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WO 2004/ 053027 PCT/ EP2003/ 050946 - 1 PROCESS FOR THE
PREPARATI ON OF A LUBRI CANT The i nvention is directed

viscosity at -35 C of below 5000 cP by the addition
of a pour point depressant additive to a base oi
obt ai ned by neans of a process 5 involving catalytic
dewaxi ng. In GB-A-1429494 a process for the
preparation of a lubricating oil is disclosed wherein
the heavy fraction of a hydrocracked slack wax is

sol vent dewaxed, using a mxture of solvents. The
resulting base oil has a¥%eéery 10 high viscosity index
of up to about 155. The di sadvantage of the process is

that the respaonse o int _depressant additives
i s not "SUFFYEiTeht T’F% P%Pé BN HE YSIEREEA Tibr i cant .
EP A- 324528 descri bes a pr ocess for the pr epar ati on

a. IubrlcatJn bas ack wax is
fi rgg HYah5ePAcke tecloftf)l ue‘?ﬁocgqutE prﬁ’@?’é%raacker
lu;arsubs‘eqnmmlgya ccamatnyt i Claldoy i deveerxedSi T tdfebpi@sence
C t ai NN e | Lite of the
RGP pyBL P s FA0R, OE 0 pRu i BBV A Ty
wﬂi@evevm Phape A4 ohhinedpblirngraisnPfod RWLes The

14105 é&%@y@ié deﬁnﬁk%@d to the starting slack wax
feed i s_however Is an object of the present

i nvéﬁt P%ﬁWB#%.adé’raceiﬁ FCESENF FFePREA @ aF ot i on of
huimjcaamc; adhet i di dhesedrapac el ﬁ)@sae@w Friaaveol

t t ha f bl
oS5 SRebte A5, SO Pl el e SO
rﬁibrﬁdxer nﬁr@]amnobj erhte oésulengriesentoili mvent iveny t o

lg%%yé,qg ?{rggﬁngg}eng o a'?;% yigld to base oils is

Ing fronta sl ac waX feed. WD
200%@53@@@@&@2:@0371@50@4:@33215 that the response

to pour point depressant additives is not sufficient to
prepare the desired lubricant.

EP-A-324528 describes a process for the preparation
of a lubricating base o0il wherein a slack wax is first
hydrocracked. The effluent of the hydrocracker is
subsequently catalytically dewaxed in the presence of a
catalyst containing a zeolite crystallite of the MFI
type. The resultant base oil had a viscosity index (VI)
of 134 and a pour point of -44 °C. The yield of base oil
related to the starting slack wax feed is however low.

It is an object of the present invention to provide a
process for the preparation of lubricants wherein the
prepared base oils have a viscosity index greater than
120 and a favorable response to pour point depressant
additives. It is furthermore an object of the present
invention to provide a process wherein the yield to base

oils is improved starting from a slack wax feed.

| ubri cant havi ng aPGI/RR2O0E050946
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This object is achieved with the follow ng process.
Process to prepare a |ubricant having a dynamc

woe@gnsioey at -35 C of bel ow 5000 cP by perf or@i/BEB20051€50946

following steps: 5 (a) contacting a feed containing
nore than 50 wt% wax in the presence of hydrogen wth
a catalyst conprising a Goup VIII netal conponent
supported on a refractory oxide carrier, and (b)
contacting the effluent of step (a) with a catal yst

10 conposition conprising a noble Goup VIIl netal, a
bi nder and zeolite crystallites of the MIWtype to
obtain a product having %71 ower pour point than the

effluent of step (b) and . having a_yiscosity index
gr elgg &F PHETT1D, acglé%ﬂﬁegl] (tg) tké%tfior]léo‘él%@’rmﬁ%?%'t
Riemees samtpragdre i av duboiddre haging @ Hyasnigbtakaesh dyn

ep=(h when poyr. poi nt
2ol o BBl eD Lo DRLIED PO oREM
gradsared by the process according to the present

[VeBht 9 1220 Sdnichheantihy Ik@feg%aﬁewwaowak N pour
point is observed as conpared to when the sane

I PERIRN TS O4dBEtF 96 a  pirlt 6r caakys§oFvetisdedaked base
©tdup VMIEKMﬂtbﬂoébﬁﬂo&@ntfEhpp6¥ﬁéwﬁdh Mi§§£Eﬂdfﬁr§S
neasured at -35 according to ASTM D 2983 is

Jgdrs? FREamt” yaﬁ%re reduced after adding 25 the
ashdicbhvactiflyi shé s=sAfenynadfastage@)swifiora exaapys hi gh

%é#%os1ﬁ%%h%§€&§lgq%%ng?g%%¥Egg%§€ék§0%§%%yoar 3 C of
preparédte agyskdlHgesoof hepMed entpe hoevittign haV| ng a

ki nenmt Gy Ay a%&&&y paar gp%qgg tharp%\é'es&lgxeﬁgg&dc 5.

cSt and a pour poi nt etween -18 an

#ete (BY e éﬂéwyng FefrhEeps Ltyg iafdeKr wBeatearidanodeo,

eferably between -23 and -30-C. -The fact that the
our-point of the base oil can be relatively high is
y;-ldgagtérﬁ Q@gau%oynﬁ ‘F]%E’-’fﬁ,sséflt additive to the base

oil as obtained in step (b).

Applicants found that when a pour point depressant
additive is added to the base o0ils as prepared by the
process according to the present invention a
significantly larger reduction in pour point is observed
as compared to when the same additive is added to a prior
art solvent dewaxed base oil. In addition also the
dynamic viscosity as measured at -35 °C according to
ASTM D 2983 is significantly more reduced after adding
the additive. This is very advantageous. For example high
tier lubricants having a dynamic viscosity at -35 °C of
below 5000 cP may be prepared with a base oil as prepared
according to the present invention having a kinematic
viscosity at 100 °C of between 4.5 and 5.5 ¢St and a pour
point of between -18 and -35 °C and more preferably
between -18 and -30 °C and most preferably between -23
and —-30- °C.-The fact that the pour point-of the base oil

can be relatively high is very advantageous in terms of
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WD 2004/ 053027 PCT/ EP2003/ 050946 3 base oil yield
and the viscosity index of the base oil. The

W@ e@aosioey i ndex of the dewaxed base oil havi nBCT/RR2003/050946

above pour point range may be advant ageously between
135 and 150. 5 The feed to step (a) may contain

bet ween 0- 3000 ppm sul phur and between 0-150 ppm
nitrogen. The feed may be a synthetic wax, such as
for exanple derived froma Fischer-Tropsch process,
or even a slack wax. Sl ack wax can be obtai ned from
ei ther a hydrocracked _1Q oil or a solvent refined
oil. Hydrocracking is preferred because that process

b%@@ &ils@léﬁ?@%ﬁi the ﬁé&o@g‘é@ 191%%§<e<5‘f £ HeOph QW :]a_L' ues.

sl ack wax derived from sol vent refined 0|
T&@ &%q%gtzawd&é a8 etha deretrit 2eneciinirerbp@theont ent |

éﬁb&edeurCQBlﬁﬁ“raﬁﬁetﬁﬁy shagkraiqboed y LariBih Q@S
8§t en 0 and 50 wt % Sl ack wax having a high oil

Mt may be obtained as the direct by-product of a
sol Ventfedeéwaxistgpp(oC esy. cinaipl bstwafens 0-8add epsol vent

' pLocesse described in_ Lubricant Base G|
e B 0- 26 R 6 el er e TN L R 50
sPokkerid mex, New ¥orkor t8ewpleClgpiesd Zrofhe content of
RALONBL InGop0mPuads LN dnevixy heed 1| sul tably be

between 3 and 40 Wt % The slack wax feed preferably
hasS&&feF§* hFajh P @‘%‘b%ll“le? frdeeitheor @ hydeperamkeyg in

dihecr ange10&nd AL A4E diQ . 200hroFRec¥1RFAS b¥e R reRdeEX
of the feed will determine In part the viscosity

Befrgese dhatnerESs| ??%gﬂisﬁbF?% RGeS PEdECgeT, c‘meaﬁ are
tor eberxashJuys betven1d20 v@&ddaﬁﬁredThgamNIdevbht depend on

t he cont ent, and t he start er from whi ch
rte%éne Ollﬁas e B? p &5, 4 tgnJéT I ﬁbar ot reat: ng

rgferdhen sloat&nt30 Thaxofkewntpnt arf tbe pﬂrafakr neRgfeddep (a)
%%%gFggk%ectWeéhe@ a%l(it 50tv9:%|.0\§’f£clz hﬂ an’lg"&;jg‘l%eg. g:?gt &
content may be obtained as the direct by-product of a

solvent dewaxing process. Examples of suitable solvent
dewaxing processes are described in Lubricant Base 0il

and Wax Processing, Avilino Sequeira, Jr, Marcel

Dekker Inc., New York, 1994, Chapter 7.

The content of aromatic compounds in the waxy feed
will suitably be between 3 and 40 wt%. The slack wax feed
preferably has a very high viscosity index, more
preferably in the range of from 140 to 200. The viscosity
index of the feed will determine in part the viscosity
index of the resulting lubricating base o0il, which are
preferably between 120 and 180. The VI will depend on the
0il content and the starting material from which the wax
has been prepared. Optionally, hydrotreating of the slack
wax feed, prior to performing step (a) can be carried out
to lower the nitrogen content thereof.

.The feed used in the process. according to this

invention contains more than 50 wt% wax, preferably



10

15

20

25

30

The feed used in the process- according to this
i nvention contains nore than 50 wt % wax, preferably WD

wWQOM4088H3027 PCT/ EP2003/ 050946 4 between 50 BOMERDD3/050946

wt % wax and nore preferably between 70 and 100 wt %
wax. The wax content as used in the description is
measured according to the follow ng procedure. 1
weight 5 part of the to be neasured oil fraction is
diluted with 4 parts of a (50/50 vol/vol) m xture of
nmet hyl ethyl ketone and toluene, which is
subsequently cooled to -27 Cin a refrigerator. The
m xture is subsequently filt ered at -27 C. The wax is

deguRyedsd Lam e bl Lok 10 and. velohed, ) [ referepce

t6 0iT content rv§|r
amlo%)@nwh%swahe wax content in w% Step (a) may be

per I g.processes
suc&gg;%%egé*rl%e&é\%}sn Lubri cant (Hfggéase % Band Wax

PG ERY i aTGFOr AAY itRotBedirdilpuing propeaduns . 1Dekkaht | nc.

guew Yordhe 189%e nfchanted dilaﬂﬁhéﬁﬂ%ﬁciéjdﬂiut@égﬁgih
121- %31 Catal stsfz use . in step %Ftyplcally

CEAFT < an (AW Cot(rY)i gARFESy °§n’Be Hy &EbBgenat i on/
lcéebyadra}gemauhm,f whCER Cmaa|subyeqd%heftﬁrdfc&£1eact@| c 20
nct:l onal i S are ref actor%/Lr metal oxide c |ers

§U| t abl’e cé:Frlrl Siat RaPEF i 1% MR Tdé S sTSEgueRf
fSiilitiecad adtunha’C.ziTheowaa,ist ktmoviead &ndhn mihet lﬁﬂ.ElSer

180 ned PIBT RIS ERI 1] BhalALLIR! Sofihuyl R ST ON 1 1
e ca aei use in € process B & Yhventi on

‘H?rlelesi$ |r@&nt2@leﬁlhuﬁﬁnh0%d1lsu$ i e akxmargenThin

s#at al yst may conprise a Goup VIIl noble netal, for

exan‘g al | adi um and nore preferably platinum Such
a catraPysY Py fiePerfedrathspltheefléelPa® step (a) is

lﬁﬁﬁﬁbﬁﬁﬁkﬁﬂg|yrédégﬁe@fm&ﬂﬂb@nhéﬁﬂﬂﬁﬁeauﬁﬁ‘ﬂﬁ%r$é£@mur
éégg'oil and Wax Processing, Avilino Sequeira, Jr, Marcel
Dekker Inc., New York, 1994, Chapter 6 and especially
pages 121-131. Catalysts for use in step (a) typically
comprise an acidic functionality and a hydrogenation/
dehydrogenation functionality. Preferred acidic
functionality’s are refractory metal oxide carriers.
Suitable carrier materials include silica, alumina,
silica-alumina, zirconia, titania and mixtures thereof.
Preferred carrier materials for inclusion in the catalyst
for use in the process of this invention are silica,
alumina and silica-alumina.

The catalyst may comprise a Group VIII noble metal,
for example palladium and more preferably platinum. Such
a catalyst is preferred when the feed to step (a) is
substantially free of contaminants such as sulphur, i.e.
less than 10 ppm or nitrogen, i.e. less than 10 ppm. Such
wax containing feeds may .advantageously be obtained from
the synthesis product of a Fischer-Tropsch reaction. The

catalyst may comprise the noble metal in an amount of
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30 Il ess than 10 ppmor nitrogen, i.e. less than 10
ppm Such wax containing feeds may-advant ageously be

wo@bdoaiossed? f rom the synthesis product of a PCT/EP2003/050946

Fi scher-Tropsch reaction. The catalyst may conprise
the noble netal in an anmount of WO 2004/ 053027

PCT/ EP2003/050946 - 5 from0.005 to 5 parts by

wei ght, preferably from0.02 to 2 parts by weight,
per 100 parts by weight of carrier material. A
particularly preferred catalyst conprises platinumin
an anount in the range o% from0.05 to 5 2 parts by
wei ght, nore preferably from0.1 to 1 parts by

t ht i al.
B0 0P8 ot b7 B arin eably ite I eta
Zprarcﬁlmeme@gh’Catp@IryHO @@rrpanlyy melghtJScef d:ascté:bed in
ah er.lgi(armbgrgfcxﬁa§§§8$3:4éﬁe hceatgﬁggt‘?scsom gggr di ng to

e Invention 1s d t0 process waxy
Hleddswn ciks ath‘thecﬂlq’ﬁa% the manm af dirbmsbficée such as

4 YareX¥appleighackol@xpre FHISBEY r@f&%r 8liald 1dgLived,
feeds will conprise substantial anmounts of nltrogen-

RS ul RTurt PR PR s PR gV i oRh e rrist Wrdwrdath a feed
B :Samp3 el c{/ﬂ1©o§§i@1|ey$15blél sdta &ﬁ?aly@é@fﬂéet—lﬁf@%@r: ses
RC o]V ta an a non-nobl e ou met a
GidetiPe AR R G BRE SO REosT TROFEL T WnEoForal s
emdn@llta EE%@G&&% nickel, and one or nore of the

et 8LS SN, el ypdenum.and, Luggsten are 20
pre erre Ily preferred catla?yssts for use in
man@at:uh@rlau@hlt@ied@ DOPgRSSSBaxY feedabe ot iwbhch dobal t

2 nggyiymeeemcaﬂ ckeh Andotungsten andahigkel and
ybde

num_ T gl cally, the catalyst conprises from 10
"ffeﬁsem@nwlt 81ipydsidivgft fesrdst HélJGC@HIBrWEB syeshRntisfl

HKRseBl of zat%@&er %lahys&mm@éoﬁ&l%@n akdnponmbght , per
100 parts b ht of carrier. The oup VI1I
B & rheed 11

T 58 sefy Bre 9L B edenftEm amount of
prafardoly cbd@rpadd 3 Byoup VIB metal and a non-noble

Group VIIT metal. Possible combinations of one or more of
the metals cobalt, iron and nickel, and one or more of
the metals chromium, molybdenum and tungsten are
preferred. Especially preferred catalysts for use in
treating such feeds comprise, 1in combination, cobalt and
molybdenum, nickel and tungsten and nickel and
molybdenum. Typically, the catalyst comprises from 10 to
100 parts by weight of the Group VIB metal, if present,
preferably from 25 to 80 parts weight, per 100 parts by
weight of carrier. The Group VIII non-noble metal is
typically present in an amount of from 3 to 100 parts by
weight, more preferably from 25 to 80 parts by weight,
per 100 parts by weight of carrier. If desired, applying
a halogen moiety, in particular fluorine, or a
phosphorous moiety to the carrier, may enhance the
acidity -of the catalyst carrier. Examples of suitable

hydrocracking/hydroisomerisation processes and suitable
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wappkpsing? 30 a hal ogen noi ety,

wei ght, nore preferably from25 to 80 parts by weight,
per 100 parts by weight of carrier. If desired,

or a phosphorous noiety to the carrier, may enhance
the acidity of-the catal yst carrier. Exanples of

sui tabl e hydrocracki ng/ hydroi soneri sati on processes
and suitable WD 2004/ 053027 PCT/ EP2003/ 050946 6

catal ysts are described in GB-A-1493620, WD A-9941337,
US- A- 5370788, EP- A-537969, US-A-5292989, WO A-0014179,
EP- A- 532118, EP-A-666894 6and EP- A-776959. I n case of a
mneral oil feed to step (a) preferably 5 use is made

I hi d al I t al
FrgdyBHL ANCRL B B (AT, S6D, Y atudas Thove.
BUifphBdAta8nEBFAtIBE 96t dlyat- 583089 ebfremvediby, any
ﬁ.ALeszifach@b%eéeddg@@ma @otﬂ%%%g such as ex-situ

in-situ sul tion rexanpl e, sul phidation may
be 1D efTeetfed Weééht%’elt ifrgd ttre starala)strrafetridly

i RBURaaLC Rt Al HIGi088 catdEPs@DHaB A 37(r'i Uy %I_'g{l l‘\)ﬁ? ogen
and . hydrogen sul phide, a mxture of hydrogen an

eiPBoftd i §‘8Pp‘l’1‘i’}ﬂ1§ §FowP ML uRetadf aﬁyféﬁ%fgfé ednd a

dmfveapsiphisdeion aF bué ydaral aptaly. bdl deiRabhviey v,
sul 15 Carr[ted out bg contacti ng t he

i 8 B8 R TR SER AT B0 Sihur St AT ol
dmydneeambmmlphidatsmuh Bsr subpbly,- sa0phaddtiing Kef asene

fe%@é %J Co-é@gcél gpgfégt%g)glggg»qu% |Sp&lrp%duced into

e hy rocar bon oi drt Ssui tabl e
Gs:mtshmnq:mtsau ﬁwﬁg agoapowtdref of he'xdan@dare 2@

ey b pb] de kbl to'foﬁ%ﬂ}’clg%gl ysylphide. The

f'eedstock will preferably conprise a mninum anount
Hrsudghphrirey ﬁ BHferet of Kospoode angt al yercartan, such
aSéJ'b@llﬁyﬂxﬁéirc%b%El@ ﬂ&%ﬁ:ﬁaﬁwemyat shi g@.%ag% RR s&l phur

and ., nore preferab at | east m sul phur is
TFESERL O %C?Weaqtééa the Cﬁ*a?/lXSrFeWéFBr*év SIRRcHsary

$ 0 padd-astdiatindn@lhydrocarbon 0il, such as sulphur-
containing kerosene or .gas oil. The sulphur may also be
introduced into the hydrocarbon o0il by the addition of a
suitable sulphur-containing compound, for example
dimethyldisulphide or tertiononylpolysulphide.

The feedstock will preferably comprise a minimum
amount of sulphur in order to keep the catalyst in a
sulphided state. Preferably at least 200 ppm sulphur and
more preferably at least 700 ppm sulphur is present in
the feed. It may therefore be necessary to add additional
sulphur, for example as dimethylsulphide, or a sulphur
containing co-feed to the feed of step (a) if the feed
contains a lower level of sulphur. Examples of mineral
0il feeds, which contain lower levels of sulphur, are
slack waxes obtained from oil, which has been obtained in
a hydrocracking process. Such slack waxes may contain

between 10-200 ppm sulphur.

in particul ar fPCUDEP203/050946
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sul phur, for exanple as dinethyl sul phide, or a sul phur
containing co-feed to the feed of step (a) if the feed

wa@omuasig7 a | ower | evel of sul phur. Exanpl es oPCTEPmIOHD50946

oi | feeds, which contain |ower |evels of sul phur, are
30 sl ack waxes obtained fromoil, which has been

obtai ned in a hydrocracking process. Such slack waxes
may contain between 10-200 ppm sul phur. WO

2004/ 053027 PCT/ EP2003/ 050946 7 A preferred catal yst
for use in step (a) is a sul phided

hydr odesul phuri sati on chpLyst conprising nickel and
tungsten on an aci di ¢ anor phous silica-al um na

car i catalyst is preferably free of any 5
hal c%\gg%?fe?%%gs%?tpaﬁiyaléd]?%@élrs Sdle%uﬁetﬁﬁur(%/zsdtsl 8n catal yst
$idphided elvatrovesylohiughs ftyidnodasailysturcos@atisdngact i vity.
wctkl%l 51@('1 %'n&@ﬁé(n ang Qn az%ild\ilct X%%hlggg esﬂl%.ac L ?um' n
consi der abl y I gher activity n conpare fo %St e
FArLRE - afuchnipcRatFtvghgss arredemizimitnge caff ainyst s based

N el | THAS 10 AlddmhDRr SRS SRur iRR8E 65 a1 L BE has
hydrodesul phurisation” activity of the catalyst Is
hiTgre i THah n3e hutrofer el Phyrépalial pobeTigw -48%h and
st ipeef arighl ycheliay 35%ereWass®i B EB€siderably
hxg{odesykpﬁgrigation act'vitg i s expressed as the
TAEEA R gt LI CBRE Bt 61 63 fdr BERren 15

cir gl V gngrtedu cost adinéng t ddtaphete Hasea ottt actsedivat h t he

dr od huri sation
Rt e, BRSPSl T et o
TOHVALY | 7 tae hyhrlogénis Hiigphenthan R0&randrirole 200 ny

%Eef%r§91§%é1%§h4%%s,u'aaaiﬂ&dc g@&ﬁéx_ya%tlgggﬁ#vb%%gnd 350

, Wherein the 20 hydrogen rate i1s 54 nml/mn and the
fiTsaReRls hygHedetHebiersatson ¥t bty ihexporasedas

feede ylatalivshend bekeshiale 60 denygededpohhe test
are first crushed and sieved through a 30-80 nesh
sfankdng Theoducas ablyat thioplivare dsi eththotedtwitdashe 30
@gigﬂy§§ @aei0QtShdard hydrodesulphurisation conditions.
The standard conditions consists of contacting a
hydrogen/thiophene mixture with 200 mg of a 30-80 mesh
sulphided catalyst at 1 bar and 350 °C, wherein the
hydrogen rate is 54 ml/min and the thiophene

concentration is 6 vol% in the total gas feed.

Catalyst particles are to be used in the test are
first crushed and sieved through a 30-80 mesh sieve. The
catalyst is then dried for at least 30 minutes at 300 °C
before loading 200 mg of dried catalyst into a glass
reactor. Then the catalyst is pre-sulphided by contacting

the catalyst for about 2 hours with an HyS/Hp, mixture,
wherein the HyS rate is 8.6 ml/min and the Hp rate is

54 ml/min. The temperature during the pre-sulphiding
procedure is raised from room temperature, 20 °C, to
270 °C at 10 °C/min and held for 30 minutes at 270 °C

before raising it to 350 °C at a rate of 10 °C/min.
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25 before |l oading 200 ng of dried catalyst into a
gl ass reactor. Then the catal yst is pre-sul phided by

H2S/ H2 m xture, wherein the H2S rate is 8.6 ml/mn

and the H2 rate is 54 m/mn. The tenperature during
the pre-sul phiding 30 procedure is raised fromroom
tenperature, 20 C, to 270 Cat 10 Cnin and held for
30 mnutes at 270 C before raising it to 350 C at a
rate of 10 C/ mn. W 2004/ 053027 PCT/ EP2003/ 050946 -
8 During pre-sul phiding_nickel and tungsten oxi des

are converted to the active netal sul phi des. After

re I hi di n he, H2S .f t opped and H2
LBt he s SPabd i ik Akt EhH Ppocs a2
donernost dtot eble (Hasve viestsel sulplcicebai X ey bheephene

Tyl SIRPLAL Ui & che, TBLedlA8%, VoS 3Ey) 80 aPY

nperat ure o e secC n ass vessel
nﬁekeptslaﬁnllﬁlﬁ: th%utﬂlﬂ Ecwoa PREFmA3 @ 8 Béd e:;l@fss Mﬁ&m@ene

16 C i rrm—elg hydr ogen S s the
% ntgémrn thloplesrl sa urgct S Gg\%o%/% %Ifﬁ ene.
v‘H:seetl ebt Keptpetr faor tedarat tlxeb’aempmdtare af tthapmcainw e
5 The eqQus, produ r
R e R S
ihdpbbens gt dét e¢ticr Sevmtig, 30herihydresert wmasf shat hour s.

érﬁe?gdﬁ{e tg@agptlaéé%t@rrf@ QQHfé@dewY@lllu@vfqu the 15
hydr odesul phuri sation activity the test values as

BHrareRe Fpet hestaidvBeRerRse %tre1L eaFrad éd 3uch to

@ esPond otfossdne’dlydn@dﬁ%@bﬁgLﬁﬁoaa&t@rhz@cbhxwééoof a
ref erence cat al referen Wﬁ aefZLFIS t he
I

RofRePRtHl® €245 %’d‘fia? Fag89Y "he date of
2hikatidrg defceCrot evieon Latahysds Companyr (hdoust on) and

its,. ref e_jtydrode [,sat i CIVI is 22
wt % a2 S dgﬁ oqt hg % orl\%léH{:’ie%%. I"%Eu?a St ﬁégbot h the
meﬁ@demla:rmauaa‘ymn @tte‘sltycthéﬁ'e)standlmd’ﬁe apest

6ggéik¥§tby the above method are corrected such to
correspond to the hydrodesulphurisation activity of a
reference catalyst. The reference catalyst is the
commercial C-454 catalyst as obtainable at the date of
filing of Criterion Catalyst Company (Houston) and its
reference hydrodesulphurisation activity is 22 wt%
according to the above test. By testing both the
reference catalyst (“test C-454”) and the test catalyst
(“*measured val”) one can easily calculate a consistent
actual hydrodesulphurisation activity according to the

above test with the below equation:

Actual activity = “measured val” +{(22-“test

C-454") /22) *"measured val”

The hydrodesulphurisation activity of the

"nickel/tungsten catalyst can be improved by using

chelating agents in the impregnation stage of the

the catal yst for about 2 hours w PET/BP2003/050946
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("measured val ") one can easily calculate a consistent
25 actual hydrodesul phurisation activity according to

w0 b@4/osdoeve test with the bel ow equati on: Act UBCT/EP2003/050946

activity = "neasured val" +((22-"test

C-454")/22) *"measured val" The hydrodesul phuri sation
activity of the 30 -nickel/tungsten catal yst can be
i nproved by using chelating agents in the

I mpregnation stage of the WD 2004/ 053027

PCT/ EP2003/ 050946 9 preparation of the catal yst as
for exanple described by, Kishan G, Coulier L., de
Beer V.H J., van Veen J. R R, Nlenantsverdrlet J. W,

f Si 6, _180-189 ampl es of
%E%P%ém% 8%1 s)éa!rtél B nitfr roterxlaa e?ldge)sgff% ey
Kdshgh ehedlcalrﬂn@t ét-; ade dicec @i 0., (EDTA)jecand.A.R.

Nlle%aH&/&Je%% efliyam B‘&J}lla'i' S dé[ta%%ﬂ%ai@%et' c acid.

he carrier for thé cat is a ous silica-
@louh%a(wﬁﬁé t’@famplamfpﬁéakatlmda@m‘@% age| ack of

ﬂyff§léﬂrlaEQt§éré&ﬂdur@%hj%%ngg{éﬂﬁﬂétQVrQSdQQXC acid
dlffractlon in the carrier material, although sone

ER3At F%hde? o?fé‘élﬂhﬁﬁa%amb’éeﬁ\‘gs@nﬁ“ AFG pROTRFic
#&idi. ca-al um na suitable for use in prepar| ng the

t t bl .
At PRETTArS, FneTs T VA i AEOREY Be “hHT ed by
dlismpnacifist aeitmd aanrphars"nanainthtesse | iask bydeogalaland

I Vi | ci i h f

e i g e R
crrapprpiousal sidlitbauelt aempasicantr irenge Trelegimy meaus
1 bl68el URhBAnRICLELADL Y GRMAISRS: ALITI-RE Lok an

amount I n the range of 20 from5 to /5% by wei ght
RAFPEThr e ftércabh R YvsEntarrics 60%Vaiyahes g-‘rﬂfmascwlly

ZQL&'eQHE@_{\%d.yQntlﬁ@%l@.@&é*ﬁrumﬂhé)rh%y Aevsfé/par%al babl e
am)rg ous, silica-alum na product for use in_preparing

RAFELRAt AT St aEa"i”r‘%“@Pac%‘?‘Fpral SESL AN BT GhE

subsequently drying and calcining the resulting material,
as is well known in the art. The carrier is an amorphous
silica-alumina carrier. The amorphous silica-alumina
preferably contains alumina in an amount in the range of
from 5 to 75% by weight, more preferably from 10 to 60%
by weight as calculated on the carrier alone. A very
suitable amorphous silica-alumina product for use in
preparing the catalyst carrier comprises 45% by weight
silica and 55% by weight alumina and i1s commercially
available (ex. Criterion Catalyst Company, USA).

The total BET surface area of the catalyst is

preferably above 100 m2/g and more preferably between 200

and 300 m?2/g. The total pore volume is preferably above
0.4 ml/g. The upper pore volume will be determined by the
minimum surface area required.

Preferably between 5 and 40 volume percent of the
total pore volume is present as pores having a diameter

of more than 350 A. The total pore volume is determined
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silica and 55% by weight alumna and is commercially
25 available (ex. Criterion Catal yst Conpany, USA).

wab@4pstoal BET surface area of the catal yst i SPCT/EP2003/050946

preferably above 100 n2/g and nore preferably between
200 and 300 n2/g. The total pore volunme is preferably
above 0.4 m/g. The upper pore volunme wll be

determi ned by the 30 m ni num surface area required.
Preferably between 5 and 40 vol unme percent of the
total pore volune is present as pores having a
diameter of nore than 350 A The total pore volune is
determ ned WO 2004/ 0530 PCT/ EP2003/ 050946 - 10

' th ard_.T Qd f Det.er n|ng Por e
b e P B L PP E R (R o £ s on
VPows iDFstF HhutASTIVG D ZH284y 883 b]?héeacrnnyphoususmn

Pg%é%tquur@g@ ¢ansd£gg0f the catalyst 5 preferably
has a ceffain mninumacidity or, said in other

wor B aalorrplmwmmlé%wﬂﬁ@l%tqawwr Ex &hpl extaghst

peHEEADNIG GRETd @EeSthaYiNdihlle JLautyed achiyify are
described in WO A-9941337. Mre preferabl t he

°€B?ﬁl‘ipﬁds'c%ﬁ?ﬁ“éﬂuma?%aéﬂ‘lﬁ%\ﬁ‘ﬁg}vb‘é%n fgarpieedt at a
siePeTatcdrei &fs h@vslug ttakl yedetraaeacéBAtgndrd 000 C, has

t { t I
FeRud Moot T BTGB B e s h A
cca:ratekx,ngifltsr neesngededyy chileitedpr epar i tregpeaatst@nadar d
s&?&/gﬂ) ftbe‘EQQ& 'n nc?d'l.Otolae° alh%' ngdcecr%ralh 1r§1§nuﬁnd 0.4

atlnun1 tan cata ysts are teste 40- 80
nrrbshtmﬁ ciretkng whatehitar esdvildd bat d%@l@eéeirom@re
de@adi N1k .t he test reactor. The reaction is carried
out in a conventional fixed-bed reactor having a
| enth H-HerERRnerarking its Beastgefoby. Prstherapaaiadr d

£ atahySis cat g1} cefsiead npr 6OreHe0chestiatgcatr 430 C for
BehSy Al VA 0000 Ll pur ale, 92 24 Nal{ryn, and @
40-80 mesh particles, which are dried at 200 °C before
loading in the test reactor. The reaction is carried out

in a conventional fixed-bed reactor having a length to
diameter ratio of 10 to 0.2. The standard catalysts are
reduced prior to testing at 400 °C for 2 hrs at a

hydrogen flow rate of 2.24 Nml/min and a pressure of

30 bar. The actual test reaction conditions are:

n-heptane/Hs molar ratio of 0.25, total pressure 30 bar,

and a gas hourly space velocity of 1020 Nml/{(g.h). The
temperature is varied by decreasing the temperature from
400 °C to 200 °C at 0.22 °C/minute. Effluents are
analysed by on-line gas chromatography. The temperature
at which 40 wt% conversion is achieved is the n-heptane
test value. Lower n-heptane test values correlate with
more active catalyst.

Preferred carriers have an n-heptane cracking
tempéerature of less than 360 °C, more preferably less

than 350 °C and most preferably less than 345 °C as
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30 bar. The actual test reaction conditions are:
n- heptane/H2 nolar ratio of 0.25, total pressure 30

whano4/053etd a gas hourly space velocity of 1020PCT/EP2003/050946

Nm /(g.h). The 25 tenperature is varied by decreasing
the tenperature from 400 Cto 200 C at 0.22 C/ m nute.
Effl uents are analysed by on-line gas chromatography.
The tenperature at which 40 wt % conversion is
achieved is the n-heptane test value. Lower n-heptane
test values correlate with 30 nore active catal yst.
Preferred carriers have an _n-heptane cracking
tenperature of less than 3'60 C, nore preferably |ess

f 45 C as WO
58047 053657 PCr! ERY0S 0500Rs. toon MR g

heRBarth GFecHERE risheeratese. iTherafienphlimmereheprane

3a0aeKi g hepPeiAlrdr81\S gRESE &Y alby mre’ct han 310 C
and _nore preferably greater than 320 C. The cracking

act TR4 thaSFl%é%FVWa oF| tinf it ldspraaming eanrise

danf béle.lﬁff&deﬂcyed qur edlara&bﬁplé/aMaa&a@_{brpfofth@e al um na
|str|bcht|on rr er,.variatjion of the

EFtht §§r6lf’u%1°ﬁml?\a Sn SR FBL Far PPEFALIERAOF h%hec ype of
palcuantge as aJsungaaetxalﬂhya kaomire Oaﬁ@etrﬂttyb@d:ﬂ n the

B‘tn Reafe&gniq_[era ks J.espect | |s de, to E
?L fLovmng whi ch 1 19°s ra edtﬁeam?éft Von
RBEeneRrceHin tb:amlcewpecmbemam tonshel Eridovkn®. | Z.
a@:@@&ges QJhllgh llgju%@aig’@ﬁ:he7gb§s% (%8§3ﬁren!e§0ﬁard A J.

tnasa% Decl erck F.D., . Sc. of
JeRE Year d6R§T Sbo. Wendhendto. aosz aﬁﬂo%b@llw et al, J.
dMakersohem-gs 19943, ; LJe%nééc?)A J113r’kaﬂ{ila3émyTbe cat al yst
maﬁ al sq conprise up_t wt % of a large pore
BrGI 8Tt dr sreliﬂr‘élplﬁ?:e‘?é:f aleﬁs%n o Ghe nerpEates-
12eal, i 9®-108uchna aobhties «ar alywef.| Masernn dhent herswd,, and
4|(|%:I' ude, foc_exanple, zeolites such as X Y,

The catalyst may also comprise up to 8 wt% of a large
pore molecular sieve, preferably an aluminosilicate
zeolite. Such zeolites are well known in the art, and
include, for example, zeolites such as X, Y,
ultrastable Y, dealuminated Y, faujasite, ZSM-12, ZSM-18,
L, mordenite, beta, offretite, 88%Z-24, SS7Z-25, S87-26,
SSZ-31, SSZ-33, S8S8Z-35 and S8zZ-37, SAPO-5, SAPO-31,
SAPO-36, SAPO-40, SAPO-41 and VPI-5. Large pore zeolites
are generally identified as those zeclites having 12-ring
pore openings. W. M. Meier and D. H. Olson, "ATLAS OF
ZEOLITE STRUCTURE TYPES" 3rd Edition, Butterworth-
Heinemann, 1992, identify and list examples of suitable
zeolites., If a large pore molecular sieve is used then
the well~known synthetic zeolite Y as for example
described in US-A-~-3130007 and ultrastable Y zeolite as
for example described in US-A-3536605 are suitable

molecular sieves. Other suitable molecular sieves are

ZSM-12, zeolite beta and mordenite. Such molecular sieve
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20 ultrastable Y, dealum nated Y, faujasite, ZSM 12,
ZSM 18, L, nordenite, beta, offretite, SSZ-24,

W@®3H4AS3025SZ- 26, SSZ-31, SSZ-33, SSZ-35 and SBZF/BIF2003/050946

SAPO- 5, SAPO 31, SAPO 36, SAPO 40, SAPO 41 and VPI-5.
Large pore zeolites are generally identified as those
zeolites having 12-ring 25 pore openings. W M Meier
and D. H dson, "ATLAS OF ZEOLI TE STRUCTURE TYPES"
3rd Edition, Butterworth- Heinemann, 1992, identify
and |ist exanples of suitable zeolites. If a |arge
pore nol ecul ar sieve is 1uzsed then the well-known
synthetic zeolite Y as for exanple 30 described in

A- 3130007 an uIt stabl e, Y zeoI| or_.exanpl e
R Sl o bR T
theevive.Qt her sui tabI e nol ecul ar si eves are ZSM 12,

h I WO
S i 3

agyt of ydes sutaila ApkRLVSEL Wr@tioer@c@nma%%fknome

18l eNE.artheacataleysta frithdgerdN tht ePrdRlrafBYn RE the
prepared by, any of the suitable catalyst preparation

CREERDT GEBTKIFMTIL 51 2 Ré* e °A b @PFBPYHet hod for

stihecprapanati o af stheaar Ii(ﬁthOHiaﬂfltL&ﬁSlgnﬂhél ng a
m xture of .the anor

h
P I FEUE SRS HES RESt Uy d0a R HRPERS and
agalf et mxaglpuheddsﬂxmbed nigh BRtAtEIEBOS. T karrekearpl e

m%ﬁzsﬁrgnlrebea %ble6§g§r94moxpel )'gig UQIFQ e%o:'l.'o {%jﬂave

sSui ta Ie ormknown 'in the art
Ctyytt'tn@mqadal hohigiW ewlendudigdt i dedltifobed Ioe‘bedlfmeot W st ed

ki Lgheda ﬁag@%tnfémea*gh é%qetﬁgrcgtlae cat al yst

particles is cylindrical |ca , he &xtrudat es
ofavécles denrREINH Rkt &ypéﬁa mtbese%féueaﬁﬁﬁ have

Preherably ahkosn :bf]-@rér@ 035rrfra> Al pLXASASE PNErdnh e
extrudates are drie be effectgd at an

B év‘&‘l‘ed*fttéﬁp‘:é’ftd:t‘ﬁllgn' eFé’?ﬂiﬂ%eﬁpa‘feo 9%689C, nore

pr ebeyaly yayphd @£380:4d at an elevated temperature,
preferably up to 800 °C, more preferably up to 300 °C.
The period for drying is typically up to 5 hours,
preferably from 30 minutes to 3 hours. Preferably, the
extrudates are calcined after drying. Calcination is
effected at an elevated temperature, preferably between
400 and 1000 °C. Calcination of the extrudates is
typically effected for a period of up to 5 hours,
preferably from 30 minutes to 4 hours. Once the carrier
has been prepared, nickel and tungsten may be deposited
onto the carrier material. Any of the suitable methods
known in the art may be employed, for example ion
exchange, competitive ion exchange and impregnation.
Preferably nickel and tungsten are added by means of
impregnation using a chelating agent as described above.
After impregnation, the resulting catalyst is preferably
dried and calcined at a temperature of between 200 and

500 °cC.



10

15

20

25

30

The period for drying is typically up to 5 hours,
preferably from30 mnutes to 3 hours. Preferably, the

wQooaxsoetiat es are cal cined after drying. Cal CPOEHEPZIN3/050946

is effected at an el evated tenperature, preferably
between 400 and 1000 C. Cal cination of the extrudates
is typically effected for a period of up to 5 hours,
preferably from 30 mnutes to 4 hours. Once the
carrier 25 has been prepared, nickel and tungsten may
be deposited onto the carrier material. Any of the
sui tabl e nmet hods known gy the art may be enpl oyed,

for exanple ion exchang conpet|t|ve |on exchange

and at on r n I
oD, S90S s P 2EL e g on ore
pacgeatreas Td'escazi lvpe rabionee tempé taenurespfegnati prmcesise
RSt L0 Gabaliste Ly Reber ablaso de) 68.30d.0a) Glhned

a te erature o meen and
tzl@oztm%%@ﬂfmrﬁepzb@a#coa@mm motg piStfepably drs

&@nggﬁgfee%fatfr&h e\sat ed dLNREr &t U apth HYHeSSM €.
Typi cal operating tenperatures for the process are in
RFELR DRSSP EF GFe20D B 528%0 & Tppefadt 481 $09 Pazyhe

;rr@mgeamfy ;1hoﬁh§]r%nget@f ‘E%%m%?O ey eepnﬂler abl Veﬂyn 5 the
r, ge. o rom to

T S e o 651 TiBREE (iBe Lot HAgh S61% 6500
dhaasli,red ptrref @w:ab:kqa:el nst puee feang ey ofetlieom 0 tboldGMharar .

nd \I{lg£‘ pre rab S%g%lné 1'89e%(o 150 hl gher than 135,
PasE°0f 15 are T he essure Ts preferably

betherh%ﬁ?opgruqn)fbad nﬂ)tapdcaﬁﬁyetpeaﬁqﬂ'ably wEtoheen
kfloQJQl% Oﬂa’i% b@ioclTéﬂyelHy&[eOQ%QQ%f‘ eednig. dypically

trea a welg hourly Space velocity in the
Y.ande/ bfh.f ponre (Pl@fteéaqlﬁs egrie rangsr ef prirefeP ablbe in

thexkange ahef foun Qab #O coilatgctl,‘egf Wibn dihe chestydmy be
contacted wth the catalyst 15 in the presence of

ﬁﬂJF@ehQ%ﬁ§ﬁ§€ﬁ of pure hydrogen.

Alternatively, it may be more convenient to use a
hydrogen—-containing gas, typically containing greater
than 50% vol hydrogen, more preferably greater than
60% vol hydrogen. A suitable hydrogen-containing gas is
gas originating from a catalytic reforming plant.

Hydrogen-rich gases from other hydrotreating
operations may alsc be used. The hydrogen-to-ocil ratio is
typically in the range of from 300 to 5000 1l/kg,
preferably from 500 to 2500 1l/kg, more preferably 500 to
2000 1/kg, the volume of hydrogen being expressed as
standard liters at 1 bar and 0 °C.

Step (a) and (b) may be performed in a so-called
series flow configuration or in a two stage
configuration. The series flow configuration is defined
in that the total effluent of step (a) is used as feed to
step (b). Thus in this confiquration no intermediate
separation of gaseous or liquid fractions from the

effluent of step (a) takes place between steps (a) and
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Alternatively, it may be nore convenient to use a
hydr ogen-cont ai ni ng gas, typically containing greater

W0 b@n/050% vol hydrogen, nore preferably great ePCT/BBI003/050946

60% vol hydrogen. A suitable hydrogen-containing gas
is 20 gas originating froma catal ytic reform ng

pl ant. Hydrogen-rich gases from other hydrotreating
operations nmay al so be used. The hydrogen-to-oil ratio
is typically in the range of from 300 to 5000 1/kg,
preferably from500 to 2500 1/kg, nore preferably 500
to 25 2000 1/kg, the valune of hydrogen being

expressed as standard liters at 1 bar and 0 C Step

F? %bgf Q Iperforne |n a_so-calle series
jgirration 1is adva ecause 1

OMICOH rguratiron or Fag confTgurati on.

efthlel serthespfdwwsconfley uraatleah ous tefd médprBO mamnbhat

€. flue p ) S
e e T A e L g
ree?a%\fr@tu Bhipfcogasewir-iop fardied aflyaciadenssiy om t he
g\%ﬁlé@%roihétﬁﬂaﬁaﬁe&@ke§u@4 %%eti@@tﬁ\’i%%ﬂeﬁﬁb%s@ﬁ) and

2004/ 053027 PCT/ EP2003/ 050946 _ - hi s
deshreYdrati 6iF désﬁﬂvﬁﬁiéB%ﬁﬂsABB&HE§$S|Pav%ﬁﬁﬁpés t he
tﬁﬁ@cﬁﬁﬁs EBnbﬁ;Lﬁ&l‘cﬁ.b@d:e@UEle@ k& sbppieal rflaﬂrhﬁineraﬁor ;

a 0 reactor .or two sequenti rrange
oL abess RaFE L SR Sl B RAPER T Aard o R0 s
sapmphm:ed;sflng the abbeanidseedlsed srehsakpHilded catalyst
5 ? Jropsch derived feed, as discussed above.
Rpp |can S have found that this configuration can
al stndideapplivard aberofritdpaserigis-fleedondipeediipn

iGOREL & N Rgsbeiveen ¥OQ,and 200QRPBAN %é' RBpLrdigiing the
above descri bed pre- sulphl ed catalyst 10 in step

frop. theGERdReRd PENBERR O  t WREChs BpT R R¥Gedhent low

GRBELSUIRL bOBpertS ebNatuch @8ScTiud BBthiKerOgeas {r oduct
can be separated fromthe effluent of step (b), which
BRaDE- excel l ent | ow

In a series flow configuration the pressure in

steps (a) and (b) will be about.the same for obvious
reasons. The pressure will be determined by the desired
viscosity index as explained above. Applicants found that
to maximize the yield to base oils ex step (b) the wax
conversion in step (a) 1s preferably between 40 and 70%
and more preferably between 45 and 60 wt3¥. The wax
conversion is defined as (wax in feed to step (a)-wax in
effluent of step {a))/(wax in feed to step (a))*100%.

In a two-stage configuration part of the gaseous
and/or liquid fraction of the effluent of step (a) is
separated off before using the effluent as feed to
step (b). Preferably at least part of the ammonia and
hydrogen sulphide is removed from the effluent of
step (a) prior to using said effluent as feed of
step (b). Preferably the liquid effluent used as feed of
‘step (b) comprises after separation less than 1000 ppmw

sulphur and less than 50 ppmw nitrogen. Removal of
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tenperature properties, such as cloud point or freeze
15 point. In a series flow configuration the pressure

WO n004953ps (a) and (b) will be about. the sanmeP€DEP2003/050946

obvi ous reasons. The pressure will be determ ned by
the desired viscosity index as explai ned above.
Applicants found that 20 to maxim ze the yield to base
oils ex step (b) the wax conversion in step (a) is
preferably between 40 and 70% and nore preferably
between 45 and 60 wt % The wax conversion is defined
as (wax in feed to step (@)-wax in effluent of step
(a))/(wax in feed to step (a))*100% 25 In a two-stage

j t t_of t S r..ligquyid
R ATaRE B o Rpt 1 BRPBS 0L g M o1
khefpmeansi nfpa lsgaepld héah rresteese storicsier (b).

pReed LAl ¥s Blg %§é§$gé%aﬁg §%rﬂdﬁ§n?mﬁﬂﬂiﬁo§@d hydr ogen
sul phidé is renoved fromthe effluent of 30 step (a)
ppeforally adFhgashi oF erlfl pértheadrrekiProbostw (b).
sBhefaftabhyy tha o g hagbf bueProdsed Rsgbesth ahe -step
éb% cogprlse-s-after sega q%#fn [ ess .t han 1000 pgnw
98P pHUFCHRTM T ESs 2 F haifPs aé‘i) AL POgER L RRMIVR EBF WO
eZ@MéxﬁSB@thM/aEPZZQO%/d@EﬂQ@; of 4d5wcaBnBgdE a and
Dy aden syl phided foybe. aohi eved: Ly el gnown
neaﬁ%, or exanpl e high pressures rlpplﬁg
spiefer gohyensiaag hydregena abugiher ppivegtgas. idvithet

I a a e; ' iling 5
t@ %gé%%?lirél %%ggpog/\% )t E%nbgé e%s%np%%%%%%a%gtnlgg fé% t he
tHasRERFSUEB NP IFERPs (@) € Noshatat eaehbyldi $her | earisddetr om

tbhepe &ffd Ueay @f step iRkr MAradvantagexef s diMayst age
configuration 1s that feeds havij ng a relatjvely high
ASuFphiuPeCBRER MATEaRt peeu BT CRIEUPPHEM9alGEM age i s

Whatc I be pareseUr Erdm thtepr{Ikneadt Beephoseness
gdependently, from, the pressure Ln step, (@) Mormlly
use of a smaller reactor for step (b). Suitably between 5
and 40 wt% of the feed to step (a) is separated from the
effluent of step (a) as a fraction boiling below 370 °C.
The catalyst composition of the catalyst used in
step (b) comprises a noble Group VIII metal, a binder and
a zeolite crystallites of the MTW type. Examples of MTW
type zeolites are ZSM-12 as described in US-A~3,832,449,
CZH-5 as described in GB-A-2079735, Gallosilicate MTW as
described in Y.X. 2hi, A. Tuel, Y. Bentaarit and
C. Naccache, Zeolites 12, 138 (1992), Nu-13(5) as
described in EP-A~-59059, Theta-3 as described in
EP-A-162719, TPZ-12 as described in US-A-4557919 and
V3-12 as described in K. M. Reddy, I. Moudrakovski and A.
Sayari, J. Chem. Soc., Chem. Commun. 1994, 1491 (19%4).
The average crystal size of the zeolite is pfeferably
smaller than 0.5 pm and more preferably smaller than
0.1 pm as determined by-the well-known X-ray diffraction

(XRD} line broadening technique using the high intensity
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to operate step (b) at a | ower pressure. A next
advantage .is that because part of the conpounds
whoeikiossy2bel ow 370 C can be renoved fromthe ePET/BRIV3/050946
of step (a) less 15 feed will have to be dewaxed in
step (b), enabling the wuse of a smaller reactor for
step (b). Suitably between 5 and 40 w % of the feed
to step (a) is separated fromthe effluent of step
(a) as a fraction boiling below 370 C. The catal yst
conposition of the catalyst used in 20 step (b)
conprises a noble Goup MII netal, a binder and a
zeolite crystal lites of ]Ihe MTWtype Exanpl es of MIW

e.z r d r 0.
p%%’gft gg %}9@ % C%%LM@ a%‘es%??b%gt%%ﬁcgh?%- 2079735,
pé&ateosi | | cat e MI\Was described in Y.X. Zhi, A Tuel,
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t8ht the ezeoht 1A 1St psefoar ablnyinas pabi Rlest hiare 0. 5 pm and

STl SRR Pt o MRS ey 8 (i aBe N EXR T e
okt gadenichgas ecilincgueziusionya t e thngd, igetraasidny WO

39944953027, PCT/ FL2003/ 050948, cLOyo o3k 1,8004,:20.9
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or alum na containing binders. Applicants have found
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dnbats |@c£5ﬁ§@tirﬁ|sbbiefcfa%%sof>e adaviEnBaggevicdes nore

i mproved cat al anples.are |ow acidity refractory
a&%?a%%n%&@he ‘%‘}li’llﬁpﬁﬁ r@efﬁbﬁté' titania, germani um

The silica to alumina molar ratio of the zeolite
.prior to dealumination is preferably larger than 50 and
more preferably between 70 and 250 and most preferably
between 70 and 150. Preferably the zeolite has been
subjected to a dealumination treatment. The dealumination
of the zeolite results in a reduction of the number of
alumina moieties present in the zeolite and hence in a
reduction of the mole percentage of alumina. The
expression "alumina moiety" as used in this connection

refers to an Al»03-unit which is part of the framework of
the aluminosilicate zeolite, i.e. which has been

incorporated via covalent bindings with other oxide

moieties, such as silica (SiO2), in the framework of the

zeolite. The mole percentage of alumina present in the
aluminosilicate zeolite is defined as the percentage of

moles Alp03 relative to the total number of moles of

oxidesvconstituting the aluminosilicate zeolite (prior to

dealunmination) or modified molecular sieve (after
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waowidoglos3oeati o of the

10 di oxi de, boria and m xtures of two or nore of
these. The nost preferred binder is silica. The

can be anywhere between 5:95 and 95:5. Lower zeolite
content, suitable between 5 and 35 w% may in sone
cases be advantageous for 15 achi eving an even hi gher
selectivity. The silica to alum na nolar ratio of the
zeolite ,prior to dealumnation is preferably |arger
than 50 and nore preferably between 70 and 250 and
nost preferably between.70 and 150. Preferably the
zeolite has been 20 subjected to a deal um nation

dééfﬁﬁﬂﬁBEROH) rg? q&”é fﬂﬁlngélé4j%szﬁgkfof%eresu'ts

rn a reduction o e nu er o noil eti es
speledért the trr@eiuzemr} tia ahgnimenvei¢ties inedthscti on of

fi&ﬁed&'}c%@%ét%%ﬁg@ 1otnal 3¢ na. The expression
"al um na noi ety” as used in this connection 25 refers

t o RERlATPOELIRR MavHisc ReFEomect Pyimaane Pf affsAdiRI of

Pk &€ b ﬂ@@léulrea&e Zeehkt/oliire. cMpitall hass heen
i ncorporated via coval ent bindings with other oxide
SRHTBVESY Seti™aBasid i EaST D2y THIKRE framework of
debeumizeab oh ecestiles Nl @ pedweribager afheahumbara oFr esent
in_the 30.al mn0|I|catezeoI|te| efined.as the
S EF%%entagé% Sroes ? DeNFS05 R CAY T Ve l% tq'heerf o $°
nnt rr-b’ecreochﬁngottm 1oterrra>l| désugmirst p£ umengebhete

st cals gpeLise o dsgly o o
rPATF ERPOOS/ S5T0H8 mowneswewt@m Franework Wik deabl y

16gal WHNLE 8L di3 yPSEfRIREl. 1 Sheh1bdatpebheni £dUGHi on in
alumna noieties in the framework is between 0.1 and

ushog THEMURTFHEGS0AS iy YBACHE MO8 ARtEHY YReans of
debeammGion St Rmefigaa@bl y the surface of the zeoI ite

crystallites, are sele iyel y. deal a

el BT S Faea™ TR aat vl oo HRR ST 4n the
a&eduB&nﬂﬂ&u@érIjﬂ@saﬁUﬁNmEthbds are those, wherein the
dealumination selectively occurs, or anyhow is claimed to
occur selectively, at the surface of the crystallites of
the molecular sieve. Examples of dealumination processes
are described in WO-A-9641849. US-A-5015361 describes a
method wherein the zeolites are contacted with sterically
hindered amine compound.

Preferably dealumination is performed by a process in
which the zeolite is contacted with an agueous solution
of a fluorosilicate salt wherein the fluorosilicate salt
is represented by the formula:

(R)2/bSiF6
wherein ‘A’ is a metallic or non-metallic cation other
than H+ having the valence ‘b’. Examples of cations ‘b’
are alkylammonium, NHg+, Mg++, Li+, Na+, K+, Ba++, Cd++,
Cu+, Ca++, Cs+, Fet++, Co++, Pb++, Mn++, Rb+, Ag+, Sr++,
TTl+, "and Zn++. "Preferably ‘A’ is the ammonium cation. The

zeolite material may be contacted with the fluorosilicate

nmol ecul ar si eve and t he BCTYEP2003/050946
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surface acid sites of the zeolite crystallites, whilst

not affecting the internal structure of the zeolite 10
wa@eaogisdok t es. When appl ying a surface deal uni PEI/EP2003/050946

the reduction of alumna noieties in the framework

will be |lower and preferably between 0.1 and 10%

Deal um nation using steamresults is a typical

non- sel ecti ve deal um nation techni que. 15

Deal um nati on can be attai ned by nethods known in the

art. Particularly useful nethods are those, wherein

the dealum nation sel ectively occurs, or anyhow is

claimed to occur selectively, at the surface of the

crystallites. of , the ecul ar _si eve. anpl es of
Saggl%tman i Bn SB%E%@ sggl“ﬁ)er’ar eaﬂ%?é'r isﬁgﬁ ¥n

AW Aei964 184 RorodBs #\- ZOT686dxapd er ddesrinednmet hod wherein
1hNes 5EAhLY B8 A6, CONNARERLL Ml D SLA(GaLLY,, Jyf nder ed
am ne conpound. Prefera y alum nation is perforned

rpyerrask seess the Alfritceathentzeolite is contacted with

an Aequs: v Ubhodkitdenofs . bleupnos bi-egd salt
wherein the fluorosilicate salt is represented by the
TE 5% AR Uiy SPESFEE L tRhBEET fFhealoy @c4diky findgror
aﬁ%%d%e@hé%@lﬁ%?b?&tQEQEEh% td&%guh‘b‘td’l&;ﬂkalg the val ence
' . Exanples of cations_"b' are a nmoni um
IRRHIITRG Y TSP ERAY, ERSTCRRAY, e RN o,
dEedi beboatbovd b+, hadn beenRbdyndAghat SInttncreased
711+, -and Zn++ - Preferably - A, i he ,ammnj . i on.
R €ty DE) SIS han B RO ETTR (el
when growialred at @ ondi 29047 0589 2RARETEERZDGRLP50946 - 18

sal ft eits Be_@ﬂ-}v%fd %Hétg q}}l Ma%a%@ﬁg%@%cidi_ %tf @he

deal um nation processis for exanple described in
celSa v 1 5719 11 OWTRE Vi Al iTR At Aok Ot PERHUTESt PP5lidds o

J€E£dd adiet QuissS Hohei A IShEeal sMitiuce Theptatalvsst
f%lonq‘gogkllattl ‘to:ﬂelgatparlg];grse%QUXdpﬁae earagdalp ha value below
50 prior to metals addition, preferably below 30, and
more preferably below 10. The alpha value is an
approximate indication of the catalytic cracking activity
of the catalyst compared to a standard catalyst. The
alpha test gives the relative rate constant (rate of
normal hexane conversion per volume of catalyst per unit
time) of the test catalyst relative to the standard
catalyst, which is taken as an alpha of 1 (Rate
Constant=0.016 sec -1). The alpha test is described in
U.S. Pat. No. 3,354,078 and in J. Catalysis, 4,
527 (1965); 6, 278 (1966); and 61, 395 (1980), to which
reference is made for a description of the test. The
experimental conditions of the test used to determine the
alpha values referred to in this specification include a
constant temperature of 538° C. and a variable flow rate
as described in detail in J. Catalysis, 61, 395 (1980).
The noble metal Group VIII metal used- in the catalyst
of step (b) is preferably palladium and more preferably



10

15

20

25

30

first extruding the zeolite with the low acidity
bi nder and subsequently subjecting the extrudate to a
waoele@iopdorat i on treatnent, preferably the AHS t PEHREP®N3/050946
as described above. It has been found that an
i ncreased 10 nmechani cal strength of the catal yst
extrudate i s obtained when prepared according to this
sequence of steps. It is believed that by maintaining
the acidity of the catalyst at a | ow |l evel conversion
to products boiling outside the |ube boiling range is
reduced. Applicants 15 found that the catal yst should
have an al pha val ue below 50 prior to nmetals

ddi tion ref.erabl el 30, and re preferably
sBeF o T G Rt B, B
suntalht inoh efcacdelCatial yeighttrradkilafeactsvelgnenaf the

t 0 e t | yst.. | pha
R S TR s R AR T
tRekanerec 5aVEF sifoArperl Volane Bf bzaredghdt Ppere uni t
prkPEYaifly EREmtESt c6ad Alysl talAkl ver i hhg standar d

catal yst, which is taken as an al pha of 1 (Rate
30FnBR Lgnoats Seeseny.. R aiPhartelt HsPHRS ed in
t2>5péﬂ.i)§di|aﬁltmaMar§,35141i9178i@é1d.i'tntd, at ahysdsly 4s 527
(1965); 6, 278 (1966). ,and 61, 395 (1980 0 i ch
ls"ega? SgS; 8 n%&)@ S 0%5 écodggt FIYEi 8‘ﬁltoaf%§ty¥18‘ % et > The
Cexpeystenbabriomnd pabhsiiofh i dreplatuisedh te det er m ne
v ferr .0 thi Lficat.i_on
Ep oAt FuRRehe Bl Bletdinch. 'Ry TCRLLLER
whgni pbitelnulnois rusied asisthtesets bedrpaerstianl in J.

cgﬁ%vghéfﬁ‘ﬂ S7h81lhy3Y8ehdERN com?&%n@opg e RLah y iy VI 1]
netal used-in %he catal yst of step (b) is preferably
twakhadrafmlafb ?ﬁﬁﬂ@dﬁF%fQQmEBF?ﬂqﬂotgeoﬁﬁﬁﬁﬁ§627t3d

AGHA FE2003:080248 i te dYstphattdimy Thewnt ekahnaqusnt

platinumor palladiumw || = suitably not exceed 10% by
wei GhE REQCEEP ST BE 550 &t 2 a?r?&png]%)e&‘rSn total

peifghbbDf tiybeceatalkysitiandwptafepabtyss conditions
involving operating temperatures in the range of from 200
to 500 °C, preferably from 250 to 400 °C, more preferably
between 300 and 380 °C, hydrogen pressures in the range
of from 10 to 200 bar preferably from 30 to 150 bar, more
preferably from 30 to 60 bar. Weight hourly space
velocities (WHSV) in the range of from 0.1 to 10 kg of
oil per liter of catalyst per hour (kg/l/hr), preferably
from 0.2 to 5 kg/l/hr, more preferably from 0.5 to

3 kg/l/hr and hydrogen to oil ratios in the range of from
100 to 2,000 liters of hydrogen per liter of oil. The
base oil having the desired viscosity can be isolated
from the effluent of step (b) by normal distillation
processes.

The pour point of the intermediate oil product after
step (a) including any non-converted wax is suitably
above 0 °C and preferably above 10 °C. The-pour point of
the effluent of step (b) is preferably below -10 °C, more
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is in the range of from0.1 to 5.0% by weight, nore 5
preferably fromO0.2 to 3.0% by weight. If both

w@b@uiosaerr and pal | adi um are present, the wei ghCT/ERL00D050946

of platinum to palladiummy vary within wide limts,
but suitably is in the range of fromO0.05 to 10, nore
suitably 0.1 to 5. Catalysts conprising palladium
and/or platinumas the 10 hydrogenati on conponent are
preferred. Most preferred is when platinumis used as
the sol e hydrogenation conponent. The hydrogenation
component is suitably ag%%ed to the catal yst extrudate
corrprl sing the deal unin alum nosilicate zeoI ite
II| b ng ec u he
pg%% 13n]%;'srzos,we)C%ZB %\?é% (%{l % ?1 I|berreftér abfy ) |cal
pcafeartagbtlwchmmxthgn pr3dc esd kte(indl t8@ns invol ving
op i.ng t r of; to
SO0 B ar el bt (et by ieel AP R b A Hom P
tbeta@@weggoofa@&eesoo Chahy@mdéﬁnbrm@#éé% witthe range
r%@pé’ét ft'bo%ﬂfglrt ‘anao&clbi%rtl% esft%'.iaé}?i%'y fraps 30, to 150
nore preferably from3 bar. Wei ght hourly
aééa%@na\}ebwqﬁl%s‘(‘%‘v?)tePnc‘%%é ParE-t6fdf rom 0.1 to
10 ke QhveRidonp@ill ideeh10hsGattabysd Hher £B0wing
k/I/hr refﬁrably from0.2 to 5 kg/l/hr, nore
Pe?“é‘n“&& P65 to 25 3 kg/i/hr and hydrogen to
P@bbafa&tﬂoﬁSof I’l:lrtehdewamlgtg obtdInvem £40GHep 2bPD00 liters
of n i].having the
des]?%rlvggoglgszc%ente &2#1 t%ll?%% a}:gg P Sél%etehéés ef fl uent
defcsilegy (b) “Wuf@pﬁaﬁsyrdqhsﬁw |t zenlifgomeserisals30 The
a@oyﬁbﬂ@h@i of Mike bt TR AL g@'rles RfAdughiafter  step

i ncl ud |n% any non-converted wax is SU|tany above
‘@lemgr%? pgréPeraprgsanthfe °18 winghksburetpdint of the
Hhbhventoehisd e €h) {spret ermbl scm{m;{ £18ctGonnor e
W8] 2004/053027 PCT/EPZO 3/ 050946 ., - refengbly
Yiersarersy (EEMrie sPpl PSFEyh rpatrﬁéﬁl‘iz'i)lzﬁnahowe

7Z8M-12 particles of between 1 and 10 pm. The average

crystallite size as determined by XRD line broadening
technique as described above was 0.05 pm. The
crystallites thus obtained were extruded with a silica
binder (10% by weight of zeolite, 90% by weight of silica
binder). The extrudates were dried at 120 °C. A solution
of (NH4)2SiFg (45 ml of 0.019 N solution per gram of
zeolite crystallites) was poured onto the extrudates. The
mixture was then heated at 100 °C under reflux for 17 h
with gentle stirring above the extrudates. After
filtration, the extrudates were washed twice with de-
ionised water, dried for 2 hours at 120 °C and then
calcined for 2 hours at 480 °C.

The thus obtained extrudate was impregnated with an
aqueous solution of platinum tetramine hydroxide followed
by drying (2 hours at 120 °C) and calcining (2 hours at
300 °C). The catalyst was activated by reduction of the
platinum under a hydrogen rate of 100 1/hr at a
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preferably higher than 130 and bel ow 180. It has been
found that the base oil as isolated from the effluent
w@Roogs21b) has excellent properties with 5 rBCSPER1003/G50946
col our and oxidative stability. Thus an additional
hydr of i ni shing step could be omtted. The invention
Wil be illustrated by the followng non-limting
exanpl es. Preparation of the dewaxing catal yst for
step (b) 10 MIW Type zeolite crystallites were
prepared as described in "Verified synthesis of
zeolitic material s" as published in M cropores and
nmesopores material s, voltune 22 (1998), pages 644- 645

usmgtetra hyl = _ammpni um broni de a Iate
S A A TR L S R C
cahgesved part belwsighzershowedrt£SMnl2hgarti cl es of

bet vveenlan verage crystallite size as
d%agtug'il% fhel 6 bll%%oungh@; egfgtng t echni que as
Eghegdel bed above was 0.05 pm The crystallites thus

Obt aﬁsﬁ ﬁ%{f&&%daw&s@a d Iaogélg&)rgoal%qegs(lo% by
of zeolite 90% by wei ght of silica binder).

dqm@%ﬂr@mees were dried at 120 C. A solution of

( NH )2 b Koo St 1:0f aowg)}l%d}ltgﬁ)’& w4 en pes, gr am of

zeolite crystallltes pour ed onto t e extrudates.
def’Pr‘eltYm U é’fvvﬁss%hé?nnﬁEﬁ?%edl 005955 eLUAYSI /8! 13x for
sxl]?prlhr25otoi\téx{‘c gent & nB/kEr 4D aabeiei dchearyd razdat es.

After . f||trat|on t he extrudates were washed tw ce
Livtef d&8-T7%fi ded water, dried for 2 hours at 120 C and
then calcined for 2 hours at 480 C. The thus obtained
e irLidate was i npregnated with an 30 aqueous sol ution
—8ﬁ—pl—at| numtetram ne hydroxide followed by drying (2
hourksiat.al 28 iCEnanpbigdl CI ning 83 hHéurs at 300 C|. The

s—activated—by redugtdog of the ptatiinum

under- a hvdroqen rate of 1100 1??1r at _a WD 2004/0%3027

PCT/ EP2083/ 050946 510 °C
95 wt% 588 °C
Final boiling point 670 °C

was contacted with a commercial fluorided C-454 catalyst
as obtained from the Criterion Catalyst Company as placed
in a fixed bed reactor. The slack wax was fed to the
reactor at a weight hourly space velocity (WHSV) of

1 kg/1/h. Hydrogen was fed to the reactor at an inlet
pressure of 140 bar and at a flow rate of 1500 Nl/kg of
feed. The reaction temperature was 390 °C.

The hydrocarbon product was distilled to remove a
fraction boiling below 370 °C including a gaseous
fraction containing hydrogen sulphide and ammgnia to
obtain an intermediate product having the properties as

listed in Table 2.



- 21 tenperature of 350 C for 2 hours. The resulting
catal yst conprised 0.35% by wei ght Pt supported on
wo b@4/o82at uni nat ed, silica-bound MIW zeol it e. BEXEHEP1063/150946
5 Exanple 1 illustrates a two-stage configuration as
descri bed above. A slack wax, having a wax content of
82 W% a density (d70) of 0.81, a nitrogen content
of 30 nmg/ kg, a sul phur content of 766 ng/ kg and a
boiling range as 10 listed in Table 1, Table 1 :
Initial boiling point 353 C 30 wt% 487 C 50 wt % 510
C 95 w%588 C Final bojling point 670 C was
contacted with a comrerci aI fluorided C 454 catal yst
aspobtai ned fromthe Criterion Catal yst Conpany as
placed in a fixed bed reactor. The sl ack wax was fed
to ths@sikBactor at a wei ght  hourisy space vel ocity
(VWHSMk Sbndenct KO/ 7 Hydrogergugs fed—to the—+eaefor
lat an inlet pressure of 140 bar and at a flow rate]of
1500 REFRE DIVisFeeEtY Tiie fleact} d37t enperature was 390
C. Tlwe hydremarbon productl was distilled to renove &
ction boiling below 370 C including a gaseous 20
fra&qlﬁﬁaﬁct?ﬂléllﬁgn@olﬁ’}dr ogen s¥phfde and ammonia to

obt aaonwaa I ntermedi at € pr gducizdi@vicng the properti
rctad 1 n Tahl e 7 \_I\ﬂ anA/ ﬂ'—??ﬂ’)7

PCT/SéP2’603/050946 - 22 Tabl &' Dénsity 0.787
95 wt% 539 °C

\*4

Final boiling point 611 °C

The above obtained intermediate product of Table 2
was contacted in the presence of hydrogen with the above-
described MTW zeolite containing catalyst at an outlet
pressure of 138 bar, a WHSV of 1.0 kg/l.hr and a hydrogen
gas rate of 700 N1l/kg feed at various temperatures
ranging between 320 and 345 °C. The temperature was
varied in order to make different qualities of base oil.
With different qualities of base oils is here meant base
oils having different pour points. The lowest pour point
base oils were obtained at the highest temperature.

Gaseous components were separated from the effluent
by vacuum flashing at a cutting temperature of 390 °C.
The oil yield and viscosity index as a function of the
achieved pour point of the oil fraction (390 °C+
fraction) is given in Figure 1 and 2. In Figure 3 the
required reactor temperature is given as a function of
the resultant pour point of the base oil.

Comparative Experiment A

Example 1 was repeated except that the intermediate
product of Table 2 was contacted with a catalyst based on

a MFI type zeolite {ZSM-5). The catalyst was obtained
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wWoresASI2C 95 wt % 539 C  Fi nal

Wax content 16 wt% Kinematic viscosity at 5.037 100
C (cSt) Initial boiling point 366 C 30 w% 426 C 50

above obtained internedi ate product of Table 2 was
contacted in the presence of hydrogen with the above-
descri bed MIW zeolite containing catal yst at an outl et
pressure of 138 bar, a WHSV of 1.0 kg/l.hr and a
hydrogen 5 gas rate of 700 NI/kg feed at various
tenperatures ranging between 320 and 345 C. The
tenperature was varied 3\? order to nake different
qualities of base oil. th different qualities of
basg ohlsdi REERATEINtDASE coldig paylag different
our _points. The | owest pour poin 0 %ase oils were
I‘Eiﬁi“@l LRed: at the highest tenperature. Gaseous
CoNpaBestIS MBLE SRPE LA or QMJ)b%segff‘Hﬁ%tlon_%f Vacuum

flashing at a cutting tenperature of
Vi PEantEd POEBHIN L Aldheasih Fiassipan(IH0 (R

acamteueﬁ poutveeii refutda ahb 4raet F;Qa]fﬂul(e'é%ot% %5t )
n I gure e

frac ven in Figuyre 1 and 2
ulr dger zggo?el‘lpt?r‘fﬁ&‘%?gdrsegfgerbla\?eﬂ fckifanek i on of
Uhae reeerttatranpopm;romol of tofe bhee hase oil. Conparative

Lopnt Le.1l was repeated except that the
CREE, £ uct of Table 2 was contacted with

T
a carargist lprsedrapsated MRicepypehatethet sntefBSM &e The

SiRkYSE: Was1003 ajedo¥0,2004/ 053027 LTI £p2Q03/ 050946
usi ng the same method as for the catalyst used in
QS&%$§|%OQF points ranging from -37 °C to -21 °C.

1 weight part of the intermediate product was diluted
with 4 parts of a (50/50 vol/vol) mixture of methyl ethyl
ketone and toluene. This mixture was cooled to a value
relating to the desired pour point in a refrigerator. The
mixture was subsequently filtered at the same low
temperature and the wax was removed from the filter. The
viscosity index of the oil and the dewaxed oil yield was
measured. The oil yield and viscosity index as a function
of the achieved pour point of the oil fraction (390 °C+
fraction) is given in Figure 1 and 2.

Figures 1 and 2 show that with the MTW containing
catalyst base oils can be obtained having in a higher
yield as compared to when a ZSM-5 dewaxing catalyst is
used or solvent dewaxing is used. Furthermore higher
viscosity index values are obtained for the same base oil
quality (same pour point) when the process according to
the invention is used. Figure 3 further shows that the
catalyst according to the invention can be operated at
lower temperatures to achieve the same pour point
reduction. Thus the MTW containing catalyst is more
active. An additional advantage is that at these lower

temperatures more saturation of poly-aromatic compounds

boi | i ng poi nt BAWEP20051@50946
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The oil yield and viscosity index as a function of
t he achi eved pour point of the oil fraction (390 C+ 5

woe@asdR) is given in Figure 1 and 2. | n Fi guP€r/BP10h&050946

required reactor tenperature is given as a function of
the resultant pour point of the base oil. Conparative
Experinent B Exanple 1 was repeated except that the
internmediate 10 product of Table 2 was sol vent
dewaxed to base oils having pour points ranging from
-37 Cto -21 C. 1 weight part of the internedi ate
product was diluted w_1th,4 parts of a (50/50 vol/vol)
m xture of nethyl ethyl ketone and toluene. This
mmt YERe V@Sacgoofﬁ&etfer@ %2la48: ol ﬁ&%&l‘iﬁsk
desired pour point in efri ger at or e was
shars @guemt 19pifEed efsd *allte tnﬂr@csamvfl éWstJeWpetaorurzes and
tdwi.wax was renoved fromthe filter. The viscosity
i, ndex o£ the oil and the dewaxed oil yield was
. The oil yield and viscosity index as a
f un(Ekiaﬂ@leZQ @ﬂlmmaaebi VL Adbposirdgdeiribe fselrhies Of low
I th?atu; e, fractjon) is given %n Figure 1 and
C2 Pgut es 1 "a dejf SREW . P%h &% MR E6RE ai ni ng
mf&lrysii @asxéyatds sfozantée (@bt akmadi-Raveangliygtaadi gher
SeGOIR Z 5 de XI atalyst is
Mgﬁﬁgg oF so?%g%?o e&ggg'gtlg%A q%%&n%?%
Fragiedr inte scaspp yldndexcial asd Eﬁ't@l@)btiaﬂim@d ffigedt he
EEH'ETQQSﬁHJ§1|caEﬁﬁvéttMo&ﬁ?ﬂggspﬁ&gkéioﬁgﬁ)tdggggﬁﬁrg%
Igure 3

process accordlng to the invention IS us
FUACREr 2RHRRSUE hat ! ichaa L WHngl §3trigccarditig 8o t he

hiﬁﬁ%ﬂbb@m}ﬁﬁﬁsQEuﬂp%E@lﬁﬁy?Bf3@%% olm%e é@frﬂ%%&a%ﬁr ei/rr W
chi ev 0 oi nt __reduction us the
%hﬁﬁ ﬁ?iﬁfi EFgg?giptg UG CRART i SREE- B YAt i onal

lelwarhag®0 ismdt Rat ‘at. t hese | ower tenperatures nore

saturaian Al pelyid 2Rkl ¢o§RIRO s YR 2094/ 053027

den51ty (d70) of 0.804, a nitrogen content of 2 mg/kg, a

- sulphur content of 10 mg/kg was spiked with

dimethyldisulphide such that the total content of sulphur
in the feed was 2000 ppm. The slack wax had a boiling

range as listed in Table 3.

Table 3 .
Initial boiling point 347 °C
30 wts 468 °C
50 wt$% 491 °c
95 wt® 561 °C
Final boiling point 596 °C

The slack wax was fed to the step (a) reactor at a
weight hourly space velocity of 1 kg/l/h. Hydrogen was
fed to the reactor at an inlet pressure of 145 bar and at

a hydrogen flow rate of 1500 N1l/kg of feed. The reaction



10

15

20

25

30

wobtools®21T nvention i s

wi ||l take place. Therefore an additi onal
hydrofinishing step nmay be omtted when the process

illustrates the above described series flow
configuration wherein use is made of one of the nore
preferred catalysts for step (a): An LH 21 catal yst as
obtained fromCriterion Catal yst Conpany (Houston) was
| oaded into a step (a) reactor and retained as a fixed
10 bed. The LH-21 catal yst conprises nickel and
tungsten on an acid anppghous silica-alumna carrier
and has a hydrodesul phurisation activity of 32% The
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reaction WO 2004/ 053027 PCT/ EP2003/ 050946 -
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obtained relative to the feed to step (a). A relatively

large fraction of kerosene and gas oll having good cold
flow properties were also obtained.

Figure 4 shows the influence of the wax conversion in
step (a) on the overall base o0il yield. The Figure shows
that at 50 wt% wax conversion the base o0il yield is
higher than at higher wax conversions in step (a).
Example 3

The intermediate product of Table 2 was catalytically
and solvent dewaxed to various pour points between -20
and -37 °C using the procedures of Example 1 and
Experiment B respectively. The dynamic viscosity at
-35 °C was measured according to ASTM D 2983.

The results are presented in Figure 5. To four
selected samples (see Figure 5) 0.15 wt% of an additive
Plexol 154E as obtained from Rhom and Haas company was
added.

In Figure 5 CDW relates to the catalytically dewaxed
base oils, SDW relates to the solvent dewaxed base oils
and the ‘ppd’ relates to the respective base oils
containing.the additive. The corresponding base oils with

and without the additive are linked with an arrow.

used. Exanple 2 5 ExanpP@I/EP2003/050946



achi eve a desired wax conversion as defined above. The
effluent as obtained in the step (a) reactor was as
weowh/0f®aA7to a step (b) reactor. The conditi onNBCTVEPID03/850946
respect to pressure, space velocity and hydrogen fl ow
rate were as in the step (a) reactor. The reaction
tenperature was vari ed between 325 and 345 C such to
achi eve a desired pour point of the resultant base
oils. The base oils were obtained by cutting the
effluent 10 of the step (b) reactor at a tenperature
of 390 C. The yield te base oils were expressed as
the fraction thus obtained relative to the feed to
st epr@a)mgAreei atti veh ybe Isaégetkfar’cabbi:lorpdmﬁ: sergsene and

avin f ertles wer e al so
Cg/%tgrél?% letL Oi%%%%ggge 4cagcﬁal Ll% heewa ?ﬁi J&FEH1° t he wax
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base oIl yield i gher than at h|g er wax

eneeestisies in step (a). Exanple 3 20 The
i nternedi ate product of Table 2 was catalytically and
sol vent dewaxed to various pour points between -20
and -37 C using the procedures of Exanple 1 and
Experinment B respectively. The dynami c viscosity at
-35 C was neasured according to ASTM D 2983. 25 The
results are presented in Figure 5. To four selected
sanpl es (see Figure 5) 0.15 wt% of an additive Plexo
154E as obtai ned from Rhom and Haas conpany was
added. In Figure 5 CDWrelates to the catalytically
dewaxed 30 base oils, SDWrelates to the sol vent
dewaxed base oils and the "ppd relates to the
respective base oils containing-the additive. The
correspondi ng base oils with. and w thout the
additive are linked with an arrow. WO 2004/ 053027
PCT/ EP2003/ 050946
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- 26 FromFigure 5 it can be seen that both pour
poi nt and dynam c viscosity of the catal ytic dewaxed

whame/ 0880k according to the present inventi onP@EER2003/050946

reduced nmuch nore as conpared to the sol vent dewaxed
base oils consisting 5 the additive. WO 2004/ 053027
PCT/ EP2003/ 050946 27 CL Al MS 1. Process to
prepare a lubricant having a dynamic viscosity at -35
C of bel ow 5000 cP by performng the follow ng steps:
(a) contacting a feed containing nore than 50 wt % wax
in 5 the presence of hydrogen with a catal yst
conprising a Goup VII12&etal conponent supported on
a refractory oxide carrier, and (b) contacting the
effluent of step (a) with a catalyst conposition
conprising a noble Snetal, a binder 10 and
zeolite crystallites of the MTWtype to obtain a

pro i.n I r,.pour. _poi.nt .than the effluent of
st e%g%ﬁ&g\r% %% |ar11:%m§ %/‘Pnsréggl%yha‘lvﬁﬂgxa gi%yélﬁ‘f“é? t han
ViEgosianrt cPSaddiofgbal podioopochtbydepr esdanl agsdi tive

taibhendaseps1S oil as obtained in step (b). 2.
Process according to claim1, wherein the noble G oup

)| FoRREIinpna siasd cpytdinipbardnsuthad. 5Pwosessx in

BRCOrdidigd 6 ranydRRen0fiG al BBt bt m&f 0, the
%gnder in steg (b) is a low acidi'ty binder m%lch 20
iM8er 115 MESBENTIRPPGRE reePeEted @ Aaterackpatess
@dder dangietr shdi m 3, wherein the binder is silica.
one of clains 1-4, wherein

P ELEEFRIaBEOL LR R0 2 €L T iyt
composition comprising a noble Group VIII metal, a binder
and zeolite crystallites of the MTW type to obtain a
product having a lower pour point than the effluent of
step (b) and having a viscosity index greater than 120,
and

(c) adding a pour point depressant additive to the base
oll as obtained in step (b).

2. Process according to claim 1, wherein the noble
Group VIII metal in step (b) is platinum.

3. Process according to any one of claims 1-2, wherein
the binder in step (b) is a low acidity binder which
binder is essentially free of alumina.

4. Process according to claim 3, wherein the binder is
silica.

5. Process according to any one of claims 1-4, wherein
the zeolite crystallites have been subjected to a
selective surface dealumination process.

6. Process according to claim 5, wherein the selective
surface dealumination process comprises contacting the

zeolite crystallites with an aqueous solution of a
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25 sel ective surface deal um nati on process. 6. Process
according to claim5, wherein the selective surface

wale@ksiopat i on process conprises contacting thBCT/EP2003/050946

zeolite crystallites with an aqueous solution of a WO
2004/ 053027 PCT/ EP2003/ 050946 28 fluorosilicate salt
wherein the fluorosilicate salt is represented by the
formula: (A)2/bSiF6 wherein "A is a netallic or
non-netallic cation 5 other than H+ having the

val ence "b', preferably amonium 7. Process
according to any one of gkaims 1-6, wherein the wax
containing feed is derived froma Fi scher-Tropsch

£ %98§§11éaf&@ gpyre,hm# ﬁtgahuonr st 24 FP 4 %aﬁ) sié‘?? pl ati num

10 and di um an rern t | tient  of
%etpéﬁs?la‘)eq é’YU‘S]@Fd fegmpided to step (b) in a series flow
confihginiiir@n. 8. Process according to any one of
claims 1-6, wherein the feed to step (a) conprises at
| ea¥PeTE pPm SulpRaFaLlip5or rercaehrysic gsedonn step

dtpri Shan prehswlRhicdedvoahabysds CorpELSilg @ Goup VIB
netal. _and a non-noble Goup VIII netal and wherein
FHE '+ %Fal effluent of step (a) is used as feed to

&t eprédyss acao:sﬁmigeSoferWoﬁerﬁﬂ Glaahs -6, 9wh@féti&£8$
%ngglé&ttagn %f%%? (acl ‘ﬂrgg tjrom V@Jzﬁj: SﬁaTWCh 10.

wax conversion betwe
mogeess tHec radimy I laefgalome ssifepcl (@) nbs pl6rimdrer ei n
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ppm sul phur, the catalyst used In step

8- $@l pif él‘éﬁd Tatfapgsto csapr B A a Gwes Y& net al
g 1 guRaiioaQbl e 25 Group VIIl nmetal and wherein at

| eagt part of the ammonia and h)idrogen sul phi de whi ch
fs Pt 2FROTHEYFP | HEhEPBoT SHapng a6 swhekrimat ed
- threofesditcb etébuent cpipOilsels0atiSIdd@t 700 ppm sulphur,

the catalyst used in step (a) is a pre-sulphided catalyst
comprising a Group VIB metal and a non-noble Group VIII
metal and wherein the total effluent of step (a) is used
as feed to step (b) in a series flow configuration.

9. Process according to any one of claims 7-8, wherein
the wax conversion in step (a) is between 40 and 60%.

10. Process according to any one of claims 1-6, wherein
the feed to step (a) comprises between 700 and 2000 ppm
sulphur, the catalyst used in step (a) is a pre-sulphided
catalyst comprising a Group VIB metal and a non-noble
Group VIII metal and wherein at least part of the ammonia
and hydrogen sulphide which is present in the effluent of
step (a) 1s separated from said effluent prior to using
said effluent as feed of step (b).

11. Process according to claim 10, wherein the pressure
in step (a) is between 100 to 150 bar and the pressure in

step (b) is between 30 and 60 bar.

--12. Process according to any -one of-elaims-8-11, -wherein

the catalyst used in step (a) is a pre-sulphided



said effluent as feed of step (b). 11. Process
according to claim 10, wherein the pressure 30 in

W@ @p/0§mr7i s between 100 to 150 bar and the prRCSHEPBOB/O50946
step (b) is between 30 and 60 bar. _12. -Process
.according to any -one of--c-lainms--8-11, wherein the
catal yst used in step (a) is a pre-sul phided WO
2004/ 053027 PCT/ EP2003/ 050946 - 29
hydr odesul phuri sati on catal yst conprising nickel and
tungsten on an aci d anorphous silica-alumna carrier.
13. Process according to,glaim12, wherein the
sul phi ded hydrodesul phurisation catalyst has a 5

mfdiro@@gﬁwrm}q@aﬁfsﬂ %Iat§9§,étVIcBMpPI31 ggh§£ké "any30%

wherein the rodesugurlsatlonatlwty|s
BXHSES e aé’sth% 3FoEPRCT T Sie i gt yed pe ntaryd cof

;cm wde@wramerdﬁrrga@ksl 80a R de%&r\éﬁﬁntﬂéﬂs%ﬁﬁﬁ%d S
W t h cat al st under st andard

t
%88% BHdFe Ja‘fl} SATRONT PR8N, 10 wherein the
szcaqm@asdlpmndlsatm acensist oaf h;cglfaxa@hiazmgao%

e xture with of a 30-80 nesh
e HRRREDS LS b e a TR #apoaen race
LR t@@ i ¢¥d nnanﬁlquttethi:eIpiaeaeotmeﬁyﬂratamml s 6 vol %

Process according to claim 13,
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presence of a chelating agent. 16. Process according

1D 5£n§9116Wé1 GPdcths Fhiopbears capesndingtionel smlbumpha in
aentertuef. t he hydrodesul phurisation catalyst 25 is

Pgtween 10 and 60 Wt % as cal cul ated on the carrier
Process according to claim 13, wherein the

hydrodesulphurisation activity of the catalyst is lower
than 40%.

15. Process according to any one of claims 12-14, wherein
the hydrodesulphurisation catalyst is obtained in a
process wherein nickel and tungsten where impregnated on
the acid amorphous silica-alumina carrier in the presence
of a chelating agent.

16. Process according to any one of claims 12-15, wherein
the alumina content of the hydrodesulphurisation catalyst
is between 10 and 60 wt?% as calculated on the carrier
alone.

17. Process according to any one of claims 12-16, wherein
the silica-alumina carrier has an n-heptane cracking test
value of between 310 and 360 °C, wherein the cracking
test value is obtained by measuring the temperature at
which 40 wt% of n-heptane is converted when contacted,
under -standard test-conditions;-with a catalyst -

consisting of said carrier and 0.4 wt% platinum.
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al one. 17. Process according to any one of clains
12-16, wherein the silica-alumna carrier has an

wo2dvepsmee cracking test value of between 310PErEPBED050946

C, wherein the cracking 30 test value is obtained by
measuring the tenperature at which 40 wt % of

n- heptane i s converted when contacted, under
-standard test -conditions-, --with a catal yst-
consisting of said carrier and 0.4 wt% plati num WO
2004/ 053027 PCT/ EP2003/ 050946 - 30 18. Process
according to claim1l7, whgrein the silica- alum na
carrier has an n-heptane cracking test val ue of

bet ween 320 and 350 C. 19. Process according to any

082 Floceb i dBokdid@, toVBesEl N7, SWﬁmlﬁaE%‘%y&l conpri ses
n 2-10 and ~ bet wee

fuml e v\%% ni ckel
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bﬁtvﬂ@n ®heraion 350h¥c.sur f ace area of the
gdr&g %gwrl gatd n cat al is ,between 200 and 300

%g Br ocess “albri nﬁft%ladﬁ‘;? ofiet fof WBPESHES
1126 Z@ta&\h@r eqonlpritm et aterpa@-e0viot Lme cRél the
BydrRdesut phusi saidqn, catalyst is above 0.4 ni/g.
20. Process according to any one of claims 12-19, wherein
the surface area of the hydrodesulphurisation catalyst is
between 200 and 300 m2/g.
21. Process according to any one of claims 12-20, wherein
the total pore volume of the hydrodesulphurisation

catalyst is above 0.4 ml/g.



