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(57) Abstract

Catalyst comprising from 0.1 to |5 % by weight of a noble metal selected from one or more of piatinum, palladium and iridium,
and from 2 to 40 % by weight of manganese and/or rhenium supported on an acidic carier, said weight percentages indicating the amount
of metal based on the total weight of carrier. Use of this catalyst in a process wherein a hydrocarbon feedstock comprising aromatic

compounds is contacted with the catalyst at elevated temperature and

pressure in the presence of hydrogen. Process for the preparation of

the above catalyst, which process comprises incorporating the catalytically active metals into the carrier followed by drying and calcining.




25 Hydrotreating catal ysts are normally used in processes
wherein a hydrocarbon oil feed is contacted wi th hydrogen to reduce
its content of aromatic conpounds, sul phur conpounds and/ or
nitrogen conNpPwgssD4e34s Typical Iy, hydrotreating processgpepifhdsn
reduction of 30 the aromatics content is the main purpose are referred
to as hydrogenation processes, whilst processes WO
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- 2- predom nantly focusing on reducing sul phur and/ or

nitrogen content are re hyvd hurlsatlon and
hydr odeni t r ogenat i on, %gtéﬁggi/ @%ﬁ éﬁ“*gﬁf At B REPARATION, RROGESS standards
require that both aromatic content and sul phur and nitrogen content

of oil products Theagfeéeeftylmzéh@%Ixtella%egseesrél+A/t£fsrg%ct ed that
specifications for arongt E ur and nitrogen wl becone nore
0]

and nore severe |ﬁ°?ﬁgsffﬁ?ﬂe?n tHP ngFS ,in hydrocoppexsien gmosergesi
hydr ocarbon oil|l fwaeretmsa theirgoalrbby 401 compnms1dgeakgm&ndhwuwa@ahﬁdsdeeply

hydr odesul phuri Selgngontacted ﬁ%ﬁ%}‘d%&éﬁ)@k‘%ﬂ'éﬁ ngggéﬁcg\”dé %?1
I ncreasi nglLy I ve hydrogenation of

monoar omat Pc comoSBﬁﬁi{’]Et c°mp°sﬁ5ﬁﬁﬁrl§ 9%9?ﬁstFEEIFh?oP%RHﬂR§FéOMAPﬁ t he
traditional 15 thehyaltalysatdomgosatbbytlso Gorvanpapnadf tiedipeakedt

aromatics hydrogegﬁggg@l&@talysts on the other hand, general |y
have a relatively Iom1s hur and/ or_njtrogen t ol erance, so that
t hey exhibit poor ¥ék§%ﬁﬁ atang catalysts are well known in the art.

Conventlonal hydrotreating catalysts comprise at least

10 one Group VIII metal component and/or at least one Group
VIB metal component supported on a refractory oxide
support. The Group VIII metal component may be either
based on a non-noble metal, such as nickel (Ni) and/or
cobalt (Co), or may be based on a noble metal, such as

15 platinum (Pt) and/or palladium (Pd). Useful Group VIB
metal components include those based on molybdenum (Mo)
and tungsten (W). The most commonly applied refractory
oxide support materials are inorganic oxides such as
silica, alumina and silica-alumina and aluminosilicates,

20 such as modified zeolite Y. Specific examples of
conventional hydrotreating catalysts are NiMo/alumina,
CoMo/alumina, NiW/silica-alumina, Pt/silica-alumina,
PtPd/silica-alumina, Pt/modified zeolite Y and
PtPd/modified zeclite Y.

25 Hydrotreating catalysts are normally used in
processes wherein a hydrocarbon oil feed is contacted
with hydrogen to reduce its content of aromatic
compounds, sulphur compounds and/or nitrogen compounds.
Typically, hydrotreating processes wherein reduction of

30 the aromatics content is the main purpose are referred to
as hydrogenation processes, whilst processes



activity in the presence of substantial anmpbunts of 20 sul phur- and/ or

ni trogen-contai ni ng conpounds. For this reason the conventional way
for reducing the amounts of aromati cs and sul phur- and

ni t rogen-cont ai ni ng conpounds Is a two-stage process with a first
hydr odesul pRte P&%4340n and/ or hydr odeni t r ogenat i on PSTEHYOAHA,

normal ly after 25 renoval of the hydrogen sul phide and ammoni a forned,
a second stage for hydrogenating-tBe-aromatics still left.

The present invention ainms_to_ provide a hydrotreatin cat al yst
whi ch exhi bits RFEFTEPPBREY ot SiHRNGs o1 redumr%/&ﬁ%ggﬁat%ﬁ/%tivi ty,

whi | st at the sanrdgem hantemt are3@eferreéxioeld=mlydrpdesdeshbpluatisat i on
and/ or hydro- ' Qgg\é}g,; act iy : vERLS, uently, inplies
that the catal ysatndc,(g1 dgglaté{%n S Otﬁtglal?é géb%{beé%/towmlys' Cﬁggéﬁgc;ivel y pronote .
t he hydrogenat i GPVOFCAMERERT c3Eandands require thals bRt 8Fowabset anti al
quantities of swquent and 85lphur amid hdgyeagEDNidItRINGYoE 0GPD UsEsiuckie

present inventi 1 Y4998/ 04348211
PCT/ EP97/ 04013 AUle very low an s 6 rally expecteg that or eover

ai ms to provi de SPRMFAGRELIRF kP ATQMFSECS, sulphugy AP pikgegen evdddl | ent
hydr ogenat i on adidadniey mbewaand more sevemdndArthRtfutsairel t Avkbrahieyynder st ood

that the use of UG rorinind GRUANSLaLIR WYOTALLEALEDO PLOSERS ffers

an increased 5 potential tor “‘neetin e lTowconté
speci fi ddtions te deePlVoPY‘éﬁ?ﬁRi)aaFreonﬂFPEglf Rydgadgsudrbunise ogsh.
Accordi ngly, theigufasemnlydirodenitmyenata vil5tbashrRClincreasinglEl ates to a
cat al yst corrposiitnj'p(g}t%%qpri sing fromO0.1 to
Effective hydrogenation of monoaromatic compounds
normally is difficult to achieve with the traditional
15 hydrotreating catalysts. Conventional, dedicated
aromatics hydrogenation catalysts, on the other hand,
generally have a relatively low sulphur and/or nitrogen
tolerance, so that they exhibit poor hydrogenation
activity in the presence of substantial amounts of
20 sulphur- and/or nitrogen-containing compounds. For this
reason the conventional way for reducing the amounts of
aromatics and sulphur- and nitrogen-containing compounds
is a two-stage process with a first hydrodesulphurisation
and/or hydrodenitrogenation stage and, normally aftexr
25 removal of the hydrogen sulphide and ammonia formed, a
second stage for hydrogenating the aromatics still left.
The present invention aims to provide a hydrotreating
catalyst which exhibits an excellent aromatics
hydrogenation activity, whilst at the same time having an
30 excellent hydrodesulphurisation and/or hydro-
denitrogenation activity. This, consequently, implies
that the catalyst composition should be able to
effectively promote the hydrogenation of aromatics in the
presence of substantial quantities of sulphur- and
35 nitrogen-containing compounds. The present invention



15% by wei ght of a noble netal selected fromone or nore 10 of

pl ati num palladiumand iridium and from2 to 40% by wei ght of
manganese and/ or rhenium said weight per cent ages indicating the
amount of et abo fEaRe@d on the total weight of carriepcrgePegzed on
an acidic carrier. Manganese and rheni um both bel ong to G oup
VIIB of 15 the Periodic Table of El emgn%s. The third Goup VIIB
metal, technetium is not useful due to its Ffnstability as wll be

appreciated by 1 NGpee8lbl! £6hnd ned f}fm%he IeydrotreatiG Bhvhigal |y active

netals, i.e. platinumand dium an on the one
hand and manganes@xé’ebltlnga%/?ﬁcer%ﬁ‘ltuW@ﬁog?féatdtqﬁ’elacﬁaﬁatyn%@lﬂaméispresent
in el emnhﬁnoﬁ@bﬁhtﬁ@samﬂ)mﬂ.& basuadetsqiidde hae @ﬁe duge of such

m xture of two or @aggtghfxge fkg}ar trAgt%yple?cess °ﬁfﬁr ésrgusser%ralgﬁgre

detail herei nafter a su ation used 1
the present® catal POtePRphdERT a[“eﬂmg fufpre| lay ép?néﬁnéaﬁﬁﬁ?%hﬁmhqmsal r,
which will cause tfiee (mono)arewitdlod,i ealphuacind emitkbaks.to be at | east

partially Conxgggfglﬂgﬂ%g ttri‘)%' glrﬁééﬁif Sinvdtitdbh 1 §UE e Q:alﬁs?eg& i ve

calcination step wi |l cause an | cataly i ¢al
netals to be convéeté§erntd & Hatalyst Compﬁﬂ’d?é@ qornpﬁfhél%ﬂt%t%to Jils to

subsequent |y cont actkedywreligt of a nobaul AbLa L csmtea:ltaangr&ﬁe&ae tdiemort

| east a part of thes hab hi de c nyerted
into the o E”gr é%ﬁo%‘ém gf ll%rsﬁu es "?ﬂ s.LF“u sgl ?ﬁm&afqb %q‘é
good catal yst per ¥§ifgBhcet H&%ngig@?eolé% 9§dr1’|1¢f11tq*ﬂ ssgsd Wt‘-‘lg}sﬁ t uat i on and
therefore it is copescdataded Didfcatiad the amount of WO-Q8/ 434D on the

PCT/ EP97/ 04013 total weight of carrier, supported on an acidic carrier.
Manganese and rhenium both belong to Group VIIB of

15 the Periodic Table of Elements. The third Group VIIB
metal, technetium, is not useful due to its instability
as will be appreciated by those skilled in the art. The
catalytically active metals, i.e. platinum and/or
palladium and/or iridium on the one hand and manganese

20 and/or rhenium on the other hand, may be present in
elemental form, as an oxide, as a sulphide or as a
mixture of two or more of these forms. As will be
discussed in detail hereinafter, a suitable preparation
method used to prepare the present catalyst includes a

25 final step of calcination in air, which will cause the
catalytically active metals to be at least partially
converted into their oxides. Usually such final
calcination step will cause substantially all
catalytically active metals to be converted into their

30 oxides. If the catalyst is subsequently contacted with a
sulphur-containing feed, then at least a part of these
oxides will be sulphided and hence converted into the
corresponding sulphides ("in situ" sulphidation). Very
good catalyst performance has been observed in this

35 situation and therefore it is considered a preferred



-4- enbodi mrent of the present invention to have the

catalytically active netals at |east partly present in t he catal yst
as sul phides. Accordingly, the catal yst may al so be subjected to a
separate pre ldi ng treatnent 5 prior to being coptacted with the
feed. The deg]vlr(gegg}ag?é sul phidation of the netal oxi dESIEEH0402
control |l ed by rel evant paraneters such as tenperature and parti al
pressures of hydrogen, hydrogen sul phide, -water and/ or oxygen. The
metal oxides may b orTgI etely converted into 10 t he correspondi ng

sul phi des, but SEF‘SSEW oh ¥qihs Bregapt inventigmtte baveedhe t he oxi des and
sul phides of thecatalyticahlwladtiical hgtatsive reisal pavth peedirmgd, so

b a5 cul phi des “hag athiydt Ik HnpheafE! e AIE dnGE CBhe Do B aon
t he cat aPYEP BecBRisRFatotehe peRakae inrRswlPpbiding trsataeny

be used i B a var petiproto hyslime eoneastad P adfeFeelleThe degreLdfal yst has
been found to be paphig i ful _[n,the. hydr ot r eat nent of gas
gng?or %ﬁ;r{ ofjggxtea}n?l:gl ides can &edfzg{nfﬁ?@teg b@/

oils, thermally IcalTy cracke such as
light cycle releyapt RARRNGtEEReUEcRe innratngentng pp@stiGil two or
nmor e of phessurdhiesit midrogealahidreget avlphibel ahivel Yadobge

anount of aronat] Opyd I -contal,ni n conpounds and
ni t r ogen- cont ai nibgagggphpounz‘}sef%#hgggér%gn'?asy C%mPISFe%ﬁc‘ﬁorb@&Fﬁﬁﬁn&yﬁust
usual Iy B8 reduc&lei forresptding sulphides r dittermuditabdguamtéqndibihamat i ¢
conmpounds reduct seate betweerff&mfeabﬁﬁzdég @L@@ig@@rﬁa@grofe@w%g certaihn

t echni cal ' i fi.cations, su s ¢etane nunber in the case
of autonotive gagaggﬁt#%%ﬁﬁggﬁﬁﬁ mECelR wcl;ige of %Jog't"ego so thatthe angd
col our and stabi FREPLYHI¢Hel RS 1¥P Mebabs |are presentrheth grss .oxMies usi ng

the catal yst accandi ag $wlghieles. present invention in the
B SPRIn T O%ha UL e stosuobd RS HLE R LY,
reduction 35 caralyet @ogarstipggtautbemRrsaenfad nyent specidr catitabdycan be
be used in a variety of hydroconversion processes. The
catalyst has been found to be particularly useful in the
hydrotreatment of gas oils, thermally and/or
20 catalytically cracked distillates (such as light cycle
oils and cracked cycle oils) and mixtures of two or more
of these. These oils usually contain a relatively large
amount of aromatic compounds, sulphur-containing
compounds and nitrogen-containing compounds. The amounts
25 of such compounds must usually be reduced in view of
environmental regulations. Aromatic compounds reduction
may also be desirable for reaching certain technical
quality specifications, such as cetane number in the case
of automotive gas oils, smoke point in the case of jet
30 fuels and colour and stability in the case of lub oil
fractions. When using the catalyst according to the
present invention in the hydrotreatment of gas oils,
thermally and/or catalytically cracked distillates and
mixtures of two or more of these, the required reduction
35 for e.g. meeting automotive gas oil specifications can be
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-5- attained in a single stage. It has been found that the

catal ysts of the present invention are especially active in

reduci ng the s¥®ysnisa@df nono-aromatics in the final pPCOEEII0g018VEN | N
t he presence of substantial anmounts of 5 sul phur- and

ni trogen-cont ai ni ng conpounds. -The_catal yst according to the
present invention conprises as catalytically active netals fromO.1

]EO 15% bby s\/tﬁﬂaahkd?&npbaéir@lra amd?er ptalﬁaemiwmaf mehna i:lﬁitlditufé and
rom2 to 40% by wei_ght n e ' I . ower.
anounts of catal yt‘fact%q‘lyfggcg?vgﬁ%srﬁsgggr gﬁ‘ééplgﬁr%gfgré esg.’ QCl?Hey a%%,]\'?lvviety of
t he catal yst beconss neguciow the pmount of meppmayemafiiiop ant thetfimal 1f, on

the other hand, th&oduct, evaADUNitHY pgakahyéialdubstahitial MBhakscd Sofhi gher
t han t he u I m I ndi cat ed %he urther 'n%gsease In catalytic

er. limt f
15 activity Wt &aﬁr%h'ir‘%ﬁ?é“&?é‘ g0t e "B PR " anount of

metal. This applies iTheacatalysy Famorgingi panthkmddpresent inpemtiefi um GCood

results can be obtaifad JWist BsCahvd MAliTally acti®OMMtaisN@rbhom B d® 1£3% by
wei ght of noble neta

1=, i .e. . plati,num and/ or. pal_| adi um and/ or
i ridiumand from XY Xgight OSrB}%tf’éB{)“i/ aPPZﬁfSP%]:g{%%D"b?r\azPﬁhfrb YR ifshese
and/ or r hefanm2 to 40% by weighthofewmpeganess tand/pobkbemiwml If

conponent .3 dt is j1oyer amlBEE’s£LdtA1YEechRL Y Ak ti0OReYa1¥hhlStaghlieq,
manganese and

25 preferred Lo zﬁr‘{lfg‘p’l,i%g]cegP‘g{%;ﬂ%ﬁép}%%%ﬁe{lgﬁ%cgﬁ ﬂgi@%very mueh
pal | adi um and r hentenmeas-imidycattaatiivel.| ffacep vidhergtdley, hand, the
amount of catalytically active metals is higher than the
upper limits indicated, the further increase in catalytic
15 activity does not warrant the costs of the extra amount
of metal. This applies in particular for platinum and
palladium. Good results can be obtained with catalysts
comprising from 3 to 10% by weight of noble metal, i.e.
platinum and/or palladium and/or iridium and from 2,
20 preferably from 5 to 30% by weight of manganese and/or
rhenium.

With respect to the noble metal component, it is
preferred to use palladium only, whilst of manganese and
rhenium, rhenium is the preferred metal. A very much

25 preferred catalyst, accordingly, is a catalyst comprising
palladium and rhenium as the catalytically active metals.

The carrier used to support the catalytically active
metals is an acidic carrier. Acidic carriers are known in
the art. Examples of suitable carriers for the purpose of

30 the present invention, then, include acidic carriers
comprising an aluminosilicate or silicoaluminophosphate
zeolite, amorphous silica-alumina, alumina, fluorided
alumina, phyllosilicate or a mixture of two or more of
these. It will be appreciated that the type of acidic

35 carrier to be used largely depends on the intended



The carrier used to support the catalytically active nmetals is an
acidic carrier. Acidic carriers are known in the art. Exanpl es of
suitable carriers for the purpose of 30 t he present invention, then,

I ncl ude aci diyg JRksat €F S conprising an al um nosili Cféﬁnﬂrumm
si | i coal um nophosphat e zeol ite, anorphous silica-alumna, alumna,

fluorided alum na, phyllosilicate or a m xture of two or nore of
these. It will be appreciated that the ty'peso‘f acidic 35 carrier to be

d | ly d ; | d 04345 co
gé;lEPS;?84%13ep§BB§1£EE$$HBdéﬂﬂig ggtalyst. For mosgméégqlcéilonsabﬁl%Eation

of the catal yst. PPBRVEDHsIPEEHRTrESt £BAE the jaarrier comphrbngs & zepléterred
that the carrier Eranpléseast suieabilbezeolites arexaipieéesaDimisig-t abl e zeolites

are silicoal Um NBrogphates, RIREPHR! 8RpoSHEN ABOATOL o0 2:3AN0 SAPO 41

and 5 alunfnosTlicate zeolites TTke ferriefite, 23,
SSZ-32, nbrdenit BluBbRRSHefFtee 28Rd1 08| 1 ikss ferrippite, ZSM-H,aGjSMskBe type,
such as fauj asitssansi2| heomisniihet i Beta zeolitze@hidt ged idde disenaf

si | i coal um nopho for ' .anc be consi.dered when using
the present cat a?ggﬁ%%gté@%ﬁ'nsgcgr S(S:egs?sdff]%trﬁpgr %Hﬁc?rr’\eg ﬁ%&ﬂe&éﬁ ng base
oi I's which zeol 1@ Yehe MPEr BE oRtbieradnminephosphafaremaly, fiowever,

the use Ghsehnce N ldonatGezed! wies usingr eherpRskerd catalyst .
Pt 61 PR AL 185 LAl Akt e kel
Particul arly whehRUsiYRF tthdvegegrpyersion step. In general, however, the

use of aluminosilicate zeolites is preferred. A

particularly preferred aluminosilicate zeolite is

zeolite Y, which is usually used in a modified, i.e.

15 dealuminated, form. Particularly when using the catalyst
according to the present invention as a hydrotreating
catalyst for reducing the content of aromatics and
sulphur- and nitrogen-containing compounds, the use of an
acidic carrier comprising a modified zeolite Y is very

20 much preferred. A particularly useful modified zeolite Y
is one having a unit cell size below 24.60 A, preferably
from 24.20 to 24.45 A and even more preferably from 24.20
to 24.35 A, and a Si0,5/A1,03 molar ratio in the range of
from 5 or 10 to 150, e.g. from 5, 10 or 15 to 110 or from

25 5, 10, 15 or 30 to 90. Such carriers are known in the art
and examples are, for instance, described in
EP-A-0,247,678; EP-A-0,303,332 and EP-A-0,512,652.
Modified zeolite Y having an increased alkali(ne) metal
-usually sodium- content, such as described in

30 EP-A-0,519,573, can also be suitably applied.

In addition to any of the aforementioned carrier
materials the carrier may also comprise a binder
material. The use of binders in catalyst carriers is well
known in the art and suitable binders, then, include

35 inorganic oxides, such as silica, alumina, silica-



according to the present invention as a hydrotreating catal yst for

reduci ng the content of aromatics and sul phur- and

ni t rogen-cont ai ni ng conpounds, the use of an acidic carrier
conprising a Rpglbdidsed zeolite Y is very 20 much pref er pegEpdvodo13
particularly useful nodified zeolite Y I's one having a unit cel
size below 24.60 A, preferably fron1;4 20 to 24.45 A and even nore
preferably from 24. 20 to 24.35 A, and a Sierr]/Al[err]0[err]

molar ratio in th%%hﬁ@gg Ohoria, 21rdEEQH1§n@rtﬂééﬂf% 13Ra &14ysfraym 5, 10 or
15 to 110 or from 10, uc,h carrlergeare known in

the art eéﬁanﬁh%su%‘? epflfsd lFﬁs?’é‘?K:%r HATLARped Preferred for
EP- A-0, 247, 678; EE—h&- PudpP3s832f aek ERelefit SivéaiAon. If preddadh fithed zeolite

Y having an incre I ) I I di an

such as descri bed%ﬁ?ﬁgg 584’“‘2% O&ng:t}% §a§5§er r?pal S %eé‘guﬁﬂ% 9C5Qat|c])°§n| ed.
In additiof to anyed@bthbaged Iheratadnugight r‘I”Earcarrler Ine? RTefierrere
carrier my al so emippdisens, bilnsefarrier compeisrs alo. tdheousiey ofeijhrdets in

catalyst carriers 508l | » pinger JARMAci Bel ARrilo 2004541 bANLS dAGES.

then, include 35 lnor ani ¢ oxi des, such as silica, alum na, I ca-
VO 98/04345 been foun partlcularly advantagequeT/Ep97/04013
-7- al um na, Tberbanazygmmmcaramﬂgtw aitied pragdnt| fyvent@on can

these, theuse of ,5ilicg @H% %axalett;p 02 hgdpaceérﬁie&%qokogro%es%e t he

pur pose of the presenfg I'nventi on content of

the carrier may v&WrFFBW?ShY#%%bW f53d5t°°]$/\éi‘?3ﬁ’tr15é§3da’€)?f“¥(ﬁ%l wei ght

of carrier. In a poebenhdd is contactedoditenthe tdutadgsti et ebaguteses 10 to

60% by wei ght of temperature and pressure in the presence of hydrogen.

Specific examples of such processes are hydrocracking,

15 lub oil manufacture (hydrocracking/hydroisomerization)
and hydrotreating.

Accordingly, the present invention also relates to
the use of the catalyst described above in a process
wherein a hydrocarbon feedstock comprising aromatic

20 compounds is contacted with the catalyst at elevated
temperature and pressure in the presence of hydrogen.
Since the present catalysts are active not only in
hydrogenating aromatic compounds, but also in removing
sulphur and/or nitrogen compounds, hydrocarbon feedstocks

25 comprising sulphur and/or nitrogen containing compounds
in addition to the aromatic compounds are particularly
suitable.

The catalyst according to the present invention is,
due to its excellent hydrotreating performance,

30 particularly useful as the first stage catalyst in a two
stage hydrocracking process. The second stage catalyst,
then, is a dedicated hydrocracking catalyst.

In lubricating base oil manufacture processes at
least one hydroconversion step may be included for

35 removal of sulphur and/or nitrogen containing



bi nder. A binder content of from 10 to 40% by wei ght has been found
particul arly advant ageous. The catal yst according to the
present invention can 10 be used in a variety of hydroconversion
processes,  woosm4 erein a hydrocarbon feedstock conpris i C
conpounds is conté??gd with the catal yst at el evated keﬂ?@&@%ﬁéture
and pressure in the presence of hydrogen. Speci fic exanpl es of such
processes are hydrocracking, 15 | ub oi 8 manufacture

(hydr ocracki ng/ hydroi_sonmerj zati qn) and h otreating. .

Accor di ngly, the)éﬁrneggnl arll'lﬁ‘?/eén TS §8395F%%§sa’¥‘%r°r ngg?’%“tf’é’e df the
catal yst descri bé@omBsie ¢empowidsc@asl/or hydroigmmesiisatibydod catrdetinght

fetedlstotck tcorr})ri &:ihlagnaaﬁmiﬁgtt&ﬁy brtan%aa& daSHonat ’i‘ﬁ%ﬁdfﬂ'rée}l“ee}n L‘g of
catal yst at elev enmperat ure ,and,_pressure.in the pres
hydr ogen. %&gpﬁggdt ¥Ffﬁ%ég§1nsc§P§(9§t éﬁerggngg ABLHR( y i n

hydr ogenati ng ar d®deculesnpoiirlsly Bondgarbain rpammafifinig moleculessxphur
and/ or nitrogen @RIBRUNES. coWHRGHPRRilBeIEtASKS ¢ int & O 13,9
sul phur and/ or nit&ogeg con#ainin ?Eonﬁounds %5Eﬁnlga§i$ﬁ§#§?g t he
aromati c conpound§-§FE-Bart %ﬁn%ﬁﬁi}catl°n 1n SHqpubricating base offe
catal yst accor di mgnu§acherpreserass.ntdet faralyst accordindueottthd ts
excel I ent hydr ot chf@tgbae P@&éﬁiﬂ%ﬂ@ﬁylﬁgreferﬂﬁéf tdoﬁgkgggya%glthﬂexas t he

first stgge catal yst in.a tgﬁ P Eagg rocracki ng_process. The
second sfage cata yet, "9 orﬁqﬂﬁ?,sﬁi g Tad LAPAF SEeA K YR D@a Al yst .
In lubricating basaeollitemwitthctidicaprodésseslatina as bindeastronrge
hydroconver si on $48RcERYaPend Nl d8SnkO0hr85intenadd®tBVaLle@f sul phur and/or
nitrogen Contalnbggdominantly, the use of carriers comprising modified
zeolite Y is preferred. If cracking and/oxr
15 hydroisomerisation of the waxy molecules is the main
objective, preferred carriers comprise fluorided alumina,
amorphous silica-alumina or zeolites, such as ferrierite,
Z28M-5, ZSM-23, SSZ-32 and SAPO-11. A hydroconversion step
in a lubricating base oil manufacture process typically
20 comprises contacting a luboil feedstock at a temperature
of between 200 and 450 °C and a pressure up tc 200 bar
with a suitable catalyst in the presence of hydrogen.
Examples of lubricating base oil manufacturing processes,
wherein the catalyst according to the present invention
25 may be used, are disclosed in GB-A-1,546,504 and
EP-A-0,178,710.
The catalyst according the present invention has been
found to be particularly suitable for use in a
hydrotreating process. Suitable hydrotreating operating
30 conditions are a temperature in the range of from 200 to
450 °C, preferably from 210 to 350 or 400 °C, and a total
pressure in the range of from 10 to 200 bar, preferably
from 25 to 100 bar. Examples of suitable hydrotreatment
processes have been described in European Patent
35 Application Publication Nos. 0,553,920 and 0,611,816.
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-8- contam nants fromthe feedstock and/ or hydrogenati on of
aromat i ¢ conmpounds and/ or hydroi sonerisation of straight chai n and

slightly branckhedsbyses ocar bons into further br ancheddrgpyprassbons
and/ or hydrocracki ng of waxy 5 nol ecul es (usually long chain
paraffinic nol ecul es or nol ecul es coptaining tails of this type)
into small er nol ecul es. For application in such |ubricating base

oi | manuf agd it 1R q%eagto&ia@ £t Fuest aaﬁwf@uf@attﬂgt Beocess are
present invention w|| ref rabI % n(})rl se.a_carr q:f gongrl si ng

anor phous si | i ca- e &XrF agked (FRSPA LGRS gas ol 2&dBPEI3F t h
silica and/or al untvnbs.astliﬂrn‘déiy afdfdre catalytically otrasdeeidndiseatiates are

i ntended to occur (gych as Qﬁ%ﬁ?”&?@ﬂé |d’1].st r&?xd“é?a@ﬁe&%ﬁfdl@ &‘ieﬁfpéﬁé' ng
modi fi ed zepolite Y

erred racki n
hydr oi sorer? sat i on™HFE44RS \ﬁé‘[xfr RoPE LS qfs r‘?‘ﬁﬁe y 5 thes&bj ective,
preferred carri er stesigirdcke hbyoal tedcaipxaiiseaat least 7Gmyplvetiight of

silica-alumna or K}ﬁ‘&\}déa%%o SUSBi 8$nd ebdtuRleint €5 d oMt '
SSZ- 32 and SAPO- 11. 5Q/S_&yocrzlonverlsl oén © 0 and 430 r?ggt%ls‘?\ég%alsne

oi | manufacture prote iRt Al cataq‘é’(?ﬁ'pri‘%eks c%‘?ﬁgf&‘eﬁg aFu
f eedstock at a tenpemratanr €omprises afbiyetescén 200aweuntds6 [iedit&redd a

pressure upyto 200 gﬁ“e The Pref@%@e@-éﬂid&%bh§t€§i§dy§ﬁ dHe g pLesgpce of

hydr ogen. | es of lubricatin ? manuf act urlng processes,
wherein the catal y%%s%cﬁ:forhé(idﬁﬁtfﬁa'ﬁ%g p’rseﬂ’-é’nt?l PRYRAT I Hifass zeollpgy mRst

used, are discl osetireffex@®li hpBdbiddlzaridte Y. It lkdb Adinl TOunBdOthat the
The catal yst accorgié&rxéﬁ%amaﬁsetemm@g el Qﬁéei’f@x{\: hydrotrehPifg to be

particularly suit for use in treati n Qcess ui tabl e
hydr ot reati ng oper ¢t igie3p and lSCB‘?‘\ﬂH‘f%lée/&fg E\YgrPﬂe’E‘ﬁ‘élrl‘%nge
of from 2005to mono- sthatércs]} Ceven eire rtdiel présemzélcﬁf tsmub3B5@noiaz00

[err]C and a tot aclnr?ounts of Bh?%ﬁ&fﬁ ddy Hl‘?:r[:@@ﬂec&ﬁtaffrﬁrﬂglgotngog%)s bay,

preferably rom 2 Exanpl és,of suitab rot reat nent
a dltlon, the present catalyst is also very ef ectlve in

the hydrogenation of di-aromatics and higher aromatics
(tri+ aromatics).

20 The present invention also relates to a process for
preparing the catalysts described above, which process
compriges incorporating the catalytically active metals
into the refractory oxide carrier, suitably by means of
impregnation or ion-exchange techniques, followed by

25 drying and calcining and optionally presulphiding. In
order to obtain catalysts having a particularly good
catalytic activity, this process can be carried out by
the subsequent steps of:

(a) impregnating the carrier with one or more solutions

30 containing a noble metal compound selected from compounds
of platinum, palladium and iridium, and one or more
solutions containing a manganese and/or rhenium compound,
optionally with intermediate drying and/or calcining; and
(b) drying and calcining the thus impregnated carrier at

35 a temperature in the range of from 250 to 650 °C.



processes have been described in European Patent 35 Appl i cation

Publ i cation Nos. 0,553,920 and 0, 611, 816. V\D 98/ 04345

PCT/ EP97/ 04013 Sui tabl e
f eedst ocks a hydrotreating process are

cracked gas%ﬁ?\szgmgas oils, light gas oi ls, ther%é?)ll":zjgJ /o%@
catalytically cracked disti I | at es (such as light cycle oils and
cracked cycle oils) and 5 m xt ures- of0 two or nore of these. Many of
t hese f eedst ocks normal ly conprise at | east 70% by wei ght of

hydr ocar bons boi | i nd* BFEREER=ASEEIRE #50 IPRFRIEat AN Fh§sERTFRET is the gych
a hydrotreating satedlistd pbrei solued empeeghhatot hevhich invotaesi €hie

conprises a bi nd@feaahém %@yneafﬁémﬁﬂt sdvé,ﬂume of alh,?,\rfggggta@n ;e; ﬁrred

acidic materi al the carrier casg

al uminosi licate % §3om. §F3by said vioterer I’y’“ﬁ’ﬁ%ﬂnﬁtéﬁgzéep-??bow i§t has
been four@l that &lestantiallypegsehttaathel psreexdlimd ofamhexeakkeat. In
hydrotreating pjg wa%t ey § Vu 8l d ShaRRM Bkcuh@rirxpxeéegn%%&hge bty

hydr ogenati ng 15 no-aromati cs, even in senceof “subsTanti al
amounts of sul phiRT HHd PHTPPEgeRt it é‘lrﬁlsﬁﬁtcbﬂ’b%‘tﬁfd%n add| tion,
the present cat aimstedrmtdloaomeehyd aifseticevie found to be ptalirelbudéﬁgy‘:nat i on of

di -aromatics andghj tﬁ;}% r 3 OPRLI £8sultin ca&g?gstgrm ' Cg)artggular%)ﬁe The

pr esent |nvent|on al's ates to a process rrng
cat al yst¥® descr i BRRF AFFFOTMRAFRh Thoddegegnation stapyy |a§e§aPnEBrporat| ng
the catal yti cal | yamcited/@utetiaisg one 1mpr|eghatum seffutadenokynexifdengarri er,

suttably by meang) Pineral compbBAEHNY I Bk bFr FIFNAHRITA' BGENT AUCS,
y separate impregnation steps, one step for impregnation

with platinum and/or palladium and/or iridium and one

15 step for impregnation with manganese and/or rhenium,
possibly with an intermediate drying and/or calcining
step.

Metal compounds which can be used in the impregnating

solutions for preparing the catalysts according to the

20 present invention, are known in the art. Typical
manganese compounds are salts thereof which are soluble
in water, such as manganese sulphate, manganese nitrate
and manganese acetate. Typical rhenium compounds are
perrhenic acid, ammonium perrhenate and potassium

25 perrhenate. Typical palladium compounds for use in
impregnating solutions are tetrachloropalladium acid
(H;PdCl,), palladium nitrate, palladium(II) chloride and
its amine complex. The use of HyPdCl,; is preferred.
Typical platinum compounds for use in an impregnating

30 solution are hexachloroplatinic acid (H;PtClg),
optionally in the presence of hydrochloric acid, platinum
amine hydroxide and the appropriate platinum amine
complexes.

It is common practice in catalyst preparation, to
35 subject the catalysts in the final step to calcination in



25 drying and cal cining and optionally presul phiding. In or der

to obtain catal ysts having a particularly good catalytic activity,
this process can be carried out by t he subsequent steps of:

(a) i npregnat iwtgesiodsyscarrier with one or nore sol utions 30 pcTEPTOMRAI Ni Ng
a nobl e netal conpound sel ected from conpounds of platinum

pal  adium and iridium and one or nore - 13 -solutions containing a
manganese and/ or rheni um conpound, optionally with internedi ate

drying and/or cal Giii,nghef8by the meta(lls) agteybhguditd inakaeniagm tdle tHais

Tpr egnat ed car i ef;degI5po conube TR AbULEs e HiRdtBdFe 2L I ARZS0 10

PCT/ EP97/ 04013 their sulphides, the catalyst can be pgesulphided after A
prlef erred nmethod qfhd V@ﬁhﬁ@”@él@%éﬂ%xﬂ%ﬁ:@beénaSpltxhﬁ' to contaé@ will @ghePOr eh
vol une |npregnat| ic V0 nt of a carrler\Mt
a vol une of° |npre&% q ﬁ c éﬁi lﬁ?ggﬁlpﬁh%&?ﬁnwéggo Sy B Bnkr o

i mpregnati ng sol uttihen aP-’!f,. guch as sﬁmfstlalﬁ’tiﬁatlﬁyfwmélurpﬁeﬁhe?wm@ vol une of
the carrier. In Appl:.canlbﬁ payLidatilonuNesi So bgle, 284 ;t beapopsegnat i ng

?ﬁLEggggtlon nethodgﬁggqgeg 8z%§&t3E%eagd ﬁ@% i %ggghogath|§U|table as
the resulting catdh¥§u§a§h9n/%u?kwqanymnapr 140 93/OzﬁéédapérW@rQ&ﬂi§§57The

i npregnat i;gn step fRbredfghe, in a fu&@x"e&'l eflbOAmdHt B eHE hARS&HNati on
sol uti on containin onents .or &gn be Cﬂ%rled out in

t wo separ nﬁﬁ?&gngl?? cﬁ1r°sctees§s BT R ¥ F P nbFEIMAER T on
wi th plati num and/compgakeadtiuen fu/har istegi afit and one
(c) subjecting the dried and calcined catalyst to a

presulphiding treatment.

15 Instead of the aforementioned presulphiding methods,
presulphiding can also take place via in situ pre-
sulphidation. This involves contacting the calcined
catalyst with a sulphur-containing hydrocarbon feedstock
under appropriate conditions, which are normally less

20 severe than the conditions applied during the envisaged
operation.

The catalyst according to the present invention can
be regenerated by methods known in the art. A typical
method for recovery of the catalytically active metals

25 from spent catalyst comprises removing the deactivated
catalyst from the reactor, washing the catalyst to remove
the hydrocarbons, burning off the coke and subsequently
recovering the noble metal(s) and the manganese and/or
rhenium.

30 The invention is illustrated by the following
examples without restricting the invention to these
particular embodiments.

Example 1

An acidic carrier consisting of 80% by weight

35 dealuminated zeolite Y (unit cell size of 24.25 A and



15 step for inpregnation wth nmanganese and/ or rheni um

possibly with an internediate dryi ng and/ or cal cining st ep.

Met al compounds which can be used in the inpregnating sol utions for
preparing th Ysts according to the 20 present ipyention, are
known in the%%rﬁﬁ&# ypi cal manganese conpounds are gﬁﬁ? Pﬂﬂ?eof

whi ch are sol ubl e I n water, such as nmanganese sul phate, manganese
nitrate and nanganese acet at e. Typil@al- r heni um conmpounds are
perrhenic acid, a nh errhenate and Botassiun125 . perrhenate.

Typi cal paIIadiuﬁ?gF zﬁ E@l??w FAC1o of B8O) @5degAit Prgweishh iadngrar e

tetrachl oropal | a@ilumrmael binder was (U€d2BJCR43ampiad lcefditbhisnichs ol € was
pal I adi un(11) Ch'@@&@%naegd w1th an bﬁ%eéﬂkhﬁéfﬁ?ﬁhﬁ%acI@e(Hé

Herr] Pdd [err] |sllarefer I cal t i num_conpoun s for use in

an i npregnating 3¢ B?U"f?acﬁP &Pe %HEXE‘EW o?‘iﬂﬂrﬁsipﬁf‘élaﬁl‘ﬂlth
(Herr]Pt@ [err] 17.1 %wt of opeti cawdld yeight hpeyrerneiges béify dbHedd eri c acid,
pl ati num e L %laxér%'eife 2ad 4 be,) apﬂ{@&fa}ﬁﬁlﬁﬁf pgge%é e on

COITpl exes. | S conmpn practice I'n cata
35 subj ect ﬂ?&a&XFEI 'Sf%? thep tdﬁéefil aaf calkgpined dgrc?nbewnm dm
WO 98/ 04345 400 °C, after which impregnation wiRGTAEP44GO40d Bolution

- 11 - Y 4 Mae&gb?/s 051 fé%feaké @é&cﬂ?raf% cofleLhe fP%Uhg their

oxi des. To convert R east Eart I al
sul phi ded? the cXEAPPSt (EQFreRPIRddagl WhEhed: %ﬁtké’r Welght of tP@d) fi nal
cal ci nati on st ep Find1fyi othé ccangriietet vathlyde was driedf 88dSéOCIenei t abl e

presul phi di ng netiods ARG XNOWRHdN oc in air. The catalyst is further
referred to as PdRe/Y.
Example 2
15 A bed consisting of 20 cm3 of the above PdRe/Y
admixed with 80 cm3 of silicon carbide particles (SicC;
diameter 0.21 mm) was placed in a reactor. The PdRe/Y

to

bed thus obtained was presulphided according to the
method disclosed in EP-A-0,181,254. This method involved

20 impregnation with di-tertiary nonyl polysulphide diluted
in n-heptane, followed by drying for 2 hours at 150 °C
under nitrogen at atmospheric pressure. The catalyst was
subsequently activated by bringing the reactor on a total
pressure of 50 bar with the help of hydrogen at a gas

25 rate of 500 Nl/kg. The temperature was raised from
ambient temperature to 250 °C in 2 hours, followed by the
introduction of feed and increase of the temperature from
250 to 310 °C at a rate of 10 °C/hr. The temperature of
310 °C was maintained for 100 hours.

30 After the activation procedure was completed a feed
having the characteristics as indicated in Table I (BP is
boiling point, IBP and FBP refer to initial and final
boiling point, respectively) was passed over the bed of
PdRe/Y. The feed was a blend of 75% by weight of a

35 straight run gasoil and 25% by weight of a light cycle
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The sulphur content and nitrogen content

(both in

ppmw), the level of cracking expressed in % by weight of

the material formed which has a boiling point below the

IBP of the feed {(i.e.

150 °C} and contents of mono-,

di-

and polyaromatics (in mmol/100 grams of product) were

10

TABLE 11

determined.

The results are indicated in Table II.

Product characteristics

Product

S (ppmw)
N (ppmw)

cracking (%wt

150 °C~)

519
7.2
2

Aromatics (mmol/100 g)
Mono

Di

Poly

66.0
6.3
3.0

From Table II it can be seen that cracking of

feedstock components into low beiling material is reduced

to a minimum, whilst hydrodesulphurisation activity and

15

hydrodenitrogenation activity of the PdRe/Y catalyst are

to

30
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- 12 - silicalalumna nolar ratio of 80) and 20% by wei ght of an
al um na bi nder was used. A sanple of this carrier was i mpr egnat ed
with an aqu rheni c acid (HReO™) sol ution 0 %
Red err] (corresog%ndi ng wwith 5 17.1 % of Re; sai d}%,:ﬁﬁtﬁ%lg

percent ages bei ng based on the wei ght of the carrier). The
partially prepared catal yst was théh dried and cal cined for 2 hours
at 400 [ ft _erchaj regnari a sol ution

of Herr] PdCl[err Cr ’el?@ Sul nr%: 1 ggé) lgcr:crﬁqqé:r??ltog gﬂ)%g&io

wei ght (corresp(ﬁﬁﬁ“ﬁ@%ﬁﬁ 49%0/%’19;P’We|96h9‘0f regpectively.  Finpally, the
conpl eted catal yst wabldr iedabssl striwei RRdt the aronfa®fica Beﬂi?érs?ﬁtorﬁig.; [err]C

in air. The cat further. erre P 15

A bed consi sti ng’%? §8§Jd ilté)fﬁEJh qtl)iél\(/agtlg-’gh ;L% Shdld e gm Rt B0 cns
of silicdn carbitdatpihe eppsexsian of poly (tyishagasmatdcsland)diveepl aced in
a reactor. The RgRa/k¥ lmtlambemdﬂmeolahal hetbasnaRiesubght &ked. accordi ng
to the t hod I P- As I s_method invql ved 20
i npregnation wt °“d’ersq ?fgg%o“lﬁﬁl eh PO bsuf]:é% %P%d:’ tg) Yed=suming thgt

n- hept ane, fol | casdhafyicgr 9FﬂghY‘i)1F°92"fi’G@|ds t&t-‘o"l% g @rerqf-léntlal reaqidey
nitrogen at atnysiialyG Bressif éis EiumeBakiat t¥RS polyaromatubseguent|y

act [ vat g by b LOgLAg e EACAOL Gl b0 Al aromacice ARESSHEELOT S0 bar

with th elp of® ogen~a
t enper at ure was armnsaédcsr ant monoaro“@r%lcénﬁnF@rﬁmfaﬂmnécﬁo 'ZBOS Girm2
hours, followed kaltdﬂ%ssumptmnj N irdlGti 08 Rhobeathandyapegeaseis dehe

tenperature from 250Q. t r The

t enperature of an aromag’iﬁ glx\t’/\gsggr% E\it%tdnga ? § %B}EﬁEL? EL%&M
After the activasnsrajdycbaopeesdsinaiisiadiydless dayourable apatheg t he
charact @9 sti cs rfnddidicFahedmatidsiting i@BR pSlynuclear structure

decreases. The moncaromatics which are found in the
product may hence come from three sources: (i) from the
unconverted monoaromatics already present in the feed,
(ii) from converted diaromatics which were originally
20 present in the feed and (iii) from converted diaromatics
which, in return, originate from converted polyaromatics
present in the feed. On the basis of the seguential
pathway mechanism, the conversion levels of poly-
aromatics, diaromatics and monocaromatics were found to be
25 as high as 85.3%, 91.3% and 54.1%, respectively.
Example 3
The procedure of Example 2 was repeated except that a
PdRe/Y catalyst was used comprising 5 %w Pd0 {(cor-
responding to 4.3 %w Pd) and S5 %w ReOy (corresponding to
30 4.3 %w Re) on an acidic carrier consisting of 65 %w
modified zeolite Y (unit cell size of 24.32 A and
silica/alumina molar ratio of 9.2) and 35 %w silica.
The feed was a blend of straight run gasoil and light
cycle oil having the properties shown in Table III
35 following and the process conditions used were exactly as



boiling point, IBP and FBP refer to initial and final boi l'i ng
poi nt, respectively) was passed over the bed of PdRe/ Y. The feed
was a blend of 75% by weight of a 35 straight run gasoil and 25% by

wei ght of a | ixgsnsus! € WO 98/ 04345 PCT/EP97/04013
PCT/ EP97/ 04013 - 13 - oi l.

Process conditions included a wei ght averaggsbed t enper at ure (WABT)
of the PdRe/Y bed of 350 [err]C, a total pressure of 50 bar, a gas
rate of 500 N /kgifbra wt@bt that the Headlwyaspateacebdcwiyh (AM4SV) of 1.0

kg/ !l . h. E h dSt S (9
1037 BP ‘ﬁ"?tll S5uft o ‘?é[%'gﬁset‘%?:)%rg BE SIS I(Csm/v) 228( :

| BP 150 Aromatics (mmol /100 g) 10 %t 229
Mono 77.3 TABLE III 50 f¥eisto@B8 /characteristics Di 55.3

20 Ml Dg,,;pmxenf‘"a%;smfft’\gi‘n col B2 RisspipueibE o) 2]
the l.evel of crackjNg(epmriessed ii82% by wei ght| of 'IBP  thil¥ateri al

formed which has a t he | BR et h ed (i.e
150 [err]C) and co ?gé i{%&ﬁ@%l?%@%) and pol arg |é:'§ (in

mol / 100 grams of br¥emet) were 164-4  deternjned. 59 $W& |358 The resfits
are indicated in Thbhbe I1. 24.8 90 %wt | 403

Tri 9.8
Poly (tri +) |14.8 FBP

435

The sulphur content and nitrogen content (both in
5 ppmw) , the level of cracking expressed in % by weight of
the material formed which has a boiling point below
150 °C and percentage conversions of mono-, di- and
triaromatics were all determined.
The results are indicated in Table IV.

TABLE IV Product characteristics

Product

S (ppmw) 380

N (ppmw) 3%.0

cracking (%wt 150 °C~) 0.9
Arcmatics conversion (%)

Mono 50.2

Di 81.3

Tri 73.1

10 Example 4
The procedure of Example 3 was repeated except that
the process was carried out in mild hydrocracking mode
(in contrast to the hydrotreating mode of Example 3) by
increasing the process temperature to 380 °C. All other
15 process conditions remained the same.



TABLE" | | Product characteristics

Pr oduct S (ppmn) 519 N (ppmw)
7.2 cracking (% 150 [err]C) 2 Aromatics
Ejmml /100 9) wo 9804345 Mono Pol y 66. OPCT,EP”,oéma

From Table Il it can be seen that cracking of f eedst ock conponents

into low boiling material is reduced 6 Y0 a ninimm whilst

hydr odesul phuri sati omacti,Ybhyr 30, nitrogepatjon activity of
the PdRe/Y catal yst are bhix ‘g%tggf,l&g%gg&l& ContdRR 163 A
PCT/ EP97/ 04013 ppmw) , the level of cracking expressed 4n % by weight of

excel | ent: sul phurhe anrteritl ofermedntrih haveabeeiling point! BdUGEd Wi th

96. 2% and 96. 8% {&sRRCtiYE! Yo & Table I1_al so shqws that the
aromatics conversion is . ¥ rc%%rafeggggyef%l?ﬁ? s°fc<5rWﬁl86ti§?1'i?n houl d be
borne in mnd 5 trianggaticfeapd i AW 8Pipbl y¢xe ialladekarintsednd di ar o-
matics initially incmheseebhbt SONGAriMECEE8dCON BYle V. Conver si ons
(in %w) can be cal cul ated by assum ng that aromatics are
hydrogenated through a sequential reaction = pathway, i.e. it is
assumed that the BE4EaMomat | ReOHGE characteristics
Product
8 (ppmw) 24
N (ppmw) <1
cracking {(%wt 150 °C-) 18.9
Aromatics conversion (%)
Mono 44.0
Di 85.1
Tri 85.1
*Pour point. (°C) -3

* Pour point of feedstock was 15 °C.
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aromati cs and nonoaromatics into naph l valid
assunption, since it is known that hy rogen%&ﬁtﬁ‘h’fbf an aromatic

ri ng cont ai nedyjgsgs40! ynucl ear structure gener al | y pormpoemaors
kinetically | ess favourable as the 15 nunber of aromatics ring in a
pol ynucl ear structure decreases. The nonoaromatics which are found
in the product may hence come from tMiree sources: (i) fromthe

unconver ' al ready present in the feed, (ii) from
convertef{lﬂillmﬂmﬁgmn\ﬂﬂch were origi nel %ya Zﬁ M g Present in the feed and
(ii1) from converted sdl afomatics I'ch, Tn return, originate from
converted pol yaromati cs present in the feed. On the basis of the

sequetn_tial i J.t.Pa‘CQWangﬁcé‘tﬁiﬂﬁlﬁipbherﬁﬁnwer sdoarltsl%e\ggl sedfhipafya _—
aromatics, diaromatics an noar i : as hig
as 85.3% 91.3% ATPERE 1 aﬁ%%@%‘%n?%lf%?’m%g 4 @‘aerr%fe?’lgél’.‘um' The
procedure of Exanmpadladimm aepebriatiumecapd fnar 2 to 40% bypumeght ft al yst
\J\/SVSRU%gd(COWDFi si m%r@a‘ifétﬂsBd%};éP@f 'rheélis}l&n\ll ;uppsp@éwlidﬁg_atrpaéiai%\baebisand 5

e correspondi, Q . . . i rrier
consi sting df 65 f’/%ﬁl%g wmggt n%%l’f?efnfatcf‘gfeso F?%C¥J(x€%it?‘ cgl%%ugl?zéjf o2t 32 A
and si | | cadadaghiomathe| eetalatwedobt 9f2FaEREP®5 0w silica.
The feed was a bl end ehrat{yat ddcdringatel b1aid 1 i@Mprising fréwdd i |

havi ng the properti] QS&Q%‘@?ghgsggbﬁoebfe' Ime%g{l]\oaté%/%é%l&l%\’mtIaQBGde§ h;?ei%h cess

condi ti ons used wer®
PCT/ EP97/ 04013 of manganese and/or rhenium. - 15 -

10 3. Catalyst according to any one of the preceding claims
comprising palladium and rhenium.
4. Catalyst according to any one of the preceding
claims, wherein the acidic carrier comprises alumino-
silicate zeolite, silicoaluminophosphate, amorphous

15 silica-alumina, alumina, fluorided alumina,
phyllosilicate or a mixture of two or more of these.
5. Catalyst according to claim 4 wherein the acidic
carrier comprises an aluminosilicate zeolite.
6. Catalyst according to claim 5, wherein the alumino-

20 silicate zeolite is modified zeolite Y having a unit cell
size below 24.60 A, preferably from 24.20 to 24.45 A, and
a Si0y/Al,03 molar ratio in the range of from 5 to 150,
preferably from 5 to 110.
7. Catalyst according to any one of the preceding

25 claims, wherein the acidic carrier also comprises from 5
to 95% by weight of a binder, preferably silica and/or
alumina.
8. Use of a catalyst according to any one of claims 1 to
7 in a process wherein a hydrocarbon feedstock comprising

) 30 aromatic compounds is contacted with the catalyst at
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before e ﬁed was con d with the catal yst at a
t enper at mmﬂ) |I|“ |! ] .7 T Feedst ock
characteri*stfcs" S (ppmMy) ) 1 A? BEEN | BP Distribution
([err] O (ppm/v) 32 ‘*_‘j | BP
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54. 4 50 o4t 358 Di 24. 8

90 9% 403 Tri 9.8 18 - Poly (tri +) 14.8

FBP 435 elevated tombBfaSitOlUH i poaLegt. aiy e}gtf&g@@negg gnt (both

in S ppmu) , eve xpresse
the materi aI form%ﬁf’ch has a boiling point bel ow 150 [err] C and
percent age convessi ans Gkcobadng th -claieth 8, whereird ltaieom@ahresawdsze al |

det er m ned. Pr oduEgedstock Q€s59§8%é§1§3§3shﬂghﬁﬁtSﬁh}J}'H¥%E%g

TABLE |V aracter

Product 5 contaimymg,Fompounds . 380 N (ppnw)
39.0 _ C1@ckigeg activkdind ferdlaGm) 8 or 9, whdkedn the proce#¥ of@ti CcS
conversi on (9 a hydﬁgfg?ating proce$4”“) Tri 50.2 73 1
10 Exanpl e 411. Use accordipg R ctladdy 8 or Exafrein ke prpessediexcept
t hat t hea PrasESRatIRg Baséi € adnufactiule piysti«yy.acki ng node

(in contyast to fhe d]s\édra%%E%gghggth&%i%f sE580! 6ndr B the process is

a hydrocracking process.
13. Process for the preparation of a catalyst according
to any one of claims 1 to 7, which process comprises
incorporating the catalytically active metals into the

15 carrier followed by drying and calcining.
14. Process according to claim 13 comprising the steps of
(a) impregnating the carrier with one or more solutions
containing a noble metal compound selected from compounds
of platinum, palladium and iridium, and one or more

20 solutions containing a manganese and/or rhenium compound,
optionally with intermediate drying and/or calcining; and
(b) drying and calcining the thus impregnated carrier at
a temperature in the range of from 250 to 650 °C,
optionally followed by

25 {(c} presulphiding the calcined catalyst obtained in step
(b) .
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i ncr easi ng the process tenperature to 380 C. Al ot hEdISISHEET HADBEENYsS
‘condi tions renmai ned the sane. YI)98/04345 AFREPLACED

PCT/ EP97/ 04013 - 17 i The

sul phur | gen content (both in ppmy), the |evel of '
cracki ngmﬂmmﬂtm,ﬂ%ﬂy wei ght of the material formedyydy chppas a
s w*

boi l'i ng pel nt

di- and 5

150 [err] C, the percentage conversions of fono-,
triaromatics and the pour point were all determ ned.

The results are indicated in Table V. TABLE V Pr oduct

characteri

S (ppmw)
<

Di

stics Pr oduct
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cracking (% 150 [err]C) 18.9 Aromatics

conver si on (@g Mono 44.0

Use of gpcatalyst comprising fypm 0.1 to 15% by 85.1

*Pour point {ée§htCdf a noble metad selected FrBRULARCIY @ff ggdstock was

15 [err]C

10

15

20

25

platinum, palladium and iridium, and from 2 to 40% by
weight of manganese and/or rhenium supported on an acidic -
carrier, said weight percentages indicating the amount of
metal based on the total weight of carrier, in a process
wherein a hydrocarbon feedstock comprising aromatic
compounds is contacted with the catalyst at elevated
temperature and pressure in the presence of hydrogen.

2. Use according to claim 1, wherein the hydrocarbon
feedstock also comprises sulphur and/or nitrogen
containing compounds. .
3. Use according to claim 1 or 2, wherein the process is
a hydrotreating process.

4. Use according to claim 1 or 2, wherein the process is
a lubricating base oil manufacture process.

5. Use according to claim 1 or 2, wherein the process is
a hydrocracking process.

6. Catalyst comprising from 0.1 to 15% by weight of a
noble metal selected from one or more of platinum,
palladium and iridium, and from 2 to 40% by weight of
manganese and/or rhenium supported on an acidic carrier,
said weight percentages indicating the amount of metal
based on the total weight of carrier, wherein the acidic
carrier is modified zeolite Y having a unit cell size
below 24.60 A, preferably from 24.20 to 24.45 A, and a
Si02/Al203 molar ratio in the range of from 5 to 150,
preferably from 5 to 110.
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catlzilys“mmwmmu"“m” ’mﬂ 0.1 to 15% hy 1CLAI "o wei ght of 15 #g& gf mgt al

sel ected from‘'ond of nbre of plati num pall adi um and |r|d|unh and
from2 to 40%, by manganese and/ or rheni um supported on an
acidic 5 c}Car??g‘?‘lY?{aiﬂcaBifin‘gpEi"cEﬂ'aFé@eé FRAPEALILAY fHemarRot®t of
metal based onotheyt @kaghwebghhobleCREELET anbHNFROR 9CRSS 303 by wel@ei N a
hydr ocar bon feedstock conprising aromatic conmpounds | contacted
with the cata?gs?aﬁgaéﬁé9aﬁéﬁ /or rheniy@pperature and pressure in the

presence of hgdroggaagygg a@cordln%héé &leﬁogmﬁgt pgoﬁﬁggﬁ§é§000npounds S

| ower ed. . Use according to claim erein ocar bon

f eedstdck aIs@aébﬂﬁtﬂgeénéurbhutumnd/or nltrogen " contalnlng
conmpounds. e g-.Lo_.¢claim ere rocess
is 15 a %ydr%??%l %Egagggg%gég eb%afy °% Ege gé%@?dlné 't 8 EFgﬁﬁll or

2, wherein theheracedscisarrier alaolubmpcaseagfbameSOtb geRUbgCvdight

process. of a binder, preferably silica and/or alumina.

10. Process for the preparation of a catalyst according

10 to any one of claims 6 to 9, which process comprises
incorporating the catalytically active metals into the
carrier followed by drying and calciningﬁ
11. Process according to claim 10 comprising the steps of
(a) impregnating the carrier with one or more solutions

15 containing a noble metal compound selected from compounds
of platinum, palladium and iridium, and one or more
solutions containing a manganese and/or rhenium compound,
optionally with intermediate drying and/or calcining; and
(b) drying and calcining the thus impregnated carrier at

20 a temperature in the range of from 250 to 650 °C,

optionally followed by

(c) presulphiding the calcined catalyst obtained in step
(b) .
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5. Use according to claim1 or 2, wherein the process is

hydrocracki ng process. 20 6. Use according to claim 3, mherelnwﬁhﬁ }ﬁ”’*
process is carried out at a tenperature in the range of from 200 to 2
450[err] C a sure in the rahge of from 10 to 200 bar ./{'3% °
7. Cat aIy mm&mﬁ‘*‘m‘ﬂnmo 1 to 15% by weight of a 25 nobl e net al
selected ror e of pl ati num pal I; and
from2 to 40% by wei ght of manganese and/ or} BEBEAGEMFﬂiﬁp%‘dﬁfﬂ'e on an
acidic carrier, sai d wei ght per cent pges i ndi ng of

met al based on the total weight of carrier, [ citdilc 30
carrier is nodified zeolite Y having a unit cell sijz %sﬁéw

bel ow 24. 60 A, preferably from24.20 to 24.45 A, ard!

Sigerr]/Al[err]O[err] nolar ratio in the range of ffrom5 to 150,

preferably from5 to 110. 8. CaLahMmsgt accordrmg to craim 7,

conprising fromb5 3 to 10% by wei ght—of "noble netal and from2 to 30%

by wei ght of manganese and/ or rheni um 9. Catal yst

according to claim7 diss, o’ccmp:a"@'hgs comprisjalgd £diommCaidtrhéhkuhy
10, oot oyt ccorgligud o2y QIR S A T daf e e MheTEER Hoe
preferably silica mahalftionumsl Lpnhhad:.um and m;dzmnoc@g:si ff(;rorrt Re tpr 48&r &vi on
of a catalyst aCCQ&QE&Qt of manganese and/or rhenium supported on an acidic
5 carrier, said weight percentages indicating the amount of
metal based on the total weight of carrier, in a process
wherein 2 hydrocarben feedstock comprising aromatic
compounds is contacted with the catalyst at elevated
temperature and pressure in the presence of hydrogen such
.0 that the content of aromatic compounds is lowered.
2. Use according to claim 1, wherein the hydrocarbon
feedstock also comprises sulphur and/or nitrogen
containing compounds.
3. Use according to claim 1 or 2, wherein the procsss is
L5 a hydrotreating process.
4. Use according to claim 1 or 2, wherein the process is
a lubricating base oil manufacture process.
5. Use according to claim 1 or 2, wherein the process is
a hydrocracking process.

20 6. Use according to claim 3, wherein the process 1is

carried out at a temperature in the range of from 200 to

450°C and a total pressure in the range of from 10 to 200
bar.

———s

7. Catalyst comprising from 0.1 to 15% by weight of a
25 noble metal selected from one or more of platinum,
palladium and iridium, and from 2 to 40% by weight of
manganese and/or rhenium supported on an acidic carrier,
said weight percentages indicating the amount of metal
based on the total weight of carrier, wherein the acidic

30 carrier is modified zeolite Y having a unit cell size



to any @cl ainms 7 to 10, which process conprises RF%"C“(S’FB’&P’&Q%T

t he cat aI m,”/"ﬂm,l'/ tals into the 15 carrier followed by drying
and caIC| mu"EProcess according to claim 11 conprising the

st eps of Fnpregnating the carrier with one or nore solutions
containing a noble netal conpound sel ect ed f%nn1conpounds of

pl ati num palladiumand iridium and one or sol utions
cont ai ni ng a manganese and/ or rheni um conpound, optionally with

i nternmedi ate drying and/or cal cining; and (b) drying and cal cini ng

250 to o50 or ] aoren PLIER Mocaserapd srBl By "ol fo 2 i AL R ding
t he cal ci ned catSlQptAlgifipined@n matio in thEepatbp of from 5 to 150,
preferably from 5 to 110.
8. Catalyst according to claim 7, comprising from
5 3 to 10% by weight of ncble metal and from 2 %o 30% by
weight of manganese and/cxr rhenium.
9. Catalyst according to claim 7 or 8, comprising
palladium and rhenium.
10. Catalyst according to any one of claims 7 to 3,
Lo wherein the acidic carrier also comprises from 5 to 95%
by weight of a binder, preferably silica and/or aluminaz.
1l. Process for the preparation of a catalyst acccrding
to any one of claims 7 to 10, which process comprises
incorporating the catalytically active metals into the
.5 carrier followed by drying and calcining.
12. Process according to claim 11 comprising the steps of
(a) impregnating the carrier with one or more solutions
containing a noble metal compound selected from compounds
of platinum, palladium and iridium, and one or more
0 solutions containing a manganese and/or rhenium compound,
optionally with intermediate drying and/cr célcining; and
(b) drying and calcining the thus impregnated carrier at
a temperature in the range of from 250 to 650°C,
ocpticnally followed by
5 (c) presulphiding the calcined catalyst obtained in
step (b).
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