WO 2004/ 113473 PCT/ EP2004/ 0561181 - 1 PROCESS TO PREPARE A LUBRI CATI NG BASE
AL The invention is directed to a process to prepare a base oil having a

viscosity_ka&g&uﬂpﬁzfove 80 and a saturates content of apgﬁipﬁ@ﬂ&%96fron1a

crude derived Tee€ ock by means of a process conprising &Hacki ng
step and a catal ytic dewaxing step. EP-A-0909304 illustrates a process
wherein a base oil having a viscosity index (VI) of 95 is prepared froma

vacuum di stillate boiling between 418 (5 wt % recovery) and 564 C (95 wt%
recovery) by subjecting the feed to a 10 hyidrocracking step using a catal yst
based on Nickel and Ml ybdenum The high boiling part of the hydrocracker
ef fl uent was subsequently dewaxed using a ZSM5 based dewaxing catal yst and
hydrof i ni shed usi ng a plERUCGHSH pal PRYPARE baseb RiardITyist BATEeOYl el d t o base
oil 15 was 62 wt % WO A-0250213 describes a process to prepare a base oil
fromthe high boiling fraction of a fuels hydrocracker process. In this
process the hi gh boiThengnvienddctions i ¢isepardatied a nrocdistf boeptexhist id | at e

fractions 20 whi are, ubi ect 0. a, cat ic.d Xing step and a
hydr of i ni shi ng skt%egppi ‘U§ %—%35@2%9%%%5?%51nadefxue%ls%Rﬁﬁareogpg%ﬁ%ra process
wherei n the botteasufdact icomtientwhi chbbot t sy detoror cmaye poteitadl |y

yield a base oil h%Xiq%Q? desired high 25 viscosi%ﬁ,index value- it is shown
in this publicat 5t FhESFEcBST £ yPTHdRE SOt He B59e®0i | will increase

at highey convergdon-idtitihg Rydpoehackesasd Bp: i Ackoidiing eegeneral _
t ext books on base oil_ manufacturing hydrocracking will reduce the viscosity

of the feedstock, rehove Hos 4ot L Ret RR tf D g P X 58FFe M ERE B Uf phRFe pigsent
'n the base oil E§@9§éQQK&%Q@S@Q@V@ﬁHth?VI} of 95 is prepared from a

vacuum distillate boiling between 418 (5 wt% recovery)

and 564 °C (95 wt% recovery) by subjecting the feed to a
10 hydrocracking step using a catalyst based on Nickel and

Molybdenum. The high boiling part of the hydrocracker

effluent was subsequently dewaxed using a ZSM-5 based

dewaxing catalyst and hydrofinished using a

platinum/palladium based catalyst. The yield to base ocil
15 was 62 wt%.

WO-A-0250213 describes a process to prepare a base
0il from the high beoiling fraction of a fuels
hydrocracker process. In this process the high bolling
fraction is separated into different distillate fracticns

20 - which are in turn subljected te a catalytic dewaxing step
and a hydrefinishing step.

US-A-5525209 describes a fuels hydrccracker process
wherein the bottoms fraction in which bottoms fraction
may potentially yield a base oil having a desired high

25 viscosity index value. It is shown in this publication
that the viscosity index of the base oil will increase at
higher conversion in the hydrocracker step.

According to general textbooks on base oil
manufacturing hydrocracking will reduce the viscesity of
the feedstock, remove most of the nitrogen, bxygen and

sulphur present in the base 0il feedstock and convert the



WO 2004/ 113473 PCT/ EP2004/ 051181 undesirable low VI materials such as

pol ynucl ear aromatics and pol ynucl ear napht henes to higher VI nmaterials
such as nononucl ear aromatics, nononucl ear naphthenes and iso-paraffins
(Chapter 6 wAdogipadBal |y 5 page 122 of Lubricant Base O lpcarnk2dinsiist
Processing, Avilino Sequeira, Jr, Marcel Dekker Inc, New York, 1994, |SBN
0-8247-9256-4). A disadvantage of the above processes is that not all crude
derived feedstocks are suitable for preparing a 10 base oil having the
desired VI. It may al so be possible that_a crude derived feed is suitable
to meet the VI requirenments of some but not all of the desired viscosity

grades. This coq& £§Er %UHB% Qﬁ ggge£ga%he ngggg%gggﬁPuFe%content of

pol ynucl ear aronati €s an hapht heni ¢s ' Thn @ or feed
fraction are toxivrgHitidd aimypos}grrethms eppossidy eot bigret vhe VI

requi renents by incre he h drocracker conversion _as expl ai ned above.
However such a H?%ﬂ%?‘%%%ﬁ%?él&ﬁ PPRSY ?ﬁ?|§§ﬂﬂqgfcﬁow5PnPﬂ88L?ﬁ%I base oi

yield and may evesph20en@kerid ikeppashbtend o(qapane o hacheapteiagrades.
EP- A-921184 describes a process wherein a Flscher Tropsch wax is added to a

crude derdved 0iP299ht%? Ak HPEICREE UERTEE 48l ¥ cttf ("6 %a PR SEFAGker . The
ef fluent of the A-\hyﬁm&raa&g@mas giestishtegh and g batfomikragbien 15525

recovered. This distiller ttomfraction is subj ected to a sol vent ’
dewaxi ng treat nehtP¥ O ot ai1P<@6b4se oil having a viscosity index of 145 or

greater and a kinemstig: s 36@8hkY o8t td0041G 0 a%ag%%@s 19 @Hgit 6 Cﬁl
According to EP-A-921184 the Fi scher-Tropsch wax tobe 30 used in the

di scl osed processriige | dof btawd feedatphks Frechiertariopsolr syaphesng product by
only disfjllation,s. Typf ogldhgmeie hhap-89%Py MOl TR A3S BPOLLE NG, pOI Nt

that a crude derived feed is suitable to meet the VI
requirements of some but not all of the desired viscosity
grades. This could for example be due to the fact that
the content of peclynuclear arcmatics and naphthenics in
15 the relevant feed or feed fraction are too high. It may
sonmetimes be possible to meet the VI reguirements by
increasing the hydrocracker conversion as explained
above. However such a higher conversion will
significantly lower the final base o0il yield and may even
20 make it impossible to prepare the heavier grades.
EP-A-921184 describes a process wherein a Vischer-
Tropsch wax is added to a c¢rude derived oil. This mixture
is used as feed to a hydrocracker. The effluent cf the
hydrocracker is distilled and a bottem fracticn is
25 recovered. This distiller bottom fraction is subjected to
a solvent dewaxing treatment to obtain a2 base oil having
a viscosity index of 145 or greater and a kinematic
viscosity at 100 °C of between 4.6 and 6.3 cSt.
According to EP-A-921184 the Fischer-Tropsch wax tobe
30 used in the disclosed process is isclated from the
Fischer-Tropsch synthesis product by only distillation.
Typically more than 80% by volume has a boiling peint
higher than 550 °C. One such wax was exemplified and

because a substantially ncormal-paraffinic mixture is

35 expected for such a direct Fischer-Tropsch wax fraction a



hi gher than 550 C. One such wax was exenplified and because a substantially
normal -paraffinic mxture is 35 expected for such a direct Fischer-Tropsch
wax fracti gppaoM@12094/ 113473 PCT/ EP2004/ 051181 3 congepéi/fe2dd9i4hs0f
around 100 Cis estimated. This wax was m xed wth a petrol eum based waxy
distillate having a final boiling point of 579 C and the m xture was
subjected to a hydrocracking step. Fromthe exanples it 5 can be seen that
when the Fischer-Tropsch wax containing feed was used a large fraction

boi ling above 635 C was found in the effluent of the hydrocracker. A

di sadvant age of the process according to EP-A- 921184 is that a | arge
portion of the VEPRERTEH RHSE- c10e T 9PE H hoFeés| est Hefed t Fhtilve wax

hydrocracker feegh donnaty (ond uppkasshend InaleDase obl s, The: obi ael, of. t he

present invention is to provide a nore efficient process e oils
froma crude defivad feedstoekinheseiHi7USE ksdmade wfxaifd seher 15 Tropsch
derived product in a nore efficient manner. This object is achieved wth the
fol | owi ng proces¥ P OcEsstt ¢ PPrepar e~ e basE 4| TRaW RBS aS¥RERbET tit i ndex

of above 80 and.an Sgé Us@des1GRNLEBE Ofe above, S0 M-Ytroma coude; nderived
feedstock by 20 (a) Contacting a crude derived feedstock in the presence of

hydrogen with a tatdlyass wonpr dkengeafrdeasin dne li@GyoupoVeBsaetd waenponent
and at | east one_.non-nobl

refractory oxi d]&o%%gr}%rﬁezgf%gjge%g%%ﬁ%q%@ﬁ%&%ﬁfugfoggg (()2) aor par t
of the effluent of stepsd{damrakescherhdropsadsdecicved:hgaesiop-aboiling at
| cost partly In heyfeog, oblyr ange LD an. . ampuy Tect | ve, Lo, pgh gy (e
o 10 Tropsch molecules added to the hydrocracker feed deo not

end up in the final base ocils.

The object of the present invention is to provide a
more efficient process to make base cils from a crude
derived feedstock wherein use is made of a Fischer-

15 Tropsch derived product in a more efficient manner. This
object is achieved with the following process. Process to
prepare a base 0il having a viscosity index of above 80
and a saturates content of above 90 wt% from a crude
derived feedstock by

20 (a) Contacting a crude derived feedstock in the presence
of hydrogen with a catalyst comprising at least one
Group VIB metal component and at least one non-noble
Group VIII metal component supported on a refractory
oxide carrier;

25 (b) Adding to the effluent of step (a) or part of the
effluent of step {a) a Fischer-Tropsch derived fraction
bhoiling at least partly in the base oil range in an
amount effective to achieve the target viscosity index of
the {inal hase oll; and

30 (c) Dewaxing the mixture as obtained in step (b).

Rpplicants found that the use of Fischer—-Tropsch
fraction in the process according the invention greatly
improves the flexibility of the process. Feedstocks
derived from crudes which normally did not yield a base

35 oil having the desired VI could now be used and/or the



30 (c) Dewaxing the mxture as obtained in step (b). Applicants found that
the use of Fischer-Tropsch fraction in the process according the invention

greatly i 6%&;5“11{‘{;? flexibility of the process. Feedst o?ﬁi/%)g&w'ov]ce}g\/r rom

crudes which nornmally did not yield a base 35 oil having SITe

could now be used and/or the WD 2004/ 113473 PCT/ EP2004/ 051181 4 vyield of
base oil as calculated on the petroleumderived feedstock could be

i nproved. Applicants also found that base oils having a kinematic viscosity
at 100 C of greater than 7 cSt, preferaﬁlﬂ greater than 8 ¢St having 5 a
viscosity index of greater than 80, preferably between 95 and 120 or even
greater than 120igdd pfebPerabbyl dpetdicenlp2edand 146 pahrbbewbtdEmerdd n a

good yield. The ﬂ%%tcfs%'o%mgﬁi&v)ggag ; e%qkAgééﬁ!t%%gtjanafgggfcgﬁ}c% By be a

vacuumdi stillate fraction as o from r est du he

at rospheri c di stiddeatdiar akvangradeipeiatdlcevmsteedty Suehi@o facaetti on may be a
vacuum gas oil or heavier fractions. The residue of the vacuum .
distillation it<SHFYdy L8P80 beShisetteiSihiabal Yreavatulinmnr esFuddveingsed

whi ch has; been de-asphalitedin@bhesr 15-N0ssi Bhanf gedspaLecf 951 £XAMM LA he
cycle oils as obtained in a fluid catalytic cracking process. M xtures of
the above feeds?arEDflZfogrsevansar sy Hihen L£0headyrbaseralpit grades are

preferred a feed,ds;dised\wher8i DgH0LE, tthan,,+10 W% ,,pLe bl re than 20
wt % and nost preferably 20 nore tﬁgn 30 wt%o?nt he I(gorrp ﬁ% sy%erlergs?'ent in said

feed boil above 470he pStircaphy festvacthdirc6Btack of thed tonpoamds: ipresent
|1 the feed bol l,apaxe AW cfun Thesf eeLiO SLERLR) W Lhe LYBLEAI, Naye a | ow
présence of polynucl ear aromatics and
napht henics. Theradidfe tdfe theedtmsshesrl defisted lesivhec¥l aofradsol vent
dewaxed sanpl e rEB@f%%é%m feed. Such a fraction may be a vacuum gas oil
or heavier fracticns. The residue of the wvacuum
distillation itself may also be used. Suitably a vécuum
residue is used which has been de-asphalted. Other
15 possible feeds are for example the cycle cils as obtained
in a fluid catalytic cracking process. Mixtures of the
above feeds are of course alsc possible. If heavy base
0il grades are preferred a feed is used wherein more than
10 wt%, preferably more thaﬁ 20 wt% and most preferably
20 more than 30 wt% of the compounds present in sald feed
boil above 470 °C. Suitably less than 60 wt% of the
compounds present in the feed beil above 470 °C.
The feed to step (a) will typically have a low VI
value of below 60 due to the presence of polynuclear
25 aromatics and naphthenics. The VI of the feed as here
defined i1s the VI of a solvent dewaxed sample having a
pour polnt of -18 °C.
Step (a) may be performed according to well known
hydrocracking processes. These processes may be both
30 hydrocracking processes known to make primarily middle
distillates and base o0il hydrocracking processes. The
conversion in step {a), expressed in the weight
percentage of the fraction in the feed which boils above

370 °C which 1is converted to products boiling below

35 370 °C, in step (a) may thus range from values typical



pour point of -18 C. Step (a) may be perfornmed according to well

known

hydr ocr acki ng processes. These processes nmay be both 30 hydrocracking

processes kpeWsyhipsapke primarily middle distillates and pasgp
hydr ocracki ng processes. The conversion in step (a), expresse

wei ght percentage of the fraction in the feed which boils above
which is converted to products boiling below 35 370 C, in step (a) may thus
range from val ues typi cal WO 2004/ 113473 PgIT[ EP2004/ 51181 5

hydrocrackers and to val ues typical for fuels hydrocrackers. Such

f or

Botnsig,

370 C

base oil

conversions may _thus be between 20 and BO wt % The degree of conversion

will depend onfPhefEBdetbdky HRAGAHFCAS eXPlER nEd o

rard 15 feke

avail abi lity of fihesFhsghesrIrapsch sdeni ¥egdydt endidgnaf racti ea. A skilled
person will be able to optim se the conversion given these paraneters. Step

(a) may in addi PPEHEEN s compribetd - Aydr 8t et | hy EvEEIFdoroMied prior to

the actual 10 hydpegraski nge St&pistdrit Reahydyols eating
sul phur are renoved and aronatics are saturated to

napht

Ryhbr 9

enes. .

He

reducti o in sultpBuRvandaniiilagerf ithe pierbeablyorudh admtvechdleeddngo step
(c) is below 1 AL SUL P pr.ef erabl I - 1 ul phur
and nore preferg%lagleggﬁjbw‘i\1%19{;)1;)%}9%%5%&%4%B‘%aés/b]gegetggvfog%nlﬁggﬁa?hgn t he

process accordi egnversihe pieserthdswenthoatarpase oil nmay be prepared

van

havi ng the desi redsyégv\kg%{)éjgl H],g a;giq\aéggﬁi gpséncéntppe ishé'

relatively low Thisi ageous When

drotreating step is
al so nore heavi er

grades are desi hgdrotThettonverspy arerforpedfl pr abt yt detlow 4G warid nore

f | bel 30 wt% . Th i hydr ot ti
per for mad usi ng TSSTAFSE <EGHDT T ST ng Th Tt ROt EeRtAg S

SR,

t%ogg

}gpi cally

and sulphur are removed and arcomatics are saturated to

naphthenes, The reduction in sulphur and nitrogen is

preferably such that the feed to step (¢

is bel

OW

100 ppmw sulphur and more preferably below 50 ppm

15 sulphur and more preferably below 10 ppmw nitrogen.

It has been fcound that in the process according to

the present invention a base oil may be prepared having

the desired VI wherein the conversion in the

hydrotréating step is relatively low. This is especially

20 advantagecus when alsc more heavier grades are desired.

The conversion is preferably below 40 and more preferably

below 30 wt%. The preliminary hydrotreating step is

typically performed using catalyst comprising a metal

hydrogenation component, suitably a combination of a

25 Group VIB and a non-ncble Group VIII metal,

cobalt-melybdenum, nickel-molybdenum, on a porous

support, for example silica-alumina or alumina. The

hydrotreating catalysts suitably contains no zecolite

material or a very low content of less than 1 wt%.

30 Examples of suitable hydrotreating catalysts are the
commercial ICR 10€, ICR 120 of Chevron Research and
DN-120 and
DN-200, DN-3110, DN~3100 and DN-3120 of Criterion
Catalyst Co.:; TE-535 and TK-565 of Haldor Topsos A/S;

Technology Co.; 244, 411, DN-120, DN-180,

35 HC-k, HC-P, HC-R and HC-T of UCP; KF-742,

KfF-752,

for example

KF-84¢,



hydr ogenati on conponent, suitably a conbination of a 25 Goup VIB and a
non-noble Goup VIII netal, for exanple cobalt-nolybdenum

ni ckel - nol ybdenum on a porous support, for exanple silica-alumna or

al um na. TH¥O 20#aidk’# eat i ng catal ysts suitably contai ns n8CEEBRGHESIIfRt eri al
or a very low content of less than 1 wt-e. 30 Exanples of suitable
hydrotreating catal ysts are the comercial ICR 106, ICR 120 of Chevron
Research and Technol ogy Co.; 244, 411, DN 120, DN-180, DN 190 and DN- 200,
DN- 3110, DN-3100 and DN 3120 of Criterion & atalyst Co.; TK-555 and TK-565
of Hal dor Topsoe P73; 35 HC-k, HC-P, HC-R and HC-T of UOP;, KF-742, KF-752,

KF- 846, WO 2004/dH3AA3 RGRSEBAQ04F05448dr iz KhioB48 /§1ABSH aRd: Kin 848h9f AKZO
Nobel / Ni ppon Ketjen; and HR-438/448 of Procatal yse SA. The hydrotreating
step is suitabl Vieriiordfdd odt Prreatpd¥Fowhg conditions: tenperature of at

| east 300 C, 5 prefenabhy i teme3dsnt0s40 G %%Qt%‘ﬁet? pREesPhed efably, from
370 to 430 C. Operating pressure may range from 10 fo 250 bar, but

preferably is atf®lestimgy daditasre: prafmerabiie af 2t desst13® b&r. In a

particul agly advgx@tfagggﬂfr fephodigant sthec gperatdng, i %_%@é?aﬂ\/@sifgoﬁ he range
of from 110 to 170 bar. 'The 10 wei ght hourly space velocity § V) may range
from0.1 to 10 K@ &P &% Ser Orfiatenaf PRestary A2 Ypdr P ofkyy IToh) ~ and

sui tﬁbldy is i E t ¥ bangenddr @B‘b@eﬁaﬂl?l 5T(kg/ heﬁst Emebﬁlyﬁr@Q@aﬁi@ﬂlégaﬁiﬂhﬁmy be
any hydrocrackin r s using well .kno rocracki ng catal ysts or 15
vari ations of su%‘?sga?g?}satrs I’LHEV? ﬁ&rﬁlﬁ%\g@ﬁe%%ta%ﬁ?%l%‘ffy%%ﬁ%rﬁ%i%oﬁh? unction
on a suitable suppeting Sueksaré unctinovhd sapgefeT dbby A Gtoup’ Wkkk! Aoup

VI B net al , conbi nat.i on, e i - b u nd ._ni ckel -tungsten.
The suppblt 15 prarraBrs s SoTt e D6 Lot oy AR E A T ok Al uni na
and al um na. Thell kg of oil per litre of catalyst per hour (kg/1l.h) and

suitably is in the range from 0.2 to 5 kg/1.h.
The hydrocracking step may be any hydrocracking
process using well known hydrocracking catalysts or

15 variations of such catalysts having a
hydrogenation/dehydrogenation function on a suitable
support. Such a function is preferably a Group VIII/Group
VIB metal combination, for example nickel-molybdenum and
nickel-tungsten. The support is preferably a porous

20 suppert, for example silica-alumina and alumina. The
catalyst may also comprise an, opticnally partly
dealuminated, large pore size zeclite. Examples of
suitable zeolites are zeolite ¥, ¥, ZSM-3, ZSM-18, ZsSM-20
and zeolite beta cof which partly dealuminated zeclite Y

25 is most preferred. Examples of suitable hydrocracking
catalysts are the commercial ICR 220 and ICR 142 of
Chevron Research and Technology Co; Z-763, Z-863, Z-753,
z-703, 2-803, 72-733, Z-723, 7Z-673, Z2-603 and Z-6Z3 of
Zeolist Internaticnal; TX-9231 of Haldor Topsce A/S;

30 DHC-32, DHC-~41, HC-24, HC-26, HC-34 and HC-43 of UOQP;
KC2600/1, KC2602, KC2610, KC2702 and KC2710 of AKZO
Nobel/Nippon Ketjen:; and HYC €42 and HYC 652 of
Prccatalyse SA.

The hydrocracking step is suitably performed at the

35 following conditions: temperature cof at least 200 °C,

preferably from 340 to 450 °C and even more preferably from



catal yst may al so conprise an, optionally partly dealum nated, |arge pore
size zeolite. Exanples of suitable zeolites are zeolite X Y, ZSM 3,

ZSM 18, ZSMr@@uosarrdrzeolite beta of which partly deal um np¢gge#gohdiida Y 25
is nost preferred. Exanples of suitable hydrocracking catalysts are the
commercial I1CR 220 and I CR 142 of Chevron Research and Technol ogy Co;
Z-763, Z-B63, Z-753, Z-703, Z-803, Z-733, Z-723, Z-673, Z-603 and Z-623 of
Zeol i st International; TK-931 of Haider Topsoe A/'S; 30 DHC 32, DHGC 41,

HC- 24, HC-26, HC 34 and HC- 43 of UOP;, KC2600/1, KC2602, KC2610, KC2702 and
KC2710 of AKZO _Nobel /N ppon Ketjen; and HYC 642 and HYC 652 of Procatalyse
SA. The hydrocracki hy St%epCi LReGREaHT PreFHGT ABH AHEhETBS O 6Pl owi ng

condi tions: tenpenabat e ol pefl@asty 300a€, 1epreterall, yrnbrompr340-401.453P C and
even nore preferably {1r00%1aV\D n004/ 11t3.47:l% PCT/ EP2004/ 05118%tﬁ 7 350 to 430 C
Qperating pressuré may range FronPib 151350 BEr biAS PP eF RIS T STt | east
80 bar, nore prefrerablng atrespeastis1i0 thar radge afphrdd gubard i 7adwant ageous

enbodi ne t he t] r re.is.. a f fr 0.,tp 170 bar.
The 5 wel ht hoLi e opman el oot v (VL) eyt nad e et E T8 40 g of
oil per litre ofmc%ﬂafl’fyﬁllpé?f herE e (Kg/ Ry En@er siiralky/ 3 $)i anghe range
fromO0.2 to 5 kg/ditBhp1} nsStgpcdD)adbd Qonp@rt tof stheeffluent of step (a)
is mxed with the Fischer-Tropsch derived fraction. 10 Preferably only the
fraction of said ef FFuSAEPHAPI i Agli " RHHE BdsE 6i PTfanget il v&F i st ep

(a). Suitably this mifd-2Ctii@R bas ansiwdiimophehl 1Bg; peknt-hkghgr. than 300 C
and nore preferably higher than 340 C. A maxinumvalue for the initial
boi Iing Poi nt wii1sifeFeid SRLYhENBeST3Ed oI5 Baselsi Pt aeret ol Witighéd to
prepare. The Fi sgliensH0R3¢h hRget L ONug@Y I RELNGLPL esREL Yy this
fraction has an initial boiling point higher than 300 °C
and more preferably higher than 240 °C. A maximum value
for the initial boiling point will depend on the desired
15 base 0il grade one wishes to prepare.

The Fischer-Tropsch fraction may in principle be any
fraction which boils in the base o0il range and which is
isolated from the synthesis product of the Fischer-
Tropsch reaction. Meore preferably a partly or whole

20 hydroisomerized Fischer-Tropsch wax is used. The use of
the isomerised product is preferred because a significant
part of the normal paraffins as present in a Fischer-
Tropsch synthesis product have then been iscmerised to
the, for base 01l manufacture, more desirgble iso-

25 paraffins. The Fischer-Tropsch fraction preferably has a
boiling range, which corresponds with the petroleum
derived fraction as used in step (b).

The Fischer-Tropsch derived fraction may be cbtainsd
by well-known processes, for example the sc-called

30 commercial Sasol process, the Shell Middle Distillate
Process or by the non-commercial Exxon process. These and
other processes are for example described in mere detall
in BP-A-776959, EP-A-668342, US-A-4543672, US-A-5059299,
WO-A-9934917 and WO-A-9920720. The process will generally

35 comprise a Fischer-Tropsch synthesis and a hydro-

isomerisation step as described in these publications.



fraction which boils in the base oil range and which is isolated fromthe
synt hesi s product of the Fischer- Tropsch reaction. Mire preferably a partly
or whole 2 Y, i rized Fischer-Tropsch wax is used. The use of the
isonerisedqugﬁﬁﬁﬁiﬁgepreferred because a significant pafCTEFHRHEOSHSE ma
paraffins as present in a Fischer- Tropsch synthesis product have then been
isonerised to the, for base oil manufacture, nore desirable iso 25
paraffins. The Fischer-Tropsch fraction preferably has a boiling range,

whi ch corresponds with the petroleum derived fraction as used in step (b).
The Fi scher-Tropsch derived fraction may be obtained by well-known
processes, for exanfddiie tse- €abkbedo30sLoMmentirdls=Sasok pupsesssiihe Shel |

Mddle Distillate Process or by .the non-co rci al Exxo rocess. These and
ot her processes &t or° ef&ﬁﬁP&XGESE?? %ﬁﬁi#gﬁiﬂee%ﬁéﬁaPFT ?ﬁn@©=AEW?6959,

EP- A- 668342, US-fA94367 2rdSrAnD05029% rMNGtA~R93495% andr-Weh/9920720. The
process will generally 35 conptiie a Fi scher-Tropsch synthesis and a hydro
i someri sation st®p-Es desEritteditn YRR et ptib i CRGToRS CPWeN20baF 1 13 AR S

PCT/ EP2004/ 051184, pe & r iglgtabl yrbherinaed I1QtamildnsCoBPEheehQhe 8511
substantial amount of conpounds boiling in the base oil range. The

fraction preferabfyceres Haidliati-vEPY Tow poias Poitire, Figkher-Tscpenefi ci al
when the FischergTropsch iy, [Wely) ' ! SpRY e

| ocations to thefl%se 0|Hﬁmﬁg%gesgggg%?l%%@&ﬁﬁg%ﬁ?hggrregg%gggaéfym%ﬁ%

Fi scher- Tropsch Fisaetti-dirdpeshbéancpase| yay sohwrerddd. inonerpeefierabl y the

Fi scher- Tr opsch élslgsgﬁa‘yﬁaharem&g%t@%ggygz})ﬁgpﬁgéf.e%ge%fefrfa%fi%F @H%ng%%?rﬁf; ally

i sonerised. Prefer t ent normal  para ns-in
i sonerisgd fractebmomnalbatavedn iqsand 20ewd4t Inpries prefieeablfyabeimweens 5 and

15 w% A pref elgétevgeé)r?rf} la%xd %%n%rti%?egoﬂaSﬁ%ér@kﬁ%ﬁ%@tween 5 and 15 -
wt%. A preferred partly isomerised Fischer-Tropsch
fraction will boil for more than 80 wt% above 300 °C and
more preferably above 340 °C. The T30wt% recovery point

15 is preferably above 500 °C and more preferably between
500 and 650 °C. The fraction will preferably have a
congealing point below 80 °C, more preferably below 60 °C

and even more preferably below 50 °C. The wax content of
this partly isomerised Fischer-Tropsch fraction is

20 preferably below 50 wt%, more preferably below 30 wt%.
The lower wax content of such a fraction is suitably
above 1 wt% wax, preferably above 5 wt% wax and more
preferably above 10 wt% wax. The wax content is
determined by separating the wax component at -27 °C by

25 means of solvent dewaxing using a 50/50 (vol/vol)
MEK/Toluene solvent. Distillate fractions of the above
described partly iscomerised Fischer-Tropsch fractlon may
also be used in the process of the present invention when
one seeks to improve only the properties of a specific

30 base 0il grade as also explained below. An example of a
suitable partly isomerised fraction is the so-called
Shell MDS Waxy Raffinate as obtainable from Shell MDS
(Malaysia) Sdn Bhd or the product as described in WO-A-

02070630 or fractions of said products. Partly isomerised



fraction will boil for nore than 90 wt % above 300 C and nore preferably
above 340 C. The T90wt % recovery point 15 is preferably above 500 C and nore

pref erably yhetigs E3_ﬂ§00 and 650 C. The fraction wl| prefﬁ(‘fﬁﬂ%oﬂﬁ?sla
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congeal i ng pol nt ow 80 C, nore preferably below 60 C even nore
preferably below 50 C. The wax content of this partly isonerised

Fi scher-Tropsch fraction is 20 preferably bel ow 50 w% nore preferably

bel ow 30 wt% The | ower wax content of such a fraction is suitably above 1
Wt % wax, preferably above 5 wt % wax and more” preferably above 10 w % wax.
The wax content is determ ned by separating the wax conponent at -27 C by
25 neans of sol \l@rstclme;w&xiopgcmfcﬂ@dawﬁ@ (J\is@ti/ vol prod&kd dol irand wolgvent .
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preferably heavy Fischer-Tropsch wax feed having a weight

ratioc of compounds having more than 60 carbon atoms

relative to compounds having more than 20 carben atoms of

15 above 0.4, preferably above 0.55. The conversion is
defined as the compounds beiling above 370 °C in the feed

that are converted to compounds boiling below 370 °C.
These totally isomerised fractions may be considered to
be suitable to be used as base o0ils themselves. However

20 they contailn for some uses a too high content of
paraffins, which paraffins influences the solvency for
additives in a negative manner. By using a blend of this
isomerised Fischer-Tropsch fraction in step (b) it is
possible toe prepare a base oil in step (¢} which will

25 have the desired level of paraffins at exactly the right
pour point of the end product. If the dewaxed o©il is
fractionated to separate light components and optionally
isolate more than one base oil grade a base o0il product
is obtained having also Jjust the right Noack volatility

30 and viscosity. This would not be achieved in such a
simple manner if the totally isomerised Fischer-Tropsch
fraction was to be added to a finished base clil because
properties like viscosity, velatility and pour peint
would in most cases not match such £o obtain exactly the

35 desired base oil product.



above 50 wto per pass, preferably above 60 w% on a preferably heavy

Fi scher-Tropsch wax feed having a weight ratio of conpounds having nore

t han 60 carbon atons_ relative to conpounds having nore than 30 carbon atons
of 15 above¥BX¥15H erably above 0.55. The conversion i sPCHEPRHEE HE1 t he
conpounds boiling above 370 Cin the feed that are converted to conpounds
boiling below 370 C. These totally isonerised fractions nmay be consi dered
to be suitable to be used as base oils thensel ves. However 20 they contain
for sone uses a too high content of parafi@ns, which paraffins influences
the solvency for additives in a negative manner. By using a blend of this
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volatility and pour point would in nost cases not match such to obtaln

exactly the 35 d@élﬂr@éd5§§s§léﬁheprfbmm?wh Vi@22004001 134731 PCTHERRDON /1051181 -
10 The total Iy doneidsed Fiochers oS fiactian mbl, | onbr elrahly boil
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for nore than 90 mﬁxb above nore pre erabl'y” above
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5 500 and 650 C. | l.ate fragtions,of this totally isonerised

Fi scher - Tropsch‘%racs#bﬁa y ?8 %é§used in the process of the present

i nventi ar when one §d¢k$na©1vely, but less preferred than the partly or

totally iscmerised Fischer-Tropsch products, one may use
as the Fischer-Tropsch fraction the n-paraffin waxes as
obtainable from said Fischer-Tropsch processes having
preferably a congealing point of between 20 and 80 °C.

15 Examples are SX-30, SX-50 and SX-70 as obtainable from
Shell MDS (Malaysia) Sdn Bhd. If such waxes are used a
catalytic dewaxing in step (c) is preferred, more
preferably a dewaxing catalyst is used having a high
ability toc isomerise the normal paraffins. See for

20 preferred catalysts below. Of course fractions having
similar properties as described above as obtainable from
other processes may also be advantageously used in our
invention.

The mixture as cobtalned in step (b) will suitably

25 have a viscosity correspending to the desired viscesity
of the base 0il product. Preferably the kinematic
viscosity at 100 °C of the mixture is between 3 and
10 ¢St. The content of Fischer-Tropsch derived fraction
in the mixture is preferably higher than 5 wt%, more

30 preferably higher than 10 wt% and preferably lower than
50 wt% and more preferably below 30 wt% and even more
preferably below 25 wt%.

With the dewaxing in step (c) is understood every

process wherein the pour point of the base oll is reduced

35 by more than 10 °C, preferably more than 20 °C, more



i nprove only the properties of a specific base oil grade as also expl ai ned
below. 10 Alternatively, but less preferred than the partly or totally

i somer i sed Wwb36haisgFsopsch products, one may use as the pirggb&fid69Hsch
h

fraction the n-paraffin waxes as obtainable fromsaid Fischer-Tropsc
processes having preferably a congealing point of between 20 and 80 C. 15
Exanpl es are SX-30, SX-50 and SX-70 as obtainable from Shell MS (Ml aysi a)
Sdn Bhd. If such waxes are used a catal yti dewaxing in step (c) is
preferred, nore preferably a, dewaxing catalyst is used having a high

ability to isonerise the normal par ins. See for 20 preferred catal ysts
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10 cSt. The content of Fischer-Tropsch derived fraction in the mxture is
pref erably hi gherdtifdnrs @ vpraoee B preflaratisy ahdgher wvehan 10 wt % and

pref erably | owery Lhat. 50 4790 B0l £ praferally 0! gy, 30w Yo and qven mor e

preferably bel ow e dewaxing iIn ste 'S un every
process wherei n &t qouringoithe pizthes base didmpesatedaced ti35 tangwrd t han

10 C, preferably re tha C,,more /1113473, PCT/ EP2004/ 051181 - |1
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preferably nore C. ewaxi r% can per f

so-cal | ed sol ventC dewadd ngoprocess oepdoy:ztaredrs wakk dromt ahytdtl dedaxi ng

process , Sol vent devaxing .\3 PELI,KROD [Q.HN95¢:3kELLgdihn the art and
filter cloth which can be made of textile fibres, such as
cotton; porcus metal cloth; or cloth made of synthetic
materials. Examples of solvents which may be employed in

the solvent dewaxing process are C3-Cg ketones {(e.g.

15 methyl ethyl ketone, methyl iscbutyl ketcne and mixtures

thereof), Cg-Cip aromatic hydrocarbons {(e.g. toluene),

mixtures of ketones and aromatics (e.g. methyl ethyl
ketone and toluene), autorefrigerative solvents such as

liguefied, nocrmally gaseous Cp-Uy hydrecarbons such as

20 propane, propylene, butane, butylene and mixtures
thereof. Mixtures of methyl ethyl ketone and toluene or
methyl ethyl ketone and methyl iscbutyl ketone are
generally preferred. Examples of these and other suitable
solvent dewaxing processes are described in Lubricant

25 Base 0il and Wax Processing, Avilince Sequeira, Jr, Marcel
Dekker Inc., New York, 1954, Chapter 7.

Preferably step (c) is performed by means of a
catalytic dewaxing process. The catalytic dewaxing
step {c) can be performed by any process wherein in the

30 presence of a catalyst and hydrogen the pcour point of the
base ©il precursor fraction is reduced as specified
above. Suitable dewaxing catalysts are heterogeneous
catalysts comprising a molecular sieve and optionally in
compination with a metal having a hydrogenaticn function,

35 such as the Group VIII metals. Molecular sieves, and more



5 adm xture of one or nore solvents and/or wax precipitating agents with
the base oil precursor fraction and cooling the mxture to a tenperature in
t he range g[ from-10 Cto -40 C, preferably in the range of from- 20 Cto
-35 C, to YpAPHIEThe wax fromthe oil. The 10 oil cont aAGHVRRROMHEWHEX i s
usually filtered through a filter cloth which can be nmade of textile
fibres, such as <cotton; porous netal cloth; or cloth nade of synthetic
mat eri al s. Exanpl es of solvents which may be enployed in the sol vent
dewaxi ng process are C3-C6 ketones (e.g.” 1% met hyl ethyl ketone, nethyl

i sobutyl ketone and m xtures thereof), C6-Cl0 aromatic hydrocarbons (e.qg.
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I ntermedi at e po%ﬁe@%éeafgoéﬂée§ilf§§”§fﬁ%§ﬂ@pﬁosphate {SAPO} materials
of which SAPO-11 is most preferred as for example
described in US-A-4859311. ZSM-5 may optionally be used
in its HZSM-5 form in the absence of any Group VIII

15 metal. The other molecular sieves are preferably used in
combination with an added Group VIII metal. Suitable
Group VIII metals are nickel, cobalt, platinum and
paliadium. Examples of possible combinations are
Ni/Z8M-5, Pt/ZSM-23, P4/ZSM-23, Pt/Z5M-48 and Pt/SAPO-11.

20 Further details and examples of suitable molecular sieves
and dewaxing conditions are for example described in
WO-RA-9718278, US-A-5053373, US-R-5252527, US-A-4574043,
WO-A-2004033594 and WO-2A-2004033583.

The dewaxing catalyst suitably also comprises a

25 binder. The binder can be a synthetic or naturally
occurring (inorganic) substance, for example clay, silica
and/or metal oxides. Natural occurring clays are for
example of the montmorillonite and kaclin families. The
binder is preferably a porous binder material, for

30 example a refractory oxide of which examples are:
alumina, silica-alumina, silica-magnesia, silica-
zirconia, silica~theoria, silica-beryllia, silica-titania
as well as ternary compositions for example silica-
alumina-thoria, silica-alumina-zirconia, silica-alumina-

35 magnesia and silica-magnesia-zirconia. More preferably a



good catalytic ability to reduce the pour point of the distillate base oil
precursor fraction under catalytic dewaxing conditions. Preferably the

i ntermedi atygoRRfE1H-§! Ze zeolites have a pore dianeter of 0. and
0.8 nm Suitable intermedi ate pore size zeolites are nnrggﬁ#%@%ﬁ%/g’g,

ZSM 12, ZSM 22, ZSM 23, SSZ-32, ZSM 35 and ZSM 48. Catal ysts having a high
ability to isonerise normal paraffins will preferably conprise ZSM 12,

ZSM 22, 10 ZSM 23 or SSZ-32. Anot her pref eged group of nol ecul ar sieves
are the silica-al um naphosphate (SAPO) materials of which SAPO- 11 is nost
preferred as for exanple described in US-A-4859311. ZSM5 may optionally be
used in its HZSMS Féddtynrehe2@byencediske Bapder cnptafial A5 hethalis The

ot her nol ecul ar _si F era d i i i dded
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Goup VIII netal. Suita Goup VIl netals are nickel, c plati num
and pal | adi um IExaifp] egtefripbssebt esicioimsi natironsiar et I N ZBMEB, 0:PteZSM 23,

PAIZSM23, P ZNAR AN BLERBO 11020 Fur pher et ot s and examl e of

sui t abl e nol ecul-ar si éves ewaxi ng con i’ons are exa scri bed
in WO A071827&hdi% AGHOR38E3¢xuiB e 5252527 stH8- AbdbT 40A8: mdMD A- 2004033594

and WO A- 2004033593f The %ﬁ\p@xi n Scsq{flil /St suitably also conprises a 25

bi nder. The bi nder” cearr{elgie a %t etic of 'naturally occurring (inorganic)

substance, for exanpl eclfayredi ticas a@hdicotaxietakbzoxidess Natpuriale occurring
clays are for ex | e of .the ntnorilloni.te and kaolin famlies. The

bi nder is pref er]aﬂa)lﬁ “hecg&t&u?g?ﬁé%rcmteagil&ﬁesf 8P SB°BkENpt P Yo it ory
oxi de of which exarpl esiariey rakustveyy Sdidkabvahdairngaatsilacarmmgnes a,
silica- zirconia, silica-thoria, si Ijrca,-beryl lia, sjlica-titania as well as

ternary 3c00rr_posi t?%?%ntfj&}llé/xgﬁﬁﬁeo i P+ RN AFniORECERBRf aabove, whereln
silica-al um na- ziK£oNiBacs bircanal aMMan3D IMRGARSLAcANEe crystallites

silica-magnesi a-zirconia. Myre preferably a , o

has been modified by subjécting the aluminesilicate
zeolite crystallites to a surface dealumination
treatment. A preferred dealumination treatment is by

15 contacting an extrudate of the binder and the zeolite
with an agueous soluticn of a fluorcsilicate salt as
described in for example US-A-5157191 or WO-A-2000029511.
Examples of suitable dewaxing catalysts as described
above are silica bound and dealuminated Pt/ZSM-5, silica

20 bound and dealuminated PL/ZSM-23, silica bound and
dealuminated Pt/ZSM-12, silica bound and dealuminated
Pt/7Z8M-22 as for example described in WO-A-20002%511 and
EP-B-832171.

Catalytic dewaxing conditions are known in the art

25 and typically involve operating temperatures in the range
of from 200 tec 500 °C, suitably from 250 to 400 °C,
hydrogen pressures in the range of from 10 to 200 bar,
preferably from 40 to 170 bar, weight hourly space
velocities (WHSV) in the range of from 0.1 to 10 kg of

30 o0il per litre of catalyst per hour (kg/l/hr), suitably
from 0.2 to 5 kg/l/hr, more suitably from 0.5 to
3 kg/l/hr and hydrogen to oil ratios in the range of from
100 to 2,000 litres of hydrogen per litre of cil. By
varying the temperature between 315 and 375 °C at between

35 40-70 bars, in the catalytic dewaxing step it is possible



WO 2004/ 113473 PCT/ EP2004/ 051181 - 13 low acidity refractory oxide binder
material, which is essentially free of alumna, is used. Exanples of these
bi nder materials are silica, zirconia, titaniumdioxide, germanium dioxide,
boria and nmMWPEESEE two or nore of 5 these of which exd@VEoewesiisist ed
above. The nost preferred binder is silica. A preferred class of dewaxing
catal ysts conprise internediate zeolite crystallites as descri bed above and
a lowacidity refractory oxide binder naterial which is 10 essentially free
of alum na as descri bed above, wherein thessurface of the alum nosilicate
zeolite crystallites has been nodified by subjecting the alumnnosilicate

zeolite crystallid ey da-8 sutase dealumNaticedrchiegbiBnioiA preferred
dealum nation treatnent is by 15 contacti’ng an extrudate of the binder and

the zeolite wit¥Pssi fdgodoasssvauyinn ofomn StliGePesi IPEar el lsal t— &k tadescri bed
in for exanple USA-6157191 or WO A-2000029511. Exanples of suitable
dewaxi ng catal ysts as descri bed above are silica bound and deal um nated
Pt/ZSM 5, silica 20 Hoahe aadddealaniatatled Pt CZ28Mk28g st¢p caclbdwm and
deal um nated Pt/ ZSM.12, .silica bound and deal um nat ed ZSM 22 as for
exanpl e (ajijescri beraes'tlantj\m-ll- %6882@’5&&0%&% “EpB-83 lﬁﬁévﬁﬁgl%@? ¢ déWaxi ng
condi tions are knowt istechesapite2&drandy tpmifeatleyl wheokve opesat i ng

t t inth f from 200 to 50Q C,_ suitably from 250 to 400 C,
hyar ogen pr essur B THE FARBCCaT T B0 10 1960 tBab o B STarEbly 11 om 40

to 170 bar, wei gldndiaiirdrnys $paceecd et ©cdtdes ()VWHSVEchnathed range Hfndyiam 0. 1
to 10 kg of 30 oil pe i

(0,59,49 of, 30, ol Bt L re of ceatal ystper, oyt (Kalilho) pu faoly from
ratios iypthe ramge Ofstfs @Fe the palladium/platinum containing catalysts
C-624 and C-654 of Criterion Catalyst Company. After such
a treatment the nitrogen content is reduced to below
10 ppm that is advantageous for the performance of the
dewaxing catalyst downstream said treatment.

15 After performing the pour peint reducing treatment
lower boiling compounds formed during said treatment are
suitably removed, preferably by means of distillation,
optionally in combination with an initial flashing step.

The effluent of the pour peint reducing treatment may

20 suitably be subjected to a hydrogenation treatment
step (d). Hydrogenation may be performed on the entire
effluent or on specific base oil grades after the above-
described fracticnation. This may be regquired in order to
increase the content of saturate compounds to values

25 above 90 wt% more preferably above 85 Qt%. Such a
hydrogenation is also referred to as a hydrofinishing
step. This step is suitably carried out at a temperature
between 180 and 380 °C, a total pressure of between 10 to
250 bar and preferably above 100 bar and more preferabiy

30 between 120 and 250 bar. The WHSV (Weight hourly space
velocity) ranges from 0.3 to 2 kg of 01l per litre of
catalyst per hour {kg/l.h). Optionally the hydrogenation
1s performed in the same reactor as the catalytic

dewaxing reactor. In such a reactor the beds of dewaxing



100 to 2,000 litres of hydrogen per litre of oil. By varying the

t enperature between 315 and 375 OC at between 35 40-70 bars, in the

catal yti c dewaxisngssstep it is possible WO 2004/113473 F(ﬁf@ﬁgpgﬂ@&ﬁ%%Sl -
14 to prepare base oils having different pour point specifications varying
fromsuitably lower than -60 to -10 C. If the feed to a catal ytic dewaxing
step (c) has a 5 relatively high nitrogen content of above 10 ppm a pre-

treat step is preferably perfornmed mherqiquqder hydr oconver si on condi ti ons
simlar to the dewaxing conditions the feed to step (c) is contacted with a

noble netal cataly | es of suitable noble netal 10 _catal ysts are the
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Cat al yst Conpany:zAkternsalcdh @ gakent othey ni trogen content is reduced to
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catal yst downstreani88i @/¢F¥UHENMEAC! L5LALYEF perfwilvibdy eheuppartpdi nt
reduci ng treatn%@%albg@e&0$gyﬂéﬂﬁﬁ %Qgggggg?g§?${§gb(vyfln%e%%uq treatnent are

suitably renoved, preéferably by nmean ifon, optionally in
conbi nat bon wi t Rogribhit Fadud VA metstiep arFheckd 1 uantckefl ,t be lpediupoi nt

reduci ng treat . SUL l.y ject -} I nation
t reat nent stepn%ﬁ?.gﬁéé%%%%h3?%%ﬁjh§§5%§E§%§?o§%€%gﬁﬁfgﬁga§%ﬁﬁﬁeS &Y 1 uent
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This may be required,in order ,t.0 increase the content of saturate conpounds
to val ubs 25 abOVEI96 i o o b SFarabily CAboUB 95 Vv lSidR 57 Lov
hydr ogenati on i scakisayr eherpleth 4 oraady aa thydgr okiaeshi hgampSteep.ofTBUS t8hep i S

suitabléocarried out. at a_t Q%gture. etmeeg %80.and 380 C“.g t ot al
pressur & of bet WEEAPEE F o ® A aid PrefBrabry HboVE L0 Bar<dnd nore

preferably such as alumina, silica, titania, zirconia, boria,
silica-alumina, fluorided alumina, fluorided silica-
alumina and nmixtures of two or more of these.
Examples of suitable hydrcgenation catalysts are
15 nickel-molybdenum containing catalyst such as KP-847 and
KF-8010 (RKZC Nobel} M-8-24 and M-8-25 (BASF), and C-424,
DN-190, HDS-3 and HDS-4 (Criterion); nickel-tungsten
containing catalysts such as NI-4342 and NI-4352
{Bngelhard) and C-454 (Criterion); ccbalt-molybdenum
20 containing catalysts such as KF-330 (RKZIO-Ncbel}, HDS-22
{Criterion) and HPC-601 (Engelhard). Preferably platinum
containing and mere preferably platinum and palladium
containing catalysts are used. Preferred supports for
these palladium and/cor platinum containing catalysts are
25 amorphous silica-alumina. Examples of sultable silica-
alumina carriers are disclosed 1n WO-A-9410263. A
preferred catalyst comprises an allcy of palladium and
platinum preferably supported on an amorphous silica-
alumina carrier of which the commercially available
30 catalyst C-624 of Criterien Catalyst Company (Houston,
TX) is an example.
With the process according to the present invention
different base 0il grades may be prepared, such as
spindle oil, light machine 0il and medium machine oll

35 having a saturates content of above 90 wt%, more



30 between 120 and 250 bar. The WHSV (Wi ght hourly space velocity) ranges
from0.3 to 2 kg of oil per litre of <catalyst per hour (kg/l.h). Optionally

t he hydrogegath@ni3d;s perfornmed in the sane reactor as th L
dewaxi ng reactor. In such a reactor the beds of dewaxing g\ﬁ%%g‘%%iéﬁlm

PCT/ EP2004/ 051181 - 15 catal yst and hydrogenation catalyst will be placed
in a stacked bed on top of each other. The hydrogenation catalyst is
suitably a supported catalyst conprising a dispersed Goup VIII netal. 5
Possible Group VIIl netals are cobalt, ni ck@l pal | adium and pl ati num
Cobal t and ni ckel containing catal ysts may aI so conprise a Goup VIB netal,
sui tably nol ybde?n’@rﬁeéfﬁél)’tUh@%@@nthﬂulﬁfab’lté capriee ornsupport teterials are

low acidity a %‘A% éﬁ%%f&ﬁyté)éﬁsdeas s@i?ﬁ'%eglff 4 tabl £ 10 am)rlphous

refractory oxides include I norgani ¢ OXi such a hlI
titania, zi I‘COI’]IEGJ,d bedian machina- @ihmm rfelfaor tdeldaada qul‘la;r&fdew)rl ded

silica- alumna ur e nmor.e of .t hese S, Of itabl e
hydr ogenat i on ce{]t aI y t)sé%a'ﬁe&ig’ hire }fmr%}atl r‘{ljjrsnc&s)ﬁ%%l ni %&gatéiﬁd{] such as
KF-847 artd KF- SGuk&e(lAKZ@el\prﬂmdlMchﬂéhcmidtlwhalw L BASE)ma At 424,

DN- 190, HDS-3 and HDS- Crlter ni ckel ten i ni g_catalysts
Slch as NI - 4342 G 1585 5P CEroat bty e cEanad { P PR THL Y =

cobal t - mol ybdenumg: maéabm noreatat et rsueh k&ﬁeﬁtﬁ@%i%d}bw )
HDS-22 (Criteri OCﬁ/ and C— 601 _( Engel hard). Pref e pl atl num_ cont ai ni ng
and nore preferadld M &L GFT‘P‘énEi %a@ﬁatacﬁ%prc?éﬁtrép @g‘é yt s e used.

Preferred suppordss Qe cihesgnpritadi tipand/ @bal@h@%ﬂ%?ﬂ@} aiyd ng catal ysts
are 25 anorphous silica-al unm na. ExaG]rT}_)?I es of suitable silica- alumna

carrierstare di stitos@EarrA Wo- 09436263 108 T BFEPPEd RRtRIF5TNHpri ses an
all oy of palladigMmANdos and more preferably below 18% or a flash point, :

as measured according to ASTM D33, of above 1860 °C.
Preferably the light machine cil has a kinematic
viscosity at 100 °C of below 9 ¢St and preferably above
15 6.5 ¢St and more preferably between 8 and 9 cSt.
Preferably the medium machine ¢il has a kinematic
viscosity at 100 °C of below 13 ¢St and preferably above
10 ¢S5t and more preferably between 11 and 12.5 cSt. The
corresponding base oll grade can have a viscosity index
20 of between 95 and 1Z0.
The above referred to base oils are typically APIT
Group II base oils having a viscosity index of between 80
and 12C. With the present invention it is alsc possible
to prepare so-called APT Group III base oils having a
25 viscosity index of above 120 and preferably up to 140 by
for example adding more of the Fischer-Tropsch derived
fraction in step (b), adjusting the process conditicns in
step (a) or by using a crude derived feedstock which in
itself vields a higher VI base oil. In the context of the
30 present invention the content of the Fischer-Tropsch
derived fraction in the mixture cbtained in step (b) is
less than 60 wt%, preferably less than 50 wt%.
The above base oil grades may be obtained by
distilling the product as obtained after step {(c) or

35 step (d}. In some base cil processing units comprising



pl ati num preferably supported on an anorphous silica- alumna carrier of
whi ch the commercially avail able 30 catalyst C624 of Criterion Catalyst

Company ( ton, _TX) is an exanple. Wth the process according to the
pr esent iﬁ&&ﬁﬁg%%”3ﬁ?fferent base oil grades may be prepaf&€d/EP3HdHS1H8]
spindle oil, light nmachine oil and medi um machine oil 35 having a saturates
content of above 90 W% nore WO 2004/ 113473 PCT/ EP2004/ 051181 - 16
preferably higher than 95 wt% In the context of the present invention
terms as spindle oil, light nachine oil - and-nmedi um machine oil will refer
to base oil grades having an increasing kinematic viscosity at 100 C and 5
wher ei n the spi hgkeoorhciadd tarahatdtys 1jas cademk iaom ¢ v atdddet wil

speci fication. Preferablg a spindle oil is a |ight base ail product having
a kinematic vis&38Afy af HER§§§ B 8l B.Bl%%i§huﬁi%ﬂ?ﬁ%%ﬁ&@l?laﬁb%% 3.5.

The spindl e oi lsuganchaves efdﬂfleéxaalﬂ@a@léswméal%wsig?&eﬂ detgr {Eﬁaggdz by the
CEC L-40-T87 method, of preferably below 20% and nore preferably bel ow 18%
or a flash poi n®l T8 ARAYHreR WSt dicnGepsr ABTM IR OlbfoaBové 180 C

Pref erablsy the |Sie@|ﬂTeiB§C@£ﬂ%r%&hé@%éﬁi%hnggaﬂiu&t Yiseosithat 109 Csof
bel ow 9 ¢St and preferably above 15 6.5 cSt and nore preferably between 8
and 9 cSt. PrefféraBE§eehel netRRim achidnéner| Fhals &« siehatand ofi scosity at

100 C of bel ow St -an 0,,1c! e |
Js?teg é%?_ 9;@;&6@{&@@% aheyar 40,68t %g%gﬁﬂ eterpbly

between 11 and 12. . correspondi ng base oi i can have a
vi scosity index at2@eotpbediwen! Ofhtarmd:dl 2041 Thenabovies ref ergrediet esbése oil s

are typical Iy ARl . 18“8#&?@@ Pl haylog 8.viscosify vid“—%%z%z??t. ween 80
and 120. Wth the presenf 1nvention it i's also possible 0 preéepare
so-cal | éd APl GTogp ihBkvbas®l of fsddrmdrmeg sabsequently further processed
in step (¢) in a blocked out mode. In terms of the
present invention one or more of these grades can be
mixed with the Fischer-Tropsch fraction. When processing
the different grades separately through steps (a) and/or
15 (¢} it 1s possible to use the Fischer-Tropsch fraction to
corract only for those grades which need correction in
VI. In a prior art process without having this
possibility it was not possible to target the desired VI
for every grade. In practice one would target the VI for
20 the most difficult grade and accept a VI much higher than
the specification for the remaining grades. As explained
above a too high VI implicates a non-optimal yield for

the base o0il. This quality give-away can now be avoided

with the process accerding to the present process.

25
The invention will be illustrated by the following non-
limiting examples.
Example 1

30 In Example 1 a blend of twe components have been

catalytically dewaxed. The first component was an
intermediate product having the properties as listed in
Tabhle 1. This intermediate product was prepared by
contacting a vacuum distilliate feed first with a NiMe on

35 alumina type hydrotreating catalyst(s) followed by



25 viscosity index of above 120 and preferably up to 140 by for exanple
addi ng nore of the Fischer-Tropsch derived fraction in step (b), adjusting
the process conditions in step (a) or by using a crude derived feedstock
which in iweebdsmbebds a higher VI base oil. In the contexti/mhodi/ne 139
present invention the content of the Fischer-Tropsch derived fraction in
the m xture obtained in step (b) is Iless than 60 w% preferably |ess than
50 wt % The above base oil grades nay be obtained by distilling the product
as obtained after step (c) or 35 step (d);glnh sonme base oil processing
units conprising WO 2004/ 113473 PCT/ EP2004/ 051181 - 17 hydrocracki ng and
catal yti c dewaxi ng .these base oil r ades e prepared one at atinme in a
so-cal | ed bl ockec(irchtc?lﬁetlﬁ’ﬁdgIsl sg?“afotgel&ea‘ﬂiﬁdeafr&é—jggﬁpgealggf = reoclr.af.:r%ﬁ‘gpage 2
of the above refeftad 0 cGapesalndext hoiok of aAvialunend Sefitied r avhl e ANOt her
option is that a full range feed is rocessed.in step (a) and that fromthe
ef fluent of stég'q &YFPL FFSHEga?%t?&ﬂtatcé’@%\ﬁW@ﬁ %ﬁr?’égpﬁ?ﬁlﬁf thre above
spindl e, |ight anddJdediywnsraghi peroijpefadeasti o exaspheddesstibed in the
above referred to WO A-0250213. 10 The individual grades are subsequently
further ptocesseRfFeishmt-ef e tha afbldked G enddat i nates mnbflaer
present inventiof, ong,PrerREecak LBesesdiadasLanherndl xeghat thhiheg
Fi scher-Tropsch fraction. Wen processing the different grades separately
t hrough steps (a)nEidiestiats pepditet iRy posdidplcd ©d stséiRheCHE scher - Tropsch
fraction to correctronly.£.oh Lhasendh@des whiehneed REF et ofiddhe M . 1N
a prior art process wthout having this possibilify it was not possible to
target the desirBebpich fderigedr frarhten At apmast ilgemoRbewbuliESt ar get the VI
for 20 t nmost dj ffi.cult grad n et o [ han.

gf ﬂlla{lhéefélﬁea%a%dﬁ ena ﬂaP}Q ﬁhﬁqgegm@ QQQ{/ & nat{@

specification fo ining grades. Asagsx



above a too high VI inplicates a non-optimal yield for the base oil. This
quality give-away can now be avoided wth the process according to the
present preeLRs4113273The invention will be illustrated by sdrEmoeldoEnsng non-
limting exanples. Exanple 1 30 in Exanple 1 a blend of two components have
been catalytically dewaxed. The first conponent was an internedi ate
product having the properties as listed in Table 1. This internedi ate
product was prepared by contacting a vac distillate feed first with a
Ni Mo on 35 alumina type hydrotreating catalyst(s) followed by WD 2004/ 113473
PCT/ EP2004/ 051181 - 18 contacting the hydrotreated fraction with a
hydr ocracki ng catalyst consisting of NNWon an alum na carrier wherein
hydr ocr acki ng cataaligst contained 50 wt % zeolite Y. These two steps were
performed at 150 bars hydrogen 5 pressure. Fromthe effluent mddle
distillates and lower boiling fractions were separated fromthe higher

t he

boiling interned abepBhOGUCT Py nMednscindhsité [ akhen e wegony conmponent
was a partly isorerised Fischef- Trgpgehaderi yed fragkkonaobta ned from
Shell MDS 10 (Maf aysia) Sdn Bhd mar Kegedk as-~ahel [ MpS Maxy Rabfi nate. WO
200-9%di 13473 PCT/ EP2004/ 051181} - 19 Tahle,i Copponedy.hnipsnedi ate Shel
MDS Waxy product as Raffinatejas nadectre geothggggygigppyﬁpuun1Shel
MDS distillate |(Malaysia) Sdn| of g gru eC%Ege Bhd
mineral
source

Example Example 1 Example 1

Ceontent in WS 50 50

blend

Vk@100°C cSt 4,582 5.181

Refractive 1.457

index

Density 824.2 784.3

Wax melting

point °C +47

IBP %m 197 347

distilled °C

10 " 350 J 396

50 " 437 461

70 " 474 490

50 " 527 529

FBP " 602 592

Wax 20

content {*) Wt 21.4

5 {*} as determined after separating the wax compcnent at -

27 °C by means of solvent dewaxing.

The above blend, analysed for sulphur (44 ppm) and

nitrogen (2 ppm), was contacted with a dewaxing catzalyst
25 wt% ZSM-12 and a

silica binder. The dewaxing conditions wvere 140 bar

10 consisting of 0.7 wt% platinum,



m neral source Exanple Exanple 1 Exanple 1 Content in W% 50 50 blend
VK@O00C cSt 4.982 5.181 Refractive 1.457 index Density 824.2 784.3 wax
melting p | BP %n 197 347 distilled C 10 350 3 61 70
474 490 9{3)2’512&@%73 FBP I T 602 592 Wax 20 content (*) w@f‘éﬁéﬁﬁ*ﬁ"?‘ﬁ? as
determ ned after separating the wax conponent at - 27 C by neans of sol vent
dewaxi nq. The above bl end, anal ysed for sul phur (44 ppm} and nitrogen (2
ppm, was contacted with a dewaxing catalyst 10 consisting of 0.7 w%
platinum 25 wt % ZSM 12 and a silica bi ndet® The dewaxi ng conditions were
140 bar WD 2004/ 113473 PCT/ EP2004/ 051181 - 20 hydrogen, WHSV = 1 kg/l.h
and a hydrogen @a@rpgﬁe,oWHSVSﬂlNHKM@ heedndThehEdp@génngswnﬁxnaﬁried out
at three differgnt .r t 39, .343 and. 34 he dewaxed
ef fl uent was cug%gtN&?g%C&gﬁﬁ t §ﬁ§nglﬂésfra%f}%% qéégh SEd. The
properties of thieff£e0eGt pbalstjfcvradian@r&ramerbsst 8doi n3Jabdrel Z4Hi°gher

Vi scosi t
y The dewaxed effluent was cut at 470 °C and the 470 °C

5 plus fraction was analysed. The properties of the 470 °C
plus fraction are listed in Table 2. Higher viscosity
grades could have been obtained at cutting the

dewaxed oil at a higher temperature than the now

exemplified 470 °C.

Table 2

Example la 1b i
Reactor temperature 33% 343 345
Yield on feed of 470

29.5 26.4 25.3
°C+ fraction (wt$%)
470°C+ Pour Point

. - 14 - 20 - 28

{7C)
Viscosity Index of

130.1 127.4 124.3
the 470°C+ fraction
Kinematic visceosity

§.582 8.809% 9.077
at 100 °C (ec5t)

10 Comparative Experiment 2
Example 1 was repeated except that the feed was 100%
of the intermediate product as made from a vacuum
distillate of a crude mineral source as listed in
Table 1.

15 The reactor temperatures were again varied as listed

in Table 3. The properties of the 470 °C plus fraction

were analysed and reported in Table 3.



grades coul d have been obtained at cutting the dewaxed oil at a higher
tenperature than the now exenplified 470 C. Table 2 Exanple la Ib Ic
Reactor tegp O@&gpg3339 343 345 Yield on feed of 470 29pp1rA®P26hidog1 Ct
fraction (mﬁgg 4 SCH Pour Point - 14 - 20 - 28 (C Viscosity Index of 130.1
127.4 124.3 the 470C+ fraction Kinematic viscosity 8.582 8.809 9.077 at
100 C (cst) 10 Conparative Experinent A Exanple 1 was repeated except that
the feed was 100% of the internediate prqoduct as nade from a vacuum
distillate of a crude mineral source as listed in Table 1. 15 The reactor
tenperatures were again varied as listed in Table 3. The properties of the
470 C plus fraction were analysed and reported in Table 3. WD 2004/ 113473
PCT/ EP2004/ 05118112.13 Table 3 Experinment A-1 A-2 A-3 Reactor tenperature C

336 341 346 our point C-11 -23 -35 Viscosity index - 103 100 94

Ki nematic viscosity at 100 C ¢St 11,51 11,77 12,89

“ Experiment -1 A-2 -3 7
Reactor temperature °C 336 341 346
Pour point °C -11 -23 -35 |
Viscosity index - 103 100 g4
Kinematic wviscosity at 100 °C cSt 11,51L 11,77 12,89




- 22 CLAI MS 1 Process to prepare a base oil having a viscosity index
of above 80 and a saturates content of above 90 wt% from a crude derived
feedstock by (a) contacting a crude derived feedstock in the presence 5 of
hydrogen with a catal yst conprising at | east one Goup VIB netal conponent
and at | east one non-noble G oup VLIbometal conponent supported on a
refractory oxide carrier; (b) adding to the effluent of step (a) or part of
the 10 effluent of step (a) a Fischer-Tropsch derived fraction boiling at
| east partly in the base oil range, wherein the Fischer-Tropsch derived
fraction is obtained by hydroisonerization of a Fischer-Tropsch synthesis
product, in an anount effective to achieve thé tfrget 15 viscosity index of
the final base oil; and (c) dewaxing the btained in step (b).

2. Process according to claim1l, wherein the crude derived feedstock is a
vacuumdistillate fraction or a de-asphalted vacuum residue as obtai ned
fromthe residue 20Pwfcasfe t@t AARTETe @ diastd 1914t ihary iof9 & origd® Pdtyr ol eum

feed. 3. Process_accordi 0 y..one oQ i - erein, the viscasity
i ndex of the cr’[fb‘ge’aec?]fjvae \Eeee%js]taonccﬂ 9 sgatgle OHV%BSG%.O%\Q% Cifi’éroacbeosvse agcdco“f%? ng
to any one of cf@abisa leRudaveseived theedonwer $on in step (a) is between 20
and 80 wt% 5. Process according to any one of clains 1-4, wherein in step

(a) the crude deth v&piEddstbck Grugs ([dgrivesh feﬁ?{ﬁtétﬁked_nt ¢ e WrESRTSat i ng
\th1 gfeﬂ] 'ffL et gotn@/gr%f%ﬂa@& apkiNG: stah1 far RIQEESS BRf Ading 410 &lai m 5,

Group VIB metal component and at least one non-noble
Group VIII metal component supported on a refractory
oxide carrier;
{(b) adding to the effluent of step (a) or part of the

10 effluent of step (a) a Fischer-Tropsch derived fraction
boiling at least partly in the base ©il! range, wherein
the Fischer-Tropsch derived fraction is obtained by
hydroisomerization of a Fischer-Tropsch synthesis
product, in an amount effective to achieve the target

15 viscosity index of the final base oil; and
(c) dewaxing the mixture as obtained in step (b}.
2. Process according to claim 1, wherein the crude
derived feedstock is a vacuum distillate fraction or a
de-asphalted vacuum residue as obtained from the residue

20 of the atmospheric distillation of a crude petroleum
feed.
3. Process according to any one of claims 1-2, wherein
the viscosity index of the crude derived feedstock is
below 60.

25 4. Process according to any one of claims 1-3, wherein
the ceonversion in step (a) is between 20 and 80 wt%,
5. Process according to any one of claims 1-4, wherein

in step (a) the crude derived feedstock is first



in the hydrotreating step is below 30 ww% 5 7. Process according to any one
of clains 1-6, wherein the kinematic viscosity at 100 C of the m xture as
obtained in step (b) is between 3 and 10 cSt. 8. Process according to any
one of clainms 1-7, wherein step (c) is perfornmed by nmeans of catal ytic
dewaxing. 10 9. Process according toj,any one of clains 1-8, wherein the
dewaxed product of step (c) is subjected to an additional hydrogenation
treatment step (d). 10. Process according to any one of clainms 1-9, wherein

the Fischer-Tropsgh,derlyed, f Gk QR kg fd fﬁéérs%eﬁ:%%ec'
Fi scher - Tropsch ?r az:t(?on gécj)ol Ialr né;dlfror Irmr emgf]%anIy 0 wm % above 300 C, having a
congeal i ng poi nt hydebore@0inQ atera wax content of bel ow 50 wt %

€. Process according to claim 5, wherein the conversion

in the hydrotreating step is below 30 wt%.

5 7. Process according to any one cof claims 1-6, wherein

the kinematic viscosity at 100 °C of the mixture as
obtained in step (b) 1s between 3 and 10 cSt.
8. Process according to any one ¢f claims 1-7, wherein
step (c¢) is performed by means of catalytic dewaxing.
10 9. Process according to any one of claims 1-8, wherein
the dewaxed product of step {c) is subjected to an
additional hydrogenation treatment step (d).
10. Process according to any one cof claims 1-9, wherein
the Fischer-Tropsch derived fraction is a partly
15 isomerised Fischer-Tropsch fraction boiling for more

than 90 wt% above 300 °C, having a congealing point

below 80 °C and a wax content of below 50 wtk.



