shell Methgd Series (SI\/B) 1471- 81.

Si de Crush Sttengt defi as t.he pressur d to crush a single
particle of g£sp%c?¥é§ C%%ng kel & Z'T‘é’ ° hg *§C8IMSPERBFessed nay

vary dependeand methpdt @i nee ufeurst Jtrhetf}mr&hedlleMeE@pdeﬁEmdat é¢sMEhe val ue
is generally;pepogied as NNmm for spheres as N or Ncnferr].

Measur enent of theg usual | arrl ed out for at 10 |least 25 particles
to account for th&t r%’é‘ﬁsrﬂrﬁs"fe’r def3psy aeh&hFaPrREFBES I'n
the British petdatl E@O;:ﬁiﬁhaacsairaﬂ&stpmmnmsldfga speplidtiedusiaad/ or

pal | adi um on S ]_k%s__.l h
support may ggeo{@g%’g?ﬁggé%éqga?gg SO -lgse % Fec m%gﬁ Th’??yggggﬁn%h?

however, a c&aPaF{st natureq et jthy RaEsiale r &% rﬁ%“ﬁ?&ﬁ&cé?’ﬁoﬁaﬁfd&ct i ons.

Al so, t hespyeparal Lpnrepothed sid iNanms) UTBNapHepRer bsdeser fgdm®. in
this docurrentqegggpg\%gg Ege ]ﬁge all QNS of a SI| ca Sy B?ort_ by a
sol -gel techni umha s St rogucegl [Fater by an

i on- exchethgel ﬁéﬁﬁoéSOPaatlde%u‘b%e%ﬁ@an rfste i ispresdepn FhEensssri bed

preparation amonbeaﬁg baraisupport havi ng a smal I er surface area than

that of the suppo;[ ‘?,{1 the. cat.al ordance with
f'o

st s
the present inven Titish %ter\gll | cd—4s7léuur?l ﬁélt?&b’%r FOS‘Frt‘ﬁéngat al yst
to be usedatanumeapdégrnpral hy@inm @n mys Haee @ lamifaceuapezt .  chosen

in the rangengk beem 855&9099@ %@{éﬂ/&nwﬁi f3blne iobtainehey ange of
from25 #% 700.n2/ refera . surface area of tge support

ranges ftom 280 €5 758C } ueBOTth%s?a'bar‘e‘f%rra‘ﬁ y B§¥e300 3 52584 Y/Ferr]/ g.
It was foundfblrtak arocessupporefbmwimy laydurdatemrfeadtdonsngAbsbhi n t he

speci fied rapges E@BQ%ElénCé‘ka{B{étsH‘PcMuﬁ d ort descriB@gPore size
di stribution of P he” support of cat al yst use r%) process according
to the inventifofbis document comprlses the preparatlon of a silica

support by a sol-gel technique, wherein the alumina is

20 introduced later by an ion-exchange method or a
subsequent impregnation step. The described preparation
leads to a support having a smaller surface area than
that of the support of the catalyst which is used in
accordance with the present invention.

25 The silica-alumina suppert of the catalyst to be
used in the present invention may have a surface area
chosen in the range of from 25 to 900 m?/g, preferably in
the range of from 25 to 700 m?/g. More preferably, the
surface area of the support ranges from 200 to 700 m2/g,

30 wmost preferably from 200 to 500 m2/g. It was found that a
support having a surface area falling within the
specified ranges renders a catalyst the most active.

The pore size distribution of the support of &
catalyst used in a process according to the invention is

35 preferably higher than 3.0 nm, more preferably highexr
than 3.5 nm. It has been found, that applying the metal
component to the support does not significantly alter the
pore size distribution.



35 pref erably hi gher than 3.0 nm nore preferably higher than 3.5 nm

It has b t hat appl ying the netal conmponent to the s ort
does not &@%sﬁgygcant ly alter the pore size distributiof. CT/NLS SJ?’B%

98/ 35754 - PCT/ NL98/ 00090
According to the invention, the Si/A atomc ratio is of from1:10 to

200: 1, preferably of from1:10 to 12100:1. It is nost preferred to have a
Si/A atomic ratimccordidg fummrnk 3nverkAoh, %@hbm/nmi scbangeranigpti mal 5

increase in agtiyi S ferabl t he_catal yst
conpri ses atfl% oY E%orh 1 B9 rme%e ‘prefer aflﬁalrab Yof ¥f§ gnaigrr%?t preferably
0.1 to 2, 10%4gh¥tpb$d@?ﬁt Frafigg aeshite rlrem a EléAlpBaPmmgmratlo

pal | adi um Oroﬁ coeshi nad | o sdher eaficHias ethien rfafix%eV\%hQBbtlQan the catal yst.
The cat a!jr’y ref er npri.ses. bOﬁPCF I atdpnum and pal ladium In this

ab]
preferre reasn I%/h%c B Th IR SRFETVe%5al | adi um used in the catal yst
of the i nvent| on %x@ferablm,eftéreabﬂaﬁaﬂ.rywerq:toniplriaasaaorrﬂ.easat pooof from 10: 1

to 15 1:10. wore preferably ofodi b0 L rdst! $re2dBLkeq glhako o, 1T 1S

uncertain in which chemcal formthe may be t he
pure netal, BEtIPt PErefRb of thodghiise “ter?étl 't HeerrePétPtéﬂPf“vde is at |east
partly respbadibhecf ;x ddmbimaarieas e Haredfe dualkkdr oneshst a8agnht20

The cat ailoystog\/ntﬁg éétﬁ%l n accordance with the invention can be
prepared by appl y| ng t obl e net al conponent on the support having

the required PRrGREEY S iReemehiy eomprisgenbpEBpatatibH® and t he
condi tions tb&lb@alﬂﬁe ko 4 prdTerddd |é&d>d&1ﬁ'r&@|ﬁ the 3daapplicahygon of

the active rrﬁa?iagi)ﬁrmo&ggﬁ larpdghqar c talcoS ,Tté‘ [0 Eg%%rsgs t hereof to
&n e

t he support be per or o] ASti on,
adsor pti on, prefembbycmee@@t cllﬂrerﬁrbétqmpblra&epoglft foam( COBL 6P

preci pi tiation:16f ﬂ@ﬁ@sﬁﬁéﬁ/erafkﬂ}} nye¢ y daint:ker x%Oler eahHBREA! Otﬁaevert
the precursor_to the actu |nvgnt|on al so

enconpasses %Eelﬁs%n%?r%ah% L Whlcta’ é}eé‘ﬁclarfe Fozm 6‘i“8 BGhpor ¢5f or i nprovi ng
the perfornapckive. Bifis wal diy sthebguue eretsllat bmtmitpakl adisom or a

possible that the metal sulfide is at least partly
responsible for the increase in the sulfur resistance.

20 The catalyst which is used in accordance with the
invention can be prepared by applying the noble metal
component on the support having the required
characteristics. Examples of such preparations and the
conditions thereof are known to the skilled person. The

25 application of the active metal component and/or
components or precursors thereof to the support material
can be performed by means of impregnation, adsorption,
ion-exchange, chemical vapor deposition (CVD) or
precipitation, if necessary, followed by further

30 treatment to convert the precursor to the actual
catalyst.

The invention also encompasses the use of a non-

crystalline, acidic support for improving thes performance
of a catalyst based on platinum, palladium or a

35 combination therecof in hydrogenation, hydroisomerization
and/or hydrodesulfurization reactions of a sulfur

contaminant containing feesdstock.



35 conbi nati on thereof in hydrogenation, hydroisonerization and/ or

hydr odesul furi zati on reactions of a sulfur cont am nant contai ni ng

f eedst ocwo 98735754 WO 98/ 35754 PCT/NL98/00090

PCT/ NL98/ 00090 12 The invention.is
further elucidated on the basis of the follow ng, non restrictive, --
exanpl es. EXAMPLES 5 121N order to obtain the data listed in
t he exanpl es, t he follaown t hods wer e eggl oyed. . Di spersi.on
of the catal ysts W& HESE UrE&eEos L ucigRERHsBRpEPENPAsE 8o n situ
reduction ofthéefehtaiirgg, aton rest2(@ftdme],Cefxarmpl&sni nut es. 10 The
acidity of the supports was neasured by NH err] TPD. Product s of

t he hydrogenati o%%@%ﬂroi soneri zation reactions were anal yzed usi ng
GC equi pment with or hydr ocar bons and a Sievers

chem | umsmescenceiswider to diai=ei athe Bata listed €anpaeakkuepbxanpl e |

A commer ci al [é%aaggﬂf%pjf%? %é%ﬁgdsalmenae“%%%%r& . (Grace, J-540) was

cal ci ned at [erT ours prior i nci pi ent wet ness

i npregnati on contRisReEs i appihspdased YESS amsufeastrra] Byr PPYSR[ €Pr] and
H err] Pt O [ eehbmi SoPpEEsn tHF 0t &I & cu PRI FORPE ShRa1gesi ked
anmounts of platinum and . pal | adi um After drying at 105[err]C
for at |east280RbuFortie MINtE88 al yst was reduced in a mxture of 15%

H erer] 1nd 85% Nfies rdciditdb o B0 Heersnigporte widsoweaanredt byoNE| /1em). -
Reducti on was ] £d. i i : 009 - Mn.(1/ h. Q)
at 400[ err] C?ragr)]%&érga%]raéhi n%g%ﬁ?%ﬁe& l%%a%&#eg#g?ggﬁé%“ﬁgégﬁg%g

fol l owed by EBBFFHRENE OWEER s2RMEEEDOfBINY COMATUERMSEthYdtSgenFID fof| ow was

continued. Ah{/8FobhHBEbhEdatdiEn I EoGEFs WMHdNiIhmitidgceger, sailfuwas adm tted
wi t hout any fté;_teg I precautions. No heat evol venent was observed.
Data of the fivvo préepared catal ysts are listed bel ow

15

Comparative Example T
A commercially available silica-alumina support
{Grace, J-540) was calcined at 600°C for 2 hours prior to
incipient wetness impregnation containing the appropriate
20 amount of Na,PdCl, and H,PtCl, in order to obtain a
catalyst comprising desired amounts of platinum and
palladium.
After drying at 105°C for at least 1 houxr, the
catalyst was reduced in a mixture of 15% H, and 85% N, at
25 300°C. The flow was set te 5 1l/h.g. Reduction was
terminated by switching to a 100% H, stream (1 1l/h.g) at
400°C and maintaining this temperature for another hour
followed by coocling to less than 100°C while the hydrogen
flow was continued. After flushing the reactor with
30 nitrogen, air was admitted without any further
precautions. No heat evolvement was observed.

Data of the two prepared catalysts are listed below.

MyCQ017:
35 form of surport: powder
Al,0, content of support: 13 wt.

2
°
S$i0, content of support: 87 wt.%



MVCOL7 35 form of support: powder

Allerr] Q 6 %!wont ent of support: 13 wt. % Siqerr]
cont ent o g 87 WM. % WD 98/ 35754 PCT/NL98/60090

PCT/ NL98/ 00090 13 surface ar ea:
335 nR/ g acidic ratio: 0.71 -
amount of pal |l adi um 13 2,70 wt. % anmount of

pl ati num surface area: 0.90 wt.% 5 CO adspideagk/q

1.720 Nm /g [ fon degree 0. 26
Conmparative Exarrplacldlg 2BE1S! A m xture conprising 30 Wt . % of al uni na

(Versal -250) 10 ag@owptwefopailadiyea-al umina (G ace J- 52070 wets. Pr epar ed.
To this mixture, Walb&fltaﬁd platigumci d were added until o gogg@l ation

started. gel ati on §£ 1qat ed by addition of anmoni a The, obt ai ned
product was extru ed an ci ned at a tenperature ovef? %CM[‘ ¥]1C. 15
The thus prepar edddgppsfionadesgnpe egnated with a solut2®n cont ai ni ng
t he appropriate anount of Na[err]PdC [err] and Herr]Ptd[err] in order

to obtain a catal yst conpri si desired amounts of platinum and
pal | adi um h&?@ﬂ?‘yﬁ%@“’pﬁ%ﬁl}cat al yst was reduced anal ogous to 20

t he procedure desérmbstura Compaiainyes Exan® eof .allleina (VedldaQwiogg)dat a of

the prepaged gat gloyst . wepe Q?i@égegluml a (%ﬁﬁcelgv eparddn Of
support: dn Allerr err] cont ent
of support: T© this mixture, ‘iiﬁtWE %‘d nitric a@i@’%t@;& fungiigpor t :
60 w. % gelatiampenbroédpatéhdt vk was terminated by addit3@nMors

amount of pl 2kl | b ct %39 e Kdes Q0 _adsor bed:
0.838 Nni/g 30 APSperErEncad ‘g;ozd‘; tq_"aso é%,tr{gdea and Cal“ﬁ%%

at a temperature over
15 The thus prepared support was impregnated with a
solution containing the appropriate amount of Na,PdCl, and
H,PtCl, in order to obtain a catalyst comprising desired
amounts of platinum and palladium.
After drying, the catalyst was reduced analcgous to
20 the procedure described in Comparative Example I. The

following data of the prepared catalyst were obtained.

MVCQ25:

form of support: extrudate
25 Al,0, content of support: 40 wt.%

5i0, content of support: 60 wt.%

amount of palladium: 0.90 wt.%

amount of platinum: 0.30 wt.%

CO adsorbed: 0.838 Nml/g
30 dispersion degree 0.37

Comparative Example TTIT

A commercially available platinum catalyst on an
alumina support (Engelhard, E-302) was crushed and sieved
35 to 75-150 pm. The following data of the catalyst were
obtained.



Conparative Exanple 111 A commercially avail abl e pl ati num cat al yst

on an al um na support (Engel hard, E-302) was crushed and sieved 35 to
75- 150 [woroias7s¥he fol | owi ng data of the catal yst were POONLHSHEDD0

WD 98/ 35754 PCT/ NL98/ 00090

14 ' F- 302: form of support:
ext rudat e Al[err]Jerr] contsent of support: 100

wt . % Si g_grgrz!_ content of support: OwWm.%5

surface area: 172 nR/ g acidic ratio:
0. 84 andiprm off sappadtum exvrudste

anount of platinyMo, content of support: 0.55 wt.% 100 w&& adsor bed:
0.356 Nm/g 10 _ disgersiogl degr ee .. o, 0.56

Cl content S10, content of support: g 1g . 9 0 wWE.% Exanple |

A suppor for a caixflacst awee:prepared by m xing 15 wat ek7g3l ¥y and an

al um num sul phat g, S;W @R oLhe obt ai ned sol ution spagked to gelate and
was added dropwi se tqg oil . After sinking through the oil, the

droplets were entB¥¥RS HroPZlnafdr™phase that transport®dWt:® themto a
separator. Subseguentrdtyoft pdacbhamned beads 20 were driedsandtcal ci ned.

A catal yst was prepajfd, yd.nci pi ent wetness i npregnag - og ngt he

obt ai ned silica-alumna beads, with an aqueous sol ufion or

chl or op&ti ni ¢ acdiFrawfismdidgaree  pal | adi um chl ori de, 98F| owed by dryi ng
at 105[err] C for 16 o¥ndeeutr s and reduction in a stream of 1By®deogen at

400[ err] C for 1 hour. Bel ow, data are listed of the supports
used, the pl ati num and pal | adi um content of the catalyst, as well

as the results ofExampdeadsorption experinent. 30

A support for a catalyst was prepared by mixing
15 water glass and an aluminum sulphate solution. The
obtained solution started to gelate and was added
dropwise to oil. After sinking through the oil, the
droplets were entered into a water phase that transported
them to a separator. Subseguently, the obtained beads
20 were dried and calcined.

A catalyst was prepared by incipient wetness
impregnation of the obtained silica-alumina beads, with
an agueous solution of chloroplatinic acid and sodium
palladium chloride, followed by drying at 105°C for 16

25 hours and reduction in a stream of hydrogen at 400°C for
1 hour.

Below, data are listed of the supports used, the

platinum and palladium content of the catalyst, as well

as the results of a CO adsorption experiment.

30
MYC030:
Al,0, content of support: 10 wt.%
$i0, content of support: 90 wt.%
surface area: 435 m?/g

35 acidic ratio: 0.79
amount of palladium: 0.50C wt.%
amount of platinum: 0.30 wt.5%
CO adsorbed: 1.030 Nml/g



MvC030" A1203 content of support: 10 wt. %

Sigerr] of support: 90 Wt . % surface area:
435 nf er r\fﬁ%@%ts‘s acidic ratio: PCT/NLB3/4a§50
anount of palladi um 0.90 wt. % amount of
pl ati num 0.30 mt. % CO adsor bed:
1.030 Nni/g WO 98/ 35754 15 -
PCT/ NL98/ 00090 dispersion degree 15 0.4s di spersion
degr ee 0. 46 WQC044- 1.
Alferr]Jerr] cont AOf support: 10.8 wt. % 5
SiJerr] content 89.2 wt. % surface
area: Al,0, content of supdd@tnrierr]/g 10.8agtdiC rati 0:
0.79 5 ampt che bRt | Gf : 0,20, .
amount of platinum Ufpore: 0.30 wt.% 10%2-2 %t %o
adsor bed: surface area: 1.00 Nni/g 370 m*/gli spersion
degr ee acidic ratio: 0.45 MG 1 129
Al[err]Qerr] contgnt, Qf su 10.8 wt, % 15 |
Sigerr] content o su%p of'BAbasum. 89.2 wt.% -20 ¥S-&yrface
ar ea: amount of platinum: 370 nferr]/g 0.3@cwdi& ratio:
0.79 10  amuntadebrpabladi um 1.08 x%ié%
anount of plati Nung, ersi . 0.67 wt.% 20
adsor bed: persion degree 0.645 Nm/g 0-45 di sper si on
degree 0. 82 WC047
Alferr]Jerr] conthg@zxefﬁ pport 3. 44 wt . % 25
SiJerr] content of surgo 96. 56 wt . surface
ar ea: Stent of supegstiferr]/g 10-%10‘?%“% ratio:
0. 38 15 §i0, content of support: 8%9.2 wt.%
surface area: 370 m*/g
acidic ratio: 0.79
amount of palladium: 0 wt.%
amount of platinum: 0.67 wt.%
20 CO adsorbed: 0.645 Nml/g
dispersion degree 0.82
MVC047
Al,0, content of support: 3.44 wt.%
25 Si0, content of support: 96.55 wt.%
surface area: 460 m’/g
acidic ratio: 0.38
amount of palladium: 0.90 wt.%
amount of platinum: 0.30 wt.%
30 CO adsorbed: 0.843 Nml/g
dispersion degree 0.38
MyCo48.:
Al,0, content of support: 3.1 wt. %
35 Si0, content of support: 96.9 wt.%
surface area: 618 m'/g
acidic ratic: 0.32

amount of palladium: 0.90 wt.%



anount of palladi um 0.90 wt.% anount of

pl ati num 0.30 wt.% 30 CO adsor bed:

0. 843 Nmvb®s/35754 di spersi on degree PCT/NL98/0609338
MvC048 _ Alferr]Jerr] content of support: 3.1-
wt . % 35 Sigerr] content of support: 96.9 wt. %
surface area: 16 618 nferr]/g acidic
ratio: . 0. 32 amount of pal | adi um
0.90 wt.% WYy 7 H4acinum: 0.30 we.%

PCT/ NL98/ 00090 CO adsorbed: 16 1.1o0ansmby gof

pl ati num dispersion degr@e30 W . % CO adgoyphed:

1.108 Nm /g di sper si on degree 0. 49 5
Conpar ati ve Exanmple TV A hydr ogenation reaction was carried out
using theé y s pdy ed in Conparative Exanple I1.

The feedstock us .‘ é}gtfllg ‘%% te3tnofiad E ?}ngg out Q#ﬁ% fed about 90

wt . % paraffins, % aronatics havi ng a ing poln her t han
130[err] C, aﬁﬂtalmt YVCO25| 5 m@m\ﬁdngma%@plarﬁglﬁe. BrawpdPefIt han
130[err] C. The feeddiyshioganal ira wasweffi.ectedreftacti xegphegndeact or

| oaded with cat al.ys terrpera yr.e of _betwee 150 and
275[err] C an%gag%ﬁ%%gsugr%o%tf aqb (- Sé)aba l?ﬁé fSwrtfee §P0ck*Was f1 owed
t hr ough tthe eavingst bredl ingHepints hlghelar[ éhep 33Q°CHSYRE 2000-h[err]) and

the ef fluentovesia@ahawzaty a boiling Bwn@ehﬁgh@&n@ﬁaﬁflybeccat al yst was as
foll ows: %é(drode%ul furizati g% at 1

Olerr
hydr odear omat i zatF R A6 6 tsg 1n a 20%E %ﬁ%l Eeffror A
hydr ogenat i ohoadadt wbrh Wik t@arcrat'@dm agsiangemperatureabll hetwaki©030, as

described injExagpiezts-dhgmd %eqa%té},g&rp o:a'a%oh%a%i gRr-copditions were the
sane as desc%éggstogkggégxl égéi \ﬁrouc the catalyst bed (LHSV = 5
h™* and GHSV = 1000 h'') and the effluent was analyzed.
The performance of the catalyst was as follows:
hydrodesulfurization: 96% at 150°C
hydrodearomatization: 56% at 200°C.
20
Example TT
A hydrogenation reaction was carried out using the
catalyst MVC030, as described in Example I. The feedstock
and reacticn conditions were the same as described in
25 Comparative Example II.
The performance of the catalyst was as follows:
hydrodesulfurization: 99% at 150°C
hydrodearomatization: 94% at 200°C.

30 Example ITT
A hydrogenation reaction was carried out using the
catalyst MVC044-1, as described in Example I. The
feedstock, comprising 20 wt.% aromatics, had a sulfur
content of 8 ppm and a boiling range of 180-300°C. The
35 reaction conditions were chosen as described in
Comparative Example II
The perfcrmance of the catalyst was as follows:

hydrodesulfurization: $3% at 150°C



The. performance of the catal yst was as fol |l ows:

hydr odesw{d 9§45%8§ i on: 99% at 150[err] C hydr odear ' on: 94%
at 200[err]C. 30 Exanpl pe TTT A hydrogeng{&ﬁlﬁﬁ}e@gﬁ on
was carried out using the catal yst MVC044-1, as described in Exanpl_e
. The f eedst ock, conprising 20 wt.% aromatics, had a sul fur

content of 8 ppmand a boiling ran_gelgf 180-300[err]C. The 35 reaction
conditions were ch¥ydEnrdaaree@aeizderbnn 78% aCoPd°at.i ve Exanple |1.

The performance of the catal yst was as foll ows:

hydr odesul furi zatiQn; 93%at 150[err]C WO 98/ 35754

PCT/ NL98/ 00090 M 17

hydr odear omat i zat Hydrogepahio200factridhis were carriedbExanpheiny a

Hydr ogenagi o ele@aGblcRNScWBEENEAL b edl ts Usi : ck containing
9.5 wt. % tetral I§‘& m xedogithn A5 par af ihs an 1g§1 g\pl%e?ti%h:?l The catal ysts
used are PATELEGPnaRdpPR PPN ardl Sl dehe Gased vist soumssr azeve

Exanpl es | addsktlked andTablExappéed|ard hbeoatitlaStin Warat i&eushed and
sieved to 75150 hekr km.hgf exe ' in 1Q,. order.to facilitate a
conparison wth (?E)nieng:’aona £ 59&0%?31%{&5@%;\/1 %éleacﬁg\?&é’rs’tisorwﬁre

Hydr ogenat i ofThNESeCapPredistiedatoa’ prizd i ksif 3@ the riggctignl HBV of 35
h[err] and ao@kigz‘ eb &aealgst'é]a J&@péleﬁéﬂr% SW[ir_h ]co(%?f%nlt;i%;n%q i[n Ti':lbl el.
15 T e .Cat al yst err err err X[err] at
225[err] C (%a%alysltﬁ/v&?ﬁf’%r?]go‘”der Z%m' 12 E-302[ err]
257 0 Hydropk/@@diled was carrikdb out at a pressudé of 30MVC041-12
215 bar, alfHSV of WEOA# and a cusv1d8 8000 h'. The rdduics MCD48

185 are listed in Table 1I.
15
Table I
Catalyst Toor s (°C) Xeetratin av 22s0c  (3)
MVC017 228 12
E-302""" 257 0
MVC044-1 195 46
MVC041-12 215 14
MVC047 193 77
MVC048 185 8%

Temperature at wnhich hydrodesu.iturization had occurred to an
extent of 80%.

' Conversicn of tetralin at 225°C.

20 "' Comparative Example.



Tenperature at whi ch hyarodesul furization had occurred to an extent of
80% Conversion of tetralin at 225[err]C 20 Conparati ve
Exanpl e. WO 98/35754 P22080PC00 5 1. A pr ocesEC/NLI8/00090

hydr ogenati on, hydroi sonerization and/ or hydrodesul furization of a

sul fur cont am nant cont ai ni ng hydrgﬁarbon f eedst ock, wherein the
feedstock is contacted in the présehCe of hydrogen gas with a catal yst

having a di spersion degree of at least 0.3, at 10 te ' e range
of from50 to 350[err]C, which catal yst conpri Se?m'mmﬂﬁnﬂw E”i um
or a conbi nation thereof on a non-crystalline, acidiccsiilGa- rna

support, which support is obtained bycl?ﬂngel t echni ques, conpri si ng
the dropwi se addition of an aqueous sol of 15 inorganic salts of alum num

and silicon through an oil - phase to an al kal i ne water phase, and
wherein the rati a of A prSceke Abri Byfrogedaffohp R2-disomerizatich The
process of Cé?émé’h‘m%cﬁais%t & lLyst -has n el I 0o of between
3:1 and 1:10. 20 3. lfﬂélgggggésggfgcfg}ﬁ%§1c§§£%%f%%§%ein t he
cat al yst conpPrseEniathinacaFdcradeefsspctonhaaeiBnthe feedpe@tkin an

amount of frog dodadted,iprefepitlsentbe0Bt hydPodehOgds Weighta per cent,

based on the | ght onﬂ; cess of any

h atal yst. 25 4. The. pr
of the prece%?n% %\.lms,lé%l C%ﬁﬁgyg%n%FﬁgréﬁFilﬁé?t %ﬁ%rig%%fﬁﬁﬁwpﬁaﬁland
pal | adi 3 a combingtion THhensafcess aohoptgrwetalhhveei aci@ic cat al yst
conpri ses plgfineimaneniad |AGY |,N@Rct Qibpokt i9 SbtainedOby £611:10. 30
6. The process_of an onggﬁfﬁﬁﬁe precedln% C|aIngi nxgerelg a
feedst ock ha¥fhgt ¥t F1fFS ASTE LBt ERELBF O S1:FBM 0. 15t H*¥B0 ppm
cal cul ated a%:3¥lfar20baksed on the wei ght of the feedstock, is

hydrogenat ed and/or  rhdyHRdesubkurh2ef. 135wherein /the & PyOcESS of any
one of the preceding clains,
15 "has a dispersion degree of at least 0.3.

3. The process of claim 1 or 2, wherein the
catalyst has an acidic ratio of between 3:1 and 1:10.

4., The process o claims 1-3, wherein the catalyst
comprises platinum, palladium or combination thereof in

20 an amount of from 0.01 to S, preferably from 0.1 to 2
weight percent, based on the weight of the catalyst.

5. The process of any of the preceding claims,
wherein the catalyst comprises platinum and palladium.

6. The process of claim 5, wherein the catalyst

25 comprises platinum and palladium in an atomic ratio of
10:1 to 1:10.

7. The process of any one of the preceding claims,
wherein a feedstock having a sulfur contaminant content
of from 0.1 to 500 ppm calculated as sulfur, based on .the

30 weight of the feedstock, is hydrogenated and/or
hydrodesulfurized.

8. The process of any one ¢f the preceding claims,
wherein the hydrocarbon feedstock contains thiophenic
sulfur contaminants.

35 9. The process of any one of the preceding claims,
wherein the sulfur contaminant containing hydrocarbon

feedstock is selected from the group consisting of white
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wherei n the hydrocarbon feedstock contains thiophenic sul fur

B 1 e o voved

cont am nant contai ni ng hydrocarbon ¢ is selected fromthe group

consisting of white oils, solvents, diesels or mddle distillates,
gasoline, 5 resins and kerosine. 9. The process of any one of
t he precedi ng cl ai s, vvherei n the faédst ock i s a product from an
upstream rodesiulfuri zation_unit. The process of any one
of the pr ece(ﬂ PSR R0 GREFELA Pﬁem’r‘é@%l%t‘%‘ﬁ%tﬂsl%’{ﬁﬁ:acﬁaeﬁpmnm t he

cat al yst underesins amdydtemgemnaressure of fromO0.5 to 300 bar . 11.

A catal yst for hyqboge?ﬁL' %ggfgfsgﬁfréﬁéﬂéé”khe receﬁiﬁgrééégfﬁ%k

hydr odesul f uri zatl on o nan ai ni

whi ch cat al y#Sreipa&ée éﬁeBPEPFhuhﬁ a5preditadftem Gin anstmsiamt i on t her eof
on a non- BrySﬁﬁﬂﬂddwgulfurlaétdbﬁ ghitca- alun1na support, which support is
obt ai ned by sq I #ngéhm ues and has a rface areaq of from 25 to

700 n{err]/g, wher &i'n VEthad™h WS s‘ithn PIEGREE TG c1aimg | east
0.3 and wher &hexeia thei desfisSpckoidl costicoad 20ith the a2l yist at

12. Use of at@@)‘e@'ra)ﬁ@tn:@'s' uaethacwhgosekl@@mﬂlwm3sooc8upp0rt whi ch
support is obtalngg tech for inproving the
ta

per f or nance of a %%ﬁs%n of gn}bl%ﬁ? RfmthraRrEdedivsr c4ad8whi nati on
t her eof , 1Rhavivigraias t@lesﬁeﬁdsoqckiegseeomtaamecﬂ easth GHs datdlydogenati on,

hydr oi sorrerlm{aecinaa@g/d%geﬁd{oggséaké%fZ@éwno €3 1YY par. OF @ sulfur
cont am nant Contalnlng f eédst
13, catalyst for hydrogenation, hydro-

isomerization and/or hydrodesulfurization of a sulfur
contaminant containing feedstock, which catalyst is based

15 on platinum, palladium or a combination thereof on a non-
crystalline, acidic silica-alumina support, which support
is obtained by sol-gel techniques and has a surface area
of from 25 to 700 m’/g, and wherein the ratio of Si to al
is from 1:10 to 200:1.

20 14. Use of a non-crystalline, acidic silica-alumina
support, which support is obtained by sol-gel technigues,
for improving the performance of a catalyst based on
platinum, palladium or a combination thereof in
hydrcgenation, hydroisomerization and/or

25 hydrodesulfurization reactions of a sulfur contaminant
containing feedstock.
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