2 9 AUG 2005 WD 02/ 070630 PCT/ EP02/02449 - 1 PROCESS TO PREQﬁggQ@IMQXY
RAFFI NATE The invention is directed to a process to prepare a y
raf fi nat evProg#7@3Fi scher - Tropsch product. The waxy raffi ne€BEPC2dudt as
obtained in this process may find applicdtion as a feedstock to prepare
a lubricating base 5 oil. Said preparation of the base oil and the
preparation of the waxy raffinate product nay take place at different

| ocations. Suitably the WROCESSS fIion&@REPRREAAC IWAXSY RARHAYATE at t he

| ocation where the Fischer-Tropsch product is prepared and the

| ubricating base oil is 10 prepared at a | ocation near the main markets
for these productthe Garnenalily tikese rketad ars anvgddodas didd ereplare a
resulting in that the waxy raffinate products will have to be

transport ed, ‘r"@?‘yefér‘fﬁlléla%f dFP a FiprdSraphcRafh BB The waxy

manuf act uri ngrhe¢ahia@e pHide FRRREeLLHRL iRERPak Rhild hasxe P Iy Sind
.advant ageous because inpy one product has to be shipped to the potential
base oi | and REBALEaHEOTMEckét £oeRisitosd 0 PrERaict t3 ngiihiccatdmoaHase

oi I's grades whichsmmy BeRLeRANeH LEOMHNEMaX% rafdddalif i tion
Applicants have now found a process to prepare 20 such a waxy raffinate
product. whi chfi $her aagpyoreddlisaged prodantwimach ta keovslaad ads Gff feasmt

oo % Sonso SRR Hyn, el RS0 A i el 4 exarnl o
| east 95 wt % pkepamedyealti ¢hiesdpaafibnnsheW® t2e AIGKHISE deseh bes a
base oil derived from.a Eischer Trops pr.oduct havi ng a napht henics
content of | eBECARSH 1ToRrSRAISS RE b%g'g it srlfsahcdins%%(?sseed Ciplgr applicant's
pat ento appl i cptiepasebPaA- 476922 talnEReAT6 G334 hdiay endrgeit s flumnd Hese
Exanpl o 2 andPIOQUCER- ACFTEE5S 1A Biad AL b S Seheth LIS viaxy
Fi scher - Tr opseBs219 iNdGi20@ MO0/ WaRE3Q & RGH TP QR4S will have
to be transported, for example by ship, to the lubricant
base o0il manufacturing location. This manner of preparing
15 base oils is advantageous because only one product has to
be shipped to the potential base o0il and lubricant
markets instead of transporting the various base oils
grades which may be prepared from the waxy raffinate
product. Applicants have now found a process to prepare
20 such a waxy raffinate product, which is transportable and
| from which a novel class of base oils can be prepared.
Prior art base oils as described in for example WO-A-
0014179, WO-A-0014183, WO-A-0014187 and WO-A-0014188
comprise at least 95 wt% of non-cyclic isoparaffins. WO-
25 A-0118156 describes a base o0il derived from a Fischer-
Tropsch product having a naphthenics content of less than
10%. Also the base oils as disclosed in applicant’s
patent applications EP-A-776959 or EP-A-668342 have been
found to comprise less than 10 wt% of cyclo-paraffins.
30 Applicants repeated Example 2 and 3 of EP-A-776959 and

base oils were obtained, from a waxy Fischer-Tropsch



- synthesis product, wherein the base oils consisted of respagt 005! ¥
about 96 wto and 93 w % of iso- and normal paraffins. Applicants further
pr epar edwo basm®esi | having a pour point of -21 C by cat al PET/EPRARAS ng a
Shell MDS 5 Waxy Raffinate (as obtai nabl € £rom Shel | MDS Mal aysi a Sdn
Bhd) using a catalyst conprising synthetic ferrierite and platinum
accordi ng to tdentleashs norofiuEP, Awb68842 ahd bheendiflbaiconisd stent et of

iso- and normal_paraffin abaut 94 wt % _Thus these prior art base
oils derived1W%é#ﬁfF%??$¥2%§?9Trggsgh°sﬁﬁgh€§i¥tﬁr8&u&ﬁoﬁa@Q% oG- a

cycl o- paraf fipacont ens. oippel ountd Wh¥%: hEur bhepamee thekase: 10iHsriasy
di scl osed by the exanples of application WO A-9920720 will not conprise
a high cycl o- pareéfi npotht @At ~2ThiS hecearsal yeedsteekxand pr 8palat MOS

used in 15 sai d ex s_ls_ver imlar.to the feedsto n .

prepaﬁgtion tge%§%2§$£§%%%§%bg3é %%?%%DSFQES;&SFEE%EEQeﬁ%SgREEﬁﬂﬁiﬁﬁéﬁ%b

and EP- A- 668342hd Appsicanid schayeynowcbapid sangeklyod hiet 1jpr gpard <& iwaxXYand

raf fi nate prod ,.fron1mhic$,lubgic€%ing base oil 20 _conposition can be
H29paPafffnte

ct
prepared havi Ay A HJRe? eyt 8hfeRE &hdEEPeSiit34fg aMbr oved

sol vency when re@n@afiesgt tonéheodtsgtosedibase atid siorkhils pasaffaund o de
advant ageous in for exanple industrial fornulations such_ as turbine oils
and hydraul i ¢ 3PPt cdfPYESi nghEdr thRES2BT4PEaRET PAFE CRE ShakgEigigd from

accorgi ng to thepi dveatiopopsEHr SHREABEE St Beobage Sl G@MRRSIL angyid-
cause seals in for exanple notor engines to swell nore than the prior
art base oils.pamifin cevharhgedubeberadfevide Forsdiegmogwelthenddssss

| ubricant |1 oss wWLI_be i t al ppld i +:Appl i cant s
nave Tound ¢hat: bich sobetoset PPsEE Brdnpled PRl gt i base of I
havi ng i npr ovedo-508 ¥201230 pwdper hbescopeisrvenhigh cycdioreeirad fiio t he

fol Iowi ng brocess. .. Pr ofess Lo prepace a vaxy Laff{nate aduct, by, 39

15 said examples is very similar to the feedstock and
preparation to prepare the above prior art samples based
on EP-A-776959 and EP-A-668342.

Applicants have now found a method to prepare a waxy
raffinate product, from which lubricating base oil

20 - composition can be prepared having a higher cyclo-
paraffin content and a resulting improved solvency when
compared to the disclosed base oils. This is found to be
advantageous in for example industrial formulations such
as turbine o0ils and hydraulic oils comprising for the

25 greater part the base oil according to the invention.
Furthermore the base oil compositions will cause seals in
for example motor engines to swell more than the prior
art base oils. This is advantageous because due to said
swelling less lubricant loss will be observed in certain

30 applications. Applicants have found that such a base oil
is an excellent API Group III base oil having improved
solvency properties.

The invention is directed to the following process.

Process to prepare a waxy raffinate product by



3 (a) hydrocracking/ hydroi sonerisatina a Fischer-Tropsch derived feed,
wherein weight ratio of conmpounds having at |east 60 or m)rez g B AR5
atons and. co ounds having at |east 30 carbon atons in th

Fi scher - WOREEAYr oduct is 5 at least 0.2 .and wherein at nggéﬁtpo§@2‘\ﬁ/?%of
conpounds in the Fischer-Tropsch derived Teed have at | east 30 carbon
atons, (b) isolating fromthe product of step (a) a waxy raffinate
product havi ng3a PYCRRTRASHT @stoéﬁrlf@tﬁé}%\/@erﬁmww@and a

T90 wt % boi | i agrpQiRf e Detwran: 400, An8,65Q1G.c APP!iGantSéound, fhat b

performing the hydro- cracking/ hydroi Somerisation step w th the
rel atively heé&eytf éddstiodione vearraaf fatsatse eg)tbdlmpmsn@@tla@wadgfabm 15

whi ch val uabl g <R (%dlé(bt %ar'galympeatpgﬁ?]{ egcrh acai,}se} hleré)g,fs%étg% ‘{hﬁ&?du t as

‘described in this appl i cation age i
for exanpl e gas dielastatd za arwhxhearafifri raaielqwsdﬁtﬁﬂ velilR teefl d':cﬁmpqzmeqb@rlnng

20 Step. The: BPBceae QT Presohi T T A0 rRel et ) e

distill ates havong,exceptionally good cold flow pr opertl es. These
excel | ent colg flqw gLr perties cq Id per haps be expl |ned by the

relatively hidgR'rati 0% J4R8 rdle AF@RGTeQlalatPR het )k et afd%%l y hi gh
anount of di ragrdieitd rdrmhdh mm@lir&dmd\lwtﬁ&m phencespne

nunber of the diesel fraction is npre than excellent at  ‘values far

exceetf ng 60, betresvaQteanst 4P o€ mice aarld0 otitaikdd1ne RefREioh, the

sul phur cont epl+i,$ EXtIRTR Vg 31 d ows . al ways | ess than 50 ppnw, usually
| ess than 5 ppmw and in nost case the sul phur content is zero. Further,

the density of espe@ldldantshe ingsdihafty &t irarfornisss theaany®oo-kg/ nB, in
AN L L e e S
heavy feedstock a way raffinate product is obtained from
15 which valuable products may be prepared, such as the base
0il product as described in this application. A further
advantage is that both fuels, for example gas oil, and a
waxy raffinate product suited for preparing base oils are
_ prepared in one hydrocracking/hydioisomerisation process
20 step.

The process of the present invention also results in
middle distillates having exceptionally good cold flow
properties. These excellent cold flow properties could
perhaps be explained by the relatively high ratio

25 iso/normal and especially the relatively high amount of
di- and/or trimethyl compounds. Nevertheless, the cetane
number of the diesel fraction is more than excellent at
values far exceeding 60, often values of 70 or more are
obtained. In addition, the sulphur content is extremely

30 low, always less than 50 ppmw, usually less than 5 ppmw
and in most case the sulphur content is zero. Further,

the density of especially the diesel fraction is less
than 800 kg/m3, in most cases a density is observed

between 765 and 790 kg/m3, usually around 780 kg/m3 (the



4 viscosity at 100 C for such a sanple being about 3.0 cSt). Aromatic
conpounds are virtually absent, i.e. |less than 50 ppnw, resuwilwémﬂﬁ

very | ow\parkjSits@t € em ssions. The pol yaromatic content E%ngomh:
| ower 5 than the aromatic content, usually 4ess than 1 ppmw. T95, in

conbi nation with the above properties, is below 380 C, often bel ow 350 C

The process as L bed_ab o ts dn.mddle distillat havi ng
extrenely goodvggﬁégkpgwagr g\gﬁrtﬁzgorsfél%l}—nora %r?&paln%zt?ejtrﬁ% a??%% poi nt of
any di esel fradtDonSk$.usualky ilelcmpol®ids, =ofd an ewvenl lpwebséhan i24. C.

The CFPP is usuall ghbel g}y -20 C, _of tugtn ~-28 .C or_| OV\fI’. ._The. p ur poi nt
is usual Iy bel 0%~S18"€" 8Pt BR™ el W24 1EY Tk Y%t 1VRIRAhedGy ate
Fi scher- Tropschmilesivad.f ead aslyvEromsaedd rcitemt a)s hasedt nh€asi owddrw %
preferably at |east A 50 wt % _and nore preferahly at |east 55 wt % of
conpourds” havFRgRat RFedEPMeG 1car ot ERttonsl SR thek §%7 et 23R hePHRY - F&%i o

of conpounds hayi BgmBEnkeash GGt HHY QHAIDYPY oAl ONBe #Nd; §OPPOYRAS .
having at | east 30 carbon atons of 20 the Fi scher-Tropsch derived feed is

at |east 0.2, 3BPefEraBFyeat brdast 330 "&nd nore preferably at |east
0.55. The Fischer -4, 82?9%?%%‘ ued feed ;i3 Pref&fahl ys, fes | ¥1‘?dm:fc§<§i§éa

Fi scher-Tropsch produ conprises a C20+ fraction having
ASF- al pha val udi¢phdiérsen- SeNahg ZxtEepel wlgmiaw grold hf Ieet propeftaes.

| east . Q. 925, prefer t st 0. 935, .nmore preferabl t -least 0.945,
even %@re pr e?%’?aﬁﬁ%lﬂé?cgéag?‘%o.cfﬂg%‘.dsi)ﬁ)elnl nici$a‘%1 oi ?%%fp%]f%? ofthe

Fi scher - Tropschsudei yvedlbeed 1Bay O,ande emp everd AOWs r btlian s-p4 ef €r abhy

30 bel ow 200 C ef er abl t lLeast any cqompounds haying. 4 or.|less carbon
atoms and any Eg%oﬁﬁdgsﬁégﬁﬁg 5%15’6“} i9Yg  poitit-Sh _ta#a'tgcfa?lﬁel%‘?’%r“ fhe
separ ated fronmpauki pehat- Ts0pscll 1symidiesi s 1@ ddyctobedorieeibe -24 °C.

Fi scher - Tropsch synt hesi ct is used gs a Fi scher-Tropsch derived

rodu
feed in 2 9 AUG 208BEVEF63F 676630 MECTPEROSISAIg Topsch derived feed 'ss
15 used in step (a) has at least 30 wt%, preferably at least

50 wt%, and more preferably at least 55 wt% of compounds
having at least 30 carbon atoms. Furthermore the weight
ratio of compounds having at least 60 or more carbon
atoms and compounds having at least 30 carbon atoms of
20 the Fischer-Tropsch derived feed is at least 0.2,
preferably at least 0.4 and more preferably at least
0.55. The Fischer-Tropsch derived feed is preferably

derived from a Fischer-Tropsch product which comprises a
Coot fraction having an ASF-alpha value (Anderson-Schulz-

25 Flory chain growth factor) of at least 0.825, preferably
at least 0.935, more preferably at least 0.245, even moré
preferably at least 0.955.

The initial boiling point of the Fischer-Tropsch
derived feed may range up to 400 °C, but is preferably

30 below 200 °C. Preferably at least any compounds having 4
or less carbon atoms and any compounds having a boiling
point in that range are separated from a Fischer-Tropsch
synthesis product before the Fischer-Tropsch synthesis

product is used as a Fischer-Tropsch derived feed in



- 5 step (a). The Fischer-Tropsch derived feed as descri bed? 9ixi6dédai |
above will for the greater part conprise of a Fischer-Tropsch sa/nt hesi s
product , Wiki2¥M0®@4s not been subjected to a hydroconver si BET@P% 248
defined according 5 to the present invention. The content of non-branched
conpounds in the Fischer-Tropsch synthesis product will therefore be
above 80 wt %

In additi.qn ta this Fischer- Tropsch product al so ot her
fractions may 15& S(éart' oﬁWt hEce:lLS |esrc_krlllerro-plsr%rbs%_%r BF Ty %Ie‘ge%ﬁ.g?%%ﬁ?%?g
other fracti ams ded andy sunvteabliyl Ibef canytiie ghr bt &i nga Ft acdmeni obtafnad in
step (b) or any surplus wa raffi nate product, whjch cannot be shipped
away to | ubr%&éﬁ%gr#rﬂﬁsfgtﬁy&t.heﬁﬁs r Y ¢hg ‘f}ﬁ%%hflﬁ%%t?%h %ﬂ%ﬁlpi onal
n ddl e distilshaest@y tdber prrpas@thvdbs Suehs e i $6hes £ ThORSsh- e84 Med

feed is suitably obtained by a Fischer-Tropsch process, which yieldsS a
rel at? vel y hé&&vyrhe KIFenft opved oratucine Nepnbept ¢f seperbrepphed

- processes yi elgh-3i5la NHeane pFodued,. - Sy ;
Fi scher-Trop?c?ﬁﬂ processl is 20 dlescri e%%g%n%g%%%%?% %%1%&}9%1? will

AU- A- 698392, theasdonsy dresdwyardp yited d n Raddheror bpsthi prbodschess
descri bed ab e Hlsahar -hropsah, derd e ul ki waxy
raffinate pr%ﬁ’&s% Ilﬁ cont aia-rllisﬁg or %I:rf/y%?%%?’gg @ggségpﬁéﬁa{)}% ﬁlﬂferogen
Ic:_ont ai ni _rll_g cd&ﬁp@hmTrfﬁﬁ@hﬁa%piqmlfdeﬁ. ﬁPtpa_sstﬂube dEhéJ_veﬁraﬁcb}hoas

is r-Tropsgc r ti-an, i ch.uses .s esis_as, contajnin mst no
i rrpﬁlrdleti es. g‘t?lypr?dlﬁacgar?dlyniqer oagn n I}l EileIbséli\;\llijrrlm‘r ggﬁae(r:téjr?rﬁ ?a)]%pabe %wl?he
detection |i.mtesyy Wi cdr arey curreEntd wax ppna f 6ind0e sptpduct angdhichpm f or

ni trogen. The Fischer-Tropsch, derived feed may, opti onal be subjected
Lo B T Iy GRS (130 ot LT eNbys dng bk genatse BRd
saturate any relgidining cRoUdEt Preseddit lohhe heagléoni pf DUust e of mbhe

Fi scher-Tropsch 35 reaction. Such a hydrotreatnent is described in WD
02/ 070630  be prepared.

15 Such a Fischer-Tropsch derived feed is suitably
obtained by a Fischer—-Tropsch process, which yields a
relatively heavy Fischer-Tropsch product. Not all
Fischer-Tropsch processes yield such a heavy product. An
example of a suitable Fischer-Tropsch process is

20 described in WO-A-9834917 and in AU-A-698392. These
processes may yield a Fischer-Tropsch product as
described above. '

The Fischer-Tropsch derived feed and the resulting
waxy raffinate product will contain no or very little

25 sulphur and nitrogen containing compounds. This is
typical for a product derived from a Fischer-Tropsch
reaction, which uses synthesis gas containing almost no
impurities. Sulphur and nitrogen levels will generally be
below the detection limits, which are currently 5 ppm for

30 sulphur and 1 ppm for nitrogen.

The Fischer-Tropsch derived feed may optionally be
subjected to a mild hydrotreatment step in order to
remove any oxygenates and saturate any olefinic compounds
present in the reaction product of the Fischer-Tropsch

35 reaction. Such a hydrotreatment is described in



- 6 2 9 AUG 2005 PCT/ EPO2/ 02449 EP-B-668342. The nildness of the
hydrotreating step is preferably expressed in that the degréé’ Riib 2005
conver siwip d2m7od3bi s step is less than 20 wt % and nore prefrerabbyozess -
than 10 wt % The conversion i s here def i_neézl as the weight 5 percentage of
the feed boiling above 370 C, which reacts” to a fraction boiling bel ow
370 C. After such a mld hydrotreatnent |ower boiling conpounds, having

four or | essEBaBbhbABALEns Tavd Wittiescofourss moireohygephingastepahge,

wi Il preferably.be Lemyved firamdde pffluent,d €okt ] dohnsgtep
(a). The hyd?%c?acﬁ%ng?hydf%i Somer i sattl c?n reac??%‘r%{%% ogtg%ﬁYgfﬁgl‘gh if
preferably pethosnetepnitshd gaesdrve 28f widy dirchenmonadpactatrabyst Jenhi ch
catal yst can hosen., of r t ho t.0 e skilLed iin_the art as

bei ng 15 sui tgﬁ?g ?grQttﬁi's%iﬂgagoﬁg"n&%allyssﬁge?%ra%é%nie(rjl g?egh?ayelght_
typical |y conpersenédngacicdi Heuntdedbnalitinqbeve 370 °C, which reacts
hydr ogenat i on/ dehydr ogenati on [functionalit Preferred acidic
functional i ty'('g ar rfaggrlé’@t %r%}%%lbe wdé’yﬂ}:arqi e’?‘g??r&clPFab‘F‘emE%ﬁjri er
materi al s i nchydeosirbb&mend0 1wttt Nsb11Sidd Cordd sithA8, BhtEARI Bouti bani a
and m xtures _thereof, Preferred carrier materials for inclusion in the
catal yst for 4885 RAERETATEESS F1 (ST MAMT G lar8o1sinpcan &k na
and silica-al yghg@-,_ Aipar i ardy y Mehard ek $at aby St heoBpEL g8 Pl ati num
supported on a 25 silica-alumna carrier. |If desired, applying a hal ogen
moi ethf, in pabefetraittf LPorisRd g sEgFhodsphorous moiety to the carrier,
may enhance the agjdity9fLNe 108t r%ﬁ%fr Calhd £f upkabl e
hydr ocr acki ng/ hyd?og F?ongrcit satlélaongazlp oceoslses andsaéﬁlft&gglkgéggti% yg s are
30 described Bhe®D{A)0084 Prg: L BRI GIRIIR riErd ALs66BO4paadentheoéarl i er
referred to - A- 776959, Preferre ydr.qgenat | dr.ogepatign
functionali tiEggdﬁPge&r %&ffﬁ ﬁatnaoﬂf%dbl“gglne a‘%és)géfggkl 8§§n§ ecﬁloéﬁrél
cobal t, optiofabhythoseorkiavat iton ame lskilled in the art as being

and

15 suitable for this reaction. Catalysts for use in step (a)
typically comprise an acidic functiocnality and a
hydrogenation/dehydrogenation functionality. Preferred
acidic functionality’s are refractory metal oxide
carriers.. Suitable carrier materials include silics,

20 alumina, silica-alumina, zirconia, titania and mixtures
thereof. Preferred carrier materials for inclusion in the
catalyst for use in the process of this invention are
silica, alumina and silica—alumina. A particularly
preferred catalyst comprises platinum supported on a

25 silica-alumina carrier. If desired, applying a halogen
moiety, in particular fluorine, or a phosphorous moiety
to the carrier, may enhance the acidity of the catalyst
carrier. Examples of suitable hydrocracking/hydro-
isomerisation processes and suitable catalysts are

30 described in WO-A-0014179, EP-A-532118, EP-A-666894 and
the earlier referred to EP-A-776959.

Preferred hydrogenation/dehydrogenation
functionalities are Group VIII non-noble metals, for
example nickel and cobalt, optionally in combination with

35 molybdenum or copper, and Group VIII noble metals, for



35 nol ybdenum or copper, and G oup VIII noble netals, for 2 %thﬁ mQS WO
02/ 070630, PCT/ EP02/ 02449 - 7 exanpl e pall adi um and nore preferably

pl at i nunWwero2/0pi6&e i nunt pal | adi um al | oys. The catal yst nmay E6AFF03824he

nobl e metal hydrogenati on/ dehydrogenati on _active conmponent in an anount
of fromO0.005 to 5 parts by 5 weight, pr‘ef7er‘ably fromO0.02 to 2 parts by
wei ght, per 100 parts by weight of carrier material: A particularly :
preferred catekgspléopalsedipm hedhydrec gmedresiadnl ystralge: iroonpef ses

platinumin an i .ran f fr 0.05 _to.2 parts by weight
nore prefer agP%/gfqr?gpnﬁ‘(/)Pgl@ggihgargﬁél%f& 'b?ﬂv\ejeicg%a,lygsetr n%@f) %%Hr‘%?%%/ {\;ﬂ?ght
of carrier matebilal metdhehgdiralbyat tiwy /aledy dangarise an aidieve t 0 enhance
the strength of the catalyst. The bi ca n-aci di c. . Exanpl es
are clays and“STR8PEBF ndBr 8 kABRH o ngg?rﬁg} Irqgﬁ)gllqcﬁD taiéjaaﬁ?‘ BY I'n step
(a) the feed weighAl aptedenhabhyhydioagen 020 td e gaesenee wiidire, cpéal yst
,at elevated tenperature and  pressure. The tenperatures typical li/ wll. be

in the range 18P PRERT1PE V61980 €I [retercdbmMptfigifer: thatf o5 el ahty

nore prefer ab%a?feﬁfé?%éogaﬁﬁlgEQ CorThe Pres THeE WdrdothJdd £ah | ¥ bgei n
the range of from 10 to 250 bar and preferably between 20 and 80 bar.

Hydr ogen may BempgiappEi Bdahinamgas ReurmpsPada vdloodangofof roremn00- 9
10000 NI/ 1/ hr¢_ pke |y f 0 0 r, <& rogcas b ed
toPheberal! byt “%g‘g??y' gr%a%e%%é\ﬂéegmy fhen dyd 18<_91ﬁt;8£'§{§

may be provided at "a weig velocity of from
kg/ | A8r, prefbyabeyghighpert RAQ pPers sk Melgind afores pried ermdt yriaher

L0 2,001 g hS 9 Opdl, iUEoneh Sy scaLan { e capag 1rom
conversi on i nssttepgth) oéistdef ica¢d lys t.h&heeilghtde 3k gpermemageacidi be
ed D01\ 100 ghoke 310, CMMSl L S3 3RS, iHARR L0 BAfECL) O bOLI Mo
) 9 ! ea (] u
preferably notn mbeeatrhan 80 wt % nore preferably not nore than 70 wt %
15 In step (a) the feed is contacted with hydrogen in
the presence of the catalyst at elevated temperature and
pressure. The temperatures typically will be in the range
of from 175 to 380 °C, preferably higher than 250 °C and
more preferably from 300 to 370 °C. The pressure will
20 typically be in the range of from 10 to 250 bar and
preferably between 20 and 80 bar. Hydrogen may be
supplied at a gas hourly space velocity of from 100 to
10000 N1/1/hr, preferably from 500 to 5000 N1/1/hr. The
hydrocarbon feed may be provided at a weight hourly space
25 velocity of from 0.1 to 5 kg/l/hr, preferably higher than
0.5 kg/1l/hr and more preferably lower than 2 kg/l/hr. The
ratio of hydrogen to hydrocarbon feed may range from 100
to 5000 N1l/kg and is preferably from 250 to 2500 N1l/kg.
The conversion in step (a) as defined as the weight
30 | percentage of the feed boiling above 370 °C which reacts
per péss to a fraction boiling below 370 °C, is at least
20 wt%, preferably at least 25 wt%, but preferably not
more than 80 wt%, more preferably not more than 70 wt%.
The feed as used above in the definition 1s the total

35 hydrocarbon feed fed to step (a), thus also any optional



The feed as used above in the definition is the total 35 hydrgg%e%hsf eed

fed to step (a), thus also any optional 2 9 AUG 2005 WD 02/ 07

PCT/EPO recycle of the higher boiling fraction a in
(b)%g%éfﬂi%{(§O (b) the product of step (a) is separat e? I ntlﬁbmjg&rjile9 or

rmre gas oil fractions, a waxy raffinate product 5 having a T10 wt %

boi li ng point of between 200 and 450 C and a T90 wt % boili ng poi nt of

bet ween 400 ansk$50e Condhenbl ghpreberalnyg o 0w 9h bod | bivea Do at 1 Af

bel ow 550 C. Depending on the conversionin step (a) and the properties

of the total %%k f]B)step (a) also a higher 10 boiling fraction may be

obtained in step {R)st&pe Fpﬁﬁ@tbQBdh'&tSto%o dtp 1 G pr&d eéé@éyaﬁ)@af%%d

by means of a first di stll ation at about atnospheric' conditions,

preferably atomeppesBOre gRsheiweéiattionshara wmr@ﬁf-’uh@tga]@r@duct

produgt and 'Qgﬁng%lwg #gm&ﬁﬂh E’ iHe! f‘%é‘?@é‘érﬁ‘%@@d &r%bn@guct

fractions, are ar at e ing fraction fthe pro
of step (a) .aﬂ'@eahif@ﬁewtﬁobbllhgngraomndtn o fofbettv &dn %@J@talbdinQﬁ feasthdos
wt % boi | s aboye 37 ubs entl rither sepa d |, 8 YACHUM
distillation - $tBh RSN A é’a G MRy o 3 el Aaliael

raf fi nate proﬂelpénamdgt be hhghebnbemlslmngl farraci‘aem s amdi)t'ah@ed The
vacuumdi stillation is swt rfor ressure. of between 0.001
and 0,05 bar PLIRELbAEEUREG O, FPERlon S Sbi(H) T3 g b erabhyose:

oper ated suchpdhat ngherdesibadmagxper @ﬂoftlariateed prodstedp i sb) obt ai ned

boiling in the specified range and having a kinematic viscosity at 100 C
of preferably bet WBBNSSPaRAT1IPH &8t StERe \Fﬁxyl? H¥F et py oaeEfonged by

obtai ned by theagbo¥e 53¢ ipLRC@Isthag RHQRErdt eshostChtASsPREFiRoI Nt and
viscosity, which nmakes it suitable to be transported, suitable by

ships, to a | 6BRiEhiPRG  bRSEISFRLAEN G act Y SR UBR aPT opetween
1.2-2 bara, wherein the gas oil product and lower beoiling

15 fractions, such as naphtha and kerosine fractions, are
separated from the higher boiling fraction of the product
of step {(a). The higher boiling fraction, of which
suitably at least 95 wt% boils abave 370 °C, is
subsequently further separated in a wvacuum distillation

20 step wherein a vacuum gas oil fraction, the waxy
raffinate product and the higher boiling fraction are
obtained. The vacuum distillation is suitably performed
at a pressure of between 0.001 and 0.05 bara.

The vacuum distillation of step (b) is preferably

25 operated such that the desired waxy raffinate product is
obtained boiling in the specified range and having a
kinematic viscosity at 100 °C of preferably between 3 and
10 cst.

The waxy raffinate product as obtained by the above

30 process has properties, such as pour point and viscosity,
which makes it suitable to be transported, suitable by
ships, to a lubricating base 01l manufacturing location.
Preferably the waxy raffinate is stored and transported
in the absence of oxygen such to avoid oxidation of the

35 paraffin molecules present in the waxy raffinate product.



Preferably the waxy raffinate is stored and transported in the absence
of oxygen such to avoid oxidation of the 35 paraffin nol ecul eﬁgmugqe(]ﬁt in
b

the waxy \afbjate product. 2 9 AUG 2005 WO 02/ 070630 PCT/ERp &%%ffg - Q
J Suitable nitrogen blanketing is applied_during said storage an

transport. Preferably the waxy raffinate “product has a pour point of
above 0 C. This makes it possible to transport the waxy raffinate as a
solid by 5 fofuékahprenkéspiory thankesdost ist aprdilef duwnper atairds.
Transporting the pradyct; B the slid _p v e_gaLJisf-t}ggnge it
further Iim t%hgﬁegleng?ess 8%“ %cc))xygen I%%%&?ﬁdi g\?% Sjs}at)%gl at |lon. ans to
liquefy the product hest he pomirogdiing fodciakiote $howl.d Tel preser 1110
Preferably indire eat sych as _ste eated _coils ar resent
in the stor aggofgg%g gécﬁgtaﬁ‘;s%%t%ﬁe%%ﬁrg det I%L?flqlﬁealﬁel q‘_’lusef‘_’l1 esaojble ok%e

bei ng ®i schar ged txampilke keteariks threanspaiuct! iatesandrieral soeqseferabey.

provided with_ neans to ke t he oduct in a liqujd state, 15 The waxy
raffinate pr o'dpﬁéflsﬁﬁ§§cflflﬁd%$§r ipgﬁgz{ucg:pﬁlr]i &6 &‘Psﬂ%& H5tte st t ed

appl i cation i sgv@nuagebhe beaageafifd Faire Heroduedi tas freedsi@edksd wprepare
| ubricating base oils by gubj ecting the waxy raffinate product tqo a pour
poi nt reduci n§*¥E8R. 2Bt FONSl BY SFLRREY Faf HigTRe 1R odtdtehayt e

bl ended with shagkcwayti RheOh@Qlbaldd ndPaarde itthe sHALK WoxX propaities with
respect to sul phur, nitrogen and saturates content before subjecting

the weky raf f PAaEETEBLY PBGR Gt 9ddasi MeadiseFUAN (36 SHRAR NrAtd
reduci ng treappent é%%@%ﬁ%@% 3 L\RIN RILGeF Mherelin e P point

of the base oil Is reduced by nore than 10°C, preferably nore 20 C,
nmore pref erabbyofves mhaanbes 1daurfd gsolpe fggientoaisvucdimrhaesadreitorr drmhde

R L e G
means to keep the product in a liquid state.
15 The waxy raffinate product may find wvarious
_applications. A most suited application is to use the
waxy raffinate product as feedstock to prepare
lubricating base o0ils by subjecting the waxy raffinate
product to a pour point reducing step. Optionally the
20 waxy raffinate product may be blended with slack wax in
order to upgrade the slack wax properties with respect to
sulphur, nitrogen and saturates content before subjecting
the waxy raffinate to a pour point reducing step.
With a pour point reducing treatment is understood
25 every process wherein the pour point of the base oil is
reduced by more than 10 °C, preferably more than 20 °C,
more preferably more than 25 °C.
The pour point reducing treatment can be performed by
means of a so-called solvent dewaxing process or by means
30 of a catalytic dewaxing process. Solvent dewaxing is well
known to those skilled in the art and involves admixture
of one or more solvents and/or wax precipitating agents
with the waxy raffinate product and cooling the mixture
to a temperature in the range of from -10 °C to -40 °C,

35 preferably in the range of from -20 °C to -35 °C, to



known to those skilled in the art and invol ves adm xture of one or nore
sol vents and/or wax precipitating agents wth the waxy raffipatmjﬁqnggduct
and cooling the mxture to a tenperature in the range of from

-40 C, 3WDPF8¢34bly in the range of from-20 Cto -35 C, PtCoT/}éP‘@/OAﬁé 2005
WO 02/ 070630 PCT/ EP02/ 02449 - 10 separate the wax fromthe oil. The oil

containing the wax is usually filtered-thpough a filter cloth which can
be made of textile fibres, such as cotton; porous netal cIoth or cloth

made of synt hetlcrrr% rtih%l e&éfégt Q}Even(gis \A@Oﬁ:pal?% Egrﬁjg:wgyied

in the sol vent “deWaXi ng pr ocess are ones e g. ne
ket one, nethyls lussmllanltlyyl flgért@rxecartdumugmraasfihmzoé)otlﬁjwﬁieh abanbki C
hydr ocar bons ures of ketones and aromatics

. 4. | t
net hyl et hyl gi“é‘fi%n aﬁ%ene)l& :’Irlel;fore 0 SHTbraT? riger 3t i vROERT G et a%uch as

liquefied, nocnelthy ogasgeth Gaded Jy dHBCEHDONS HaEHr 851 Pl OPABRples of
propyl ene, butane, butylene and m xtures thereof. M xtures of nethy

et hyl Ket one &Rd VENtFe@iGh FEhyie STRACNES obe e SERY By T ?§UB§?~?B
ketone are gepealdsy Rref erred mes dyy ofmdhese @@HBypt Rerosdi table

sol vent dewaxi ng processes  are descri bed in Lubricant Base O and Wax
Processing, #eitlhylo iSetueiyla ketrondviamemDekkess | ticeredew, YOk 994,

Chapter 7. A preferred pour point reducing process is the 20 catalytic
dewaxi ng proce@gemanich m%rms@mq Heslugreh, fRURHUTrAat obaketonkes

having a pour p,@ %%f,o%t%%” <§b§{ O%et‘}& e;é?%ﬁekgﬁ(?ﬂérgﬂd“%ﬂuékéﬁ“ ng

fromthe waxy nate produ accor the present process
catalptic devvamtrmgq@roxg@s@taaw b@lpa'rftm retclbyas 2biauyf pedcensrmhéngi n in

Far i nate brodGEETE Petcad ES HERTH ik bovt. P EgEARI o HeRuIERY
catal ysts ar %uk&%tn%r 0%&@@%&%&@ Xﬁﬁxﬁ%@rﬁﬁéﬁ&oﬁ el gektas skeyetngnd
optlonally ' %?ngQ%QSQQ\QJJ]ééfggﬁg ﬁ?!%gghyl ethyl ketone and
methyl isobutyl ketone are generally preferred. Examples
15 of these and other suitable solvent dewaxing processes
are described in Lubricant Base 0il and Wax Processing,
Avilino Sequeira, Jr, Marcel Dekker Inc., New York, 1994,
Chapter 7.
A preferred pour point reducing process is the
20 catalytic dewaxing process. With such a process it has
been found that base oils having a pour point of even
below —-40 °C can be prepared when starting from the waxy
raffinate product according to the present process.
The catalytic dewaxing process can be performed by
25 any process wherein in the présence of a catalyst and
hydrogen the pour point of the waxy raffinate product is
reduced as specified above. Suitable dewaxing catalysts
are heterogeneous catalysts comprising a molecular sieve
and optionally in combination with a metal having a
30 hydrogenation function, such as the Group VIII metals.
Molecular sieves, and more .suitably intermediate pore
size zeolites, have shown a good catalytic ability to
reduce the pour point of the waxy raffinate product under

catalytic dewaxing conditions. Preferably the



30 hydrogenation function, such as the Goup VIIl netals. I\/ﬁgeﬁmlz 5
sieves, and nore suitably internmedi ate pore size zeolites, ve shown a
good cat aVPt207¥8P1ity to reduce the pour point of the waR§THERPFI2A4 e
product under catalytic dewaxing conditions. Preferably the 2 9 AUG 2005
WO 021070630 PCT/ EP02/ 02449 - 11 int ergeng'hat_e pore size zeolites have a
pore dianeter of between 0.35 and 0.8 n Suitable internedi ate pore
size zeolites are nordenite, ZSM5, ZSM 12, ZSM 22, ZSM 23, SSZ-32,
ZSM 35 and ZSMrAgrmmsbitdfer poveEf eirzed Zdup-of Brmleaaize ¢iaveseareft he

e IR L0 e s S SR S
be used in itgedISMes faaremnordene tahsertde- of ZM-13 ougsMA12, n28at23The

ot her nol ecul ar, si-gve 6,40 preferably.used in conbination with an
Sdted G oup VEEE The g el SR AR el e CRePtt caBa ¢
plati num and palllcadiizn Eeagy es eoft Heo %Sl @ -conmhedplossphat € PSAZSM 35,

Ni / ZSM5, Pt/ ZSM 23, Pd/ ZSM, 23 | ZSM 48 and Pt/ SAPO 11, Further
details and eX@hATed ot |Wﬁ}b§%§wle&ﬁ T RE ea"rfbe‘%le@\%x%ﬂ{j

condi tions arexb@fplexamy@ iesahl et - b 07188 Sy APgB8Hsh821y
US- A- 5053373, US-A-5252527 and US- A- 4574043. The dewaxi ng catal yst

suitably al soPComaSed atHil{dd > fieilitdrhe AP Hnee syht#eYic or

naturally 20 eGeid g f ir-ganingl ShslancedOfa XMl & chay, silica
and/or metal oxides. Natural occurring clays are for exanple of the

ment nb? i | | oni Peedirdaldl iusehiin icosbITed 1451 vk | an prdded abrgup BoLdus
bi nder mat eri glo. JI0r o SXAIMI & @ dief MAGONe i e 08 il exagples, are:
alum na, silica-alumna, silica-magnesia, silica- zirconia,
silica-thori aplsitdiimcar @T@/!Héjld,ads'idrri-c_iﬂaimwlrﬁa ofaspmibbs terpangtions
compos! L1 ons ar, Sharmle- 5 o ALUT L, ShL) faralur pen ey o
and Pt/SAPO-11. Further details and examples of suitable

15 molecular sieves and dewaxing conditions are for example
described in WO-A-9718278, US-A-4343692, US-A-5053373,
US-A-5252527 and US-A-4574043.

The dewaxing catalyst suitably also comprises a
binder. The binder can be a synthetic or naturally

20 occurring (inorganic) substance, for example clay, silica
and/or metal oxides. Natural occurring clays are for
example of the montmorillonite aﬁd kaolin families. The
binder is preferably a porous binder material, for
example a refractory oxide of which examples are:

25 alumina, silica-alumina, silica-magnesia, silica-
zirconia, silica-thoria, silica-beryllia, silica-titanié
as well as ternary compositions for example silica-
alumina~thoeria, silica-alumina-zirconia, silica-alumina-
magnesia and silica-magnesia-zirconia. More preferably a

30 low acidity refractory oxide binder material, which is
essentially free of alumina, is used. Examples of these
binder materials are silica, zirconia, titanium dioxide,
germanium dioxide, boria and mixtures of two.or more of
these of which examples are listed above. The most

35 preferred binder is silica.



30 low acidity refractory oxide binder material, which is essentiall
free of alunina, is used. Exanples of these binder material sZeSrAiJGsTUﬂglca
zirconia, titaniumdioxide, germanium dioxide, boria and m xtures.of

two, or MM $¥9706Kese of which exanples are |isted above. Tl FRE{0248
preferred binder is silica. 2 9 AUG 2005 WD 02/ 070630 PCT/ EPO2/ 02449 - 12
A preferred class of dewaxing catal ysts -€arpr+se internediate zeolite
crystallites as described above and a low acidity refractory oxide

bi nder material which.Lser-eageptiakl ¥efh86GaQ% 1 lérgt%q desqrd bed above,
wherein 5 the surface of the alumnosilicate zéolite crystallites has

been nodi fi ed bytsubfdicatagzehdibbuarrespliléies agseslaaaridrgdbtaddve esndo

a surface dealémlg‘gtgggdlfté,aggﬁg!:tﬁéygﬁﬁé@lrr%qélq%ﬁzlelﬁ{zge{@% 1‘@{ &En}?gt

is by contacting an éxtru of the-brnder an han
aqueous sol utiessehtaalllyofosel béaaéumaha as deesuriibdeet dbofor vexargpl e

US- A-5157191 or. WO A- 02951 Exa | es of. sw tabl e de in sts as
descri bed abo% ar e8P tc8 bgaﬁd 18859 %\A%ﬂlsgh%ﬂ%%
preferably silhf£a besndmandfdeal by sab@éc&bésw allﬁnmdsxhdmwd and

deal um nated Pt/ Z M12 sili bound and deal unm hated Pt/ ZSM 22, as for
exanpl e describ?d H:|e ﬁtéggégff HdaEF’pﬁ% a](‘iﬁ‘ﬁ%ﬂ%}%n dewaxi ng

condi tions are:kBg¥RehR . tlAeg%éTfech@é BB @l e tie e Opesat 1ing b
tenperatures in the range 0 of from200 to 500 C, suitably from%SO to

400 C, hydr oge‘F\OIbFé%Elﬁés apn ekhEUHaRGe Odf theom1IGiat T B  zepleterabl y

from4Q to 70 f £h %ﬁ' Qﬁhe'&%r 's)élﬁ@%% O\felao@ltdoe_ﬁ%s(l\@ﬁété nsélh@ ange of
fromO0.1 to 10 o] per litre of catalyst per hour (kg/l/h

suitably 25 fr@m@ribed 5nké,bll’/ ﬁﬂamnﬁﬁeU§uﬁr§645y71f9r]orﬁ10 "?3317@-@&%511 hr
ﬁ”d hydr ogen t@ Qﬁbl%gt Ssggttagger ég%’lx o 'UPar cﬁ’é’@cﬂz%gs of
ydrogen per fFero y varying t e t enper tu et ween :
sui tably betmeehoﬁ&Sare silica bound and dealumlnated Pt/Z8SM-5, and
more preferably silica bound and dealuminated Pt/ZSM-23,
15 silica bound and dealuminated Pt/ZSM-12, silica bound and
dealuminated Pt/ZSM-22, as for example described in
WO-A-0029511 and EP-B-832171.
Catalytic dewaxing conditions are known in the art
and typically involve operating temperatures in the range
20 of from 200 to 500 °C, suitably from 250 to 400 °C,
hydrogen pressures in the range of from 10 to 200 bar,
preferablyvfrom 40 to 70 bar, weight hourly space
velocities (WHSV) in the range of from 0.1 to 10 kg of
0il per litre of catalyst per hour (kg/l/hr), suitably
25 from 0.2 to 5 kg/l/hr, more suitably from 0.5 to
3 kg/1l/hr and hydrogen to o0il ratios in the range of from
100 to 2,000 litres of hydrogen per litre of oil. By
varying the temperature between 275, suitably between 315
and 375 °C at between 40-70 bars, in the catalytic
30 dewaxing step it is possible to prepare base oils having
different pour point specifications varying from suitably
-10 to -60 °C.
The effluent or separate boiling fractions of the
catalytic or solvent dewaxing step are optionally

35 subjected to an additional hydrogenation step, also



~and 375 C at between 40-70 bars, in the catalytic 30 dewaxi nggt j 5 i's
possi ble ( r re base oils having different pour point é?i?f’czggi ons
LEITE! AR

. varying f bly -10 to -60 C. The effluent or separ s
fractions of the catalytic or solvent dewaxing step are optionally 35
subj ected to an additional hydrogenation-step, also WD 02/070630 - 13 2
9 AUG 2005 PCTI EPO2A) 2449 referred to as a hydrofinishing step for

exanple if the ffluent contaips.oletins,or when t roduct, is . ..
sensitive to o&?/]g%ﬁﬁ?lgoﬁoo‘rgs enygg guplﬁg’elé‘g ts(gelg)er}%lrprrperxc?\rln&}.e i $h& ep
is suitably casffedentt cahtaibst edpéiaktupe kdkneemel 3G audt35¢ OC, a

total pressure_ of .ggtwegn 10 to 250 bar ang1 %Ir,_lef c—irabl abov 1(%{)? bar and
nore preferabl YeBatWe8h 120°4KE€D86BEr CTTHE SRHEY ié‘rﬁedsh r RF space
vel ocity) rangespteosd0. 3ntie 2tkg ok eukitpeny ldarra «of cat altyst per hour
(kg/l.h). 10 The hydrogenation catalyst is _suitably a supported catalyst
conpri $ing a di$PRPEREVEROBBTVRED ABPaRnd B8Ssi 51 e GtOhF VIRbeSRYAE Llare

cobal t, nickelpepakbadiom candopbati gHa el ARd Mskell oM HNRg
catal ysts may also conprise a Goup VIB netal, suitably nol ybdenum and

is tungsten. SuP¥abPecéarrPey Srt¥apporElmaner icalls Pare Thw YBiSdi (eight
anor phous ref rgact pf agpbéésygggé&ﬂe zsﬁggg%%' tahfe o.gi”%t)@% (& 1 AG Yo

oxi.des i ncl ude I norgani c oxi C al um na, lica, titania,
zirconi a, borikitrei bifcgaskdiishapef! bonirdddcdllumiina, fl uorided silica 20

al um and m xtur o] [ s I f J e
hydroggnati on cata )ﬁ/gtéyg%ggﬁﬁgggﬁ_%F%E%&%u%ﬁ%nq%aﬁ%}g aczsgfﬁ%%?ttesduch
as KF-847 and c&FaB0%0 CAKPEOiNabel g NE8p24 sand QUBHR Y I(IBASKEtaland C- 424,

O 190, D52 0. (5l S5 05 S A" 28 S0 Y
(Criterion); cabal pigetiyhdengobalt and nickel containing catalysts may
aiso comprise - a Group VIB metal, suitably molybdenum and
15 tungsten. Suitable carrier or support materials are low
acidity amorphous refractory oxides. Examples of suitable
amorphous refractory oxides include inorganic oxides,
such as alumina, silica, titania, zirconia, boria,
silica-alumina, fluorided alumina, fluorided silica-
20 alumina and mixtures of two or more of these.
Examples of suitable hydrogenation catalysts are
nickel-molybdenum containing catalyst such as KF-847 and -
KF-8010 (AKZO Nobel) M-8-24 and M-8-25 (BASF), and C-424,
DN-190, HDS-3 and HDS-4 (Criterion); nickel-tungsten
25 containing catalysts such as NI-4342 and NI-4352
(Engelhard) and C-454 (Critexrion); cobalt-molybdenum
containing catalysts such as KF-330 (AKZO-Nobel), HDS-22
(Criterion) and HPC-601 (Engelhard). Preferably platinum
containing and more preferably platinum and palladium
30 containing catalysts are used. Preferred supports for
these palladium and/or platinum containing catalysts are
amorphous silica-alumina. Examples of suitable silica-
alumina carriers are disclosed in WO-A-9410263. A
preferred catalyst comprises an alloy of palladium and

35 platinum preferably supported on an amorphous-silica-



contai ning catal ysts such as KF-330 (AKZO Nobel), HDS-22 (Cri zﬁg@n& and
HPC- 601 (Engel hard). Preferably plati num containing and nore er %I y
pl at i numwu@d2paldadi um 30 contai ning catal ysts are used. PRET&RRM2449
supports for these palladium and/or platinum containing catalysts are
anor phous silica-alum na. Exanpl es of sui tg le silica- alumina carriers
are disclosed in WO A-9410263. A preferred®catal yst conprises an all oy
of palladium and 35 pl ati num preferably supported on an anorphous silica
2 9 AUG 2005 WOLGRA0Z0630 IRCH ERO MO G he Idompt uaiadlgarvieétabliewni ch
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into one or 5TXDbrésbase exidmpirenduct s having different viscosities by

means of distillation, ,optionally in_ .canbinat, wth an_.initial
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perforred in anyacubAsedicstli Idraddut < Qlabiiith Praovi iedet thistdeisiespBys to
10 separate the frac m IS

tiogéfrqr’?elsai,d colum. In this node |t f ound
possi bl e to obf&FHSt BF Exatpi'e 3t ive O&tll‘ﬂéﬁrhi]rﬁg 13 GPERHSPEYODet weBn3D- 3
cSt, a base 0iin{AYENYfaasHiskPTtap bateetfhfeSbnangta basevakhohavi ng
a viscosity between 7-10 cSt product sinultaneously froma 15 single

waxy raf fi nat efpre8dens( Wast ddikiadsl ndinranedieed vi8casVaFUdgl 100 C). By

strai ghtforwarg; opth M$iiRg (2wl QAGL Rl ALS @Nds he! &t 5t pgrbhecampunt
of non-base oil intermediate fractions it has been found possible to
preparld base of¢Baratg siwef ifgiaaitiagn Hingm dasld dalimg- al20thbsdmNdackt

Vi scosi 1y at 10 E0B B & e U T h L BRER 3o AT Aed ) 219
have a Noack valaibtbtytef baintame?6 asd 14 wd6e | oihasabeérg &ound t hat
a lubricating base gil canhe. 2% i epar o S1aN1 09 L1OMLYESvaxY
raffi nate produc CH
viscosity between 7-10 cSt product simultaneously from a
15 single waxy raffinate product (viscosities as kinematic
viscosity at 100 °C). By straightforward optimising the
product slate and minimising the amount of non-base oil
intermediate fractions it has been found possible to
prepare base oils in a sufficiently high yield having a
20 good Noack volatility properties. For example, base oils
having a kinematic viscosity at 100 °C of between 3.5 and
6 cSt have been obtained which have a Noack volatility of
between 6 and 14 wt$.
It has been found that a lubricating base oil can be
25 prepared starting from this waxy raffinate product which
base o0il comprises preferably at least 98 wt% saturates,
more preferably at least 99.5 wt$% saturates and most
preferably at least 99.9 wt%. This saturates fraction in
the base o0il comprises between 10 and 40 wt% of cyclo-
30 paraffins. Preferably the content of cyclo-paraffins is
less than 30 wt% and more preferably less than 20 wt%.
Preferably the content of cyclo-paraffins is at least
12 wt%. The unique and novel base oils are further
characterized in that the weight ratio of 1l-ring cyclo-

35 paraffins relative to cyclo-paraffins having two or more



base oil conprises preferably at |east 98 wt % saturates, nore \;Mjgf@%abl y
at least 99.5 wt % saturates and nost preferably at Ieast 99. b3 02 hi s
sat ur at eVP02®T6eh in the base oil conprises between 10 aRATAHORBFDf
cyclo 30 paraffins. Preferably the content of cyclo-paraffins is |ess
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CnH2n+z- BecaMseobheasat whaies plaser I@;xﬁ@qiacsevdnsrep@rm@w from the
aromati c phase it is.p i.ble to determneth content of the different
(cycl o) - parafﬁ?ﬁ@rﬁ§& Hdsﬁﬁgd Ionisation (¥D/FI) interface, wherein FI

(a "soft" ionisation technique) is used for the semi-

15 quantitative determination of hydrocarbon types in terms
of carbon number ahd hydrogen deficiency. The type
classification of compounds in mass spectrometry is
determined by the characteristic ions formed and is
normally classified by "z number”. This is given by the

20 general formula for all hydrocarbon species: CpHon4z-

Because the saturates phase is analysed separately from
the aromatic phase it is possible to determine the
content of the different (cyclo)-paraffins having the
same stoichiometry. The results of the mass spectrometer

25 are processed using commercial software (poly 32;
available from Sierra Analytics LLC, 3453 Dragoo Park
Drive, Modesto, California GA95350 USA) to determine the
relative proportions of each hydrocarbon type and the
average molecular weight and polydispersity of the

30 saturates and aromatics fractions.

The base o0il composition preferably has a content of
aromatic hydrocarbon compounds of less than 1 wt%, more
preferably less than 0.5 wt% and most preferably less
than 0.1 wt%, a sulphur content of less than 20 ppm and a



same stoichionmetry. The results of the nass spectronmeter 25 aregpyeqél§sed
using comrercial software (poly 327 available fromSierra Analytics LLC,
3453 Dr agwo oRParde3o Dri ve, Hodesto, California GA95350 USA) trCTdetoenmisne:
the relative proportions of each hydrocarbon type and the average

nol ecul ar wei ght and pol ydi spersity of the 30 saturates and aromatics
fractions. The base oil conposition preferably has a content of aromatic
hydr ocar bon conpounds of less than 1 w% re preferably less than 0.5
wt % and nost preferably less than 0.1 w% a sul phur content of |ess

t han 20 ppir, nandoged TAUERO0SE Wk H2/ OTa6 300 PEPMEPI2/e0 2048 pdlitit of
nitrogen content of |ess .than 20 m. The, pour point of . the base oil is
preferably Ie§ S %a?ﬁe-ébﬂcla%dpﬁ%f I“%}%f]egiﬁl Jf/RFSV\Eﬁ%t hg% anfp " rhe
viscosity indexdferdiighelovdanti20. -40 has bhrenviewss tdhatidde naevel

base 5 oils typically have a viscosity index of below 140. The base oils
itself may fi gg‘ﬁﬁl it off Gs phrPasiPesnr LaRAAptEadn tAR diRxis L Pase

Transngssi on Biuids ALy Ay PaDhi Ves€83seli hadek dresllowengide oil's,
turbine oils, hydraulic oils, electrical oils or transformer oils 10 and
refrigerator oils.IiPhéasrentlionlwbellpeay| fiBer aPed 1MAH The S AWy

non-limting exames e fudohaWRXYTEahEiBake obf edugiqvag @bt ai ned by
feeding 15 continuously a C5-C7/50 C+ fraction of the Fischer- Tropsch

product, as oltudioned ive BaapPbing| cusiihgsehe cogialeystilsf, Exauipine |11 of
WO A- 9934917 t @¥q[99§ cKi te ) L.« 1 Th ed ¢ q,| ge .
about 60 M%O&}&f pro uct]?a:L hgg%gti§l§%g¥é3+)}\}\/al-sg ngI{)ﬁtt 52@5 ﬁjnljﬁ'ne
hydr ok@ acki ng asteepretthel Jetoonowds. contacted with a hydrocracki ng

catal yst of Exanplg 1 .of EP-A-532118.. The.effluent of .step.(a) S .
cont | huousl y i ot Iced PYB G YR Trohiae Thorstanaes radrblde ke Eiing
from non-limiting examples.

Example 1

A waxy raffinate product was obtained by feeding
15 continuously a Cg-C7ygg °CY fraction of the Fischer-

Tropsch product, as obtained in Example VII using the
catalyst of Example III of WO-A-9934917 to a
hydrocracking step (step (a)). The feed contained about
60 wt% C3p+ product. The ratio Cgp+/C3g+ was about 0.55.

20 In the hydrocracking step the fraction was contacted with

a hydrocracking catalyst'of Example 1 of EP-A-532118.
The effluent of step (a) was continuously distilled

to give lights, fuels and a residue “R” boiling from
370 °C and above. The yield of gas oil fraction on fresh

25 feed to hydrocracking step was 43 wt%. The main part of
the residue “R” was recycled to step (a) and a remaining
part was separated by means of a vacuum distillaticn into
a waxy raffinate product having the properties as in
Table 1 and a fraction boiling above 510 °C.

30 The conditions in the hydrocracking step (a) were: a
fresh feed Weight Hourly Space Velocity (WHSV) of
0.8 kg/l.h, recycle feed WHSV of 0.2 kg/l.h, hydrogen gas
rate = 1000 N1l/kg, total pressure = 40 bar, and a reactor

temperature of 335 °C.



370 C and above. The yield of gas oil fraction on fresh 25 fegg 6\/2
hydr ocracking step was 43 wt% The main part of the residue > RAU @5
recycl ed WQOH¥WP34 a) and a remmining part was separated BRCHERRLOZY 3
vacuumdi stillation into a waxy raffinate product having the properties
as in Table 1 and a fraction boiling above 510 C. 30 The conditions in
t he hydrocracking step (a) were: a fresh X¥eed Wi ght Hourly Space

Vel ocity (WHSV) of 0.8 kg/l.h, recycle feed WHSV of 0.2 kg/l.h, hydrogen
gas rate = 1000 N /kg, total pressure zail@ebar, and a reactor
tenperature of 335 C__WD 02/070630 - 17" Tabhle 1.2 9 ALK 2005

PCT/ EP02/ 02440 DBerssiittyy st 7T000C (Kigd ABY 779. 2 vK@LO0 (ost »3. 818 pour |poi nt
(' C) +18 Boilihg point data as5% 355 OC tgnperature at which al0% 370 OC

W% is recovelgaked”0 4L 0 95% 504 CC EXgRgl e 2 The waxy
raffinate proguct of Exanpl'e 1 was dewaxed to prepare a base oil by
-contacting th ) ldld% t1p deatummated strrcabgygdZSM5catal yst
conprising 0.7~ wel ght and 30 wt % ZSM5 as described in Exanple 9

of WO A- 0029541 Thn rln\ADV| anf;nnrh tionsiwere-40 bar hydp ogen VHEV = |

L4

kg/l.h and a Wéﬁé’t%lp@lﬂt 3503 The dewaxed obf \&é&‘? dfstilled ijnto
t hree base oi teﬁﬂpﬁcﬁdiﬁﬁ% 0ivh Neh bet wegn 378 and 424 ' C (yield based on
10 feed to depaxing step was 14.2 w9, between 1% 4550 (yield E)ased
on feed to depd®a*ng SStEsraEred- 3 w~) and a fragctd op, hoiling aboye 455
'C (yield based on feed to °

90% 492 °C
95% 504 °C

Example 2
The waxy raffinate product of Example 1 was dewaxed
to prepare a base oil by contacting the product with a
dealuminated silica bound ZSM-5 catalyst comprising 0.7%
5 © by weight Pt and 30 wt% ZSM-5 as described in Example 9
of WO-A-0029511. The dewaxing conditions were 40 bar
hydrogen, WHSV = 1 kg/l.h and a temperature of 340 °C.
The dewaxed o0il was distilled into three base oil
fractions: boiling between 378 and 424 °C (yield based on
10 feed to dewaxing step was 14.2 wt%), between 418-455 °C
(yield based on feed to dewaxing stép was 16.3 wt%) and a
fraction boiling above 455 °C (yield based on feed to
dewaxing step was 21.6 wt%). See Table 2 for more
details.



dewaxi ng step was 21.6 w% . See Table 2 for nore details. WO gz& %7(3[%30
- 18 Table 2 2 9 AUG 2005 PCT/ EP02/ 02449 Li ght Medi um Heavy 13 AUb 1

G adeG adeG ade density at 20 CB05.8814.6822.4 pour point ‘(C < -63< -51-
45 ki nentQ ¥ ¢osity at 19.0635.0 40 C (cst) kinematic VESEERI¥A44t
3.164. 1446. 347 100 C (cSt) Vin.a.121134 Noack volatility

(W% n.a.10.82. 24 sul phur content (ppm< 1 ppnx 1 ppnk 5 ppm saturates
(%) n.a.99.9n.a. Content of cyclo- n.a.181Bn--a. paraffins (W% (*)
Dynam c viscosity as neasured by CCS at n.a.3900 cPn.a. -40 C (*) as
determ ned by nmeans of a Finnigan MP. TQQ ymssS, spectroneter equi pped with

a Field desorption/field ionisation i r n_the saturates fraction
of said basg oil. 5 n.a.: not applicableightd. | Meiiwet gribeamed
Grade Grade Grade
density at 20 °C 805.8 814.6 822.4
pour point (°C) < -63 < =51 - 45
kinematic viscosity at 19.06 35.0
40 °C (cst)

kinematic viscosity at

100 °C (cst) 3.16 4.144 6.347
V1 n.a 121 134
Noack volatility (wt%) n.a. 10.8 2.24
sulphur content (ppm) < 1 ppm|< 1 ppm |< 5 ppm
saturates (%w) n.a 99.9 n.a.
Content of cyclé— n.a 18.5 n.a.
paraffins (wt®) (*)

| Dynamic viscosity as n.a. 3900 cP |n.a.

measured by CCS at
-40 °C

(*) as determined by means of a Finnigan MATS0 mass
spectrometer eguipped with a Field desorption/field
ionisation interface on the saturates fraction of said
base oil.

5 n.a.: not applicable
n.d.: not determined
Example 3

Example 2 was repeated except that the dewaxed oil

was distilled into the different three base o0il products

10 of which the properties are presented in Table 3.



Exanpl e 3 Exanple 2 was repeated except that the dewaxed oil gq@5205
distilled into the different three base oil products 10 of

properti 9 %8 Pesented in Table 3. WO 02/070630 - 19 TAGTEFEYH244 AuG
2005 PCT/ EPO2/ 02449 Li ght Medi um Heavy G adeG adeG ade density at 20
C809. 1817. 2825. 1 pour point (C< -63< -51- 39 kinematic viscosity at
23.3243.01 40 C (cst) kinematic viscosityqat_3.1814.7787.349 100 C (cst)
VIin.a. 128135 Noack volatility (w%n.a.7.7n.a. sul phur content (ppm< 5

ppnx 5 ppnx 5 ppm saturates (%w)99.0 %ﬂéﬁli scosity as 5500 cP
measured by CCs at -40 C Yield based o 0 15.327.48.9 cat dewaxing

step (MY Exjanple 4 Exanple 2 was repea:sg gexce tMé@ﬂgmtth.;émy the
i

dewaxed oil was distilled into the diffgrent threge base o products and

one internedijate raffinate (I _R) of 5 Ehdehe |fropéeti esCHR@e pr gsent ed
in Table 4. _
density at 20 °C 809.1 817.2 825.1
pour point (°C) < ~-63 < =51 - 39
kinematic viscosity at 23.32 43.01
40 °C (cSt)

kinematic viscosity at

100 °C (cSt) 3.181 4.778 7.349
VI n.a. 128 135
Noack volatility (wt%) n.a. 7.7 n.a.
sulphur content (ppm) < 5 ppm {< 5 ppm |< 5 ppm
saturates (%w) 99.0

Dynamic viécosity as 5500 cP

measured by CCS at -40 °C

Yield based on feed to 15.3 27.4 8.9

cat dewaxing step (wt%)

Example 4

Example 2 was repeated except that the that the
dewaxed oil was distilled into the different three base
0il products and one intermediate raffinate (I.R.) of

5 which the properties are presented in Table 4.



2 9 AUG 2005 WD 02/070630 - 20 Table 4 PCT/ EPO2/ 02449 Li ght d AUBY di um
Heavy GradeG adeG ade density at 20 C806811.3817.5824.5 pod4 poi.nt” (C) <
-63-57<wB12/078630Ki nemati c viscosity at 10.423.5142. 23 40 EBCT/EB202449

Ki nematic viscosity at 2.7463.5014.797.24 100 C (cSt) VI103127135 Noack
volatilityn_a.6.81.14 sul phur content (pgn)< 5 ppnx 5 ppnx 5 ppm
Saturates (%wn.d.99.5 Dynanic viscosity<8s— neasured by CCS at 5500 cP
-40 C Yield based on CDW feed22.68.922.611.1 n. a.: not applicable n.d.:
not determ ned Exanples 2-4 illustrataddiad 4romthe waxy raffinate

product as obtained by the process—of the present invention base qils
are prepared in a high yield an ef e base-oil s Xe t
d i high yield and whet &t 9hthe bas&-oi | § Mesliemex CBRREN
visconetric |5 properties. 2 9 AUG 200%5¢crade Grade Grade
density at 20 °C 806 811.3 817.5 824.5
pour point (°C) ' < —-63 -57 < -51 - 39
Kinematic viscosity at 10.4 23.51 42.23
40 °C (cSt)

Kinematic viscosity at

100 °Cﬂ(cSt) 2.746 3.501 4.79 7.24

VI 103 127 135
Noack volatility n.a. 6.8 1.14
sulphur content (ppm) < 5 ppm < 5 ppm|< 5 ppm
Saturates (%w) n.d. 99.5

Dynamic viscosity as 5500 cP

measured by CCS at

-40 °C

Yield based on CDW feed |22.6 8.9 22.6 11.1
n.a.: not applicable

n.d.: not determined

Examples 2-4 illustrate that from the waxy raffinate
product as obtained by the process of the present
invention base o0ils are prepared in a high yield and
wherein the base o0ils have excellent viscometric

5 properties.



- 21 dains 5 10 15 20 25 1. Process to prepare a waxy raffinate product
by (a) hydrocracki ng/ hydroi sonerisating a Fischer-Tropsch der}9ex)6f2685d,
wherein weight ratio of conpounds having at |east 60 or nore carbon

" atoms and conpounds having at |eas®2136 carbon atons in the
Fi scher-Tropsch product is at least 0.4 and wherein at |east 30 wt % of
conpounds in the Fischer-Tropsch derived feed have at | east 30 carbon
atons, (b) isolating fromthe product of step (a) a waxy raffinate
product having a T10 W % boi | i ng oardmsf between 200 and 450 C and a
T90 wt % boi ling point of between 400 and 650 C. 2. Process according to
claim1, wherein at |least 50 wt% of conpounds in the Fischer-Tropsch
derived feed have at |east 30 carbon atonms. 3. Process according to any
one of clains 1-2, wherein the Fischer-Tropsch derived feed is derived

froma i scher-Tropsch_pr ct conprising. a 0+ fraction having an
ASF-aIpHg'vdﬁﬁ%c%iﬁdggs n?%%%ﬁlf-ﬁﬁgﬁ§ tha hn% %MPEO%P§§t2F5 of at | east

0.925. 4(aPriogesscasen digneylde camprene it th@i A8F1is3newhar@igpsch he
conversion in step (a) is between 25 and 70 wt% 5. Process according to

any one @Frivedneeds, wikaredim Vel tTo0wk 26 bef | FAGPpENEtS dfathegwaky
LY DL ESONAL o onole] 050 G g TRESERABRAS AL Ig A e o
at 100 Xzadét bgedweenbdnand ol d%t .thHe FAEhEDOBrop82h product is
at least 0.4 and wherein at least 30 wt$% of compounds in
the Fischer-Tropsch derived feed have at least 30 carbon
atoms,
(b) isolating from the product of step (a) a waxy
10 raffinate product having a T10 wt?% boiling point of
between 200 and 450 °C and a T90 wt% boiling point of
between 400 and 650 °C.
2L Process according to claim 1, wherein at least 50 wt%
of compounds in the Fischer-Tropsch derived feed have at
15 least 30 carbon atoms.

3. Process according to any one of claims 1-2, wherein

the Fischer~Tropsch derived feed is derived from a
Fischer-Tropsch product comprising a C20+ fraction having

"an ASF-alpha value (Anderson-Schulz-Flory chain growth
20 factor) of at least 0.925.
4. Process according to any one of claims 1-3, wherein
the conversion in step (a) is between 25 and 70 wt%.
5. Process according to any one of claims 1-4, wherein
the T90wt% boiling point of the waxy raffinate product is
25 below 550 °C.
6. Process according to any one of claims 1-5, wherein
the waxy raffinate product has a kinematic viscosity at

100 °C of between 3 and 10 cSt.



5 10 7. Use of the waxy raffinate product as obtained in a process
according to any one of clainms 1-6 to prepare a |ubricating bade A6 2008.
. Use according to claim7 wherein the %age oil is prepared by

catal ytically dewaxing the waxy raffiflate product. 9. Use according to
claim8, wherein the cyclo-paraffin content in the saturates fraction of
the lubricati base , oil _is be en.12 and, 20 wt % 10..Use according to
any one gf‘ cldg%nsoag-tgl?ev%%}ri i ﬁa%\fﬁgna\ﬁfxfrrogf Ghdte %?%%IhBF%héQ & pour

poi nt of akoued Landdingstbeanyt barspa tad ir0s thes | esapi-epaale hase oil

production in the solid state and under nitrogen bl anketing.
lubricating base oil.

8. Use according to claim 7 wherein the base o0il is
5 prepared by catalytically dewaxing the waxy raffinate
product.

9. Use according to claim 8, wherein the cyclo-paraffin
content in the saturates fraction of the lubricating base
0il is between 12 and 20 wt%.

10 10. Use according to any one of claims 7-9, wherein the
waxy raffinate product has a pour point of above 0 °C and
has been transported to the location of base o0il
production in the solid state and under nitrogen

blanketing.



