TS 5530 PCT . - ' -1- _ -
CATALYST- . USE THERECF AND. PREPARATICN PROCESS o ~~ The present
invention relates to a novel cat al yst . and to its use in ,
hydroconver si on_processes, wherein-a - hydr ocar bon oi |l conprising
aromatfc corrpo 8 Y48 contacted with hydrogen in the FCIFPREBSsT
such.a 5. atalyst Furthermore, the present invention relates to

a process for the preparation of the novel catalys - . !
Hydrotreating catal ysts are well known'in the art. THIS SHEETCHAS BEENdnal
‘hydrotreating catal ysts conprise at |east bne GRERPAGED | netjal
conponent -and/or at | eastcomeyk®, USE SHPHROY! ANPESREPATGIIIONS PROCE

on a refractory . oxi de support.'The G oup VIII netal component nmay
be = | ei ther based on a non-noble netal, such as nickel (N)

and/ or cobalt (Co), or Fhp brebesedimvrentiwbirelwtesl fo a novel staffelast
platinum (Pt)  and/ orynpaldadikdMi6E0n #p@fdbonversion processes, wherein a

»

hydrocarbon 0il comprising aromatic compounds is
- contacted with hydrogen in the presence of such a-
5 - catalyst. Furthermore, the present invention relates to
| ' a process for ‘the preparatlon Qf the novel. catalyst.
Hydrotreatlng catalysts are well known in the art.
Conventional hydrotreating catalysts comprise at least
one Group VIII metai'cbmponent and/or at least one
10 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 netal,
such as platinum (Pt) and/or palladium (Pd). Useful
15 Group VIB metal:components include those based on
' molybdenum (Mo) and tungsten (W) . The most commonly
applied refractory oxide support materials are inorganic
ox1des such as silica, alumina and silica-alumina and
alum1n051llcates,_such as modified zeolite Y. Specific
20 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 zeolite Y.
. Hydrotreating catalysts are normally used in
25 processes wherein a hydrocarbon oil feed is:tontacted.
| with hydrogén to reduce its content of aromatic
compounds, sulphur compounds and/or nitrogen compounds.
Typically,'hydrotreating processes wherein reduction of

. o - the aromatics content is the main purpose are referred
30 - " to as hydrogenatlon processes, whilst processes
. ' predomlnantly focuslng on reducing sulphur and/or
Sheet Has Beeln\li\eﬁird



15 ~Goup VIB net al corrponent s' I ncl ude those based on

mol ybdenum (M) and tungsten (W. The nost. comonl y ' applied
'refractory oxi-de -suppor t materi als are inorganic , oxi des 'such as

. silica, alum na and silica-alum na and - alumnosilicates, such as
nmodi fi ed zeol i tWOP8MRcific 20 exanpl es of conventi onal Wﬁf"éﬁ’?@ﬁil ng
catal ysts are N Mo/ al'um na, CoM/alunina, N Wsilica-alunina,
Pt/silica-al unina, PtPd/silica-alunina, Pt/mdifi-ed - zeolite Y and
Pt Pd/ nodi fied zeolite Y. ‘Hydrotreating catalysts are normally -
used in 25 = proddssegeheosrant mrm &id aseed is contacted

wi'th hydrogen to I’ediym:ddestﬂ@mlembaﬂiomrﬁﬂi&iﬂrodenltroﬁeﬁaeﬂéﬂSt sul phur -

rocesses nher ol n'r ASARACSAaRy  Cirrent envizbilerle) srdtdneos “Foaithe |

purpose are referredhat both ta@somgtﬁgm@gtmm |amd sudpbureandwit sogen

processes 5 PIRAREMARE il OpHSRGS Mt YTy Lo hREVL L 4/ Glnerally

- expected that specifications for aromatics, sulphur and
nitrogen will become more and more severe in the future.
Accordingly, in the refining of hydrocarbon oil.

o fractions the ability to deeply hydrogenate, deeply

16' " hydrodesulphurise and deeply hydrodenitrogenate will
become increasingly'importantm

In US-4,469,590 a process for hydrogenating aromatic. -
hydrocarbons is disclosed, wherein said aromatic
_ hydrocarbons are'contacted at hydrogenation conditions
15 with a certain catalyst in the presence of hydrogen and
~ in the absence of an inorganic sulphur éompound,
particularly hydrogen sulphide. The catalyst employed
‘comprises (i) a metal of Group VIII, preferably
palladium, and (ii) a steamed support comprising a
20_" transition metal oxide selected from tungsten oxide,
niocbium oxide and mixtures thereof, composited with a
- non-zeolitic inorganic oxide, preferably alumina. The
steamed support may additionally cdmprise a metal oxide
selected from tantalum oxide, hafnium oxide, chromium
25 oxide, titanium oxide, zirconium oxide and mixtures '
“thereof. ' ' _
In EP-A-0,653,242 a catalyst is disclosed comprising

platinum and/or palladium and molybdenum and/or tungsten - -

on a refractory oxide support. This catalyst is
30 described to be very effeétive in hydrogenating aromatic
' compounds present in a hydrocarbon oil, even in the
presence of'relatlvely large amounts of sulphur and/or
nitrogen, whllst its performance in hydrodesulphurl—
_'satlon and hydrodenitrogenation is also good. The
35 . éatalyst_is described to be particularly useful for
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-2- ' : nrtrogen content are referred to as - : _
__hydrodesul phurisation and hydrodenit rogenat ion, - respectively.
Current environnental standards require : t'hat both aronmatic content
and ‘sul phur an®O#¥%¥¥8en 5 ~  content of oil products are REVEPBMANd
it i's generally ' expected that specifi catr ij r sul phur .
and nitrogen will becone nore and nore sever% Q’%EE‘? ﬁ@%ﬁ’u P
Accordingly, in the refining of hydrocarbon oil ? actions the

abil'ity to deeply fyfrogesaténgdgap| gill®, wherebydrdsesubphrarematinl deeply
hydr odeni t rogenat € Mpldounds are beeorei v Q@%ﬂghﬁahgaoﬁﬁﬁéﬁ 1s more '

In US-4, 469,590 a process._for drogenat yd b :
i s disclosed, wher é4FEdgudt aY’E'JFrét R traélt%“ﬁ‘?‘gngé’grfﬁﬁﬁ§a5%’é9c%{%gfaﬁré’cfogf
hydrogenatlon condild ®Psatb, 653, 282t it ai < eraheroateal @escribéderiuteece of
hydrogen ang catal a,glegl gﬁagngs Ohe £ éﬁ%rﬁapr:chgawagﬁaewwﬂm

partigul arly hydrogen s e e cat ri.ses Y(I )
a metal of Group Vviand gepéf éﬁ&Bﬂ-?hur’-Satlo’bzﬁ’!daé-le&ﬂ‘rtrﬁﬁﬂn?-ﬁ-?naa%ttlé@rﬁfd |
support conpri-sing ¢d@ be vekfaisefuDninreia d@)&ledepﬁléhecbﬁdaféﬂx’%IémgSt en

oxrde, . _nIObHygkpékg%e%gdfg}xég uéﬁﬁ&"%ﬂ%ogmoungpoﬁl;ggma ics and
sulphur- and nitrogen-containing compounds. The
10 _'conventional way for reducing the amounts of aromatics
" and sulphur- and nltrogen containing compounds, namely,
is via a two-stage process with in the first stage
mainly hydrodesulphurlsatlon and/or hydrodenitrogenation
.- occurring and in the second stage mainly hydrogehation'
15 . of the aromatic compounds still left. Such two-stage
' process is necessary, as conventional aromatics
hydrogenation catalysts have a rélatively low sulphur'
and/or nitrogen.tdlerance, so that they exhibit poor
hydrogenation activity in the presence of substantial
20 amounts of sulphur- and/or nitrogen-containing
' compounds. This applies in partlcular for the saturatlon
of monoaromatics. .
Like the invention which is the subject of
EP-A-0,653,242, the'present invention aims to provide a
- 25 hydrotreating catalet having an excellent aromatics
hydrogenation activity, even in the presence of
substantial quantities_of sulphur- and nitrogen-
cohtaining compounds. The present invention also aims to
_ provide a hydrotreating catalyst enabling an effective |
30 - .reduction'of the contents of aromatics , sulphur-
| ‘containing compouhds and nitrogen-containing compounds
, - in a single stage. The present invention moreover aims
| | to provide catalysts exhibiting an excellent '
. 'hydrogenatlon activity towards aromatlcs, which is at
35 least equal to the hydrogenation activity of the
—-—
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non-zeolitic inorganic oxide, preferabl y al um na. The - st eaned
support may additionally conprise a netal oxide @ =~ sel ected from
t-ant al um oxi de, haf ni um oxi de, chrom um 25 "~ oxide, titanium oxide,

- zi rconi um oxi de I xtures : thereof o I n: EP: 242.
a catalyst is d@@?’ﬁé conprising . ~ platinum and/ or palqgﬁ" Sﬁﬁ%g%d E
nol ybdenum and/ or tungsten - on a refractor) b FIS
catalyst is 30 described to be very effective ﬁﬁg@déﬁﬁ% Fﬁ%
aronmatic oud i |n_the
presence of relati v‘é E/a %ﬁtgi ‘i’rﬁﬁr}rﬁs?%o \égpg g a"rﬁ“ﬁr Bﬁen

whi | st its perfor naheprovedhydrtaduliplirisation an@émr(hvdru}
hydrodeni trogenat i OBeh St AbSénAAUh abt8vivy. Tt #81 R ¥S tudd ARSI tﬂﬁggt 0 be

particularly useful for
hydrotreating gas ofPEh RKURPH LS AEnsnatBrEereed potential for meeting

"5 future low- content specifications for (mono)aromatlcs,'

sulphur and nitrogen.

Accordingly, the present invention in a flrst aspect
relates to a catalyst comprising from 0.1 to 15% by
weight-of'plétinum and/or palladium and from 2 to 40% by

10 . -weight of at least one metal of the actinium series as
- the catalytically active metals, said weight percentages
~indicating the amount of metal based on the total'weight

-of carrier, supported on an acidic carrier.

The actinium series refers to those elements of the

15 Periodic Table of Elements having an atomic number
ranging from 89 (Actinium, Ac) to 103 (Lawrentium, L) .

' These elements are also sometimes referred to as N
actinides. For the purpose of the present invention the
enriched forms of the actinides, i.e. the radio-active

20 isotopes, are.not_likély to be used in practice. The
. catalytically active metals, i.e. platinum and/or =
palladium and the actinium series metal component, may
be present in elemental form, as an oxide, as a sulphide

-Oor as a mixturé_of two or more of these forms. As will

25 be discussed in detail hereinafter, a suitable
preparation method used to prepare the present catalyst
includes a final step of calcination in air, which will

 cause the catalytically active metals to be at’ least
partially converted into their oxides. Usually such

30 . final calcination step will cause substantially all
catalytically active metals to be converted into their

~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

35 - corresponding sulphides ("in situ" sulphidatién)J'VEry

This Sheet Has Been R«
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corrpounds are effectivel y. hydrogenat ed V\:hl ch is nore difficult wit _h-'

the traditional hydrotreating.catalysts. . - In EP-A-0,653,242 it is
furthernore described that the 5 - catalysts, due to their excel | ent
hydr ogenati on acti vi t -~ . and good desul phurisation and '
denltrogenatldi’\oa‘tlQ‘-i9 ty,” =~ could be very yseful in th@ca’g@§q"55%nt
of a single st age process for reducing t quEETq{ASaBEEW I cs and
sul phur- and nitrogen-contai ni ng conpounds. -Tlﬁe- REFIRERNT T ON | vvay '
for reducing the amounts of aromatics

ni trogen- contai ni ngoeenpatmkiest merfgrmance has P§em%b%?1f‘0ﬁ$1 dira ddiFr ocess
with in the first giag@tion and tFdfiforeydrodesubpbildesdd idpritdaed

hydr odeni t r ogenat i any ri C a mai nl : .
hydr ogenation 15 °8f-mFWé Oafc‘#é |pcr}%cor§%od‘§g§g§ﬁ§$ t%]q.f%} %%c% tvvoystage |
process is necessacptadyticaligntaaiiiate medwdisi @t least parfAl aymsanitorin

catal ysts have a r t 2 |
SO0 t hat the‘?/l exhi b?%,@pgé?h/yé@%sﬂg Eﬂg'gdeer?at f\grcloagtg{lv ¢ ﬁﬁ@wﬁeﬁ%@?o

substantial 20 - al éﬁnBﬁt%uWe%Fﬂ‘gtﬁﬂ & SFEPSALR PFEY
conpounds. This appkies to paindg atdreradted tWithsahar féedn The degresf of

monoar omatics. sulphida Lok &£ Nehd vt %&M@%CE hsbé r%or?tﬂ.lﬁﬂ%td Yy

EP- A- 0, 653, 242, the sent 1 nvention alns I‘OVI
hydrotreating pr océ@éeW&VFn@a%ﬁ“%%‘é? | Bh é‘rsoﬂ"&f“PSEature and Raktdddnat i on
activity, egen in b&ésﬁheaenﬁﬂ‘ﬁﬁdrogen, hydrogen sulphide, water and/or

oxygen. The metal oxides may be completely converted
into the corresponding sﬁlphides,'but suitably an
equilibrium state between the oxides and sulphides of -
the catalytically active metals will be formed, so that
15 the catalytically active metals are present both as
' oxides and as sulphides.

As will be discussed in more detail below, the
catalyst according to the present invention can suitably
be used in a variety of hydroconversion processesQ The

20 catalyst has been found to be particularly'useful in the
~hydrotreatment of gas oils, thermally and/or
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
25 amount of aromatic compounds} sﬁlphur—containing
compounds and nitrogen-containing compounds. The amounts
of such compounds must usually be reduced in view of
environmental regulations. Aromatic compounds reduction
may also be desirable for reaching certain technical.'
- 30 .~ quality specifications, such as cetane number in the
case of automotive gés oils, smoke point in the case of
_jet fuels and colour and stability in the case of luboil
fractions. When using the catalyst according to the
present inveﬁtion in the hydrotreatment of gas oils,
35 thermally and/or catalytically cracked distillates and
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subst ant i al qUantities of sul phur- and nitrogen- cont ai ni ng

conpounds. The present invention also ains to provi de a
hydrotreating process enabling an effective 30 reduction of the

T rogbn- cont s PR motnie | in Soal nale St g The BBt
oatlent T " o ogenati on activity Cover 8e g DRRELT T4 BRER D at a5
| gast equal to (e BISEREET ML PUS DY ShotiSsel i g s recbct Lon

i mproved hydrodesulphur¢squ|mﬂﬁtmny(autbwdtmve'gas oil(hpédﬂﬁﬂwamabh@ncan
activity. It will bgeupdesst&Pdid féa%l%ﬁ(i@ stage. I l'pafé)%ee%% % Lgr >

|ncreased otential for neetin
. P the catalysé% of the present invention are espec1ally

5 _ actlve in reducing the amount of mono-aromatics in the
final product, even in the presence of substantial |
amounts of sulphur containing compounds, such as
hydrogén.sulphide,-and nitrogen containing compounds.
_ ‘The catalyst according to the present invention
10 comprises as catélytiCally active metals from 0.1 to 15%
' by weight of platinum and/or palladium and from 2 to 40%
| by weight of at least one metal of the actinium series.
It has been found that if lower amounts of catalytically
active metals are applied['the activity of the catalyst
15 . becomes too low to be commercially attractive. If,'on
the other hand, the amount of catalytically active
metals is higher than the upper limits indicated, the
further increase in_catalytic activity dbes'not warrant
-the costs of the extra amount of metai. This applies in
20 particular for platinum and palladium. Good results can
be obtained with catalysts comprising from 3 to 10% by
weight of platinum and/or palladium and from 5 to 30% by
weight of at least one métal of the actinium series.
' As has already been indicated above the actinium
25 series covers those elements of the Periodic Table of
| Elements wr_lich have an atomic number from 89 (actinium)
to 103 (lawrentium). Suitably, the catalyst according to'
the present invention comprises one metal of the _
actinium series and preferred candidates are thorium and
30 - uraﬁium. Of these, uranium is-most'preferfedQ With
respect to the noble metal component, it is preferred to
use palladium only. A very much preferred catalyst,
accordingly, is a catalyst comprising palladiumfand
uranium as the catalytically active metals.
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5 " future | ow content speC| fi cat i ons for (rmono) aromat i cs

sul phur and ni trogen. - - “Accordingly, the present |nvent|on ina
first aspect ~ =~ provides use of.a catalyst which conprises, as the

- sole - ~ catalytically active metal conponents, fromO. 11
wei ght of pIafWﬁGﬁ%ﬁHﬁ/or pal | adi um and from 2 to _40% by PCTE é%ﬁ of

at | east one netal of the actlnlun1ser|es

carrier, said melght percentages |ndiaeti gt eR@ﬂRE@ﬁ of netal
. based on the .total g .carrier, in L process
“wherein a 15 ©  hydro B?b‘b?‘lr’?’eeéﬂé’ts@& t@oﬁb‘FPgFth § orRlt3 ngstiye

~contacted with themeanakyss an aﬂrﬂmﬁ(ninmammeratmdecamarrlers arepkeesr e |n

-the presence of hydto t um group
netal and an -% gg’[gl %r%ie 1If'xamaplceast gﬁgﬁqggﬁge%%%f%ﬁo%s@f%{% a nunber
of 20 ot her t PEAPREAt ST BhRI RFesaRtod@veRtiBRe FRPRheinclude acidic

-conponents gre reqareders é&@pﬁfé:ﬁ’ig/?én a@&n&n5951388te or silieencerns the

treatment of exhaus rom n til.ising a
three-metal contai Al Hg‘ QPE?% ate zeOlI%eUSaﬂoﬁ.gg%@ngJdie] THeE %t eam
dehydr ogenati on pr @esdnab fluormecdlashmra ohir aembtyre fbﬁtt\'fcom‘r more

conponent, catal ystof these. 193»&?7@@% @d a8a4i ¥RheNEhdR |
US- A- 3929624 and the rwen% abé%ract 5 47166 a“lelrft |sifds%§%l¢.

“reform ng W&é§§e§°t%e|‘?ﬁ;‘? JaF 981y SeBRBREF Lo
hydrocar bonof eedst ariplirakienngt athe atdtaiysdy. offpr most applications it

is, however, preferred that the carrier comprises a
zeolite. Examples of suitable zeolites are silico-
' aluminophosphates, such as SAPO-11, SAPO-31 and SAPO-41
and aluminosilicate zeolites like ferrierite, ZSM-5,
15 2SM-23, SS2Z-32, mordenite, beta zeolite and zeolites of
| ‘the faujasite type, such as faujasite and the synthetic
zeolite Y. The use of silicoaluminophosphates may, for
instance, be considered when using the present catalyst
in a process for produc1ng lubricating base 01ls which
20 "involves a hydroconversion 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.
dealuminated, form. Particularly when using the catalyst
25 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 much preferred. A particularly useful modified
30 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 5102/A1203 molar'
‘ratio in the range of from 10 to 150, preferably from 15
to 110 and more prererably from 30 to 90. Such carriers
'35  are knoWn-ih_the'art_and examples are, for instance,
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30 . - conponent

,and an urani um conponent .

AVENDED SHEET _ _ B o _ -4a-

"In the present invention, the actiniumseries refers . to those -
el ements of the Periodic Table of Elenents . - having an atom ¢ nunber-
ranging from soWOAP®AE um Ac) to -~ 103 (Lawrentium_Lr) _PCI/F6(03555
el ement s are al SO sometimes B THIS SHEET HAS BEEN
- S ° 'REPLACED

10

15

20

25

30

35 .

‘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)fmetal -usually sodium- content, such as

‘described in EP-A-0,519,573, can also be suitably

applied.

In addition to any of the aforementloned carrier
materials the carrier may also comprise a binder
material. The use of binders ih'catalyst carriers is
well known in.the'art_ahd.suitable binders, then,

'~ include inorganic oxides, such as silica, alumina,

silica-alumina, boria, zirconia and. titania, and clays.
Of these, the use of silica and alumina is preferred for

" the purpose of the present inveﬁtion, whereby the use of

alumina is most'preferred; If present, the binder
content of the carrier may vary from 5 to 95% by weight

based on total weight of carrier. In a preferred
' embodiment, the carrier comprises 10 to 60% by weight of
~ binder. A binder content of from 10 to 40% by weight has

been found particularly advantageous.

The catalyst according to the present invention can
be used in a variety of hydroconversion proceSses, '
wherein a hydrocarbon feedstock comprising aromatic

" compounds is contacted with the catalyst at elevated-
‘temperature and pressure in the presence of hydrogen.

Specific examples of such processes are hydrocracking)

luboil manufacture (hydrocracklng/hydrolsomerlzatlon)

and hydrotreatlng

Accordlngly, the present invention also relates to
the use of the catalyst descrlbed above in a process
wherein a hydrocarbon feedstock compr151ng aromatic
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 alsc in remcv1ng

sulphur and/or nltrogen compounds, hydrocarbon

This Sheet Has Been Reﬁiﬁed |
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5 referred to as actinides. For the pur pose of the present

i nvention the enriched fornms of the actinides, i.e. the : radi o-active
i sotopes, are not likely to be used in - -“practice. The catalytlcally
‘active netals, i.e. platinum - . ' and/or palladium and: the act| n| um
series metal cHYMEMS, 10  nmay be present in elenental foflERSOARS .
oxi de, as a : sulphlde or as-a mxture of t f e forns.
As wi |l be discussed in detail hereinafter, a $ui “@l&féﬁéﬁ(—ﬂ,&% B%#EEar ation
met hod used to prepare the present catal yst i nBERIAGED 2 f i step

of calcination in #9eds#nals WOMPrising SelpREr (3RT/CH ALFEPEEN] GoREa{ipENy
metals to be at ‘| easdmpounds- 1npeﬁhnehbu €6 Nyted t£ebridti tdaebbufdls d8te

Usual |y such final ci na step wi'll cause substantially all
catal ytically acti \Fea%%‘fjsartalé’ 5e %Sﬁgﬁfted into their oxi des. |f
the catalyst is subsequihtihe cetedysbdigith ke Zpplied dm phbydronradking
feed, then & |east, @ocﬁ@ié Gnd *&%&eler will @éﬁm V&dxdpz%eseheﬂéﬁegnand

hence, converted i'nto t cor Eondlng su.P i dés in situ"
sulphldatlon) Véryamorphous silica~alumina or “an aluminosilicate zeolite

with silica and/or alumina as a binder. A carrier which:
is preferably used cbmprises zeolite Y and alumina. A
hydrocracking proeess typically comprises contacting a-
10 hydrocarbon feedstock boiling between 100 and 500 °C in
the presence of hydrogen with a suitable cataiyst at a
temperature of between 300 and 500 °C and a hydrogen
partlal pressure of up to 300 bar. The catalyst
according to the present lnventlon is, due to its
15 excellent hydrotreating performance, particularly useful
: as the first stage catalyst in a two stage hydrocracking
process. '
In lubrlcatlng base oil manufacture processes at
least one hydroconversion step may be included for
20 - removal of sulphur and/or nitrogen containing
contaminants from the feedstock and/or hydrogenation of
 aromatic compounds and/or hydroisomerisation of straight
chain and slightly branched hydrocarbons into further
branched hydrocarbons and/or hydrocracking of waxy
25 molecules (usually long chain paraffinic molecules or
molecules containing tails of this type) into smaller
molecules. For appllcatlon in such lubrlcatlng base 011
mahufacture process, the catalyst accordlng to the
present invention will preferably comprise a carrier
'30. | comprising amorphous silicafalumina,'fluorided-alumina
or a zeolite with silica and/or alumina as binder. If
- the hYdrotreating'reactions are intended to occur
predominantly; the use of carriers comprising modified
'zedlite Y is preferred. If cracking and/or hydro-
35 isdmerisation of'the_waxy molecules is the main
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NCSl4/T85530PCT o R -5 |
~good cat al yst perfornance has been observed inthis situation and:
therefore it is considered a preferred = .- enbodinent of the present

invention to hay ~ catalytically active netals at le
present in'5 89’}’??24 atal yst as sul phides. Accordingly, the & éﬁﬂ’@@?gﬁmy
- also be subjected to a separate presul phiding tre WWﬁp%H -régg %ﬁﬂg_r_to

being contacted with the feed. The degree of - .10 “the
et at OXides.Can'pe gggktgbg?dprgferred carriers comprlse
alumina, amorphous 5111ca alumina or zeolltes, such as
 ferrierite, 2SM-5, ZSM-23, SSZ-32 and SAPO-11. A
hydroconversion step in a lubricating base oil
'5 manufacture process'typically comprises contacting a
luboil feedstock at a temperature of between 200 and
450 °C and a pressure up to 200 bar with a suitable
catalyst in the presence of hydrogen. Examples of
'lubricatihg base oil manufacturing-processes, wherein
10 the catalyst according to the present invention may be
o - used, are disclosed in GB-A-1,546,504 and |
'EP-A-0,178,710.
The catalyst accerding the present invention has
been found to be particularly suitable for use in a
15 hydrotreating process, Suitable hydrotreating operating
conditiqns'are a temperature in the range of from 200 to
450 °C, preferably between 210 and 350 °C, and a total
pressure in the range of from 10 to 200 baf, preferably
‘between 25 and 100 bar. Examples of suitable hydro-
20 treatment processes have been described in European
- patent applications 0,553,920 and 0,611,816. Suitable
feedstocks for.such a hydrotreating proéess are gas
oils, light gas oils, gas oils, thermally and/or |
catalytically cracked distillates (such as light cycle
25 oils and cracked cycle oils) and mixtures of two or more
' of these. All these feedstocks normally comprise at '
least 70% by weight of hydrocarbons boiling between 150
and 450 °C. When used in such a hydrotreating catalyst,
it is preferred that the carrier comprises a binder in.
30 an amount as indicated above. The preferred acidic _
material in the carrier in case of hydrotreating is an
aluminosilicate zeolite, most preferably modified
zeolite Y. It has been found that the present catalyst
exhibits an_excel;entehydrotreating activity and is
35 . ' particularly effective in hydrogenating mono-aromatics,

-
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relevant paraneters such as tenperature and partial 10 - pressures of
hydrogen ‘hydr ogen sul phi de,” water and/or - oxygen. The netal oxides-
may be conpl etely converted - - into the corresponding sulphldes but -
suitably an ' ~equilibriumstate between the oxides and suI |des of
t he tatalytlcaﬁmﬁﬂﬂﬂﬂﬁve metals will be forned, so that 15 4%?
-catalytically active netals are present both as as
'sul phides. As wi |l be discussed+ nir rwlﬁé*ﬁﬁ @@Sg&ﬁﬁ he .
catalyst utilised in the present invention can suitabl WEPLACED  bejused in -
a variety of hydroceverrit diherussense. ofhsubgtantlial Almyse ﬁéﬁsﬁeéhuibund

to be particularly Hﬁ&fﬁﬂttdbéﬂutontalnlnghﬁdﬁﬁ@ﬁﬁ&&Iﬁmﬁ dAdi®asenQi ke

thermal |y and/or. racked di |].ates h as |light
cycl e oils Bﬁﬁs%REuﬁé;#iﬁéé és aﬁ§? gﬁﬁyn?€% oﬁlé or nnreg

of these. These 0|Ihydsogéﬂthnnﬂqﬁldxaamematicslqn¢eh{ghe!5aromatanﬁumtrbf.
-aromati c compounds, o sul bhirscont ai ni ng - conpounds'and o

ni trogen- contalnlng co ound The anount s of such conmpounds nust

usual Ty be reduced in vi&yRyesent lnve@ﬁ&PPoﬂn%%t%ﬁlﬁﬁﬁﬁnﬁﬂnaoR§°Cﬂ§§nﬁ?¥c
conmpounds reduct i Onpreparing Mae alatalystdedesabliived cabawschiwhd ctepiracsss

techni cal 30 IUBbto PGl LAl NS BHENoag, SRLANA IR I ks

case of autonotive 53%
and col our and stabinteythe, K#ﬁ?%ﬁ%ﬂ?ﬁﬂbﬂhdﬁoFPrrlerr Su#ﬁﬁ?ﬁﬁ(&ﬁsmeﬁﬁénOf
using the Cabalyst @ﬁﬁ?é@hi@héﬂ)dﬁ“ion-exchange techniques, followed by

drying and calcining and optionally presulphiding. In
order to obtain catalysts having a particularly good .
catalytic activity, this process can be'ca:ried out by
the subsequent steps of: '
 15. ".Ka) impreghating the carrierzwith'a solution containing
' at least one compound of a metal of the actinium series
and a solution containing a platinum and/or palladium
compound; and , ' '
(b} drying and calcining the thus impregnated carrier at
20 a temperature in the range of from 250 to 650 °C.

' A preferred method of.impregnating the carrier is
the so-called pore volume impregnation, which involves
the treatment of a carrier with a volume of impregnating
solution, whereby said volume of impregnating solution .

25 is substantially equal to the pore volume of the .
carrier. In this way, full use is made of the
impregnating solution. For the purpose of the present
invention this 1mpregnatlon method has been found to be

_ particularly suitable as the resulting catalysts show a

30 . particularly good performance. The impregnation step (a)

' ‘can be carried ont'using one impregnation'sélution
: contalnlng all metal components or can be carrled out_-n _

' two separate 1mpregnatlon steps, one step for _

impregnation with platinum and/or palladium'and one step

" This Sheet Has Been R« Iaced




present invention in the hydrotreat rrent of. gas oils, 35 -thermal I y' '

and/ or catal ytically cracked distillates and o .~ .mxtures of.
two or nore of these, the required reduction - . for e.g. neetlng

aut onotive gas oil _specifications can . be attained in a single
stage. It has BERA¥Behd that = =  the catalysts of the prECHEFP6/0355S
invention are especially. 5 - - .active in reduci nﬂ-lIS EETCHAS BEEN '
mono-aromatics in the - final product,— ekt f

subst ant i al armount s of sul phur_ tai ni.n

hydf ogen sul phide, &R8 H“?F%%%?Fi%'g %Efﬁ hbLfigs, Possibly with ﬂ?e

catalyst utilised |mnthempdeaEmtdrymnanmmdMOrOcalc1nmnmqstepas as . '
catal ytically active nmega{ §1f55m éyﬁhst%hlé%’can be ?Q&?WEiqﬁk of platlnum

—and/ or palladiumand from ast one netal
of the actinium seri®BBregnating $Ql‘4¥d§nl§eéﬁrf EEﬁHthag e |caka@d ystsunt s of

catalytlcally -~ according to the present invention, are known in the

art. Typical actinide compounds are salts thereof which
are soluble in water, such as chlorides, sulphates,
nitrates and acetates. In case of uranium, uranyle_
nitrate, uranium sulphate, ammonium diuranate, uranyle
10 chloride and uranium acetate may conveniently be applied
' ' ”in a water—based_imprégnating soiution. Additionally,
uranium salts soluble in alcohol and/or hydrocarbon
solvents may be used in impregnating solutions based on
such solvents. An-example of a suitable uranium salt in
15 - this connection is uranyle acetylacetonate. Typical
. ' palladium compounds for use in impregnating solutions
are tetrachloropalladium acid (HyPdCly), palladium |
nitrate, palladium(II) chloride and its amine complex.
The use of HpPdCly is preferred. Typical'platinumi
20 -compounds for use in an'impregnating solution are
hexachloroplatinic acid, optionally in the presence of
hydrochloric acid, platinum amine hydroxide and the
approprlate platinum amine complexes.
It is common practice in catalyst preparatlon, to
25 ~ subject the catalysts in the final step to calcination
in air, whereby the metals_ are brought in th:e' form of
their oxides. To convert the metals at least partially.
into their sulphides, the catalyst can be presulphided
after the final calcination step and prior to contact
30 with the feedstock. Suitable presulphiding methods are
' known in the art, such as for instance from
EP-A-0,181,254. Acqordlngly, in a further embodlment -of
the present invention,_the process for preparing the_
catalyst comprises the further Stép of: | |
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_actlve netals are applied, the activi ty of the catal yst 15 : becones too

low to be conmercially attractive. If, on - - the other hand, the
~amobunt of catalytically active =~ = metal's i s higher than the upper
l'imits indicated, the' . further ‘increase in catalytic activity does -
not- warrant ~ WO9MRe costs of the extra amount_of netal . ﬂ% s in
20 - particular. for platinum and pal | adi um _ be -
obtained with catal ysts conpr|3|ng from 3 to 18% by _ Nt of _

pl ati num and/ or paII di u fro 30% Db f gt |east
one netal of the act%} iHr?? the 4218378 ‘X@a]ﬁ%}é‘ i Adi cat ed

above the actln|un1ﬁfésulphrdwnge$reatmentthose el ements of the Periodic
Tahl e -of - - El emeng ayp.a ] I tinium
E ¥hedl £Qﬂéﬁt{§%§§3presﬁ@bggdiﬁg

to 103 (lLawentium. SU|ta e cata st utl he present
i nvention conpri sesteHROHA eﬂreéﬂlli’hédlng can gke Rlafes¥irednafdtpref erred

candi dates @ e thorpmmf&tlon, il @ni BN céhtddenry thieakalBihaqnost
P eterred to " catabrERiTah behiRpaek St Al AR oh o1 31yt
accordingly, is a céeadymcltorﬁ@r mgshQCpaEEadnmbwd the hydrogazbbumtasdt he
Catalytlcally acti veo Mt @l Sydroconversion process contains substantlal
amounts of sulphur-containing compounds and if not, it
10 " can be spiked with sulphur-containing compounds like di-
tertiary nonyl polysulphide for presulphiding purposes, .
so that the metal oxides present on the calcined |
catalyst are at least'partially converted ihto the
corresponding sulphides when contacted with the said .
5 hydrocarbon feedstock. Suitably, such contact is
o conducted at conditions which are less severe than the
actual. hydroconver51on operating conditions. For -
lnstance, in 51tu presulphldatlon can be carried out at
a temperature which is gradually increased from ambient
20 - temperature to a temperature of between 150 and 250 °C.
The catalyst is to be maintained at this temperature for
between 10 and 20 hours. Subsequently, the temperature'
' is to be raised gradualiy to the operating temperature
for the actual hydroconversion process. In general, in
25 situ presulphidation can take place, if the hydrocarbon
| feedstock-. has a sulphur content of at least 0.5% by
weight, said weight percentage indicating the amount of
elemental sulphur relative to the total amount of
feedstock. It will be understood that in situ
30 .. presulphidation of the catalyst may be advantageous for
.both process- eff1c1ency ‘and economic reasons.

The catalyst accordlng to the present invention w111
usually slowly deactivate during use in a hydrocarbon
conversion process. If the activity of the catalyst

35 = . becomes too low, the catalyst can be regenerated.

-.'
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7 : The carri er used to support the catalytically active

.netals I's ‘an acidic carrier. Acidic carriers are known. —in the art
Exanpl es of suitable- carriers for. the . - purpose of the present
‘invention, then . include acidic 5 . . carriers conprising-an :
al umi nosi | i cat ew&' T05M4Eco- ~ al umi nophosphate zeolite, aﬁ%?’ﬁﬁ%@%sﬁ
silica-al unina,. -~ alumina, fluorided alumna or a nixture of two or
nor e ~ of ‘these." It mﬁll be appr eci ated t4at the type of acidic

carrier to be used | nd on-the intended 10 licatiopn of
the catal yst. For ghftﬁﬁg %P8 %Pr regener?EFOQNﬂ&aﬁétalﬁgéﬁePFSdkPH%E
the carrier conpri sesn athe art. Iresbomee casEsanpbesver, dhe datealysel wids are
si li co- ' - alu gﬂﬂﬁ& ch1as¢ b8 3 APO: 41 :
and al umi nosilicate zeolltes 1 gafggrlé?IFe §é£§%$§3 e %a%%iwﬁégally
'SS7-32, nordenite, REEYRHNEtEd sapdlieypnatly dre recovere@hbefaapadu5905§be
such as faujapite anﬂftﬁﬁéfﬁdﬂdN§5tQ Recovery28@|ﬁﬁé%éfmég%isuﬁgnoBe

The prasent caral yorsemidv wid ingup methdds K dymcal Ao SS@Z%p%‘;eEaSZ' "
oi | s which - recovery of the catalytically active metals from spent
o ‘catalyst comprises removing the-deactivated catalyst
_ from the reactor, washing the catalyst to remove the
10 - hydrocarbons{ burning off the coke and subsequently

recovering the platinum and/or palladium and the
~ actinide. '

‘The invention is illustrated by the following
eXamples_without restricting the invention to these
15 particular_eﬁbodiments; '
' Examglell ' _
An acidic carfier cénsisting of 80% by weight
dealuminated zeolite Y (unit. cell size of 24.25 A and
'silica/alumina molar ratio of ‘80) and 20% by weight of
20 - an alumina binde: was used. This carrier was impregnated
with an aqueous uranyl nitrate (UO5(NO3)2.6H20) solution
to reach 20% by weight U30g (corresponding with 17.0%
by weight of U). The partially prepared catalyst was
~ then dried and calcined for 2 hours at 400 °C, after
25 which'impregnation with an aqueous solution of HyPdCl,
took place to reach a PdO content of 5% by weight |
-(correSpbnding with 4.3% by weight of Pd). Finally, the
__completed catalyst was dried and calcined for 2 hours at
350 °C.in air. _ . _ _
30_ Example 2 : - e
- _— The catalyst obtained in Example 1 was presulphided
according to the method disclosed in EP-A-0,181,254.
This method’ involved impregnation with di-tertiary nonyl
polysulphide diluted in n-heptane, followed by drying



20 I nvol ves a hydroconversidh etep In general, homever '-the._

use of alumnosilicate zeolites is preferred A ' partlcularly
_preferred al umi nosilicate zeollte is - zeolite Y, which is usually
used in a nodified, i.e. "~ ‘deal umi nated, form Particularly when .
usi ng. the cat aW?s?f”o?és ~ utilised in the present invention B3/EP60355
hydrotreating catal yst for reducrng the content of- aromatics and
sul phur- and nitrogen-cont-ai ni ng conpounds,~ tife -use of - an acidic
carrier conprising a nodified zeolite Y is - very nuch preferred. A
particul arly usefufoRpdi hewes 35 150 feé‘F‘F"FE M EEOgRTE %\ﬂﬁ?ﬁ’sﬁhﬁltc cel |
si ze bel ow 24. 60 [ gkeksure. preferably from24.20 to 24.45 A and even

nor e _ preferabl fro 24.3 and S|C2/AI err err
mol ar . ratio |n ea%ét?%b%&e‘fdr r%tfg rse%c%leéb‘% Tclrogﬁ‘:
to 110 and nore prvﬁ-ehabll;rydlrmmrt FesQl csnehSEamqrrev@Sﬂend Ofar2§%kb(Wm _
in the art gnd exa%ﬁ%ﬁtaifghi nydlfes'fo%!l(?%nd 75% by weight straight-run '
: ' _ gas oil. Feedstock characteristics are indicated in
' ' ‘Table I (B.P. means boiling point).
'Operating conditions Were.a total pressure of
50 bar, weight hourly space velocity (WHSV) of
10 1.0 kg/1/h, a gas rate ef_500 Nl/kg and an operating -
'temperature of 360 °C. _
The product characteristlcs and conversion levels
- are indicated 1n ‘Table I. Conversions (in %) are
calculated by assumlng that aromatics are hydrogenated
15' ' through a sequential reaction pathway, i.e. it is
assumed that tri+ aromatics are converted into
diaromatics, diaromatics into monoaromatics and
monoarématids into naphthenics. Accordingly,  the
monoaromatics which are found in the product may come
20 from three sources: (i) from the unconverted '
monoaromatics already present in the feed, (ii)} from
' converted diaromatics which were originally present in
the feed and (iii) from converted diaromatics which, in
. return, originate from eonverted_tri+ aromatics present
25 ' in the feed. | .




‘described in EP-A-0, 247, 678; EP-A-0, 303 332 and - EP-A-0, 512 652

Modi fi.ed zeolite Y having an i ncreased E al kali (ne) netal -usual I y ,
-sodi um -content, such as ~described.in EP-A-0,519,573, can al so be
'_-surtably 5 - applied. : : I'n addrtron to any of the -

af or ement i onedWeA7/PIE3 " materials the carrier may al sop‘a'é?ﬁ?f'l"?és

bi nder - material. The use of binders-in catalyst carriers is :

wel | known in the art and- suitabl e binders,” t¥fem; 10 _ i ncl ude i norganl c-

oxi des, such as si I i C | um n m na, boria, zirconia

and titania, and cFay ﬁg £ Eaeﬁsq%e‘sénatﬂ@’ag %’Fﬁ‘?‘i‘?f Slumina is-
preferred for B t he' pur pose of the present |nvent| on, whereby the use

cof. alumnp Ts nost preferred. Iff e%@e 3 .

content of the cafrier may vary from5 to 95% by d’?“’ﬁlﬁgéanon
~total weight of crrier. In_a preferre — the t¥rrier

conprises 10 to'6 y_\e&ght of -1 binder. content of from

10 to 40% by wei gp - been fgund parti j:ul arly adyant ageous. 20}

The catal yst util sé@mpla/l@r% $Fr esent .i jvention can: be used in a

vari ety of hydrocpnversion mmesses : - 77.3 whérei7y @ hydrocar lagn

f eedst-ock conpri s|ng aromatbc : : 'corrp:ggjrgis i| s cgngact ¢d V\,i.tg t he
. catal yst at el evajed terrperature and pregsure’in the pre gnce of

hydr ogen. Tri+. _ 20, . 2.4 88
o Sulphur (% wt) 1.4 | 0.005 99.6

Nitrogen (ppmw) 230 6 . 97.4
B.P. distribution '

(°c) - _

Initial B.P. - - 150 79

50% by weight B. P._ - 287 | 273

Final B.P. 424 420




25 - SpeC|f|c exanples of such processes~afewhydfﬁe+ack|ng,

| uboi | manufacture (hydrocracklng/hyd - and . ::a
hydrotreatlng o .~ Si'nce ﬁﬂ alysts are acfive not
only in - h¥dro§ﬁnat|ng aronatl ,s also in renoving 35

- sul-phur and/ or e conpounds, hydrocar bon PCT/EP96/03555 -
-9- _ feedstocks conpr|5|ng sulphur and/ or nitrogen contai ning
- , THIS SHEET HAS BEEN
tLALMS REPLACED
. " 1. catalyst compriéing from 0.1 to 15% by weight of

platinum and/or palladium and from 2 to 40% by weight of
at least one metal of the actinium series supported on
_ ‘an acidic carrier, Sald welght percentages 1nd1cat1ng

5 . the amount of metal based on the total weight of
‘carrier. S :

2. - Catalyst accprding to claim 1 comprising from 3 to
10% by weight of'platinum and/or palladium and from 5 to
30% by welght of at least one metal of the actinium

10 - . series. :

3. Catalyst accordlng to any one of the precedlng
claims comprising one metal of the actlnlum serles,
preferably uranium. '

4. Catalyst according to any one of the precedlng

15 R claims comprising palladium.

5. Catalyst according to any one of the precedlng
claims, wherein the acidic carrier comprlses
aluminosilicate zeolite, silicoaluminophosphate,
amorphous silica-alumina, alumina, fluorided alumina or

20 a mixture of two or more of these. t'

6. Catalyst according to claim 5 wherein the acidic
carrier comprises an aluminosilicate zeolite.
7. Catalyst according to claim 6, wherein the

| ‘aluminosilicate zeolite is modified zeolite Y.

25 8, Catalyst according to claim 7, wherein the modified
zeolite Y has a unit cell size below 24.60 A, preferably'-a
from 24.20 to 24.45 A, and a Si02/Al703 molar ratio in
the range of from 10 to 150, preferably from 153 to 110._f
9. Catalyst according tb'any one of the preceding

30 claims, wherein the acidic carrier also*cbmprisas'from

| 5 to 95% by weight of a binder.
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corrpounds in addltlon to the. aromatic corrpounas are: parti cul arl y

Sui t abl e: . If the cata iFed in a hydrocracklng
. 5 -+ process, ‘the carrier wll Jmmm,ﬂmﬁmlgm’slther an- -

~anor phous .si | Ggg g0gk?a or an al uni nosi Ii cAt es zeo -
and/or alumina as a binder. A carrier whi ch

conprises zeolite Y and alumna. A g

conpri ses contacting a 10 - hydrocar bon feed

and 500 [err]Cin 49, Cata;ﬂgeboraeeseafnef QYL LGETS - :

at a t enperat.ure of between 300 and 500 [err] yrogen
partial pressure cﬁS%ﬁ¥Q§)QRM?%¥¥lnaThe catal yst - utilised in the

present invention ilsl. dise tof i tas chhalyst ﬁ@@&dﬁt} thy @ngt bﬁétbf'gclalms 1-

performance, parti arly useful as t f|r t st lyst in a
two stage hydrocragltkjér‘?gf1 a process, yherein a drocdzb fa%ﬁﬁf- EI ng base ..
oi | manuf acture prozsesesing aromathIeampoumdsfmﬂkaunhaptedlwmthtEhenay be

included for 20 ch ﬂ%@at‘)fel%%egklrt Lotdid THREDresQ0EA P "Ehe
contam nants, fromthe feedstock and/or- hydrogenation o aromatic
conpounds amti/ or hyRFTR A AYASRIER st r ai ght _ chain and slightly

branched hydrocar barss. iUde dacorkiéng to claimrihchwitkduidr ehar hpdsto Gath o
hydr ocr acki ng of vwgg@é%% al R ecH F§§Séyséﬁiﬁﬁh4(%H?/g}ahgt?g§ finic
nol ecul es or nol ecul-es caontal.ning tal type o] snaller
S - containing compounds.
'13. Use according to clalm 11 or 12, wherein the process
10 is a hydrotreating process.
- 14. Use according to-clalm 13, wherein_the hydrocarbon
feedstock is a gas oil, a light gas oil, a thermally
 and/or catalytically cracked'distiilate'or a mixture of
two or more of these. ' ' _
15 15. Use accordlng to clalm 11 or 12, wherein the process'
' is a lubricating base oil manufacture process., _
16 Use according to claim 11 or 12, wherein the process
lS a hydrocracking process. '
~17. Process for the preparation of a catalyst accordlng
20 to any one of claims 1- 10, which process comprises
incorporating ‘the catalytlcally actlve metals into the
carrier followed by drying and calcining.
18. Process accordlng to claim 17 compr151ng the
subsequent steps of:
25 “{a) impregnating the carrier with a solution cohtaining
a platinum and/or palladium compound and a solution
containing at least one compound of a metal of the
" actinium series; and |
(b) drying and calc1n1ng the thus 1mpregnated carrier at _f
30 a temperature in the range of from 250 to 650 °c.
- 19. Process according to cla1m 18 comprlslng the
subsequent step of ' '

This Sheet Has Been Rerilaced '
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‘ol ecul es. For application in Iunh | ubricati nﬁ base oil - ~ manufacture

“process, the catalyst utilised II, m,w}l‘ﬂmu fesent inventi on will

‘preferably .conprise a carrier g anor phous silica- aI um na,

- fluori ded alumna _ or- azeollte wth slllca and/or-alu
binder. 1f =~ WOMR hydrotreating reactions are i nt ended t%aé%? 3555
predoni nantly, the use of carriers conprising: np plite Y is
preferred.. I'f cracking and/or hydro- 35 - 1Bgner §F§ET HAS BﬁEﬁe vvaxy S
mol ecul es is the main I__E
obj ective, preferr é&’ca‘f’ﬁl&%h%ﬁﬁ ithe fqat}t‘}llf‘-eg alyst %Httﬂﬁrﬁél l&nﬁFﬁPﬁous -
silica-alumna or zugq)lltes such as - ferrierite, 'ZSM5, ZSM 23, _
SSz-32 and SAPO-11. A . -hydr oconver si on step in a lubricating base
oil 5 manuf act ur e process typically conprises contacting a =

| uboi T feedstock at a terrperature of between 200 and

)

~ This Shee
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450 [err] C abfl 2530 eBGTire up to 200 bar with a suitable catalyst_ in

the presence of hydrogen. Exanples of suitable lubricating base-oil.
nanufacturlng processes 10 _the.catal yst- accordlrng to the present -

i nvention may be -~ . are disclosed in GB-A-1, 546,504 and

EP- A-0, 178, 710. : " The cat al yst inml+sed I n the present invention
has. ‘ been found to be particularly suitable for use in a 15 -
hydrotreati ng process. Suitable hydrotreatlng operatlng condi tions
meatammaunelnﬂMRH@ﬁdﬁHr 2 2. P RATTDONFEP RS :
preferably between 210 and 350 [err]C, and a total . pressure in the -
range-of from 10 to 200 bar, preferably . between 25 and 100 bar

Exanpl es of SU|tabIeTh9d@§ESQOt lnveﬂtegﬂnﬁﬁ@aﬁﬁécégsésﬁﬁiﬁé'@@@@ldﬁﬁtrlbed
in European - ang pateak apel hﬁahyaﬂéc9n55§s.9;39 9%&5@&,,8mez%ﬁ apl e

f eedst ocks for such a hydrotreatin Ero ¢cess are - 1 ght gas
oils, gas oils, ?K@FﬂﬁPFQOBnB}orcomp 1S1ngagapPie &&IF?m@R%ﬂ@§j¥ﬁ stillates

(such as Iight Cd@h’@aa’éed withi hlrydaadeﬁr ank €teCpeles edides b fartidh »t ur es. of
two or re - g h Lhese feedstocks rall.y conprise at
| east 70% by MEIﬁﬂFa ¥s yd Re® 31V e 147

[err]C. Wen us-~..~

that the carrier gﬁga§§§raa9mseea{-.21§9ts Freaae;mﬂms ey

~above. The preferre € carrirer in case of -
-hydrotreatlng i sCamventional hydrotreating catalysts comprlse at least ..

one Group VIII metal component. and/or at least one
' 10 - 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 platinum (Pt) and/or palladium (Pd). Useful
15- - . Group VIB metal components include those based on
o molybdenum (Mo) and'tungsten”(W) The most commonly
applied refractory ox1de support materials are inorganic
oxides such as Slllca, alumina and silica-alumina and
alum;n051llcates, such as modified zeollte Y. Spec1f1c
20 _ eXamples of conventional hydrotreatlng catalysts are
 NiMo/alumina, CoMo/alumina,  NiW/silica-alumina, | .
'Pt/silica—alumina; Pth/silica'alumina, Pt/modified-
zeollte Y and Pth/modlfled zeolite Y. _ -
Hydrotreating catalysts are normally used in
25 _ ftprocesses wherein a hydrocarbon oil feed is contacted
| ‘with hydrogen to reduce its content of aromatic
| compounds, sulphur’compounds_aﬁd/or-nitrogen-compounds. _
-Typically, hydrotreating processes Wherein reduction of -_”
_ the aromatics’ content 1s the main purpose are referred |
30 - to as hydrogenatlon processes, whilst processes .
' - predominantly focusing- on.reducing sulphur and/or .



al umi nosilicate zeolite, - most preferably nDdlfled o - zeolite Y. It

has been foound that the present cat al yst - exhibits an excellent
hydrotreatlng activity and is 35 - particularly. effective-in ..
hydr ogenati ng nono-aromatics, ' - ~even in the presence of
subst anti al anounts of sulphur- - - andanitrogen-containing conpounds.
In addition, the present catalyst ‘is also very effective in the

hydr ogenat i on. ohydh:o&ﬁ:eantmgs gaizd ohll@helwherz@w i20sd tridmo- aE:omatlc

aromati cs). resent _i,nventio also rel 0 a process for
The catalysts d88@?985d§b8§% ﬁ%% e g ig 1%V? etb]r
conpri ses |ncordmfﬁucngtthetbatbhymme@hbnonam\hydnnuﬂeatlng cataI&stéhe '

refractory oxide Cgbrh?byfgg'5%B'£cb£sm%%¥%ﬂefﬁ¥¥e des %gﬁéﬁ”gﬁéggﬁﬁé

i on- exchange techni ques orl’ ¢l ning
OptlonaH'y presgaphﬂdsﬁg dne to thelr excellent hydrogenatlon act1v1ty

‘and good desulphurlsatlon and denitrogenation act1v1ty,
could be very useful in the development of a single
' stage process for reducing the amount of aromatlcs and
_ 'sulphur- and nitrogen-containing compounds. The
_10 ' -conventlonal way for reducing the amounts of aromatlcs
| | and sulphur- and nitrogen-containing compounds,_namely,
is via a two-stage process with in the first stage '
- mainly hydrodesulphurisation and/or hydrodenitrogenation
’toccurring and in the'second stage mainly hydrogenation
15 t__ of the_arOMatic compounds still left. Such two- stage -
' ' 'prooess'is necessary, as conventlonal aromatlcs _
.hydrogenatlon catalysts have a relatlvely low sulphur - -
and/or nitrogen tolerance, so that they exhibit poor
“hydrogenation activity in the presence of substantial
20 amounts of sulphuf? and/or_nitrogen-containing
compounds. This applies in partieular_fof the saturation
‘of monoaromatics. = | ' o ' |
Like the invention whlch is the sub]ect of
_ eEP A-0,653,242, thesgresent invention aims to provide a
25 . . hydrotreatlngf having an excellent aromatics
' hydrogenation activity, even in the presence of
substantial quantities of sulphur- and nitrogen-

containing compounds. The present .invention also aims toﬁ

poroCeSs
. provide a hydrotreating featatygy enabling an effective
30 ' ‘reduction of the contents of aromatics , sulphur-

'_contalnlng compounds and nitrogen- contalnlng compounds
in a 31ngle stage. The present 1nventlon moreover aims
. process whwach Ndmevea
to providejreatalrets—exhigiting/ an excellent
hydrogenatlon activity towards aromatics, ' which is at

| 35';: :"rleast-equal to the hydrogenation activity of the



order to. obtarn catal ysts having a partrcularly good ~ ~ _catalytic

actrvrty this process can be carried out by. ~ ° the subsequent steps
~of: 15 (a) |npregnat|ng the carrier with a solution containing

at |east one. conmpound  of ‘a netal of the actini um series and a
sol'ution containing a platinumand/or palladium = conpound and

(b) drying and calcining the thus inpregnateq carrier at 20 - ‘a
tenperature in the range of from 250 to 650 ?err]C ' A preferred
met hod -of |npregnat|ng the carrier is . _the so-called pore volunme -

t whi ch t f th
B e o I P i A

i mpregnat i ng solﬂmpeavaa hydrodsSambﬁﬁamsaGLbu eﬁdabrtﬁyabe -pore vol une of
t he : carri.er

i mpr egnati ng solG?PbﬁrOﬁSPaFﬁganFﬁbgetXf FﬁewgigsgﬁtungerStoopn§BHF|éHCh .
this inpregnatioa. ﬁ?bb@gsh@EfBQQ”aﬁOHHQrEQSEQ potentlamafbtcmbaEhMgSUItable )

as the resultrng catalysts show a 30. - particul arly good perforance.
The ‘i npr egnat i onf¥ Bﬁe(é?w”contentcéﬂeﬁéféﬁﬁFreﬁsoﬁ?ruémﬁﬁobﬂéomﬁﬁﬁégnat|on
sol ution - sG9phaknhAE AktrBBEAl conponents or can be carried out in

two separate inpregnation steps, One step f or i npregnation with
tplatrnunrand/or pal | AgFarfanal¥netBeepresent invention in a first aspect

- provides use of a catalyst Wthh comprises, as .the sole
_ _catalyt1cally active metal components, from 0.1 tc-15% by.
10 weight of-platinum and/or palladium and from 2 to 40% by
weight of at least one meta; of the actinium series
supported on an acidic carrier, said weight percentages
' ;indicating the amount of metal based on the total weight
. | Of:carrier, in a hydroconver51on process, wherein a
15 :" shydrocarbon feedstock compr131ng aromatic compounds is
o contacted with the catalyst at elevated temperature and
' pressure in the presence of hydrogen.
. The combination  of a platinum group metal and an
:actlnlde ln a cataLyst has been proposed for a number of
20 other treatments,:andﬂoften one or more further
components are required in the catalyst. US-A-5051392
concerns the treatment of exhaust gas, e.g. from diesel
engines,-utilising a three—metal.containing'catalyst;'
US-A-4886928 describes a steam dehydrogenation process
25 f utiLising a three-metal, but four component, catalyst.
7US—A—3788977 and’eqdi#alent FR-A-2110236, US-A-3929624
and the Derwent abstract 75-47166W all disclose reformlng_
processes to increase the aromatic content of a .
'_'hydrocarbon feedstock utlllSlng a platlnum group

30 = component, and an uranium component.

AMENDED SHEET



-~ 12- -~ for |npregnat|on with the actlnlde possi bly with an
|nterned|ate drylng and/ or cal ci ni ng step - Metal compounds
whi ch can be used in the - .inpregnating solutions for preparing the.
catalysts 5 utilised in the present:invention, are known in the
art. Typi cal actini de compounds are: salts t her eof mhlch . are soluble
in water, such as chlorides, sulphates,. - 43 - nitrates and acetates. In
case of uranium uranyle - 'nitrate urani um sul phate, anmoni um
~diuranate, uranyle 10 "~ chloride and urani um acetate may conveniently be

applied . in anahRs hasetd TRAGERAGTI (e WdtahiBidddienald -
“uraniumsalts solublélln al'cohol and/or h drocar bon * sg]vemﬁ?ié%'be '

used in inpregndtd hass lamenakd e erlOdl%qupls%l%rﬁlsem%F%xanpl e
of- a suitable ur y'[.)HBCSﬁq'l taﬂcﬂn:.]c:l5 nunﬁert N sh SO eS8 d S(AE @A B, Ac) to

acetyl acet onat e. adi um cornpounds for use in _
i npregnati ng solla3 omwrentlum,arlaf)t-et'ﬂ'l’mﬁﬁ rlaRan tRlianf #ligp sometimes .

(H[err]quj[err]géféklléugé”gs actinides. For the purpose of the present
invention the enrlched forms of the actinides, i.e. the
radlo—actlve lsotqpes, are not likely to be used in

“'practice. The.catalyticaily_active metals, i.e. platinum
and/or paliadium and. the actinium series metal component,
- 10 ' may be present.in elemental form, as an oxide, as a |
:-sulphlde or as a mlxture of two or more of these forms
As Wlll be dlscussed in detall herelnafter, a suitable
preparation method used to prepare the'pieéent catalyst
includes a final step of calcination in air, which will
15 . 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
oXides. If the catalet'is_subsequently contacted with a  _-
20 _ ;sulphur¥cohtainingffeed, then at least a part of these o
._oxidés will be sulphided and hence converted into the

_'corresponding'sﬁlphides ("in situ" sulphidation).LVery

MCS14/TS5530BCT
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nitrate, palladlun(ll) chl oride and |ts am ne conplex ' . : .The”use of
-H[err]PdG [err] is preferred. Typi cal platinum 20 conpounds for use in:

‘an inpregnating solution are ~ hexachl oropl atinic acid, optlonally in -

~the presence of " hydrochloric acid, platlnun1an1ne hydrOX|de and the .
~appropriate plati numan ne conplexes. . - 5§ - It is conmmon practice in
~catalyst preparation, to 25 “subject the catalysts in the final step”to'
calcination - good batalystwbetebymaheenhhalbe@medhsanﬁddiﬂmtdhis(nrnof,.

t heir oxides. TO,con t ' : ' - hei
sul phi des, - the §4F4p g%ncﬁﬂgngSFggﬁgﬁh gag% &3’ fﬁér d'aiﬂ¥e§éggéathelr
cal ci natii on st egmbodimentr ofo thenpaesedlt invenfiiom ﬁWehﬁéﬁdsﬂntk Suitabl e
pr esul phi-di ngEg?%Q8§§§%c§%&y ctlyﬁnﬁ%a'l% Lhe l%ras’t %l-écl:h:l%/s gr¥sddstance

from ASco ingly, rocess for preparing
the 5 catahysCaﬁa}ySﬁrﬁﬁeﬁué@héﬂﬁ§e ﬁﬁ@Qﬂﬁa¥§¥Y})the C"italysl*ot I‘I?ay g'

also be subjected to a separate presulphldlng treatment
prior to being contacted with the feed. The degree of
:'sulphidation'of the metal oxides can be controlled by.
relevant parameters such as temperature and partiai
10 epressures'of hydrogen, hydrogen sulphide, water and/or
' - oxygen. The metal oxides may be completely converted
into the corresponding”sulphides, but suitably an
equilibrium state between the oxides and sulphides of
_ | the catalytically active metals will be formed, so that
15 | the catalytlcally active metals are present both as '
ox1des and as sulphldes )
~ As WLlén?§e§}§Sussed in more detail below, the _
'catalystﬁaeeeﬁgeﬁg—%¢ the present invention can sultably
_ be used in a variety of hydroconversion processes. The
20 catalyst has been found to be patticularly oseful in the
| - hydrotreatment of gas oils, thermally and/or
catalytically cracked dlstlllates (such as light cycle
oils and cracked cycle oils) and mixtures of two or more
of these. These oils_usually'contaih a relatively large _..
25 amount of aromatic compounds, sulphur-containing
| g compounds and nltrogen-contalnlng compounds . The amounts
of such compounds must usually be reduced in view of
env1ronmental regulations. Aromatic compounds reduction
may also be desirable for reaching certain technical
- 30 quality spec1f1catlons, such as cetane number in the
 case of automotive gas oils, smoke point in the- case of
jet fuels and colour and stablllty in the case of luboil
fractions. ' When using the oatalystgageesdéng;ée—ehe1
_ Aepesent—ea¥eat&ea11n the hydrotreatment of gas oils,
35 thermally and/or catalytlcally cracked distillates and



- 13- : , (c) subjecting the dried and calcined catalyst to a

pr esul phi di ng treatnent. _ In stead of ‘the aforenentloned

presul phi di ng met hods, presul phiding can take place via in situ 5
presul phidation, i.e. by contacting the calcined _ catalyst with a
sul phur - cont ai ni. ng hydr ocar ban . ~ feeds6dek. In nost cases, namely,

t he hydrocarbon feed ~to t'he hydroconversi on process contains
substantial = mixtwresms twos@tphwrec©ﬁtbhﬁ$ag tbﬁpnaquraddreﬂunmupmt

10 can be spi g ysm‘%”h rgbéyi&&uaueaﬁaﬁle?éngasom?sauggéchrkseaﬁaons AR the

tertlary nonyl| resu din
met al - oxi des préﬁ%ﬁ%t%m#@%% b%l%lﬁé@gle Stageeaiﬁl?éﬁ Beenafopadsthat

partially conver 5%5& be hide n acted
‘with the said 151{:}?éj : S BLESERE ﬂﬂ;&ﬁg&h} ésy@%laq(iyt

rocar bon feedstock. Suitably,” such contact s
conduct ed at codﬂ??%?ﬁl D SRUGHRY | BRe 2BQRRE ?ﬁaﬂoPﬂearomatlcsaéﬂuéhe

hydr oconversi on gmnﬁ}upfmn@mtmhévemslanhe presencensfasoBsthafitialiu
presul-phidati on can _be c erat ure ichis

g% ate -
gradual |y |ncreé§¥ﬂm?$%ﬁ?gn%? B Ebcontal?%ﬂ%e?ﬁtaggng8’ a°t&fpéfat ure of
bet ween 150 and Rkxrdgem]lphide, ag'enraraggnlpontamnbagnaompaundﬂ .at
this temperature formye cara) fot %%gégﬁ%oifﬂgug%sgabsggugﬂm the

t enperat ure _ erating tenperature
- .10 comprlses as catalytlcally actlve metals from 0.1 to 15%

by weight of platinum and/or palladium and from 2 to 40% .
by weight of at least one metal of the .actinium series.
It has been found that if lower amounts of catalytically
active metals arerapplied, the activity of the catalyst
15 - becomes too low to'be cdmmercially attractive. If, on
| .~ the other hand, the amount of catalytically active -
metals 1s hlgher than the upper llmlts indicated, the
further increase in catalytlc activity does not warrant
» . the costs of the extra-amount of metal. This applies in
20 ' partlcular for platlnum and palladlum Good results can
be obtained with catalysts comprising from 3 to '10% by
weight of platlnum and/or palladlum and from 5 to 30% by _
weight of at least one metal of the actinium series. '
As has already_been indicated above the actinium
- 25 series covers those elements of the Periodic Table of
" Elements which have'an atomic number from 89 (acfé?égﬁ)h\
to 103 (lawrentium). Suitably, the catalyst .'L_ -
the present invention comprises one metal of the
. actinium series and preferred candidates are thorium and
.30  uranium. Of these, -uranium is most preferred With
| respect to the nobie'metal component, it is preferred to
" use palladium only. A very much preferred catalyst,
accordingly, is a catalyst_comprlslng palladium and
uranium as the_catalytibally'active metals. |



for the actual hydroconver5|on process ‘In general, in 25 - ositu | -
presul-phi'dati on can take place, if .the hydrocarbon feedstock has a-
sul phur content of at |east 0.5%by. - ‘wei ght, sai d wei ght per.centage
i ndi cating the amount of = = . elenental sulphur rel-ative to the tota
anount of : feedstock. I't will be undérstood that in situ 30

presul phidation of the catalyst may be advantageous for . both

- process-ef fici ency: Thedcecoiem gisedagonsupport the CatﬁﬁX&%ﬂ%ﬂ&%tautLVesed'.'

in the present paventd qry wy lacidic car4sud! | k&cﬁ"# ycéiﬁ’?féfé’aé edﬁﬁbﬂﬂ use

i n-a hydrocarbon onver5|on process. e activit
cat al yst 35 inp&bemast-o&RamRl %@fca?%% %ﬁﬁ%@?%ﬁeﬁé’?a@é@l

WD 97/05948 purpose of the resent invention, tXJdFEPY¢D38E5acidic

- 14 - ~ “Suitabl e neth f or ner
- 5 carriers compr%.ssingo an SN A Qe £ 2 ¥BE B g known

. aluminophosphate ;eollte,'amorphous 51llca-alum1na,_
. alumina, fluorided aluﬁina or a mixture of two or more
' of these. It will be appreciated that the type of acidic -
) _carrier to be used largely depends ondthe_ihtended
10 . application of the catalyst. For most.applicatiens it
is, hoWever} preferred that the carrier comprises a
Zeolite."Examples of suitable zeolites are silico-
aluminophosphates, such as SAPO-11, SAPO-31 and SAPO-41
- and alum1n031llcate zeolites like ferrierite, 2ZSM-S5,
15 ; ZSMf23,_SSZ_32, mordenlte, beta zeolite and zeolites of
~ the faujasite type, such as faujasite and the synthetlc
zeolite Y. The use of silicoaluminophosphates may, for
instance,. be con31deredLwhen—&seag—the—presen%—easaéys£4'
_ in a process for producing lubricating base 0113 which -
20 | 1nvplves a hydroconversion step. In general, however,
the use of aluminosilicate'zeolites is preferred A
partlcularly preferred aluminosilicate zeolite is
zeolite Y, which is usually used in a modified, i.e. .
| ._ dsé%gﬁi?ifed, form. Partlcularly when using the catalyst:
25 aeeggé*ag-ee 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
i very much preferred' A perticularly useful modified
-30 - zeolite Y is one hav1ng 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 SlOz/A1203 molar
ratio in the range of from 10 to 150, preferably from 15
- to 110 and mere'preferably from 30 to 90. Such ¢arriersrd
35 . are known in the'arﬁ and examples_are,_for-instance,-



in the art. In sone cases, however, the catalyst wll- - ' not be
regenerated. In those cases, the catalytlcally active metals will
usual |y be recovered before disposal . 5 . of the catalyst. Recovery of -
t hese nmetal's can be - - achieved via known nethods. A typical nethod
for - recovery of the catalytically aclive netals from spent

catal yst conprises renovi ng the deactivated cataly fromthe -

reactor, washi ngiqsrf'erk??ﬁcél%tEEoA ORI 1@P‘A‘0 BQdr38arB8Bds, burning.

of f- the coke angsubseBENIE32. Modlflé&CQe’@IiE‘Q ?hnaplazgl aﬂﬁlae%%ed
pal |l adi um and t he actin l.nvention |s

i |l ustrated by1ﬂﬁ¥?tﬂfQﬁMrﬁftai 'usu%&%#mﬁ%glVWfhSﬁ?t?EEIrFEFPnSSthe

i nvention to thegsdfibed ipEP+AE+0251%$D8) neahsalso be subxapple 1

An acidig carrier (ﬁ?neéft' ng of 80% by wei ght deal umi nated zeolite
Y (unit Zell si 78R 25 [err] and - silicalalumna nolar ratio of
'80) and 20% by wei ghin c;a:dd?ﬂ:lon tcaramymtfnmolmﬂerementueadd Eﬂarmearrl er

ted
\(/vausq Iemr)]r (eﬁlnqaerGr ]Hﬁ er rJ]aJGEfV—\ln[ err a%)‘ %’Q%a%rgf% 8&&{)%& chbéﬁs}egy wei ght
Uerr]Qgerr] (coatesponti n@% wHe 1qf Ooinders  inpgatelyst 6pfrujershds

partially prepar@lpa&:%mstlﬂva@ae art and hen; dsbed BDH4eaksi padnfor 2 hour's
at 400 [err]C, after regnation wth.an agueous Sol ution of-

H err] P4 [err] lnClUC%e ’trb%‘kg"iﬂ’a‘&eo’fjgg?%acﬁu%h PE® ﬁbht@ﬁt BLUBIPBY wei ght

.silica-alumina, boria, zirconia and titania, and clays.
"~ Of these, the use of silica and alumina is preferred for
- the purpose of the present 1nventlon, whereby the use of
: -alumlna is most preferred. If present, the binder '
15 __content of the carrier may vary from S to 95% by weight.
based on total weight of carrler "In a preferred '
embodlment, the carrier comprlses 10 to 60% by weight of
binder. A binder content of from 10 to 40% by weight has

-been found partlcularly advantageous
\.\\S

20 S The catalyst éeeeleng—ee{the present invention can
'be used in a variety of hydroconverSLOn processes,

'whereln a hydrocarbon feedstock comprising aromatic
'fcompounds is contacted with the catalyst at elevated
temperature and pressure in the presence of hydrogen
25 - Specific examples of such processes are hydrocracking,
' luboil manufacture (hydrocracking/hydroisomerization)
”and'hydrotreating.

= ) - a¥n W - -

- o b - -~ - -
Edejtng = el = = eyl = = — N

"_ythe use of the catalyst described abo S process

300  wherein a hydrocarbon feedsto comprising aromatic
. compounds_js—eonifacted with the catalyst at elevated

joamr o e o ~ - - - - ala - - AL & o - =3 .

Since theﬂe-se-se-n-tf catalysts are actJ.ve not only in
- hydrogenating aromatlc compounds, but also in removing
35 ",sulphur and/or nitrogenccompounds, hydrocarbon



(corresponding with 4.3% by weight of Pd). Finally, the  conpleted

catal yst was dried and calcined for 2 hours at =~ - 350 [err]Cin air.

30 Exanple 2 ' - The catal yst  obtained in Exanple 1 was. -
presul phi ded 3 according to the nmethod disclosed in EP-A-0, 181 254
Thi's net hod |nvolved |npregnat|on with di- +e9t+ary nonyl|

pol ysul phide diluted in n- heptane fol | owed hy drying. ' MD

97/ 05948  feedstocks comprising sulphuiéfNHY&PQ@iﬂBS§En ontalnln o
- 15 - r r en at a herlc '
e dodulns adih Leed GaRRrophliatetab aospRer O
with a hydrocar tpartheBd.M|$luh§0b¢ a bl end of 25% by 5 - wei ght Ilght
~cycle oil and 75%’Uﬂf“%ﬁﬂ“cé%afvégulsLEb be applied in a hydrocracklng

5. process, the carrier will-usually comprlse either an
. amorphous silica-alumina or an aluminosilicate zeolite
with silica and/or alumina as a binder. A carrier which -
is preferably_used_comprises zeolite Y and alumina. A
" hydrocracking process typically comprises'contacting a

10 - hydrocarbon feedstock boiling between 100 and 500 °C in
'the.presence of hydrogen with a suitable catalyst at a
temperature of'between'300 and 500 °C and a hydrogen
_p%g&%:}ipressure of up to 300 bar. The catalyst

_ ! ~the present invention is, due to its _

15 o excellent hydrotreatlng performance, partlcularly useful'

' as the first stage catalyst in a two stage hydrocracklng

: process _ '
' In_lubricating base oil manufacture processes at
least one hydroconversion step may be included for.

20 ~ removal of sulphurland/or nitrogenlcontaining
contaminants from the feedstock and/or hydrogenation of-
_aromatic compounds and/or hydroisomerisation of straight
chain and slightly branched hYdrocarbons into further
branched hydrocarbons and/or'hydrocracking of waxy

, 25 '~ molecules (usually long chain paraffinic molecules or
_molecules containing tails of this type) into smaller
- molecules. For appllcatlon in such lubricating base oil-
manufacture process, the_catalystmagggrgihg;ée\the
) present invention will preferably comprise a carrier

30 comprising amorphous silica-alumina, fluorided-alumina'

” “or a zeolite with silica and/or alumina as binder. If
the hydrotreating reactions are intended to occur
predominantly, the use of carriers comprising modlfled

-_zeollte Y is preferred If cracklng and/or . hydro-

35 _1somer;satlon of' the waxy molecules is the main



gas oil. Feedstock characteristics are indicated in f Table'r'(B;P.'
means boiling point). . .Operating conditions were a total '
‘pressure of. : 50 bar, weight hourly space velocity (WHSV) of 10 :
1.0 kg/l/h, a gas rate of. 500 Nl / kg and an operati.ng : tenperature'of
360 [err]C. . L - The product charactldtistics and conversion |evels:
are indicated in Table I. Conversions. (in % are cal cul ated by -

assuning that asifettisearpragdrogdnaatcdiess comprhsguiAuardsgdentia

reaction path | f
, h ssugEdmt Rat ot i LRt i
converted into Xlumlga Lmb oPgsSlé?aronatrcs |ﬁ%oz$8%égggna$$%§igﬁa '

‘nonoar onat i ¢s |ﬁenrmaphthenZ§M 5Ac&8MdRRgl ySZrRe and SAPOgddoadbmati cs

rh'Ch are foundh¥§ré98n9€9gESB GR¥pCORE a2Qubricatiay tasee odqurces: (i)
. fromthe unconve nonoar omat, i al read present in.the feed,
(ii) frém man@éﬁGEPFédePSF5§aFVE§cﬁﬁ} CW@P% I5ESGirRNar tﬁfﬁ%éﬁt in

the feed and (iiihollofeeasyreekedtdaatempeiratutk of bietween 200 ragtdirn, =
orlglnate frontggnvertegdtrrErggggggr%% Qrea%w:ﬁgé with é1§d¥%§6¥¥j &§ | o
' .catalyst in the'presence of hydrogen. Examples of s“xi e._"
:lubricating pase oil manufacturing processes/—whefetnf
10 . Aﬂﬁr1ﬁHﬁEHﬁH?ﬁHﬁﬁHﬁ£Hﬁ?4H+43Ekf&%ﬁeﬁ%—kﬂ¥eﬁééeﬁ—may—b§
| ) 7ﬁyami/ are dlsclosed in GB-A-1, 546,504 and . :
EP—A—O 178,710. -
- unhseA,m.. o
' S The catalyst pecesdifpgy the present invention has
. .” : been_found to be'particularly suitable for use in a
15 : hydrotreating process Suitable hydrotreatlng operatlng
._condltlons are a temperature in the range of from 200 to
450 °C, preferably between 210 and 350 °C, and a total
~ pressure in the range of from 10 to 200 bar, preferably
'between 25 and 100 bar. Examples of suitable hydro-
20 treatment processes have been described in European
' patent applications 0,553,920 and 0,611,816. Suitable
feedstockS'for such a hydrotreating process are gas
oils, llght gas oils, gas oils, thermally and/or - o
'catalytlcally cracked distillates (such as light cycle
. 25 oils and cracked cycle oils) and mixtures of two or more
of these All these feedstocks normally comprise at
least 70% by weight of hydrocarbons boiling between 150
and 450 °C. When used in such a hydrotreatlng catalyst,
it is preferred that the carrier comprises a binder in
- 30 ~an amount as indicated above. The preferred acidic
| h'materlal in the carrler in case of hydrotreatlng is an
: alumanSLllcate zeolite, most preferably modified
zeolite Y. ‘It has been found that the present catalyst-
_ exhlblts an excellent hydrotreating activity and is
35 _partlcularly effective in hydrogenating mono- aromatlcs;
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- 16 - TABLE I Feedst ock and product characteristics

"Feed - Product COnverS|on -~ Aronmatics (nnnl/lOO g)

Mono - 77.37 77.3 . .46 - Di

55.3. 8.9 88 - : R 20 4 - 2 4.
88 Sul phur (% w) - 1.4 - 0. 005 . 99.6 Nltrogen
(ppmv) " epsp in the ppesence of gybgtantipglpamgustsi bt iswiphur-
(ferr]©Q '5&&'&4t§%§%u-contalnin 1e8mpounds. 72n addit@gﬂ’btgge'ght
B. P. . 287 'Final B 424

present catalyst 1is also very effective in the _
hydrogenation of di- aromatics and higher aromatlcs (tri+ '

5 - aromaties). o o -
. . Mma, h

repored
gnﬁﬁﬁnsayﬁ‘fhe catalysts describedkaboveL_ which preeess/
.comprises incorporating the catalytically active metals

into_thelrefractOry oxide carrier,'suitably by means of

10 . impregnation or_ien—exchange'techniques, followed by

- - drying and calcining and'optionally presulphiding. In
order to obtain catalysts having a particularly good
catalytic act1v1ty, this process can be carried out by
the subsequent steps of: '

15 ' (a) impregnating the_carrier.with'a solution cbntaining

' at least one compound of a metal of the actinium'series
and a solution containing a platinum and/or palladium
'compound, and ' _ '
(b) drying and calc1ning the thus impregnated carrier at

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

' A preferred method of impregnating the carrier is
the so-called pore volume impregnation, which involves
the treatment of a.Carrier'with a volume of impregnating
solution, whereby said volume of impregnating solution |

25 : is substantially equal to the pore volume of the -
carfier. In this way, full use is made of the _
impregnating solution. For the purpose of the present
invention this impregnation method has been found to be'
particularly suitable as the resulting catalysts show a

30 ' particularly good performance._The impregnation step (a) .
can be carried out using.ene-impregnatidn solution

- containing all metal components or can be carried out in
two separate impregnation.steps} one step for _
impregnation w1th platinum and/or palladium and one step

aptea&q_'
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CLAI MS - . 1. Use of a catalyst whi ch conpri ses,

TS 5530 PCT
as the sole

cata-.. - lytically active metal conponents, fromO0.1 to 15% by

melght of 'pl ati num and/ or pal | adium-and- from2 to 40% by

wei gHt of

at |east one metal of the actiniumseries—- 82"~ supported on an acidic’
~carrier, said wei'ght per cent ages i-ndi cati ng the amount of netal
based on the totfdr vidiggrgnation witkath¢ eactinidehyppssdhiyrwith pnocess,

wherein a

10

15

© 20

25

30

1R DOD d RPN Ofika POFPEL L 191 AEOBERS cOmPounds s

Metal compounds which can be used in the
1mpregnat1ng solutions for preparlng the catalysts'

QH \ e_t:L
iﬁﬁﬁﬁﬁ%ﬁg&—ae the present invention, are known in the

art. Typical actinide cqmpounds are salts thereof which’

are soluble in water, such as chlorides, sulphates,_

nitrates and acetates. In case of uranium,: uranyle
nitrate, uranium sulphate, ammonium diuranate, uranyle
chloride and uranlum.acetate may conveniently be applied
in a water-based impregnating.solutioh. Additionally,

_uranium salts soluble in alcohol and/or hydrocarbon
t solvents may be used Ain. lmpregnatlng solutions based on

such solvents. An example of a sultable uranium salt in

this connection” 'is uranyle acetylacetonate._Typlcal.

palladium compounds for use in impregnating solutions
are tetrachloropalladium acid (H,PdClg), palladium
nitrate, palladium(II) chloride and its amine compler
The use of HyPdCly is preferred. Typical platinum
compounds for use in an impregnating solution are
hexachloroplatinic acid, optionally in the presence of
hydrochloric acid, platinum amine hydroxide and the

-appropriate platinum amine complexes.

It is common practice in catalyst preparation, to
subject the catalysts in the final step to calcination
in air, whereby the metals are brought in the form of
their oxides. To convert the metals at least partially
into their sulphides, the catalyst can be presulphlded

‘after the final calcination step and prior to contact

with the feedstock. Suitable presulphiding methods are
known in the art, such.as for lnstence_from

EP-A—O 181 254. Accordlngly, ﬁa—e—é&fthe;—emb@dime&%—eéit'

the process for preparlng the

o o, Curth
: catalysthomprlse; the Eaftheﬁ step of:



contaCted_mﬁth the catal yst at eIeVated'tehperature and 10 pressure in

t he presence of hydrogen. - 2. Use according to claim1, wherein the
feedstock also . ~conprises .sul phur- and/or nitrogen-containing

~ conpounds. - 3. Use according to claim1l or claim2, wherein the
process is a hydrotreating process. .15 - 43 -Use accordlng to claim3,
wherein the: feedstock s a- - gas oil, a light gas oil, a thermally
and/ or - cacdl ypukdagting et&@edi@%:l iandtealrinedicatabyst tooaor
nore of these. presulphidi¥&f @ggggmgﬁ@ to any one of clalns 1to 4,
wherein 20 the catal yst™ co ises from3 to 10%b I ght of
pl ati num and/ or pal IBdighRath®% r@}ﬂ REQF ERABIAPRRA e lphldln‘Efat | east

one netal of thaeatidds uprseilgshiding carb. takeep'mer‘dmgnwsﬁﬁu one of -
clains 1.to 5, mhereln |n the cat al I he €§t thg actinium .
f

series i3 25 - PLpsiffpdation, L-g hy c Eﬁﬁ%ﬁ%@ ?f%h% - clainms 1

to 6, wherein  cataltshet oattd wtsmkpitmm-nsorﬂadimﬂnglmydrocarbon :
' ' feedstock. In most cases, namely, the hydrocarbon feed
 to the hydroconversion process contains substantial
amounts offeulphur%containing compounds and if not, it
10  can be spiked with sulphur-containing compounds like di-
tertiary nonyl polysulphide for presulphiding purposes,
 so that the metal oxides present on the calcined
catalyst are at least partially converted into. the
corresponding.sulphides when contacted with the said
15 g hydrocarbon feedstock. Sultably, such contact is
conducted at condltlons whlch are less severe than’ the
" actual hydroconversion operatlng condltlons. For
_instanee; in situ presulphidation can be carried out at
a temperature which is gradually increased from ambient
20 temperature to a temperature of between 150 and 250 °C.
The catelyst is to be maintained at this temperature for
- between 10 and 20 hours. Sﬁbsequently, the temperature
is to be raised gradually to the operating temperature
_ for the actual hydroconﬁersion process. In general, in
25 situ.presulphidationﬂcan take place} if the hydrocarbon'
feedstock has a sulphur content of at least 0.5% by
weight, said weight percentage indicating the amount of
elemental sulphur relatlve to the total amount of
feedstock. It will be understood that in situ
30 presulphidatlon of the catalyst may be advantageous for
| " both 'process- eff1c1enc and economic reasons. |
| The_catalyst_;eegréégéeEe the present invention will
usdally-slowly_deactivate during use in a hydrdcarbbn
; conversioh'proeess. If the activity of the catalyst -
35 ‘ becomes too low, the catalyst can be reqenerated.'



- 18 - . 8. Use accordlng to any one of cl ai 1to 7, mhereih-
the acidic carrier of the catalyst conprises nodified: zeoll

having.-a unit cell 'size bel ow 24.60 [err], pre- o 20
to 24.45 [err], and a SlQerr]/AI[err]Qerr] rml ar mm,'ﬂ@m
range -of from 10 to 150, preferably froml57 - to 110.

according to any one of clainms 1 to 8, mhereln - the.acidic carrler
the catalyst also conprises from5 - "to 95% by wei ght of a binder. 10
10. Use accordlng to any-one of clalns 1to9, wherein T@h%gggegdﬁn
S presulphlded : _ _ -

CLAIMS

'_.i. Use of a_cataiyst which comprises, as the. sole cataf
lytically.active'metel'compenents;_from 0.1 to 15% by _
weight ofepla;inﬁm end/or palladium and from 2 to 40% by

"weight of at'leasteOne'metal of the actinium series
5 _: supported on an acidic carrier, said weight percentages
| | lndlcatlng the amount of metal based on the total weight
of carrier, 1n a hydroconver51on process, wherein a
hydrocarbon feedstock comprising aromatic compounds is
coh;aéted with the cetalyst at elevated temperature and’
10 pressuie in the presence of hydrbgen. _ _ |
2. Use according to claim 1, wherein the feedstock alSo__
comprises sulphur- and/or ﬁitregenfcontaining compounds.. .
3. Use according to_claim'l or claim 2, wherein the
process is a hydrotreating process.
15 4. Use according to claim 3} wherein the feedstock is a
| gas oil, a light gas o0il, a thermally and/or
.catalytically.cracked distillate or a mixture of two or
more of these. _
5. Use according to any one of claimé 1 to 4, wherein
20 the catalyst comprises from 3 to 10% by weight of
| platinum and/or palladlum and from 5 to 30% by welght of
,at least one metal of the actlnlum series. _
6. Use according to any one of claims 1 to 5, wherein,
in the catalyst, the metal of the actinium series is
25 uranium. | : ' .
7. Use according to any one of claims 1 to 6, whereih

“the cetalyst contains pelladium.

AMENDED SHEET
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8. 'Use accordlng to any one of clalms 1 to 7, wherein

'~ the acidic carrier of the catalyst comprlses modified

zeolité Z_having a 'unit cell size below 24.60 A, pre-
ferably from 24.20 to 24.45 A, and a SiO2/Al303 molar

" ratio in the range of from 10 to 150, preferably from 15 -

to 110.

. 9. Use according to any one of claims 1 to 8;'wherein'

. the acidic carrier of the catalyst also comprises from 5

to 95% by weight of a binder.
10 Use according to any one of claims 1 to 9, whereln

the catalyst is presulphided.

| MCS14/TS5530PCT

AMENDED SHEET



9§ 8&6—

\0S cory
PCT

INTERNATIONAL APPLICATION PUBLISHED UNDER

i PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 ; -

(11) International Publication Number:

(43) International Publication Date:

WO 97705948

20 FW 1997 (20.02.97)

-} (71) Applicant (for CA only):
4th Avenue S.W., Calgary, Alberta T2P

B01J 23/63, 29/08, C10G 35/09 o Al

(21) International Application. Number: PCI/EPOG/3SSS
(22) International Filing Date: 7 Aygfst 1995 (07.08.96)
(30). Priority Data: ' : K

9540185 8 August, 1995 (08.08.95) EP

(34) Catintries for which the régional or .

international application was filed: FR et al.

(71) Applicant (for all designaged” States except CA): SHELL

INTERNATIONALE RESEARCH MAATS B.V.

[NUNL);, Carel vefi Bylandtlaan 30, NL-2596 HR The

Hague (NL).

SHELL CANADA LIMITED
[CA/CA); 400 -
2H5 (CA).

(72) Inventors: B , Guy; Shell erche S.A., Rou
-Caen, F-76530 Grand-C {FR). GRANDV. .\
Piemre; Shell Recherche S.A., Route de _Caen, F-76530

‘Grand-Couronne (FR). LEBIGRE, Sylvig, [Claude; Shell
Recherche S.A., Rouge'de Caen, F-76530 -Couronne
(FR).

- Designated States: AU, CA, CZ, HU, TP, KR, NO, £G.)
European patent (AT, BE, CH, DE, DK, ES, Fl, FR, GB,
GR, IE, IT, LU, MC, NL, PT, SE).

Published
With mternauanal search report.

(54) Title: CATALYST, USE THEREOF AN/DDRﬁARATION PROCESS

(57) Abstract .

Catalyst comprising from 0.1 to 15 % by weight of platinum and/or palladium and from 2 to 40 % by wcight of at least one metal
of the actinium series, said welght percentages indicating the amount of metal based on the total weight of carrier, supported on an acidic
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. :




