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WATER- WHI TE LUBRI CATI NG BASE O L The invention relates to a process to (ngj
prepare awo osmbei-white |ubricating base qoil having a sat ACAYERI1I/EYAS ent

nore than 90 wt % a sul phur content of | st than 0.03 wt% and a vi scosi ty

I ndex (VI) of between 5 80-120 by subjecting a non-water-white hydrocarbon
feed having a | ower saturates content than the desired saturates content to
a hydrogenation SKRGLEFSH O hyRiE R HATTR-HETE HIBREGRTIRET tBATE iGLY he

hydr ogenati on of aromati c conpounds and any ot her unsaturated conpound 10

to saturate conpounds. Lubricating base oils having the above properties

are sometines ref eilredinenision ARlagesuid 12 Preessid SaPpnianed in AP

.Publication 1 X ' ' ' éﬁgﬁ ar ti fiscat i " Appendi x
E- APl Base Q| net ig@%g%%%]!e%%l | t({)%ﬁ%eﬁqﬂgg‘?ﬁ I—I;gsrlﬁ’sae%r%tteareCrg r Mot or
O | and Di eselcdEriginte < IwOre Theze Y opdnt iesudrdhut swnhent afeddss G| &

"o ool ik g 0, 9% B IR AR, MlhdL O & S
of the5possi blg0+120 dsy vshb]j ey e atorpive froi-wh it ehdrdogerathicon ffed he
ar omati cs and ot fier unsaLyr At ed, COMPOUNGS, 1, XA &, P38, G dy havi ng the

saturates content to a hydrogenation step. In a

hydrogenation step the main reaction is the hydrogenation

of aromatic compounds and any other unsaturated compound
10 to saturate compounds.

Lubricating base oils having the above properties are
sometimes referred to as a API Group I1I base oils as
defined in API Publication 1509: Engine 0Oil Licensing and
Certification System, “Appendix E~API Base 0Oil Inter-

15 changeability Guidelines for Passenger Car Motor 0Oil and
Diesel Engine 0ils”. These properties are also mentioned
in 0il & Gas Journal, Sept. 1, 1997, pages 63-70.
In the above referred to 0Oil & 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 o0il 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
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saturates content. Such a hydrogenation will typically be performed by
contacting the feed with hydrogen in the 25 presence of a hydrogenation

cat al yst, wo@isatly a Goup VIII netal supported catal yst.PUERINIBIL]16
describes a process to prepare AP G oup It base oils, wherein the above to
referred hydrogenation step is perfornmed as a so- called cold (mld

hydr of i ni shi ngh¥depfirighivgpatapute af cakalweh snpsning oo,V

di scl osed cat ahyed; ysath 8 408-nob ICS02I0GPY RATLEPO1I 07935 - 2

hydr of i ni shing step is a cat st containing Goup VIB netals and a
non-nobl e G oup VIWO- Am@%@25@1>¢aseb25©a i e eees o prorpse tAPrepare AP

e T var e kol HhELLD o000 VIROOENA'LRD B LSS PSR St T O T

«usi ng a hydr ogena rising a platinu The
illustraated reateponstpﬂpﬁ@Qmedeusinghe hydh@gﬁnﬁmlmmnmmﬁalﬁﬁt(:

GB- A- 1381004 dj S r oi Y. £0n ctln a feed
wth a nickel - %ﬁ%g%%ﬁnéngigfgﬁﬁ%éﬁégég?gé Iﬁ Qfﬁﬁ%nﬁ%?gthggpdﬁ' en 360
and 410 C and sedsetioentéypenatacei of the mydtmgﬁmatﬁosawaBSZEb V@Ih a

I [ I d | | adi
ot 2 omperature oo Tt MBHOUboTERE AT S et o 1S gttt on

hydr ogenati on aﬁlabﬁ desud pbinysat feadt akels @lmfekelktﬁﬁgétéﬁtoﬁtep and
conversj on of c C|IC napht henes and i soner |on of affin akes
e e Bk e SR D AP ra e A B asredh Pt e (R G &
hydrogenati on s4@PshPs¥ge¥h oyt BEentaBYEhGi Bifle r€RELLONS dBKiANDI ptege in this
20 step as catalgsed by the crystal |line alumnosilijcate fau1a5|te

GB- A- 1333826 dViERo2eS2ta byl ogeFRE BhNgt 2pCT S e bt thesalypiapebhicatmse

oils. In Exanpkguia®{tdhisa py@ilgaiuﬂna@ 4 hf &R St REr YEIF 09eNALd P PP OCess
is 25 illustrated using a nickel on Kieselguhr catalyst, wherein the

reacti on tenperdd udélwas- 22acerding heof Fris E#Q%ﬁﬁatﬁﬂﬁ(?Y¢F?9ﬁﬁ%ﬁ%%ﬁd

stage @nd 260 Lhingbhe1thhrsst g8 tdkesi prisased @ﬁé/efifé(t oftdheand
hydrogenation conditions was necessary, according to this publication, 30

to inprove thec@@V©E$10nA®§lP@bﬁ@%chéﬁenﬁbﬂﬁ@em¢sa#m%s%s¢mﬁﬁﬁﬁﬁ¥ﬂQﬁth
prepare in a p%é‘féfffﬂs ”@QE@% %%&8& | e @OUPLY ds@éﬁe P S s&SHeg al ly

haV|ng a saturates content o re than 95 wto and up to 99 w9% and
especi al | y stastépgcénonttihe poneidsredf te dee ta fleedisogema ol on neft¢w gher

sul phur and/orvfé%rggeghe 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 992 wt%, and especially starting from the more

35 difficult feeds containing higher sulphur and/or nitrogen



WO 02/ 0Gt27 PCT/EPOL/ 07933 - 3 levels. Either coloured Goup Il base oils
or water-white products having a saturates content of |ess than 90 w %ere
pr epar ed. wlldzhe27pr acti cal manner is here nmeant aprocess HEIVER§I/AH3IS

accept abl e capacity and/ or having an5acc‘ep?t abl e reactor volune. Water-white
base oils are desirable because, forexanple, it ensures the absence of
heavy pol yar onetvielsandidthesr dmrarfugdd shavipes Iviacte arid sdetr iwerealwitidce

t hepr oduct qualJ X i dat | Qstahjlit he
colour is sui t%arlbc%c%/{lcg%?%s@}cg %‘3[/ %@r@tggm%g%%aﬁfgﬁés%@gﬁ a%q yW ‘he base
oi | has a Col owarSayhaidamsd alfbiieh 20 mredttniorad preefnerralilsy rehoy eng2tnt Ehenet hod
of determ ning _Col our ,Sav.hol t_is desgribhed i nASTM D- 156, net.hod. 151t is the
obj ect of the% Esent qaﬁ%//lélrﬁ iBh 195 ﬁ:oa\/k)lq(?eé:a}li))?& obéd’er‘—f‘éi /OCH: d}%v@'&% Yherein a
wat er - Bhi t e basecepidiala npadieess ek .properti es can be obtai ned. This
object is achieved with the fqll owm ng process. Process.to prepare a

wat er-white | ubri g’%ﬁ%‘%&sgcee 3?%%&%31%5% s‘%tsdTrég)gse c,b(?rﬁag'}ﬁ&offe%re t han
90 Wt % a sul phidnga,entt Gindasss tdan dbsbhod Bramdadry igelosd dond didaex

of bet ween 80- 120 by subj ecti a non-wat er-whi t ehydrocarbon feed having a

| ower sat ur at @é“cbd%ttht?rﬁ bcarﬁ‘?ﬁn"g]e IMIGIS ohly & EhiaRntd) 4o the

hydr ogenat i on p&t&m&&#}mw,om 1090 fdre R:GREId SHRg SOMAGIMg the
feedwi t h hydrogen in t eqﬁlresence of, a hydrogenationcatal yst, wherein the
contaéfing is & VRSB IPS : (%) SUdiAot i aass el diib dgaBn Gleed

wi th hydrogen ddy dle3Qpissanc e i r & dWd) QRN YN Hat #aksta alo1rdenperature
of above 300 C and at a HV of between 0.3 and 2 ligﬂof oilper litre of
e

catal yst per HawRoldndh)akoitt &4 iany Mers mretesd AHBHRCAS .ot ned
instep (a) w SH Qe b 6 I P SENGHO s A A agenald on3peatg] yst at a
tenperature o?&b{e}row 280 C. W%Oc‘g/ 06- 127 PCT/ EPOL/ 07933 - 4 IlteH has been
found that w tABTIMhE-Hhidr sepdretd .on process accordi ng the invention

wat erswhite |ubri i ' red. [ j Uy at es
cont e%?,.n The hydr g%ar%ﬁ%%&%&cﬁsﬁﬁes?cﬁ%%@t el%%%g)r%qr?%%og%ﬁgﬁ% ned
fromvarious sourygbEgefatogin qormmessolreeiof a e teychwhddrebdmsfeeed. 1t o be
used in step (a)._.4.S dr.oc. e ich . in;turn.i s aobtained starting
froma vacuumh(ﬁ?Vthrllq ﬁ:a}{% Cg)%sclgfe%g[bagsoﬁegﬁ%ﬁ \t}é_’lélugﬁ roerﬂ)stla l?ee.&"l'hese vacuum
distill ates are olfttdisnebjpct irstachistvidd iwighlGhe Fetldewdiury grede fseedst ock
at atnospheric congditions wherein a resjdue is.obtgined, ich.residue is
subsequent |y di st ir}%oéc(?szﬁ troeé)urceé:‘oarper &s ST eerot%"t%%;%r% u%\:f&c?uaun;l sbtaﬁel é)tlgls and
a vacpam resi iy enddtaminsaainoesEmue fAsphra tthenad martgved sulphur
de-asphalting unit, 15 er eby .obt aj nj g de-asphal ted .vacuum r esi due.
Par 1 bf t he SRS o dSBmRAD (- e R SR AT Be

de- asphal t ed \mciwser &0-dIgD by Madeafimplay ennh-edteactitte | N an opti onal
subsequent st x 1§ removed fromthe solvent extracted produ to obtain
The- 50, Iyelr oc AU PR LA RH LIRS ol e SAsY e 'R e | <
renoved by solurghtdgigweed pt i analdntamx oS o enRiteddna thiRanswip,

catal ytic dewaxi ng or isodewaxing. Optionally the solvent refined product
as deééri bed &ﬁlﬁ/g’xiquer‘?:et%j R FIW L LohiGeadass-1ng the ced

hydr odesul phunrjisat irgmddded and/id dgnelaenids egenatdoyedddiNn step before
bei ng used as hydrocarbon feed of step (a). This is advantageous when the
sol vent refi nédihtErtme PR JdR (CEBRGIIRY HisgParhrAiNe DL fhur  and/ or
nitrogen. 30 Thedseed of step (a) may al so be prepared by processes
starting froma vacuumdistillate or de-asphalted vacuum resi due invol ving
a hydr odesul phi@)i SRNtEFTASE)t hen dY¥ste aspdRsde fietch gdtdt hyidinaasy) i &he

foll owgd by ag%cgé}fd@% NY 15 SR AL ORI aldiwsd at\Wa GEM¥erdlire of

PCT/ EPOL/ 07933 - 5 catal ytic dewaxi ng or isodéwaxing step as known to one
‘skilled in thehgye 300 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.



Anot her source of the hydrocarbon feed to step (a) is the product obtained
by catal ytic dewaxing or isodewaxing 5 a feed containing a high traction,
pr ef er abl wowwassthan 50 wt % of wax. Exanples of such waxypdBERH/0A9B sl ack
wax and synthetic waxes as obtained in a H scher-Tropsch process. Another
exanple of a waxy feed is the high boiling fraction of a hydrocracker
process, which prauesssbesh Bsuny fhLpariah lwehhniddaittididigrocess

distillates. Exanples of a suitable catal yti ¢ dewaxing or |sodewaxin,
processes are qelﬁ'é%l Fhe V@Wlﬁmgﬁtlg%ﬂﬁ“ﬁﬁﬁ%%%l%@%d{ﬁts

obt ai ned in thexhyl goensd o PR Sa 15 |t Ui 4P dd-dyesent i nvention
can be further treated, for exanple in a clay treating process or

scontacting with adi®dYHFUALLYS Foird el e uesiqd vy SHPRUSeA- 2205956 and
EP- A- 752922, idptQ{{dRq torbiiPFLVEohdes Slddid | tY iRfstt horRastt QddrclQd f wax
is still present in the feed to step (a) a dewaxing step may be perfornmed
‘on the productthsf RYEQFHERAT FRIGrieR Rf (UREd iverti®ih (M drsdér to neet any
pour poi Nt SPegidlfahiitih ke Weyaxi N9 MHGEESS JBBL HR P SYMAMy dauaKi ng
process or catalytic dewaxing or 25 isodewaxing process as kno to one
skilled in the afacuum diast bblate cundch tdratasiie et otpanam aregirdbesss
according the e L NYEM{ a1 ti.cul A | tabl en, . Fa t he
desi red base ol egssesp)taar(%l ngﬁ#%%ﬁ%%rde&]dioﬁel%lﬁ%t% ftg};d%ggs]co%%tﬁgzlm%g
referid®d to as mefachany Gludectedsinch Fteedsemphatiar asiretiitsethsby a
relatively hi gy syl huLas IS ogen Aoy gkl S gonients and/or a

dar ki sh col our". egspeci ally en preparing pase 0|hi s Havi ng @ very high
sat ur at es cont=mitseafuentrley tdiost 9bled %t nMvdi@sherieaduremmiedilmdm@8 W % it
has been found_ _t hat %@#ﬁﬁg’ée&”“ n frvomthese oy & diffi cg:lt f eeds
water-white WYY L S H A ERO ITEEYS eSS F Ot &NE RS to
prepare wth tdesished easfhd e’ airdrpromesses . ithe alemiphes taionrft enfitgf the
feed tqQ step can bebetween 100 and 65 wt % The nore difficult feed
maySC&%t ainb BORRIRBRE DT q‘allﬁeegslﬂwn(?&ﬁ San B¢ Sove

0.03 Wt % to evefe \wddies: it tOr@ntbriReat dmgs tMcYovathmDidiragan stentant can
be above 1000 ppnw toeven val ues up to and exceedi ng. 7000 ppmwn. Suitably

t hesul phur cotSeSRE2 YR VIFHHP o 5 W6 PS8 LFpriéieiS v | ower t han

1000 ppnw sul phitfzaciidabl ¥n thebdd oaen eiEuatt |ste Wwaneri st kamokQd ppnw
and norepreferably | ower than 50 ppnmw nitrogen. The colour of the feed to
step (a) will Bethdhsuite’eHe §HvEtissh RPRG e GoalabFaddy df€ageous when

st art bpg15f r oIt BH I Bk M Raardian deeethed A rsteRry Aa) . ThgeAlRUrn yof

the feed will then be such that it cannot beexpressed anynore by means of
Saybol t Col ourthewiiexlst SVt e rspl vt ASHaddi%uCPELgdder imsed IisnASTM
D- 1500 net hod, dnftf/ &P I MmAn S USH @t LB IS dy“&bﬁrr?)t&a&ébo@wam%g@r e
difficult feed wll have a colour ofnore than 3 and especially 4 or

above. The hydr oge®ftiiomaclahalihg salvant amhingd pewshicdd@st degstibedpri si ng
a dispersed G g eVlild fetal  Raspd & @PUP Mudpin®kf al s are cobal t, nickel,

pal | adi un5and pl ati num Cobalt "and ni ckel contai ning catal ysts nayal so

conpr2$e a G dusinadEsyeiRiuT stk y(HRA)y pdekien dnvdttesigstidroggintabl e
carrier or suppord, Nafrgy) aét?e;?rkﬁafcg?g Tl Sjsre%‘:ta%r X‘Hﬁi‘loq:%.sr oﬁx%@élaﬁ%fo‘c
es inclu a es

sui t abl e anor phous30refractory oxi e I nor i C oxl , suc
asal um na, silste® Et-afilEls Zig Evantdgnaus whien) éfgi%lsmhmt friefamieded
al um na, fluori wdi Has i andm.x f 1t r r

t hese. Sui t abl elnﬁ:%g:r ogér?;l?el glnwcaa% ysts alzgﬁl(lﬁ Sﬁéﬁt h(§e\§}e?e cgglsés}ﬂmgorrpri si ng
as one or nor encf/ay ckdlrqdér. and WO 021 06. 127 - ~ - PCT/ EPUL/ 07933

cobal ,4(Co) in an t of fr ncent. b i_ght, (%),

pr ef etr—jgbl y 2 to 1&%%60%00%53{@&& %@ g‘lgé’pm(:an%%r Eeoleaér\\%a%%% é)tgvlt wei ght of
"catal yst and asddes s@sougk aftE mptfatonc enpatenin ohis tdrl lmtee cof i n an anount
o S Tom S | SR LAY A0SR 28 e 7 g5 €l emen

“ni ckel - nol y bd eesm ledntiail s tnigore at D S)s tared /e KBy D dend. tiieg@0HE 10AKZ@DNObel )
I\E/I-xg;n?)ldf egngf M 8s_t2e5p (f%'&%I:C}Wec? rl)dy % 2y4dro[2:|\rl-a1c8<01’ngH%%e?ﬁ) %rr]lcci:l Ig%%_idén(agllyt el on).



10 suitable nickel-tungsten containing catalysts are N -4342 and NI -4352
(Engel hard), G454 (Criterion). Exanples of suitable cobalt-nolybdenum

cont ai ni ngvcemhyrst s are KF-330 (AKZO Nobel ), HDS-22 (Cri tmri/proi/oassd

HPC- 601 (Engel hard). 15 Suitabl e hydr ogenaﬁlbn catal ysts have a good

hydr ogenati on performance and are |ess sensitive for sul phur and/or

ni trogen whi chcamyljz)‘eipréeeaxihg theisedaivaiten praeessi hgpwul phusnd r ee
feeds a pure nick Jc (%ont aifﬁi ng fat al yst m ght be used. For hydrocracked 20
f eeds, especi a?}ijf PRt alt g bw anount of sul phur of between 50 and 1000
ppImI/v, dpr ef erabl y phadthem sonted %ﬂgtfm;dﬁm@ﬁ@?erﬁédé 0 aéﬂerpmaa)ndls

pa alumcontlmn at s,are used jin s s.(a) an otlon in step
+(b). Especial | g%‘g‘ilﬁgv\%gﬁab‘?% e@%l?@tqnlr% ‘Eo WHEL B %" IGhi t e
f eeds, swhich @Yféi@cﬂlt@bﬂtﬁiﬁbndge&elhﬁglﬁ)ffﬁa&ﬁbﬂ %hﬁéﬂéréb]w%b e as
for exarrpl e the refrac%g %?feeds as descrl bed above are the

*pl at i nunt pal | af? UAtEon Rg earEplRs of ppeh d‘f%"‘l‘%rfaftﬁ@s @ TR 8% are

used in both sigm £§ﬂtﬁ@ﬂlétﬁ£’xé§)as bt &at Al ystroicisdeprdapsand (b) are
preferably the same. The total anount of these noble Goup VILI'T netal

conponents) prREeFERsSHn Lpetharpyanrie afiia afaxy tfesd oLl the 10igwt |
preferably O. aocBPlf’ng/M@ra%i.GH 8‘@'&“&3{(@%%]@&&9 prh el es,dng, s§f

nmetal (calculated as”35 elenent) reldative to total wel ght of catal yst WO
02/ 0G4R7 _ 8 priwayERY | RYepaBss Piefer rlewlsupg)dnx@dlf@rdzt#e@elqdeﬂs adi um

and/or platin niRAg,C gppf C }me eby

m)re preferabl%y;% ei%I?gaaa%%%%i%o%p% es cPromazﬂr{od 7%?0%% né
Exanpl es of 5 pubtabbessatécdestvibherd tarfo-ehs2 @2 Mlsklaoskd in

WO A-9410263. A preferted catalyst conprises an alloy of palladiumand

pl ati num prefer abI y supported on an anor phous silica-alumna carrier of
whi ch the conmer ciBhé ypm@ud:abdﬂ@t&mm ylst t(beﬁZ@d:foganatiarqmrpﬂcﬁzeﬁﬁ al yst

Conpa (Houst o s, an Ial yst re nt Jageous
becausrpeéj t hey G%ga%?l vat‘é F%‘s%ﬁ%‘%?%t %%ncfaerht Df the'S%eed is
relatively higiredtep, (ﬂc)rl exmepi@rneda ailaaytﬂ‘qmtrnatgrpe:cﬁrfesﬁ)mae 300 C. In

this stepthe [l n art o the drogentlon 15 of the aromajic c, unds
Lake pl ace | PR AP RS HE Bt OBl G5 oo S BIRAY Cles e
t enper at ur e vvlirh B%Aﬁbﬂ%ﬂ@cs axd;%mi—pﬂrom&m,d Jp{afleieablt}b IiSng roddecHange

of from betwee The operating hydrogen pressure nmay range
from 10 to 250° lﬁyh‘&g Blé%rP?%%rfgﬁzo that inproved results are obtained
at hi gloer pressuress yuef s abt vl Bhsowmes 0 :bartrﬁmctdm:re:qorsaﬂ‘e@fa@)y det ween

| 20 and 250 bar. The Vi ght hour ce velocit r.an fromO0.3 to
27kg of of | pASYTTRT of CEaEY e R GRRRES K | PRIl S isber at | ng
conditions w |ﬂ>rc2d5e§t€p£dﬂdo@cﬂllrﬁ@etk[@qih\f@d:1dﬁgrﬁﬁ fdesatiy atded and ddier

aromatics content in the %eed and c n be easi det er m ned b;i%é)ne Skl [l ed
inthe art gi RM-TheSRBoY 1%%?%1%@1 devg iR YT MR

tenperature ofsdpromt S@eﬂﬂal@qmﬁbé@g@ dﬂ&f@i@.@ﬁ&@&i@wﬁ% Gr In this step

the col our inprovenent takes place. The mninumtenperature is suitably

above 2P00 C. Th%o%%‘@’é%lil%gpﬁ?/%?%%e?ﬁ PFEREU It (RBP rHfge 99 ot 20'e 250 bar .
It has been found thatad NPEOY bR WHa WH Hﬁﬁ&ﬁﬁna{ﬂcﬁplﬁl&fce%r§ obt ai ned

at 35 hi gher pressures preferably above 100 bar and nore WO 02/ 06-427 _
9 _ PCT/ EPOL/ (Foarding the present invention is particularly suitable
when 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 more difficult feeds water-white



preferably between 120 and 250 bar. The WHSV preferably ranges fromO0.3 to
3 kg of oil per litre of catalyst per hour (kg/1l.h) and nore preferably

bet ween 1wamek/ds4% kg/ 1. h. The actual oper a%i_ng condi ti ons MET/EPdepe3d 5 on
the required colour and the colour of the feed and can be easily determ ned
by one skilled in the art given the above guidelines. Step (a) and step (b)
are preferabl Y3e? foFhedvare t el Shtiel hyled defesP s tiith g sirat ¢ opf the
practical reasops.pdhgedf-dydrogenation catalyst is preferably present in a
packed bed reactor. Step (a) and Step (b) can be perfornmed in a continuos
operation in two sBparatEaiemonidnt of dived eehdtiorstemsuia)abian vibe h
means to cool ghe, o elepdla ARl e, 14 48 43R0 AL plen, (D).
+Sui t abl e cool i ng means are 1 ndirect heat ‘exchangers, for ex r%l e

t ube/ sBel | heatomka&hmngetween t35-s6%lwtd possndit sct 0 ey faaripletrepd@eand (b)

in one and the r ol so-.cal |l ed bl ocked qut_ operation erein
first the feedc%gr?%dﬁ?%\;%h%' drbeg"(’: ortUrida" t.‘ﬁa? ShdtR ihe es"’tce%e%%g 20
and second the3 cet$ ectlee nitsrgrediadrecgriodent bes Sl d A0 madve teact or
under the conditions_ pf ste b). The latter dure is, advant ageous wth
respect to thee‘ﬁ%rﬁb‘éal’f%?s rngutl&? &'yt oG ?S’%&‘fogé’&"m-s S(Mfgi‘?@%%g’%tep
hydr ogenat i on sachshiuht ngoritoerithel s nkandst othars ®NY W3 eerhsicyal |y required.
Optionally, for exanpl en t requj ted tenperature difference between
steps?@a) and %3%(&?123]9& D i ,a%gzgpdfﬁp%os‘%]t@wli'b)swkﬁé/ pets ormed in
a stacked bed 0t tFen Besmeart tvhiel X adal Ksite PedsarTBIT drn efiEend e 30
tenperature, for exanpl e by neans of_ a quench, will be present. The
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stated in Table 1 was obtained by first hydrocraking a vacuumdistillate
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P Feed t i Y \ y/ ASTM
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(cSt) pouregﬁ?}é@séd Qrarsd QYf nﬁe%%aﬁ Hﬁ%ogﬁj ac%%?ff. dft 'able

was hydr ogenat by contacting wth a Ium catalyst of the
Criterion Catag3teGrgany, tamelof t' T 6 om'alastdesticribegdrdagen parti al

Pate of 10 1500 /g et fenm o it A AR Lo dtosiutid ther
the sdfle conditthamnsd but Toawvreare230i fEicthg: rfesd tvantl bhase @i lcdiladia of
saLu ates, coniell, w2 A AL gl of, 28 8 sulphur |
t he process of théfhe hydrogenation catalyst is suitably a supported
catalyst comprising a dispersed Group VIII metal.
Possible Group VIII metals are cobalt, nickel, palladium
25 and platinum. 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



i nvention Goup Il base oils can be prepared having a very high saturates
content and an excellent colour. Exanple 2 Exanple 1 was repeated except
that the woesesE was 20 140 bar and the tenperature in tREWERGO7III

hydr ogenati on step was 345 C. The resultant base oil had a saturates WO
02/ OG-27 PCT/EPU1/ 117933 - 11 content of 95.6 w % and a Col our Saybolt of
+24, a sul phurc@omtlentCo¥ 1 AmpnepahdR Sl 182 .2 Cagyaredtt vay Experi ment
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G oup_ll base oi], is not, abtained because the aronatics content Is 4too

i gh. 1P the CRFEPH RIFGEII DR CONGHANEI G5 4 i thd! T~ 4342

t enperat ure t hendlasi +£3bna{BrigatHded colOws4 s(awithiiati)neExamples of
suitable cobalt-molybdenum containing catalysts are
KF-330 (AKZO-Nobel), HDS-22 (Criterion) and HPC-601
(Engelhard) .

15 Suitable hydrogenation catalysts 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.
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of from between 300 and 380 °C. The operating hydrogen
pressure may range from 10 to 250 bar. It has been found

20 that improved results are obtained at higher pressures,
preferably above 100 bar and more preferably between 120
and 250 bar. The WHSV (Weight hourly space velocity)
ranges from 0.3 to 2 kg of oil per litre of catalyst per
hour (kg/1.h). The actual operating conditions will

25 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

30 280 °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

35 higher pressures, preferably above 100 bar and more



12. Process according to any one of clains 1-11, wherein 15 the feed to

step (a) contains between 35 and 65 wt % aronmati cs.
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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 required 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 steps (a) and (b) is not too big,
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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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/l.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
of 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 o0il had a saturates
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310 ASTM 1- (*) 8.1

(*) 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 base o0il is not obtained because the aromatics

content is too high. If the degree of hydrogenation is

increased by ralising the temperature the desired

water-white colour is not obtained.
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the hydrogenation step comprising contacting the feed
with hydrogen in the presence of a hydrogenation
catalyst, wherein the contacting is performed in two
10 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
15 (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.
2. Process according to claim 1, wherein the
hydrogenation catalyst is a supported catalyst comprising
20 a dispersed Group VIII metal.
3. Process according to claim 2, wherein the Group VIII
metal of the hydrogenation catalyst used in step (a) and
in step (b) is platinum.
4. Process according to claim 3, wherein the catalyst
25 also comprises dispersed palladium.
5. Process according to claim 4, wherein the catalyst
comprises an alloy of platinum and palladium and wherein
the support is an amorphous silica-alumina.
6. Process according to any one of claims 1-5, wherein
30 the feed has an ASTM-D-1500 colour of more than 3.
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5 the temperature in step (a) is between 300 and 380 °C.
9. Process according to any one of claims 1-8, wherein
the temperature in step (b) is between 100 and 250 °C.
10. Process according to any one of claims 1-9, wherein
the water-white base o0il has a Colour Saybolt of above
10 20, preferably above 25.
11. Process according to any one of claims 1-10, wherein
the saturates content of the base 0il is above 95 wt$,
preferably above 98 wt%.
12. Process according to any one of claims 1-11, wherein
15 the feed to step (a) contains between 35 and 65 wt$

aromatics.



