"4 JAN 2005 PROCESS TO PREPARE WATER- VWHI TE LUBRI CATI NG BASE A L The invention
relates to a process to prepare a water-white lubricating base, qil &ﬁving a
saturates content of nore than 90 wt % a_sul phur content of } N Y¥en 0. 03
wt % and a viscosity index (VI) of between 80-120 by subjecting a
non-wat er - whi te hydrocarbon feed having a | ower saturates content than the
desired saturat nt, -t [ ' rogenation step
the main reactioﬁﬁil(geggg h?d%ﬁél% W'Mfﬁ?%ﬂ?@&ﬁ%&%ﬁdo%y ot her
unsaturated conpound 10 to saturate conpounds. Lubricating base oils having
t he above properties are sonetines referred to as a APl Goup Il base oils
as defined in APITIRIDIR¥SDESRT 31502 g itife SORTAGEhichPraparecartifi cati on
System " Appengdj - a T PR o ’ gg&ﬁ#{' y. iLdelLines for
-Passenger Car Q%b%%olf_‘gﬁftgngﬁbglgge ﬁghl}%eedobajlqs'. I{eiea1 %&g‘%ﬁt?gs are al so
mentioned in@rtentGasfinorealtha®eft wih%, 190 %ulpdnes GStEOt of thesabove
referred to O, __& Gas..Jour pal ticl.e various rout to oup-11 base oils
are descri bed.tP@&% Ciii2?)§o!|"l’ctgh§l sasi%séccf%kﬁyes“\ﬁ{q}i ' olq}fgi)éfte’@ﬁg point a
hydroggnat i on sif-12@ layosablestandy of hesn-unsatinatiad RIARYEIGSHt pcgltain a
base oil having the desired saturates content. Such d hydrogenation wl|
typical |y be Nsot¥ng nedleyesostdetiates mentast wihah e dgsdred the 25

presence of a fydiLogepat aR+eakalyst ' : 'L, netal
supported catal yst. US- A—59§5416 ?Zsacrl?%de]fsé%érlpérﬁo%e%gt 'p?fépgre APl Group
|1 base oils, hytbrejenahaonbsten dheefmaired edntdrooyeirmttihen hytepgenapeofior med

et wean 530" dia ST g CHPEEHEL AN ) R in bR e mBotha

i0 to saturate compounds.

J Lubricating base cils having the above properties are
sometimes referred to as a API Group II base oils as
defined in API Publication 1503: Engine 0il Licensing and
Certification System, “Appendix E-API Base 0il Inter-

15 changeability Guidelines for Passenger Car Motor 0il and
Diesel Engine 0ils”. These properties are also mentioned
in 0il & Gas Journal, Sept. 1, 1997, pages 63-70.

In the above referred to 0il & Gas Journal article
various routes to Group-II base oils are described. All

20 of the possible routes will involve at one point a
hydrogenation of the aromatics and other unsaturated
compounds to obtain a base oil having the desired
saturates content. Such a hydrogenation will typically be
performed by contacting the feed with hydrogen in the

25 presence of a hydrogenation catalyst, typically a
Group VIII metal supported catalyst.

US-A-5935416 describes a process to prepare API
Group II base oils, wherein the above to referred
‘hydrogenation step is performed as a so-called cold

30 {mild) hydrofinishing step at a temperature of between

230 and 300 °C. The disclosed catalyst used in the



4 JAN 2005 hydrof inishing step is a catalyst containing Goup VIB netals
and a non-noble Goup VIII netal. WO A-9802502 di scl oses a procgss té
prepare APl  Goup Il base oils, wherein_Re_hydrogenation p#oﬁ%i&ﬂﬂ step
is perfornmed using a hydrogenation catalyst conprising a platinum palladi um

alloy. The illustrated. éﬁacti n tenperature of the hydrogenation was 232
C B A 1381008 A PISEA0G Shese st & Gatedyste CRMBALEINT PR ERLi ng a

feed with a nim&@higuagatgndwh_ﬁggygl@Eb%% §atral yetk 53t tenperature of
bet ween 360 and 410 *C and subsequently contacting the effluent of said

step with a catal Y8r2c8fPrtdicngizcdeypeisakl piecglisenitnopirepeatee AKIAUj asi t e

and pal | adi um t ratur and 370_'C. According to this
publ i cati on hygtrrggl ng?}jgﬁg 50§‘nl ’dglgt&p%ﬁlg}r %ggt Py rPgE@étﬁogbé)q%qqg first
step amd conveteponsopepdloymed insingpht hedesgandtii saneaitsalisan of
paraffins takes place.in the.second st This second _step cannot be

gh i i

consi dered to BETRIAFAPIgenRLESA Emépalladiimadt ovhe Thoniddsissr atedt i ons

taking place i pebbicsoR0tehpRra%t Gat akkysed I Line nnosilicate
faujasite. GB-A- 1333826 digcloses a hydrogg g%pgﬁﬁé¥§%ﬁih%% 2%¥gcé23 to

prepare base oils. GBnAEXdRpLE4| disclhises appbbreasi bn prepoee st dgse
hyd ti I . Ll ust d ing a.nickel on Kiesel guhr
ydrogena 'On-BE?CB?Scbﬁtgétlhﬁ“?eE%ES with'd nlg%%&r ungsted Fngt

catal yst, wherein the reactio erature was st age,
232 ' CGin the séomndastagelgsd 260tefpematheet bifr Het®bage 36bhanidargpsed
severity of the Itions was necessary, accaording to this

: : §8ng&$ eag%égﬁg %png in u id st
publ i cati on, t e COBIBGF1NEppNEcEAE SURBYe Cfo§Rd I St@MDSt
i npossi bl e to piepanecatBl§spr 2ehbeakiABNACErYBEST 1AL 81 GAWR sih ihase, oi | s,
especially having a saturates content -of nore than 95 wt %
fatjasite and palladium at a temperature of between 230
and 370 °C. According to this publication hydrogenation
15 and desulphurisation takes place in the first step and
conversion of polycyclic naphthenes and isomerisation of
paraffins takes place in the second step. This second
step cannot be considered to be a hydrogenation step in
view of the conversion reactions taking place in this
20 step as catalysed by the crystalline aluminosilicate
faujasite.

GB-A-1333826 discloses a hydrogenation step in a
process to prepare base oils. In Example 1 of this
publication a three-stage hydrogenation process is

25 illustrated using a nickel on Kieselguhr catalyst,
wherein the reaction temperature was 221 °C in the first
stage, 232 °C in the second stage and 260 °C in the third
stage. The increased severity of the hydrogenation
conditions was necessary, according to this publication,

30 to improve the colour.

Applicants have found it almost impossible to prepare
in a practical manner water-white Group II base oils,
especially having a saturates content of more than 95 wt$%
and up to 939 wt%, and especially starting from the more

35 difficult feeds containing higher sulphur and/or nitrogen




“and up to 99 wt% and especially starting fromthe nmore 35 difficult feeds

cont ai ni ng hi gher sul phur and/or nitrogen - 3 4 JAN 2005 Ieve@ Enis:her
. coloured Goup Il base oils or water-white, products havi ng b 2008t es
content of less than 90 wt % were prepared” Wth a practical manner is here
meant a proceis hﬁvi n%ﬂgg accegt abl e capaci ti/ and/or having an .5
accept abl e r eacfdFf-¥ol negafres OWRPEcChade bi|Baareoddsi mablwatisacaisitef or
exanpl e, it enggoascklke haksgRc p C ng..ot h har pf ul
speci es which g)re detri m%nt%g? ?og%ﬁgfg%?%dgé%{%ﬁg?ﬁy?essgcﬂ:ha?gl ?goor ‘2& npl e
t he oxidati on Y&rst BepRrgd. Thetbohopractisal tmiyeexpsedeadt medrpans of

Col our Saybol t r he_base oil, has a Col our ybol.t of above 20
and nore pref epéEF§%§b§§g¥E§_gq,hgéc%?% of ARG ¥i ﬂPﬁ?O@W@%mn is
descri.bed in ABTtEpbabie mesbber #blbhejs the object of the present

i nvention to provigde, a hydrogenation process wherein a water-white base oi
havi ng the desired"BFEperPibEe Rae belbbtafacdes Maklebpecrauss,adlimved with
the follow ng pgagesa. +Pr -Whi.te huhricati.ng base
oil 20 havi ngeagsg?ﬁfa%gsgggﬁ?%%?t% %%@%ﬁf S'E)e%:ﬂf/o Sglg}élrﬁm?rtjt%tent of
| ess than 0. 03andophhgraherstoli syetiste whoich betevedet BOméA® aly teuhjleset i ng a

non- wat er - whi t o feed_having a | ower. saturates content than the
desired satura ggaég%t gﬁ%ﬁ)gy’a %9??0@%%?% o TRLS Ol REIAPEIGFenat i on step

conprildi ng contaebibdtyheTheedolsht hihyslingasm y restpee L8R Rl of

hydr ogenati on _catal yst 1erein the contacting is perfornmed in two steps:
(a) contacti ngCPﬁguﬁygﬁge\éﬁBonp¥%é%r%]t§h Hrirsis ¢Hl thes 80Cedesence of a

hydrogenati on gayBby&t odt aBot&MPET &idI MY preferably above 25. The

] method of determining Colour Saybolt is described in
ASTM D-156 method. '

15 It is the object of the present invention to provide
a hydrogenation process wherein a water-white base oil
having the desired properties can be obtained. ‘

This object is achieved with the following process.
Process to prepare a water-white lubricating base oil

20 having a saturates content of more than 90 wt%, a sulphur
content of less than 0.03 wt% and a viscosity index of
between 80-120 by subjecting a non-water-white
hydrocarbon feed having a lower saturates content than
the desired saturates content to a hydrogenation step,

) 25 the hydrogenation step comprising contacting the feed
with hydrogen in the presence of a hydrogenation
catalyst, wherein the contacting is performed in two
steps:

(a) contacting the hydrocarbon feed with hydrogen in the

30 ‘presence of a hydrogenation catalyst at a temperature of
above 300 °C and at a WSHV of between 0.3 and 2 kg of oil
per litre of catalyst per hour, and
(b} contacting the intermediate product obtained in
step (a) with hydrogen in the presence of a hydrogenation

35 catalyst at a temperature of below 280 °C.



above 300 C and at a WSHV of between 0.3 and 2 kg of oil per litre of

catal yst per hour, and (b) contacting the internediate product QB&F Qld I n
step (a) with hydrogen in the presence of hydr ogenati on at a
tenperature of below 280 C. - 4 4 JAN 2005 It has been found t hat mnth t he

hydr ogenati on process according the invention water-white |ubricating base
oil's can be prepdte®afaery s oneh thetruish ¢@@t@mﬁrdﬂﬁﬁdBMMD¢apboﬁsfeed

whi ch i's used '? %Gﬁ gﬁy rocar‘g énog%@ége hlt ml\{.l%r]’.]lc%%(l %urb%ess oAlrsmSt

commbn source o EEd use ste

hydr ocar bon fe:ad Wi glrdpated mamm@tal hedhssarthixg s ebntentacuum
distillate or %@?s ha tedlﬁﬁguu si due These vacuun1d|stlllates are

obt ai ned by flrst 2 %? oV BUAPc Agd & SESeddt SLePatiadt megphRer i c

condi tpons  waeteaiimea rﬁsmﬁmmﬁo@@t 86Aede sWNIRC RS icifdrs sctkeegyent |y
distilled at reduced pressure obtaining vacuumdistillates and a vacuum

resi due. Fronﬁ@ﬁehmiﬁﬁﬂﬁthﬂﬂﬁﬁ@ﬂa%%hbﬁtu§edrénréﬁ§¢9dadn1@ de- asphaltlng
unit, 15 ther gy abt, e Speabolh oLakRe LINERYiME Sty S0

aromatics are remove ron1 e vacuum | at’e “Or
resi due by neansaahwmﬂdmaﬁllkatea@rl@nde+asphaamb@Dwabuomb&@quem@ step wax

I s renoved m t he solve cted r odu t.o optain .the 20 hydrocarbon,
f eed whi ch caﬁﬁﬁéeugéﬁqqm ¥§} iéi p$E§IP§%aﬂﬁ€ itd rdn N &d 18y 1861 vent

dewaxing. Opthopaklsleamm lc@cud@r@é/@dis@acﬁreaﬂsa%o%?m@rwcl GoRMRtIoRg Or
| sodewaxi ng. tionally the solvent refined product as described above is

first subject¥fer§ia @orﬁﬁ%ﬂéﬁlezgfny@?%@ib%@ﬂphﬁhlwét ireF1EMBS)i sand/ or
hydrodenltrogggbseggbg& gHeous ﬁﬁﬁ% S%prfeﬁﬁb@g Pzggﬁgg hydragar! R%n feed of

step (a). This 1Is vant e solvent
vacuum dlstlllates and a vacuum residue. From the vacuum

residue asphalt’s are removed in a de-asphalting unit,

15 thereby obtaining a de-asphalted vacuum residue. Part of
the aromatics are removed from the vacuum distillate or
de-asphalted vacuum residue by means of solvent
extraction. In an optional subsequent step wax is removed
from the solvent extracted product to obtain the

20 hydrocarbon feed which can be used in step (a}. Typically
the wax is removed by solvent dewaxing. Optionally wax is
removed by means of catalytic dewaxing or isodewaxing.

Optionally the solvent refined product as described
above is first subjected to a combined

25 hydrodesulphurisation (HDS) and/or hydrodenitrogen- -
ation (HDN) step before being used as hydrocarbon feed of
step (a). This is adwvantageous when the solﬁent refined
intermediate product contains high levels of sulphur
and/or nitrogen.

30 The feed of step (a) may alsoc be prepared by
processes starting from a vacuum distillate or
de-asphalted vacuum residue involving a hydro-
desulphurisation (HDS) and/or hydrodenitrogenation (HDN)
step followed by a hydrocracking step and optionally a




internmedi ate product contains high | evels of sul phur and/or qigAﬁggwﬁ 30
The feed of step (a) may al so be prepared by processes starting 1r a
vacuum di stillate or de-asphalted vacuum mesi due involving a hydro-

desul phuri sation (HDS) and/or hydrodenitrogenation (HDN) step followed by a

hydrocracking step and optionally a 4 JAN 2005 - 5 catalytic dewaxing or
i sodewaxi ng sF@54i¥9&ﬁ) FYRXHRG CEkPPEGVAR 1Y SHEP 2BnotWoR SBuPBE of the

hydrocarbon fgeditiestiep €15¢ 4st.the product obtained by catal ytic dewaxing
or isodewaxing ~5 a feed containing a high fraction, preferably nore than
50 wt % of wax. ERaediher ofovned Mbxyhrebdsiracaroaciferax toastienyfdhelsc

waxes as obtajped | S T psch r . An r anpl Xy

feed is the hkgﬁ Hﬁ%#ﬁ%% %gg%%%%ﬁ %& Saﬁfgﬁggﬁhéﬁﬁg&gg‘cgééggﬁﬁ?ﬁ%ngﬁgess

041ingg 10 pramdeied) quepaiesng oaehibh- f reicddlos , dipsteiflelraldy. mokxathegs of a

suitable cata %t#%_dema Hg%%or | sodewaxi processes are describ
a

e n
WO A- 20002951 % /ERIN 3% 3 B¥ KR eﬁrB%géf-‘Cé]bt”&iWe SEQS; FEenh§LlarEgBAkt i on

process 15 agger divi:Héribeypresent bRtenhiedn i¢ar e skweheropkrgat ed, for
exanple in a clay treating process or contacting with active carbon, as for

exanpl e descrPBegesisr Unathgpsergmphe pb- A wex92feed) igr d&e hé9hnprove the
stability of {4033 Allcy 200 | L vaxpld Jdaleesanicdsd t g taed La.skep
(a) a dewaxing stggfnay Be per orneg on the prodé%t of the progess
accordi ng t hepriwentiilgn prepades loweeeboddyngomiddie wisgpgddatiesati on. This
dewaxing procgss el R o S9hYERh1 4eMaXNG AICGRS,h L 81P Eb0hg, dgYR)! N9 or
processes are described in WO-A-200029511 and
) EP-A-536325. 7
The product obtained in the hydrogenation process
15 according to the present invention can be further
treated, for example in a clay treating process or
contacting with active carbon, as for example described
in US-A-4795546 and EP-A-712822, in order to improve the
stability of the base o¢il.
20 If wax is still present in the feed to step (a) a
dewaxing step may be performed on the product of the
process according the invention in order to meet any pour
point specification. This dewaxing process may be a
solvent dewaxing process or catalytic dewaxing or
) 25 isodewaxing process as known to one skilled in the art.

It has been found that the hydrogenation process
according the present invention is particularly suitable
wheﬁ preparing the desired base oils starting from the
more difficult feeds, sometimes referred to as refractory

30 feeds, which feeds are characterised by a relatively high
sulphur, nitrogen and/or aromatics content and/or a
darkish colour. Especially when preparing base oils
having a very high saturates content of more than 95 wt%,

more especially more than 98 wt%, it has been found that

35 when starting from these mere difficult feeds water-white




25 isoci ewaxi ng process as known to one skilled in the art. iteaﬁf been
found that the hydrogenation process according the present i v 3005 s
particularly suitable when preparing the gesired base oils starting from
the nore difficult feeds, sonetines referred to as refractory 30 feeds,

whi ch feeds are_characterised by a relatively high sulphur, nitrogen and/or
aromati cs cont%ﬁ?eaﬁ&ﬁﬁrwgredgﬂﬁﬁ§ﬁ€iﬂ(EQ'PIEQEé@i&FFP When sppggadinghmase
oil s having agyerprhicgseat urates content of nore than 95 wt% nore
especially nore than 98 wt% it has been found that 35 when 5tarting fron

t hese nore difZzi culFher gegmakdcsr caniteats ofANNR005ed 60 bhsp dal s caer de

difficult to W a of e rt .pr.acesses.. The aronatics
content of th25§ggggpol??e%%?a§gcg§%beT%%epﬁgSnd§6%§5H3%6§eﬁB%ma?he nor e
diffichlt feedcompaSncortaiernb8EweEn wd% 63 owta¥%iason®haCsulPRarS doptent

content can be_abpve 0.03 th to %vgn val ues up to and exceeding 3 wt%
The nitrogen content E&AVGe %v@t 006 SYRM V8lueseHPvhPuaBdupxceediag

exceedi ng 20003 ppaw. Bukt abkyokba Ryr Nt ent 1nihSel 03 W %
and nore 10 preferabIX | ower fﬁan f%%g%ppnﬁggu%gthb§§u?prI?B@ﬁernitrogen
n

content will HRVEBWERIUR&NUPOYOPRAW gH¢erdiey BPEPeppbiy Bonkabllyamh®0 ppnw
nitrogen. The i ghizobohienteed 10, 8cRyCa) ubb  bE no-whLLe. The

i nvention is espetla vant ageous when starting r%ﬂf%ery col oured
hydr ot@r bon f gedefevabllgpleaps Thencalboor pphwt balprad. wshitabep b@esuch that

in terms of ATV GGFOUFORSERGE LI bEA LAYCASTIED. 1800PRBYhOTY FRESc0l our of
such a feed i pheghenbld 1BaBrOthanThe BpRE Hiftbguht feed will have a
colour of nore than 3 and especially 4 or above.
The colour of the feed to step {a) will be non-white.
The invention is especially advantageous when starting
15 from very coloured hydrocarbon feeds to step (a). The
colour of the feed will then be such that it cannot be
exXpressed anymore by means of Saybolt Colour. When
expressed in terms of “ASTM colour” as described ih
ASTM D-1500 method, the colour of such a feed is higher
20 than 0.5. The more difficult feed will have a ¢colour of
more than 3 and especially 4 or above.
The hydrogenation catalyst is suitably a supported
catalyst comprising a dispersed Group VIII metai.

Possible Group VIII metals are cobalt, nickel, palladium

25 and platinmm. Cobalt and nickel containing catalysts may
also comprise a Group VIB metal, suitably molybdenum and
tungsten.

Suitable carrier or support materials are amorphous
refractory oxides. Examples of suitable amorphous
30 refractory oxides include inorganic oxides, such as
-alumina, silica, titania, zirconia, boria, silica-
alumina, fluorided alumina, fluorided silica-alumina and
mixtures of two or more of these.
Suitable hydrogenation catalysts include those

35 catalysts comprising as one or more of nickel (Ni) and



" The hydrogenation catalyst is suitably a.supported cat aI yst conprising a
di spersed Group VIII nmetal. Possible Group VIII netals are cdba]lﬁaN, 2005ckel , |
. palladium 25 and pl ati num Cobalt and ni ckgl ~contai ning catalysts may al so

conprise a Goup VIB netal, suitably nol ybdenum and tungsten. Suitable
carrier or SuppoLt, jpat are _anor phous ref acto oxi des anpl es of
sui t abl e am)rpho S ]%8 @rqf r&& 5&3859?1333 9 néFﬁﬁe BénP‘érS?P&eg( such as
al unina, silicaeilghtani®ut)zi efeaabler Ratosibi %at abblﬂ!bﬁ@atfeﬂl%rs' ded

al um na, fluoride SI lica-alum na and _m xtures of two or nore of these.

Sui t abl e hydr oG8N r&i-taatllyfﬁ $9i ﬁé’fté&ewﬁhééé gt eatalystsascnmsi dihey as
one or nore of gy W'Uﬁﬂ\"ﬂet"’a c%{ng}?wﬁe%goén bﬁg?g' %g(%ﬁ)%’,{]f“ﬁ‘% culraﬁ

froml to 25 per wei ght , pre era
a's el%enent rdam ' tq 30 Giwdl, weedbtrabflycabatysf5akdt aschieuGater] \4B

tal nent one a nt 5 from5 to_30
gree?ergglnsolo nq-wtrnq@%lé’t?l ﬁPeg Eéqngfaéﬂggt OFeFaf?&SFo 58P Aﬁfﬁeﬁ gHt of
catal yst. ExafTIéJxﬂ.&a(Hle suickall-toiyblehuADLyREe nHIH 08 8L 84 %%fealmsieﬁe
KF-847 and KF-8010 ( AKZO No be|)5ﬁ¥8 24 and M8-25"(BASF); and C

DN- 190, HDS-3 &R HiBs-81or el ¥mgréd endil- §u25a1613é\8ﬁ)ek@mct ungsten
containi ng calelysis eiNy 4383200 Nund232 EEnnel hand) oQ-ates
e Coba &t &l ysts

~Criterion). Exanpleés of ~“sdita t-noly enumcofalnln
are KRB 330 (AxOtNdhe nldiile&rzzng&eneconbauamdgHE’&SIDStstSEageI NI-d)34215

Sui t abl e hydr ogenat -0l tglysts, have a dr ogena or mance and
are | ess sensi %?\?Zﬂlg;ba%?ula(mﬁigﬁaggr ﬁ??gggéﬁ¥§\f1?gﬁo gég é?énto in the
feed. Wen preedssbig mdb@mtr-mfotlgbdéﬁaﬁlscan'oumiﬂfgckgtalysts are

KF-330 (AKZO~Nobel), HDS-22 (Criterion) and HPC-601
{Engelhard).

15 Suitable hydrogenation catalvsts have a good

}

hydrogenation performance and are less sensitive for
sulphur and/or nitrogen which may be present in the feed.
When processing sulphur free feeds a pure nickel
containing catalyst might be used. For hydrocracked

20 feeds, especially containing a low amount of sulphur of
between 50 and 1000 ppmw, preferably platinum containing
and more preferably platinum and palladium containing
catalysts are used in steps (a) and optionally in step
(b). Especially suitable when processing the above

) 25 referred to non-white feeds, which may contain high
levels of sulphur and/or nitrogen, such as for example
the refractory feeds as described above, are the
platinum/palladium containing catalysts. More preferably
such catalysts are used in both step (a) and step (b).

30 The catalyst of step (a) and (b) are preferably the same.
The total amount of these noble Group VIII metal
component (s) present on the catalyst is suitably from 0.1
to 10 %wt, preferably 0.2 to 5 %$wt, which weight
percentage indicates the amount of metal (calculated as

35 element) relative to total weight of catalyst.




cont ai ni
cont ai ni

cat al yst

ng catal yst m ght be used. For hydrocracked 20 feeds, especially :
ng a | ow anount of sul phur of between 50 and 1000 pp#wJANrM]@rabl y
pl ati num containing and nore preferably_pkati numand pal | adi um cont ai ni ng

s are used in steps (a) and optionally in step (b) . Especially

sui t abl e when progpes%i ng the above 25 referred to_non-white feeds, which may
I (?frlsq#

contain

high |ev pHRPG? of Ohi ERe§enpadd@diam fand/eanpl et he

refractory feqﬂsaﬁauﬁesﬁ;rﬂmqjiqu)V@atiﬁl{ﬁsggeapgag}ng)%rﬂﬁ#t ﬂsqhtirgac_ont ai ni ng

cat al yst
step (b)

s. More preferably such catal ySts are use step (a) and
30 FidMdEa| e rsth s mar ¢ apraferdbl yatbeprdfldraabialutieiz:same.  The
¥
y

catal yat 1o so Ty a2 o8 18 4PohE) 2 pRaTBRG R 4 S o wni ch

wei ght 5

per cerstwigmhiliedisddties -tdiemaimwa nta of 1 86 ah recdliGd 1l as, 35 el enent)

relative to t I Lght_of catalyst. 4 JAN 2005 - 8 Preferred supports for
t hese pal | adi Wﬁ%ﬁ&%t}%aﬁ rﬂﬁﬁ%‘%ﬁﬁ%@ nFRERERERI FOMPrisesarmy pHdwy <if i ca-

al um na,

%w of alum na. Exanples of .5 suita

mer%ﬂl@éﬁ%mpra%f@&:ﬂ@ﬁid&@blﬁféf ﬁi}%%yg}'s{l}%?&%rgy §eS,from2 to 75

e Si na carrier are

di scl osed in aMOIRhOAS0Z63.1ca@rlefeinadcant béysofcehpichsehean al |l oy of
pal I adi um and ] r. ef |y -supported on_a a hous silica-al um na
carrier of Mi%h@%%ggggﬁg%ﬁgﬂ%yleav ‘ﬁ%%f%t c%’fg?%fr;%rc- FFFHE Y i terion 10

Cat al ¥ét

Conpdiat aliysts Compahy) (Howt@xaAMEe. i Fhese exeaidle) StThlsR

advant ageous becayse th%\é deactivate | ess when the sul phur content of the

feed is rel ative yﬁitgﬁ.

SEEY APLR IO R aRRE athaYt spetivate dlessbove 300

*C. In this steer heengiul phart cohtdift Whﬂr*&gé%r@ééanisla‘éeﬁfatﬁ%ﬁf QTR C
e

conpounds take pl aS%r-, , 1n particular t
e
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35

p (a) is performed at a temperature of above

300 °C. In this step the main part of the hydrogenation
of the aromatic compounds take place, in particular the
hydrogenation of mono-aromatics. The temperature wiil
suitably not exceed 400 °C and preferably is in the range
of from between 300 and 380 °C. The operating hydrogen
pressure may range from 10 to 250 bar. It has been found
that improved results are obtained at higher pressures,
preferably above 100 bar and more preferably between 120
and 230 bar. The WHSV (Weight hourly space velocity)
ranges from 0.3 to 2 kg of oil per litre of catalyst per
hour (kg/l.h). The actual operating conditions will
depend on the required degree of saturation and the
aromatics content in the feed and can be easily
determined by one skilled in the art given the above
guidelines.

Step (b) is performed at a temperature of below
280 °C and more preferably below 250 °C. In this step the
colour improvement takes place. The minimum temperature
is suitably above 100 °C. The operating hydrogen pressure
may range from 10 to 250 bar. It has been found that
improved results with respect to colour are obtained at

higher pressures, preferably above 100 bar and more




hydr ogenati on of mono-aromatics. The tenperature will suitably not exceed
400 OC and preferably is in the range of from between 300 aqu§§0g@§. The
. operating hydrogen pressure may range frog 10 to 250 bar. It° ha n found
20 that inproved results are obtained at higher pressures, preferably above
100 bar and nore Ere rably between 120 ggg 250 bar. The_ WHSV (vei?ht
hourly space PEFSEFEPILY PSIFEST rlorh At RGLof 16 WHSY prefergbliat al yst

per hour (kgkhnBrs ERema@tualtoprenadisy §90diki-ons Wl 'of?%a%%ﬁ?fa@ g@:t he
requi red degree of saturation and the aromatics content in the-feetd and can
be easily deheuii f&d/By hdnarskindmes prefacabiy heterenhd abdve gui del i nes.

S b) i ' | 30,.280 OC
or oFor abl y betom SB0LOR. MRS e Lo RFEn CERPoNP gt VS L ARBEPHl ace.

-The m Ai rum t enpehat weguirgdswdlahly abdvehd0@o16urThe eper &kiedd aRWdeggen
pressure may range,from 10 tq 250 bar. It has_been found that i nproved
results with P@sﬁgﬁﬁaﬁogé5PSHPW%43hﬂn%ﬁ%eﬂké#lgg Afghk8e présgdves, the
preferably abgugvdOgubariapdsmore i - g 4 JAN 2005 preferably between 120
and 250 bar. The V preferably ranges fromO0.3 to 3 kg of oil per litre
of catalyst per Hbep (R¢/ kBnkl) s&ep nidrle prefprabbyabéywpenformed atS5tkeg/ ! . h

Th t ual i it Wil | d d t he,required col d
The ool our of SeRe PEdGBARYE bARY Y exSF5 Mk, 2Rl RedShy Ole TERFPPEA THet he
art gi@en thehydboyenguiidel caeslyStep{ grandrabep pbrsane phebepabkyd

performed at {he _sane hydrogen partial pressure for practical reasons. The
10 hydrogenatbﬁﬁ R (R s ﬁggﬁréﬁﬁréﬁV§ reRenP) i F2R PEcRedipEmetedRt dr .

Step (&) and SbfpihlibsCBPeR LAY AM™MAid Nséparate sequentially arranged
\ reactors, suitably with means to cool the intermediate
product before it is used in step (b). Suitable cooling

15 means are indirect heat exchangers, for example
tube/shell heat exchangers. It is also possible to
perform step (a) and (b) in one and the same reactor in a
so-called blocked out operation, wherein first the feed
is fed to the reactor under the conditions of step (a)

20 and second the collected intermediate product is fed to
the same reactor under the conditions of step (b). The
latter procedure is advantageous with respect to the
number of reguired hydrogenation reactors when a two step
hydrogenation according to the invention is only

) 25 occasionally required.

Optionally, for example when the required temperature
difference between gtepz (a) and (b} lilg not top kig,
step (a) and step (b) can be performed in a stacked bed
column. Between the catalyst beds means to reduce the
30 temperature, for example by means of a quench, will be
present.
The invention will be illustrated by the following

non-limiting examples.
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continuos operation in two separate sequentially arranged reactors
suitably with neans to cool the internediate product before S used I n
step (b). Suitable cooling 15 neans are indigrect heat exchanéelJQ it
exanpl e tube/shell heat exchangers. It is also possible to performstep

(a) and (b) inEcgne a_nd ihe sane reactor in a so-called bl ocked out

operation, wh t he feed Is fed to the reactor under the

o ¢ : | q :
conditions of stepa(Pad ]Q@Glﬁ cond p@%&q{ &ctaesd ét%tt%bc{@.q#afa%%pat gﬁ:t i's

fed to the sane reactor under I ons of ste
procedure is a@bﬁﬁﬂé’@bu@&’v\ﬁmt eh)b@::@cl:@kirtm a nathem ofi steidliated and

venti on i 5 oRlySa SRaty GOAFFY LG LT E LG A O SERAAR aen ¢ he

required tenperature difiezence betweenrstheps (a) and (b) is not too big,

step (a) and Smb%—ean_be_pemd in3astacked bed _colunmn. Between the
cat al yst beds €f&Yr educe the 30 terrperatureFeEdrtexaMppe(by reans of a
quench, will k& fge@t 2 ||| t-H-tstabed—by—thed f ol | owi ng
non-limting exaarr"%lﬁes %’JE:EAI) Xﬁ%& Zggjr)rp 1A feedgﬂaw ng the
properties as |gt@ladsi (WEH)| e(ASTMD 2079 ned by TirST hygrocrakimg a vacuum
distillate and Aic dewaxingithe hydrocracked product.
Tabl e 1 Properit %/rl%‘eﬂtﬁézsst %)a()Aséf%@r@tO@g)(vw () (ASTM ID02007) g0 pol ars
(W% (ASTM D fion: ‘ G ek Q)

nitrogen (mg/kg) 2

Viscosity Index 98

viscosity at 100 °C (cSt) 6.8

viscosity at 40 °C (cSt) 2.446

pour point (°C) -25

colour ASTM 4

5 The feed described in Table 1 was hydrogenated by

contacting with a platinum/palladium catalyst of the
Criterion Catalyst Company, namely the C-624 catalyst at
a hydrogen partial pressure of 200 bar and a WSHV of

1 kg/1l.hr at 370 °C and at a recycle gas rate of

10 1500 N1/kg. The effluent of this reaction was
hydrogenated under the same conditions but now at 230 °C.
The resultant base 0il had a saturates content of
98.2 wt% and a Colour Saybolt of +28, a sulphur content
cf 6.6 mg/kg and a VI of 106.

15 Example 1 illustrates that with the process of the
invention Group II base oils can be prepared having a
very high saturates content and an excellent colour.
Example 2

Example 1 was repeated except that the pressure was

20 140 bar and the temperature in the first hydrogenation

step was 345 °C. The resultant base 0il had a saturates




132 nitrogen (ng/kg)2 Viscosity Index98 viscosity at 100 C (cSt)8.8
viscosity at 40 C (cSt)2.446 pour point (C)-25 col our ASTMA i ‘Imﬁ f[mgd
. described in Table 1 was hydrogenat ed by _gnt acting with a

pl ati num pal | adi um catal yst of the Criterion Catalyst Conpany, nanely the
C- 624 catal yst at a hydrogen partial pressure of 200 bar and a WSHV of 1
kg/l.hr at 370 ®@&rhBtoh 9%65@4"@%g@lsdraat@:lﬁuﬂ@a@fﬁ:ﬁﬂt]\lldfkgzﬂh% ef fluent of

this reaction r d_pnder the sane conditions but now at 230 C

The resul tant \é%zlep’g‘?{f ﬁ%ﬁpgﬁga‘?%rgt%@%&ﬂ et & Vds.of Wl%-and a Col our

Saybol t of +28Canmataphive cEnperimerf 6.6 ng/ kg and a VI of 106. 15 Exanple
he process of the invention Goup Il base oils can

1i||ustratesthat}§/i£h$ )

be prepared having SRty hhined dhatlds stomysiocant kingerc dlalsentoidol our .
Exanpl.e&s 2 Exampligstli West & epeated, t t ressure was , 20 140 bar
and the tenperature in the first rﬁyﬁrogse&nﬂagfel%utnemets}&eﬁa 4Y315 devpxing,
resul tant base SMtaded Teeut 2lesvth PANMOGTs. Thiscgekaniyzaf 95.6 w % and

a Col our Saybol + sul phur_content, of 6.2 ng/kg and a VI of 102.
Conpar ati ve Exgé,rg%%ﬁ%%f%gdpo%tﬁ 1 Yoy i@ Bl akyanBépaditndg um base oi
5 distillate frattdlostanst sihs enientd b albdlaytist dewaxhy, iped about
21 wt % aromat | gqs. TJ}i s feed was hydrogenated ylgy coﬁ{?gg??naa&g@h’ag%e

pl ati nunt pal | ai fifi* CRIAWRTE Gt thedydtiogen percaedl psessonpany, ldamiar t he

10 and a WSHV of 1 kg/l.hr and at a recycle gas rate of
1500 N1/kg at different temperatures. See Table 2 for

results at the different temperatures.

) Table 2
Temperature Colour of hydrogenated Aromatic content
(°C) product SMS 2660 (%m)
220 Colour Saybolt 23 16.2
250 Colour Saybolt 20 14.0
280 Colour Saybolt 15 11.8
310 ASTM 1~ (*) B.1

(*) colour too dark to be expressed in Colour Saybolt.

Instead the colour is expressed in ASTM D-1500 method

having the value 1-.

The results in Table 2 illustrate that good colour

can be obtained at low temperatures. However the desired
) 15 Group II basc oil is not obtained because the aromatics

content is too high. If the degree of hydrogenation is

increased by raising the temperature the desired

water-white colour is not obtained.




C-624 catal yst at a hydrogen partial pressure of 140 bar 10 and a WSHV of 1
kg/l.hr and at a recycle gas rate of 1500 N3/kg at different ~t 9me§ﬂ%.ures.
See Table 2 for results at the different tenperatures. Table ™2
Tenper at ur eCol our of hydrogenat edAromati c content (C)product SM5 2660 (%m)
220Col our Saybolt 2316.2 250Col our Saybolt 2014.0 280Col our Saybolt 1511.8
310ASTM 1- (* )8.1 (*) colour too darR2td be expressed in Col our Saybolt.
Instead the colour is expressed in ASTM D- 1500 net hod having the value 1-.
The results in Table 2 illustrate that Igood col our can be obtained at |ow
t enperat ures. However the desiredClB &S | base oil is not obtained
because the aromatics content is too high. |If the degree of hydrogenation
is increased by raising the tenperature the desired water-white colour is
not obtai hed. RIIZRED0OHS -PTEParg |2 Awdtey-ghiteplybadsatbngr bpaee 0dl
vat er - whi gyt Abr hCaldiigaPase BhtenfaWENGhreSANMAL 85 GORL eRt QfiiMre than 95
wt % a sul phur™ content of |less than 0.03 wt% and a viscosity iIndex of

bet ween gontent ffd 1#ssotbar Sl ottty endapovesoupisy dnBpscef rketaeson-
wat er - whi g _ r rbo g}@g I Sag upat f&lh}t n the
desired sgtgu?%?e%%o%tg%{&?g a hfgrgoggng%g?g% g?e%? E‘t,i"tﬁe ylg1 oge%%?li on step
conpri si ngatentvuittiendindrecatkeen wiedd hamimggen liowerhéapneatsr ecasftent
hydrogenathon eabaldgshredhghelbarddice Ctid0, | fyBEEIEHATIGA bl Steps:
(a) contacting the hydrocarbon ?eed W t ydrogen Yn the presence of a
hydr ogenathen hydraggnat ion asteppecapuieing abovecting the feed with

hydrocgen in the presence of a hydrogenation catalyst, wherein

the contacting is performed in two steps:

(a) contacting the hydrocarbon feed with hydrogen in the
presence of a hydrogenation catalyst at a temperature of above
300 °C and at a WSHV of between 0.3 and 2 kg of oil per litre

of catalyst per hour, and

(b) contacting the intermediate product obtained in step (a)
with hydrogen in the presence of a hydrogenation catalyst at a

temperature of below 280 °C,

wherein the Group VIII metal of the hydrogenation catalyst
used in step (a) and in step (b) is an alloy of platinum and
palladium and wherein the support is an amorphous silica-

alumina.

2. Process according to any one of claims 1, wherein the feed

has an ASTM-D-1500 colour of more than 3.

3. Process according to any one of claims 1-2, wherein the
hydrogen pressure in steps (a) and (b) is between 120 and 250

bar.

4., Process according to any one of claimg 1-3, wherein the

temperature in step (a) is between 300 and 380 °C.




300 C and at a WSHV of between 0.3 and 2 kg of oil per litre of catalyst

per hour, and (b) contacting the internedi ate product obtained in step (a)

wi th hydrogen in the presence of a hydrogenation catalyst at a ture
4 oS

of below 280 C, wherein the Goup VIII netal of the hydrogenat yst
used in step (a) and in step (b) is a 3aIon of platinumand palladium and
wherein the support is an anorphous sitica- alumna. 2. Process according to
any one of claims 1, wherein the feed has an ASTM D- 1500 col our of nore
than 3. 3. Process accordi.ng to any one of clains 1-2, wherein th hydr ogen
pressure n §tr§’5§3?a)acﬁﬁﬁd’(%§ Fe BBYweBR %o %T?dm%d"“bar‘ﬁ“eﬁ‘.elpr ss
accor di ng tefiperyruiiee iaf sebpi (B lis3bevheseirvot Bad tsoper.ature in step (a) is
bet ween 300 and 380 C. 4 JAN 2005 - 13 5. Process according to any one of
clainms 1-4, wherein the tenperature in step (b) is between 100 and 250 C

6. Processg. agaekess9 aEQoQﬂYn@nEOOEng| B k- o1l &l 1%, t Rher@@herenwhi te base
oil has a Col our. Saybolt of_ above 25. 7. Process accordi ng to any one of

clai ms 1- Fatqhzylits PAge Sht hagk &sCebritentaydplihef layeotP-i s above 98 wt %
8. Process according to any one of clainms 1-7, wherein the feed to step (a)

contai ns between 35 and 65 wt % aromati cs.
7. Process according to any one of claims 1-6, wherein the

gsaturates content of the base c¢il is above 98 wt¥%,

8. Process according to any one of claims 1-7, wherein the

feed to step (a) contains between 35 and 65 wt% aromatics.




