17 MAY 2005 WD 02/48283 PCT/ USQO /43529 HYDROCONVERSI ON PROCESS1#GMWIW5
MAKI NG Ly/BR! LNG O L BASESTOCKS 5 FIELD OF THE | NVENTI ON 100011 Thi s

i nvention rélates to lubricating oil basestocks and to a f)?yyég'é‘%%?r
preparing lubricating oil basestocks having a high saturates content,

hi gh viscosity indices and |ow volatilities. BACKGROUND OF THE | NVENTI ON

10 [0002) It is well kndE¥DROCONVERSIMINFROCESSFQRasest ocks by

sol vent refining. are

fracti onated under ; ce—atrospheri c resids
whi ch are further fractionated under vacuum Select distillate fractions
are then optionally deasphalted and solvent extracted to produce a

par af f§ n FIELD ©OF THEIANVENTIONonatics rich extract. 15 The raffinate
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atmospheric pressure to produce atmospheric resids which are further fractionated

under vacoum. Select distillate fractions are then optionally deasphalted and
solvent extracted to produce a paraffin rich raffinate and an aromatics rich extract.

15 The raffinate is then dewaxed to produce a dewaxed oil which is usually
hydrofimished to improve stability and remove color bodies.

[0003]  Solvent refining is a process which selectively isolates components of
crude oils having desirable properties for lubricant basestocks. Thus the crude oils
used for solvent refining are restricted to those which are highly paraffinic in

20  nature as aromatics tend to have lower viscosity indices (VI), and are therefore less
desirable in lubricating oil basestocks. Also, certain types of aromatic compounds
can result in unfavorable toxicity characteristics. Solvent refining can produce
lubricating oil basestocks have a V1 of about 95 in good yields.

[0004]  Today more severe operating conditions for automobile engines have

25  resulted in demands for basestocks with lower volatilities (while retaining low
viscostties) and lower pour points. These improvements can only be achieved with
basestocks of more isoparaffinic character, i.c., those with VI's of 105 or greater.
Solvent refining alone cannot economically produce basestocks having a VI of 105
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Nor does&so v%‘%t% refining alone typically produce basesto?@iﬁ%&{#ﬁ gh
saturates contents. Two alternative approaches have been devel oped to
produce high quality lubricating oil bgsestocks; (1) wax isonerization
and (2) hydrocracking. Both of the methods |nvoI ve high capital
investnments. In some 5 | ocations wax isonerization econom cs can be
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[0005)  An article by S. Bull and A, Marmin entitled “Lube Oil Manufacture by
Severe Hydrotreatment™, Proceedings of the Tenth World Petrol C s

Volume 4, Developments in T ubrication, PD 19(2), pages 221-228. describes a

15  process wherein the extraction unit in solvent refining is replaced by a

hydrotreater.

[0006] U.S. Patent 3,691,067 describes a process for producing a medium and
high V1 oil by hydrotreating a narrow cut lube feedstock. The hydrotreating step
involves a single hydrotreating zone. U.S. Patent 3,732,154 discloses

20  hydrofinishing the extract or raffinate from a solvent extraction process. The feed
to the hydrofinishing step is derived frorn a highly aromatic source suchas a
naphthenic dishillate. U.S. patent 4,627,908 relates to a process for improving the
bulk oxidation stability and storage stability of lube oil basestocks derived from
hydrocracked bright stock. The process involves hydrodenitrification of a

25 hydrocracked bright stock followed by hydrofinishing.



hydrocracked bright stock. The prons invol ves hydrodenitrificat] MAY @5 a
25 hydro‘;',r %%dbri ght stock followed by hydrofinishing. 17 MAY 2005 WO
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t he conventional solvent refining process so as to produce high VI, |ow
volatility oils which have excellent tgxicity, oxidative and thernal
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havi ng a dewaxed oil "viscosity indeX to about 105; (c)
passing at least a portion of the raffinatc feed to a fli-st

hydr oconveSEMINLARNYOP THE INVENTPONe raffinate feed in the 20
presence of a non-acidic catalyst at a tenperature of from 320 to 42(r C,

a hydrogen Bgrtial pressure of from 1000 to 2500 psig (7.0 to 17.3 nPa),
space vel dOP@8) of 0.2 (MisSindentith/relads 2 §peoceesforioducing a lubricating oil

basestock which comprises:

(a) conducting a lubricating oil feedstock to a solvent extraction zone
10 and under-extracting the feedstock to form an under-extracted
raffinate wherein the extraction zone solvent contains water added
in the amount from about 1 to about 10 vol.%, based on extraction

solvent, such that the extraction solvent contains from 3 to 10 vol.%

water,

15 (b)  stripping the under-extracted raffinate of solvent to produce an
under- extracted raffinate feed having a dewaxed oil viscosity index
from about 75 to-about 105;

(c)  passing at least a portion of the raffinatc feed to a first
hydroconversion zone and processing the raffinate feed in the
20 presence of a non-acidic catalyst at a temperature of from 320 to
420° C, a hydrogen partial pressure of from 1000 to 2500 psig (7.0 to
17.3 mPa}), space velocity of 0.2 to 5.0 LHSV and a hydrogen to
feed ratio of from 500 to 5000 Scf/B (89 to 890 m’/m®) to produce a
first hydroconverted raffinate;
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first hydro rted raffinate; 17 MAY 2005 WD 02148283 P /
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hydr oconversi on zone to a second hydroconversi on zone and processing the
hydroconverted raffinate in the presenge of a non-acidic catalyst at a

tenperature of from 320 to 42(r C provided that the tenperature in 5 the
second hydroconversion is not greater than the tenperature in the first
bydroconversi on zone., a hydrogen partial pressure of from 1000 to 2500

psig (7.0 to 17(d® nPpassing tednerosonveited raffinhtecfiom. the festthydroddriVersicel a
hydrogen to feed ratio of from500 to 5000 Scf/B (89 to 90 nB/nB) to
produce a second hydzonetya sewndhydiocvayversiciOzdne) andgrecesying theeast a
portion of the second hydroconverted. raffinate to a hydrofinishing
reaction zone and com¥draconyertes raffipate i thei presengef a naneacidicwatalyst at a
hydr oconverted raffinate in thgﬁ_pregiﬁce of a hydrofinishing

catal ystwhich is at [¥BREEBHE OLISHD to 420°E& prgyided that the tgmpepatyre in |
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achi evi ng good oxi dati on st abf cold start; uel econony,
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10 (e)  passing at least a portion of the second hydroconverted raffinate to a
hydrofinishing reaction zone and conducting cold hydrofinishing of
the second hydroconverted raffinate in the presence of a
hydrofinishing catalyst which 1is at least one Group VIB or Group
VI metal on a refractory metal oxide support at a temperature of

15 from 200 10 360° C, a hydrogen partial pressure of from 1000 to
2500 psig (7.0 to 17.3 mPa), a space velocity of from 0.2 to 10
LHSV and hydrogen to feed ratio of from 500 to 5000 Scf/B (89 to
890 m’/mr°) to produce a hydrofinished raffinate.

[0009]  The basestocks produced by the process according to the invention have

20  excellent low volatility properties for a given viscosity thereby meeting future
industry engine oil standards while achieving good oxidation stability, cold start,
fue] economy, and thermal stability properties. In addition, toxicity tests show that
the basestock has excellent toxicological properties as measured by tests such as
the FDA(c) test.
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BRI EF DEXS2¥r THE DRAWNGS fOOL01 Figure | is a plot BETNGHZSS?
volatility vs. viscosity index for a |l ()ON basestock. [00111 Figure 2
I's a schematic flow diagram of the hydroconversion process. 5 [00121
Figure 3 is a graph show ng VI HOP vs-3tonversion at different

pressures. 100131 Figure 4 is a graph showi ng tenperature in the first
bydroconversion zone as a function of days on oil at a fixed pressure.
100141 Fi jBREEF¥ DESCRIPPIO | oncentration as a function
of 10 reactor tenperature gg?“dﬂggxgﬂwrﬁc uct 100151 Figure 6 is a

gr aph shO\&\n'Dglgmt oxicity as a function of tenperature and pressure in the
col d hydr shi fagsredpis aiS1BL6AND ACK : g,;jg%ﬁ | | of
saturates .concentration b;]}ﬂvaryli\l?g co?c??ﬁlgxgs'i n eﬁgg&dpﬂ?éro I shi ng
step. 15 [h?@QSIQCIEi gure 8 is a graph show ng the correl ati on between the
DMSO screener test and the FDA (c) test. 10018] Figure 9 is a graph
showi ng thermal diffusion separation vs. viscosity index. 100191 Fi gure
10 is a grl%ﬂlshoﬁmgeﬂaﬁﬁimﬁmﬁeﬂd\\qdiagﬂanyoﬁ&:ealmwmeﬁiéﬁpro%&ss@'ewaxe‘j
oil yield and basestock viscosity. M1 Figure I I is a graph show ng

Vi scosj.ty . Noack volatility for different basestocks.
5" 8012 ™" Figure 3%s a graph showing VI HOP vs. conversion at different

pressuzes.

[0013]  Figure 4 is a graph showing temperature in the first hydroconversion
zone as a function of days on oil at a fixed pressure.

[0014] Figure 5 is a graph showing saturates concentration as a function of
10 reactor temperature for a fixed VI product.

[0015)  Figure 6 is a graph showing toxicity as a function of temperaturec and
pressure in the cold hydrofinishing step.

[0016)  Figure 7 is a graph showing control of saturates concentration by
varying conditions in the cold hydrofimshing step.

15 [0017)  Figure 8 is a graph showing the correlation between the DMSO screener
test and the FDA (c) test.

[0018]  Figure 9 is a graph showing thermal diffusion separation vs. viscogity

mdex.

[0019]  Figure 10 is 2 graph showing raffinate feed quality as a function of
20  dewaxed oil yield and basestock viscosity.

[0020]  Figure 11 is a graph showing viscosity vs. Noack volatility for different
basestocks.



17 MAY 2005 WD 02/48283 PCrUS01143529 -6- 100211, Figure 12 i 94 7aMAr 26h
showi ng Noack volatility vs. basestock type. 100221 Fi gur% ;I%HJH%P?B gr aph
showi ng PH) $2H883vi scosity increase and oil consunption a¥¢d fon of
basest ock type. DETAILED DESCRI PTI ON OF THE EVVENTI ON 5 [ 0023] The sol vent
refining of select crude oils to produce lubricating oil basestocks
typically involves atnospheric distillation, vacuumdistillation,
extraction, dewaxing and hydrof m shi ng. Because basest ocks having a high

i soparaffin content are characterized by having good viscosity index (V)
properti esjpazH. 5U|Bign;|i¥c€l2| 19 grapih Shew AN oackpeolatiity. vs! bssestockidype.| s used in
the 10 solvent” refining process arc typically paraffinic crudes. One

met hod of classi~g lubricating oil basestocks is that used by the

Aner i can Heoz eurFi'gmt]BtiufagréﬁlE’%owﬁdg p8rcemp vidcobidy Breaskandadle a
saturates content of 90 wL% or greater, a sulfur content of not nore than
0. 03 vvt . %ensumptionsasasfungtiom dEbagegtockgypeat er than 80 but | ess than 120.
APl G oup M basestocks are the same as Group H basestocks 15 except that
the VI is greater than or equal to 120. 10Qz4] Cenerally, the high boiling
pet r ol eum B3 gh 8} Dok Iut (BN i ENVENTIQN are sent to a vacuum
distillation unit, and the distillation fractions from this unit are

I t t ted. Th i due fran di.still ati whi ch b
deasphdl ¢ HOPH] seiiFhe SIWTREr DB SEIah TS ol 6O BTOcHSS TWBRAAME Bt r act i on
I ti | di I th tig o - A ext t ph
Whi | o T eavPagsioRts HReIRapueen AEoGasOn S uaBiR Ve i fidua; (2o Phase
Napht h X di str] ; | ; .
Typ cal scputisnion; hvapte B UG, BchACbaRtlolE havia B HgRITCS
met hyl Py T iBhhARRR cofténf ARichatdckzdd By BV Bbod Gistbdity AdeR (VEXt ract i on

t er aper at ur ) .
properties and suitable low temperature properties, the crude oils used in the

10  solvent refining process are typically paraffinic crudes. One metl_lod of classifying
lubricating oil basestocks is that used by the American Petroleum Institute (APY).
API Group 11 basestocks have a saturates content of 90 wt.% or greater, a sulfur
content of not more than 0.03 wt.% and a viscosity index (VI) greater thas 80 but
less than 120. API Group I basestocks are the same as Group II basestocks

15  except that the VI is greater than or equal to 120.

[0024]  Generally, the high boiling petroleum fractions from atmospheric
distillation are sent to a vacuum distillation unit, and the distillation fractions from
this unit are solvent extracted. The residue from vacuum distillation which may be

deasphalted is sent to other processing.

20 [0025] The solvent extraction process selectively dissolves the aromatic
components in an extract phase while leaving the more paraffinic components in a
raffinate phase. Naphthenes are distributed between the extract and raffinate
phases. Typical solvents for solvent extraction include phenol, furfural and N-
methyl pyrrolidone. By controlling the solvent to oil ratio, extraction temperature



. 17 MM 2005 WO 02/ 48293 PCTI US01143529 -7- and method of contact il AgMAY 2005
distill %@g be extracted with solvent, one can control the degree of
separ at i t3%n the extract and raffmate phases. [0026PCTAISPHESAY
years, solvent extraction has been replaced by hydrocracking as a neans
for producing high VI basestocks in sorﬁre refineries. The 5 hYdrocrael dng
process utilizes low quality feeds such™as feed distillate fromthe
vacuumdi stillation unit or other refinery streans such as vacuum gas
oils and coker gas oils. 7le catalysts used in hydrocracldng are
typi cal | y and frietlesd of coiitactinghdistute nelb¥\enirasted MttdlvaPHR & the
silicalalumna or alum na containing an acidic pronoter such as
fluorine. drgree of deparatiorkbetweentlad ysttact ahdoaffinateyphnséd) hi ghly aci dic
zeolites. The hydrocracki ng process nmay involve hetero-atom renoval,
aromatic rjing satuyration, dealkylation of aromatics rings, ring opening,
strai ght d928] andngeernt yraisnsalvend|ediigetion basbeer replaeed bathydroctsgkengli ng
on operating conditionsg. .In, vie f these reactions, separation of the

aromatics 35 H‘eaﬂﬁggreprpa‘é‘fmgé’éﬁh Asestvcksrin semerafineries. iEhean unnecessary
et 25" SuR eI AR R o 5 B0k 0 s Bslmtran et or
xt r act s o AP dislIERor KGH BF BIE kSl Shrert shihs Hifinban batcoitspbng
Thus, | devesrks? BAP O The cals Bt hscl i HRBRNF R bt WhichH s oF BB gde
he. brocess g e ot BEidic SboYPshcl s Sl "o AREEN Sl 00"
di stil | at enfands gronioter sich ag flubfifieZ SatnedhydrboricRing 2atil8rOhlso *bARPNer i C

distillation uni~ .prefqrabl_ﬁ{l froma vacuumdistillation unit and may be
10 highly acidic zeolites. The hydrocracking process may involve hetero-atom

removal, aromatic ring saturation, dealkylation of aromatics rings, ring opening,

straight chain and side-chain cracking, and wax isomerization depending on

operating conditions. In view of these reactions, separation of the aromatics rich

phase that occurs in solvent extraction ié an unnecessary step since hydrocracking
15  can reduce aromatics content to very low levels.

[0027]) By way of contrast, the process of the present invention utilizes a three
step hydroconversion of the raffinate from the solvent extraction unit under
conditions which minimizes hydrocracking and passing waxy components through
the process without wax isomerization. Thus, dewaxed oil (DWO) and low value

20  foots cil streams can be added to the raffinate feed whereby the wax molecules
pass unconverted through the process and may be recovered as a valuable by-
product.

[0028]  The distillate feeds to the extraction zone are from a vacuum or
atmospheric distillation unit, preferably from a vacuum distillation unit and may be

25  of poor quality. The feeds may contain nitrogen and sulfur contaminants in excess
of 1 wt.% based on feed.



25 of poor quality. The feeds may contain nitrogen and sul fur 17 MAY 2009
contam nants in excess of | w % based on feed. 17 MM 2005 WD 02/ 48293
PCT/ USOWQ428828300291 Mor eover, unlike hydrocracking, thePETASEHIIRE ocess
may take place w thout disengagenent, i.e., w thout any intervening
steps involving gas/liquid products sgparations. The pr oduct of the
subj ect three step process has a saturates content greater than 90 wt. %
preferably greater than 95 wt.% Thus product 5 quality is simlar to
that obtained from hydrocracl dng wi thout the high tenperatures and
pressures [939] r edMereovet; unlikeckydrocrabking, thepresent processmdy take phter

i nvest ment expense. [0030) The raffinate fromthe solvent extraction is
pr ef er abl yvotheut disgngegesaent, i.c.owithouteanyintexveniog steps davolving gastliquider
conditions such that the raifinate yield is 10 maxim zed while still
removi ng nBE‘w':JSFS feparationss oL henrpduct ofthe-gibiest thyes starprocesschasrasatumtes e

yield may be hmaxim zed b ontrol | .ng .extractjon gondjtions, for

exanpl e, bW?mgsﬁeﬂéch Q@W%Prpfﬁr%iﬂvmaéaﬁﬁmatﬂ%o %i/ %E“’iﬁ@d@a‘si ng the
extractd on ratdre. JThe.raffinate fromthe solyent extraction unit
is str iﬂppeﬂ"%ﬁggF%ﬁﬁfe‘%h% W@H’*@@R@ pgirgcqeqc g%?'&@ﬁ i on unit
(zone) con{ain | talvsl. Thiis yaffinate feed to
the fm hydEo ouverés]sl %‘Fﬁ%ﬁ%@ﬁﬁ%i’%@%{%&ﬂgmaﬁr%%%WQ%@y

i ndex of fgfﬁ&%%ﬁt&%)éﬂgm 105, preferably 80 to 95. 10031] in
carrying otit the extractidn process, water nay be added to the
extraction solvent in anounts ranging froml to 10 vol.% such that the
extracti on[00s0] verThé faffingtesfbmaké baaeﬁ%cﬁeﬁs@bféfeﬁab%%-e}%agﬁg; %

water, preferably from4 20 - 7 vol.%water. In general,

extract i oni.e.otherextractidddsl cafricdomt hadéraoonditionssach distrthe raffinate yicld is
cxbraction/water solvent m xture added at the top, and the feed and

ext r actll onmazimunet while stilf extnovimg aoost of theulowest ghaltywmolecules firome thieon

sol vent cgntaining added water may be injected at different |evels if
t he ext r acteedn Raffsaate yield may be maximized by controlling extraction conditions, for

example, by lowering the solvent to oil treat ratio and/or decreasing the extraction
temperature. The raffinate from the solvent extraction unit s stripped of solvent
and then sent to a first hydroconversion unit (zone) containing a hydroconversion
15  catalyst. This raffinate feed to the first hydroconversion unit is extracted to a
dewaxed o1l viscosity index of from about 75 to about 105, preferably 80 to 95.

[0031]  In carrying out the extraction process, water may be added to the
extraction solvent in amounts ranging from 1 to 10 vol.% such that the extraction
solvent to the extraction tower contains from 3 - 10 vol.% water, preferably from 4

20 - 7wvol.% water. In general, feed to the extraction tower is added at the bottom of
the tower and extraction/water solvent mixture added at the top, and the feed and
extraction solvent contacted in counter-current flow. The extraction solvent
containing added water may be injected at different levels if the extraction tower
contains muitiple trays for solvent extraction. The use of added water in the

25  extraction solvent permits the use of low quality feeds while maximizing the

paraffin content of the raffinate and the 3+ multi-ring compounds content of the
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contains nmultiple trays for solvent extraction. The use of added WAt 3in

the 25 e&td%@jzgp solvent permts the use of low quality feeds while
maxi m zi ng paraffin content of the raffinate and thePSF/UNININY i ng
conpounds content of the 17 MAY 2005 WD 02/48283 PCTI USQ /43529 -9-
extract Sol vent extraction conditions hncl ude a solvent to oil ratio of
from0.5to 5 .0, preferably | to 3 and extraction tenperatures of from
40 to 1200C, preferably 50 to 100 C. [0032) If desired, the raffinate
feed may be sol vent dewaxed under solvent 5 dewaxing conditions prior to

entering téwractr Solveptiextravtioncondition8 icludd a S8iveRto GPFRHY SEEGUD

renmove wax_fromthe feed since very little, if any wax 1s conver’%ed I n

t he hydr ochfvpreferablyuinta 3 and bksaction tesmpesitures of §omi 408592080 g)rEfé?abl

hydr ooonveﬁi op units if throughput is a problem 100331 Hydroconvet si on

catal ysts o 1Hb€e cont ai ni ng (3roup VIB netals 10 (based on the

Peri odi c Tabl e published by Fisher Scientific), and non-noble Goup WVIII

netal s, i iro cobalt and_nickel and m xtures thereof. These netals
Lt e

or i xur 003 1o theyraffinate feadmapbe selyenbdeverxedrumier foldent on
refracgory tal ox'.ge supports. Exanples of Goup VD3 netals include
nol ybd nurﬂegﬁad‘mg El?l‘b‘b 28 PleeTiorendering, e st hyidsecanversion zanel Itanay bewcl ude
bul k -net al as. 15.those ,containing 3Q w.%or nore netals
(as netal OXi 5%?@%8?%‘%%%%Pméﬁﬁmﬁ%%wrgﬂ@a@éf any }axa9 wt.% nore
pr ef er abl drttollerd O 1 Rt ahs based on,cat al yst, wherein the
metal s i n%:bloggg&%ﬁa{q %‘gesh? onew&' ouocpb Wi ﬁmmp‘svmndﬁwﬁ?gwhgfgm@ | t
S preferﬂﬁdrddmbcﬁsm,ﬁﬁ{saﬁ Way non-acidic so as to control
cracl dng. usef Wscal e of aci Hg ﬁﬁgra?’g%?lgﬁ/sts I s based on the

I sonmeri zation of 2- nethyl-2-pentene as descri bed by Kramer and

MeVi cker L@BA33) 3ms Hydfdebnversion catalysts are those containing Group VIB metals

10 (based on the Periodic Table published by Fisher Scientific), and non-noble Group
VIII metals, i.e., iron, cobalt and nicke! and mixtures thereof. These metals or

mixtures of metals are typically present as oxides or sulfides on refractory metal
oxide supports. Examples of Group VIB metals include molybdenum and
tungsten. Other suitable hydrotreating catalysts include bulk metal catalysts such as

15  those containing 30 wt.% or more metals (as metal oxides), based on catalyst,
preferably greater than 40 wt.%, more preferably greater than 50 wt.% of metals,
based on catalyst wherein the metals include at least one Group VIB or Group VIII
metal,

20 j0034]  Itispreferred that the metal oxide support be non-acidic so as to control
cracking. A useful scale of acidity for catalysts is based on the isomerization of 2-
methyl-2-pentene as described by Kramer and McVicker, J. Catalysis, 92, 355
(1985). In this scale of acidity, 2-methyl-2-pentene is subjected to the catalyst to
be evaluated at a fixed temperature, typically 200° C. In the presence of catalyst

25  sites, 2-methyl-2-pentene forms a carbenium jon. The isomerization pathway of
the carbenium ion is indicative of the acidity of active Sites in the catalyst. Thus
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dopants such as yttria or magnesia tend to decrease the acidity of such supports.

15 [6035]  Suitable metal oxide suppbrts mchide low acidic oxides such as silica,
alumina or titania, preferably alumina. Preferred aluminas are porous alurminas
such as gamma or eta having average pore sizes from S0 to 2004, preferably 75 to
1503, a surface area from 100 to 300 m*g, preferably 150 to 250 m°*/g and a pore
volume of from 0.25 to 1.0 cm/g, preferably 0.35 to 0.8 cm*/g. The SUppOrts are

20  preferably not promoted with a halogen such as fluorine as this generally increases
the acidity of the support above 0.5.

[0036]  Preferred metal catalysts nclude cobalt/molybdenum (1-5% Co as

oxide, 10-25% Mo as oxide) nickel/molybdenum (1-5% Ni as oxide, 10-25% Co

as oxide) or nickel/tungsten (1-5% Ni as oxide, 10-30% W as oxide) on alumina.
25  Especially preferred are nickel/molybdenum catalysts such as KF-840.
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exceed the tenperature used in the first hydroconversion unit It

preferred Prpmbwméﬁﬁ@ﬂﬁtw(%&tb@lﬁan%’mf).hydroconversi on unit be 5

tol OCC |lower than the tenperature in the first hydroconversion unit.

Conditionslg'kI t he 15 hydrocgnversion unit include a tenperature of
t

]:)1[ O;nrgrznoloo OOC’]Z}SST C)si ?%;V(T;S??fﬁl-és a), ) ref ergﬁnwﬁg%u?j;ﬁﬂzgggure
psi g (7. 0 el i 8ot baeduersion wptof e Bydrocamested rathmatess,
e o A R e S5 50 S0
e 1 10he PBacdiaIBh uhils 1 et BRARCoRY BRSO it b b B cofer
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not exceed the temperaturc used in the first hydroconversion unit. It is preferred

that the temperature in the second hydroconversion unit be 5 to 100°C lower than
the temperature in the first hydroconversion unit. Conditions in the second

15 hydroconversion unit include a temperature of from 320 to 420°C, preferably 320
to 400°C, a hydrogen partial pressure of from 1000 to 2500 psig (7.0 to 17.3 Mpa),
preferably 1000 to 2000 psig (7.0 10 13.9 Mpa), a space velocity of from 0.2 to 5.0
LHSV, preferably 0.3 to 1.5 LHSV, and a hydrogen to feed ratio of from 500 to
5000 Sci/B (89 to 890 m*/m’), preferably 2000 to 4000 Scf/B (356 to 712 m’/m’).

20  The catalyst in the second hydroconversion unit can be the same as in the first

hydroconversjon unit, although a different hydroconversion catalyst may be used.

[0039]  The hydroconverted raffinate from the second hydroconversion unit is
then conducted to cold hydrofinishing unit. A heat exchanger is preferably located
between these units. Reaction conditions in the hydrofinishing unit are mild and
25  include & temperature of from 200 to 360° C, preferably 290 to 350° C, a hydrogen
partial pressure of from 1000 to 2500 psig (7.0 to 17.3 mPa), preferably 1000 to
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i nvent i on. cdritacted i bOBREr-bSrreht igived between the second hydroconversion
unit and the hydrofinisbing unit, then the stripper nmay be foll owed by

at | east one of catalytic dewaxing and sol vent dewaxi ng. 100411 The

hydr ockdnvej00dd] r afthiordérctognepiretfinithedbisestoslethe dy@fodohvehed raffidate

conducted to a dewaxing unit. Dewaxing may be acconplished by catalytic
from the hydrofinishing unit may be conducted to a separator e.g., a vacuum

stripper (or fractionation) to separate out low boiling products. Such products may
mclude hydrogen sulfide and ammonia formed in the first two reactors. If desired,
a stripper may be situated between the second hydroconversion unit and the

15  hydrofinishing unit, but this is not essential to produce basestocks according to the
invention. If a stripper is situated between the second hydroconversion unit and
the hydrofinishing unit, then the stripper may be followed by at least one of

catalytic dewaxing and solvent dewaxing.

[0041) The hydroconverted raffinate separated from the separator is then

20  conducted to a dewaxing unit. Dewaxing may be accomplished by catalytic

' processes under catalytic dewaxing conditions, by solvent dewaxing under solvent

dewaxing conditions using a solvent to dilute the hydrofmished raffinate and
chilling to crystallize and separate wax molecules, or by a combination of solvent
dewaxing and catalytic dewaxing. Typical solvents include propane and ketones.

25  Preferred ketones include methyl ethyl ketone, methyl isobutyl ketone and
mixtures thereof. Dewaxing catalysts are molecular sieves, preferably 10 ring
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ket one, methyl isobutyl ketone and mntdtures thereof Dewaxing catalysts
are nol ecul ar sieves, preferably 10 ring 17 MAY 2005 WO 02/48283
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raffinate directly to a catal ytic dewaxing unit an equently to a
hydr of i ni shing zone. f 00431 In anot her enbodi nent the dewaxi ng cat al yst

mey be incl0®dad Nifadewaxingheatslgstis dnipjsiedornivR isidlerarPoLldwhbditigng t he
bydroconversi on catalyst. In this 10 stacked bed configuration, "the
hydr oc@nv ePHodicts sontawing nitrogen oresulfurs it hyyibe possitsie b d-17as5 the/kbphehtdsi I St
contact the ydr&g‘_g%‘gf]s&on catal yst _in the second bydroconverSion zone
and the by‘é}}‘g&eﬂ tegihydroromyariedsgfiinate dimestitt to a ¢atalytie dewaningminanydst
situated W ihin 1 second hydr.oconversi on zone and after the second
hydroconvgui’ls%ue&gs&ﬂﬁgw&ﬁ%&ﬁon%e sol veDt/ hydroconverted raffinate
m xture may be cooled in a refrigeration systemcontaining a
scraped-s c chyl epar.akged, i n_t he hiller,.is sent.to, a
separ at i ngrou_m t s%@%ﬂ%@ﬁ%&% %ﬁ?ﬁ?ﬁ&%keﬂl Hﬁl%ﬂwthmﬂ e
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10 stacked bed configuration, the hydroconverted raffinate from the first

hydroconversion zone would first contact the hydroconversion catalyst ir the -

second hydroconversion zone and the hydroconverted raffinate contacted with the
dewaxing catalyst situated within the second hydroconversion zone and after the

second hydroconversion catalyst.

15 [0044]  The solvent/hydroconverted raffinate mixture may be cooled in a
refrigeration systemn containing a scraped-surface chiller. Wax separated in the
chiller is sent to a separating unit such as a rotary filter to separate wax from oil,
The dewaxed oil is suitable as a lubricating oil basestock. If desired, the dewaxed
oil may be subjected to catalytic isomerization/dewaxing to further lower the pour

20  point. Separated wax may be used as such for wax coatings, candles and the like

or may be sent to an isomerization unit.

[0045]  The lubricating cil basestock produced by the process according to the

invention is characterized by the following properties: viscosity index of at least

about 105, preferably at least 107 and saturates of at least 90%, preferably at loast
25 95 wi%, NOACK volatility improvement (as measured by DIN 51 581) over
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decreasi ng the cut e limt set by zero cut wi dth, one can
neet 22% NOACK volatility at a VI of about 100. However, this approach,

usi ng 10di 00461t | K edrrbeseenfeomn Figing i, NOAGK wobitilitylizxrelated to VI for any
given basestock. The relationship shown in Figure 1 is for a light basestock (about
100N). If the goal is to meet a 22 wt. % NOACK volatility for a 100N oil, then the
oil should have a VI of about 110 for a product with typical-cut width, e.g., 5 to
50% off by GCD at 60° C. Volatility improvements can be achieved with lower VI

15  product by decreasing the cut width. In the limit set by zero cut width, one can
meet 22% NOACK volatility at a VI of about 100. However, this approach, using
distillation alone, incurs significant yield debits.

[0047]  Hydrocracking is also capable of producing high VI, and consequently
low NOACK volatility basestocks, but is less selective (lower yields) than the

20 process of the invention. Furthermore both hydrocracking and processes such as
wax isomerization destroy most of the molecular species responsible for the
solvency properties of solvent refined oils. The latter also uses wax as a feedstock
whereas the present process is designed to preserve wax as a product and does

little, if any, wax conversion.

25 [0048]  The process of the invention is further llustrated by Figure 2. The feed
8 to vacuum pipestill 10 is typically an atmospheric reduced crude from an
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line 24. The bottons froml can be sent to a

or used fahat&hﬁhhhiplﬁﬁ&d%ﬁﬁd@%-bcﬁlﬁ?ﬁoiﬂiﬁbi %t&ﬁlraﬁ%aﬁtél‘%lgﬁﬁﬁ be added

to the feed to the ‘extraction unit rough Tine 28 prov ey neet
t he feedstpreferablyseni en frrforthtrgsropessisigothsbugh e 241 Thedbfioms $asiat ock.
10049] In extraction unit 30, the distillate cuts arc sol vent extracted
wi t h 1015 deasphaltesPcanibgsant toreivishreakert orawsed dor asphaltipsoducsibar ther
operated in.countercurrent de. F(H;he solvent-to-oil ratio, extraction
t enper at urrefinery sﬁ!@ﬂ@@ﬁpam}sggiﬂd to the feed to the extraction unit through line

28 provided they meet the feedstock criteria described previously for raffinate

feedstock.

[0049]  In extraction unit 30, the distillate cuts are solvent extracted with n-

15 methyl pyrrolidone and the extraction unit is preferably operated in countercurrent
mode. The solvent-to-oil ratio, extraction temperature and percent water in the
solvent are used 1o control the degree of extraction, i.e., separation into a paraffins
rich raffinate and an aromatics rich extract. The present process permits the
extraction unit to operate to an “under extraction” mode, i.e., a greater amount of

20  aromatics in the paraffins rich raffinate phase. The aromatics rich extract phase is
sent for further processing through line 32. The raffinate phase is conducted
through line 34 to solvent stripping unit 36. Stripped solvent is sent through line
38 for recyching and stripped raffinate is conducted through line 40 to first

hydroconversion unit 42.

25 [0050)  The first hydroconversion unit 42 contains KF-840 catalyst which is
nickel/molybdenum on an alumina support and available from Akzo Nobel.
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particularly multi-ring naphthenes, are se

Hy dr oconv emaphithenéd, aredeledtively Blighisaeaver sion unit 42 is conducted
through line 46 to beat exchanger 48 where the hydroconverted raffmte

stream 10 nay be cooled if desired. The cooled raffinate streamis
conduct ed 10#3lgh Hydzoceaverted zaffieatnfiomyydocativersiotnit d0tis 28nducted

Addi ti onal Ité%drogﬁg, i f needed, is added through line 54. This second
hydr oconvetioygh line46;te heatexghangen 48 whevasthe hydnguanverted riffinate streami r ed

to adjust product quall h the firs hydroconvezsion unit 42. Wile
not wi g‘fill n%‘qy%%?fﬂﬁgf@%}fﬁét ipocled te Etream is conducted through line 50
' to a second hydroconversion unit 52. Additional hydrogen, if necded, is added

through line 54. This second hydroconversion unit is operated at a lower
temperature (when required to adjust product quality) than the first
hydroconversion unit 42. While not wishing to bound to any theory, it is believed
15 that the capability to operate the second unit 52 at lower temperature shifis the
equilibrium conversion between saturated species and other unsaturated
hydrocarbon species back towards increased saturates concentration. In this way,
the concentration of saturates can be maintained at greater than 90% wt.% by
appropriately controlling the combination of temperature and space velocity in

20 second hydroconversion unit 52,

[0052)  Hydroconverted raffinate from unit 52 is conducted through line 54 to a
second heater exchanger 56, After additional heat is removed through heat
exchanger 56, cooled hydroconverted raffinate is conducted through line 58 to cold
hydrofinishing unit 60. Temperatures in the hydrofinishing unit 60 are more mild
25  than those of hydroconversion units 42 and 52. Temperature and space velocity in
cold hydrofinishing unit 60 are controlled to reduce the toxicity to low levels, i.e.,



15 that the capability to operate the second unit 52 at |ower t&dg¥AYalr e
shiflis i | |i briumconversion between saturated spe her
unsat ur at ed 2if'ﬁgld(?rocar bon speci es back towards increased sglf-ura es%ﬂ't
concentration. In this way, the concentration of saturates can be

mai nt ai ned at greater than 90% wL% by-1&ppropriately controlling the
conbi nation of tenperature and space velocity in 20 second
bydroconversion unit 52, 100521 Hydroconverted raffinate fromunit 52 is

conducted, WA Aot o0 B ea AR B i AR e
byar of i i < teomEIHe b ghcing B %%@%%@M@e%%éﬁ?&% ﬂcr YR, o

nore mld Relshan those of hydroconversion units 42 and 52. Tenperature
and space velocity in cold hydrofinishing unit 60 are controlled to
reduce the toxicity to low levels, i.e., 17 MAY 2005 WD 02/49283

PCT/ USQl / 4p@83) - 1 THyfofimished ehffiniatd isth@ntondictsd HRoWRASEnS 64 bl Sépfrdtor<i Ci ty
tests. This nmay be acconplished by reducing the concentration  of

pol ynudi eaGSangimhqmd prodnetsyaridogases eneedeparaéiDa) rdrbtdrcdfthfdughelﬁlcrm finate
I's then cowgucted throu(gh line 64 to separator 5 68. Light liquid
product s ahBe femaming bydepaished salfinate iseonducted throygh lina 7072 dewahing

remai ni ng 'E‘X‘?%fl i shed raffi natg I S conduct ed through line 70 to
dewaxi ng JEVRRR MY 9FEYT BY. the avévqx%maswdysq:d/ﬁmggh hee d8uced

or by 'a colfiree TPERELRY f%slﬁx calyta des m%‘éé?wé RGPk g
prasout ocker Rty ar a5 ARt e TiFBRey By SoEplcRind R bsBRicplzatihRen

mol eculoes fneamR idereRsdbRGsHY mﬁb&xﬁ%ﬁﬁ&m%ﬁéﬁswéﬁs §%!\%'6 dERakRBwidPver i ng

the pour point. In market's wiere waxes arc val ue
optional cooling separates waxy molecules from the hydroconverted lubricant

basestock thereby lowering the pour point. In markets where waxes are valued,
hydrofinished raffinate 1s preferably contacted with methyl isoburtyl ketone
followed by the DILCHILL® Dewaxing Process developed by Exxon. This

15  method is well known in the art. Finished lubricant basestock is removed through
Iine 76 and waxy product through line 80.

[0054]  While not wishing to be bound by any theory, the factors affecting
saturates, VI and toxicity are discussed as follows. The term “saturates” refers to
the sum of all saturated rings, paraffins and isoparaffins. In the present raffinate

20  hydroconversion process, under-extracted (e.g. 92 VI) light and medium raffinates
mcluding isoparaffins, n-paraffins, naphthencs and aromatics having from 1 to
about 6 rings are processed over a non-acidic catalyst which primarily operates to
(a) hydrogenate aromatic rings to naphthenes and (b) convert ring compounds to
leave isoparaffims in the lubes boiling range by either dealkylation or by ring

25  opening of naphthenes. The catalyst is not an isomerization catalyst and therefore
leaves paraffinic species in the feed largely unaffected. High melting paraffins and
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measured here as the conversion to 3 I's near nearly
related tdrespectiveiofipressare. This issshonsi invEigate p&aaﬁﬂ%ﬁaewlmin%réa% wn in
Figure 3 relating the VI increase (VI 10"HOP) to conversion. Eor a fixed
pressiff e, HGB) tgamversonc bor efixedfpredserey toslsathratenmntent of théerodigy er i on,
i.e., the.,Vl a(ﬁhi e%(hed, and ,the tenperature required to

depends on the conversion, i.e., the VI achieved, and the temperature required to

‘achieve conversion. At start of run on a typical feed, the temperature required to
achieve the target VI may be only 350° C and the corresponding saturates of the
dewaxed oil will normally be in excess of 90 wit.%, for processes operating at or

15 above 1000 psig (7.0 mPa) H,. However, the catalyst deactivates with time such
that the temperature required to achieve the same conversion (and the same VI)
must be increased. Over a 2 year period, the temperature may increase by 25 to 50°
C depending on the catalyst, feed and the operating pressure. A typical |
deactivation profile is illustrated in Figure 4 which shows temperature as a

20 function of days on oil at a fixed pressure. In most circumstances, with process
rates of about 1.0 v/v/hr or less and temperatures in excess of 350° C, the saturates
associated with the ring species left in the product are determined only by the
reactor temperature, i.e., the naphthene population reaches the equilibrium value
for that temperature.

25 [0056]  Thus as the reactor temperature increases from about 350° C, saturates
will dechine along a smooth curve defining 2 product of fixed VI. Figure 5 shows
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process at_any reasonable feed rate/catalyst arge. However, at 00
psi g H2 artlegReildriunneoncendtation ofaromatics can be shifted in favor of paraffins by

lowering the temperature. Thus by operating the reactor in the second reaction

zone at a lower temperature than the reactor in the first hydroconversion zone, the

equilibrium between saturates and aromatics can be shifted in favor of saturates.

~ 15 [0057]  Animportant aspect of the invention is that a temperature staging

strategy cam be further. applied to maintain saturates at 90+ wt.% for process
pressures of 1000 psig (7.0 mPa) H; or above without disengagement of sour gas
and without the use of a polar sensitive hydrogenation catalyst such as massive
nickel that is employed in typical hydrocracking schemes. The present process

20  also avoids the higher temperatures and pressures of the conventional
hydrocracking process. This is accomplished by separating the functions to
achieve VI, saturates and toxicity using a cascading temperature profile over 3
reactors without the expensive insertion of stripping, recompression and
hydrogenation steps. API Group II and Il basestocks (API Publication 1509) can

25  beproduced in a single stage, temperature controlled process.
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[0060])  The basestocks also have improved Noack volatility when compared to
Group II hydrocrackates of the same viscosity. When formulated with
conventional additive packages used with passenger car motor oils, the finished
oils have excellent oxidation resistance, wear resistance, resistance to high

15  temperature deposits and fuel economy properties as measured by engine test
results. The basestocks according to the invention can have other uses such as
automatic transmission fluids, agricultural oils, hydraulic fluids, electrical oils,
industrial oils, heavy duty engine oils and the like.

[0061)  The invention is further illustrated by the following non-limiting
20 examples.

Example 1

[0062])  This example illustrates the functions of each reactor A, B and C.
Reactors A and B affect VI though A is controlling. Each reactor can contribute to

saturates, but Reactor B is primarily used to control saturates. Toxicity and color

25 are controlied inreactor C,



even smal | amounts of these aromatics can adversely inpact propkftMA00Sf
10 bases\&gcokf I ncluding viscosity, VI, toxicity and color. [0060) The
basest ocRS Ut have i nproved Noack vol atility when conpaPE®HUSHI/H43&%up | |
hydr ocr ackat es of the sane viscosity. Wien fornulated with conventi onal
additive packages used with passenger\éar notor oils, the finished oils
have excel | ent oxidation resistance, Wear resistance, resistance to high
15 tenperature deposits and fuel econony properties as neasured by engine
test results. The basestocks according to the invention can have ot her

uses such as automatic transm ssi OHTWBJLE%h agricultural oils, hydraulic
e

fluids, electrical oils, industrial oils, avy duty engine oils and the
i ke. [0061) The i | &; hey illustrate y the follow ng
non-liTniting 20 Ne 1 fd3 cRes ates the

functions of each r¥hctor A, B and C. Reaotors A and B affect VI though A
is conBrolling. Eac®athefés or can contribute to satyrates, but Reactor B

is primarily used t?o;ﬁg{f}ml saturates. Toxicity and color 25 we
controlled in reactor C,° 17 MV 2005 WD 02148283 PCTI USO / 43539 -21- TABLE
| PRI MARY _CONTROL Reactor A Reactor B Reactor C VI X 5 Saturates X
Toxicity @‘m&ﬂe [00631 This exanple illustrates the product quality of
oil s obtained fromthe

[0063]  This example illustrates the product quality of oils obtained from the
10  process according to the invention. Reaction conditions and product quality data
for start of run (SOR) and end of run (EOR) are summarized in Tables 2 and 3.

[0064) As can be seen from the data in Table 2 for the 250N feed stock,
reactors A and B operate at conditions sufficient to achieve the desired viscosity
index, then, with adjustment of the temperature of reactor C, it is possible to keep
15 saturates above 90 wt.% for the entire run length without compromising toxicity
(as indicated by DMSO screener result; see Example 6). A combination of higher
temperature and lower space velocity in reactor C (even at end of run conditions in
reactors A and B) produced even higher saturates, 96.2%. For a 100N feed stock,
end-of-run product with greater than 90% saturates may be obtained with reactor C
20  operating as low as 290C at 2.5 v/v/h (Table 3).



10 process according to the invention. Reaction conditions and pgMRYCNQS
quality data for start of run (SOR) and end of nin (EOR) are sumari zed
in Tabl YON2HRW3I3. [ 00641 As can be seen fromthe data i RCFAISIEIH2S of
the 250N feed stock reactors A and B operate at conditions sufficient to
achieve the desired viscosity index, then, with adjustnent of the
tenperature of reactor C, it is possi®le to keep 15 saturates above 90
w.%for the entire run |l ength without conprom sing toxicity (as
i ndi cated by DVBO scrocner result see Exanple 6). A conbination of higher
tenperature and | ower space vel oci tyrngcht or C (even at end of run
conditions in reactors A and B) produced éven higher saturates, 96.2%
For a | OON feed stock, end-of-run product with greater thapn 90%
saturates may be obtained with reaetoer 4 26-operali ng—as—l oy as—-296C at
2.5 vlivih (Table 3). 17 MM 2005 SOR-02[ABEOR-PCILISEOR3IN29. { EHRIABLE 2
SOR--- EOR------ EOR------ EOR---- React|{ T LHS T LHS T LHS T|LH or VVV
/

SV M LV-/N LQ (v/v/ LQ (V/ /. b). h 35 7 4007 Q.7 400
0.7 0.7 400QB( 352 1. 2Q 20 CQ4% 11.45%)400 1. )215{8 93 2. i}gﬁ)) 25 S-g'b 2.5
350 1.0 O her Conditions: #B800 psig V121 5 nPa) VH2] i nl et Ppfegsure, SMO0
SCF/ B (427 nB/ nB) Dewaxed G | 25@} i (Q v (Q W Q) (v
| h) h) h) /h)
A 352 07 400 0.7 400 0.7
0.7 400
B 352 12 400 12 400 12 400 1.2
C 290 25 29 25 35 25 35 1.0
* Other Conditions: 1800 psig (12.5 mPa) H2 inlet pressure, 2400 SCF/B

(427 m3/m3)
Dewaxed Qil 250N
Properties (1

Feed SOR EOR EOR EOR
100C Viscosity, ¢St 7.34 5.81 5.53 5.47 5.62
40C Viscosity, cSt ~ 54.41 34.28 31.26 30.63 32.08
Viscosity Index 93 111 115 115 114
Pour Point, C -18 -18 -16 -18 -19
Saturates, wt% 58.3 100 85.2 91 96.2
DMSO Screener for 0.30 0.02 0.06 0.10 0.04
toxicity (2)
370C+ Yield, wt% 100 87 81 81 82
on raffinate feed

1) 93 VI under extracted feed
2) Maximum ultra-violet absorbance at 340 to 350 nm.



Proverti (1) Feed SOR EOR EOR EOR | OOC Viscosity, cSt 7.34 512}]”@_.@@

5. 47 5. 64 ﬁ{){s‘gscosi ty, cSt 54.41 34.28 31.26 30.63 32.08 Vi scosi

| ndex 9349 5 115 114" Pour Point, C -18 -18 -16 - 18 - PETUSAIS es,
V."V/ 0O 58.3 100 85.2 91 96.2 DMSO Screener for 0.30 0.02 0.06 0.10 0.04
toxicity (2) 370C+ Yield, wtwD/' o 100 872 181 8 onraffinate feed 1) 93
VI under extracted feed 2) Manumnul t r a=vi ol et absor banceat 340t 0350wn 17
MAY 2005 WD 02/ 49283 PCT/ USO /43529 -23- TABLE3 Reac T LHSV T LHSV (Q
I'LELN fQ (YNN A 355 0.7 394 0.7 B 355 1.2 394 1.2 C 290 2.5 290 2.5
O her Conditions: 1800 psig (12.5 nPa) H2 inlet pred4u~, 2400 SCF/ B (427

n8/nB8) Rewaxed G| 100N Properties (1) Feed SOR EOR | OOC Viscosity,

cSt 4.35 3.91 3.83 TABLE 3
SOR: EOQOR.
Reacior T LHSV T LHSV
© (viv/h) ()] (viv/h)
A 355 0.7 394 0.7
B 355 1.2 394 1.2
. N C 290 2.5 290 2.5
Other Conditions: 1800 psig (12.5 mPa) H2 inlet prefsure, 2400 SCF/B (427 m3/m3)
Dewaxed Qil 100N
Properties 43
Feed SOR EQR
100C Viscosity, ¢St 4.35 3.91 383
40C Viscosity, cSt 22.86 18.23 17.36
Viscosity Index 95 108 112
Pour Point, C -18 -18 -18
Saturates, wt% 64.6 99 933
DMSO Screener for  0.25 0.01 0.03
toxicity (2)
370C+ Yield, wt% 93 80 75
on raffinate feed

1) 95 VI under extracted feed
2) Maximum ultra-violet absorbance at 340 to 350 nm.



40C Vi scosity, cSt 22.86 18.23 17.36 Viscosity Index 95 108 lﬁ Wfoﬂﬁ
Point C-18 -18 -18 Saturates, wt% 64.6 99 93.3 DMSO Sercenet /f'8 525
0.01 0. 0¥00248383i ty (2) 370C+ Yield, wtD/o 93 80 75 on rBEVURME%eed 1)
95 VI under extracted feed 2) Maxi mumultra-viol et absorbance at 340 to
350 run. 17 MAY ?005 WO 02/48283 PNU%?%MS' 529 -24- Exanple 3 10051 The
effect of tenperature and pressure on e concentration of saturates
(dewaxed oil) at constant VI is shown in this exanple for processing the
under 5 extracted 250N raffinate feed- Dewaxed product saturates
equilibriumPlots (Figure 5) were obtained at 600, 1200 and 1800 psig

(4.24, 8. lel 5 npa) H2 pressure. Process conditions were 0.7 LHSV
(reactor ﬁﬂﬁg—aﬁd 1200 to 2400 SCF/ 13 (214 to 427 nminm. Both reactors

A and B were operating at the sane tenperature (in the range 3 50 to 41

5Q 101 ' ' i
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pressure. (&éwhﬂedaﬂﬁb@éﬁn\stan@wmmwlﬂﬂﬁye R o pRR%SiNE j ¢hé endegach t he
i ca

90 wt. % target, the space velocity woul be inprac bly | ow. The
M ni MU Pre3adicd 250N eafiiaue febd ﬂ@wu&;ca/qﬁédmemw equilipAms pletsoci ti es

i s about 1000 psig (7.0 nPa). Increasing the pressure increases 15 the
t enper at urnBiguredd were obtainsd #6005 2200 and 1800 psig (424 83 a1 2. 5(mBa)lidr A
and

pressure. Process conditions were 0.7 LHSV (reactor A + B) and 1200 to 2400

SCF/B (214 to 427 m*/m°). Both reactors A and B were operating at the same

temperature (in the range 350 to 415°C).

10 [0066])  As can be seen from the figure it is not possible to achieve 90 wt.%
saturates at 600 psig (4.14 mPa) hydrogen partial pressure, While in theory, one
could reduce the temperature to reach the 90 wt.% target, the space velocity would
be impracticably low. The minimurm pressure to achieve the 90 wt.% at reasonable
space velocities is about 1000 psig (7.0 mPa). Increasing the pressure increases

15  the temperature range which may be used in the first two reactors (reactor A and
B). A practical upper limit to pressure is set by higher cost metallurgy typically

used for hydrocrackers, which the process of the invention can avoid.

Example 4

[0067]  The catalyst deactivation profile as reflected by temperature required to
20  maintain product quality is shown in this example. Figure 4 is a typical plot of

isothermal temperature (for reactor A, no reactor B) required to maintain a V1

increase of 18 points versus time on stream. KF840 catalyst was used for reactors

A and C. Over a two year period, reactor A temperatures could increase by about

50°C. This will affect the product saturates content. Strategies to offset a decline
25  inproduct saturates as reactor A temperature is increased are shown below.



B). A practical upper limt to pressure is set by higher cost nmgtaMiuimy
typi cal l sed for hydrocrackers, which the process of the invention can
avoi d. E&'é(?rﬁ Ie83 [0067) The catal yst deactivation profil e PeI/ussihzesed by
tenperature required to 20 maintain product quality is shown in this
exanple. Figure 4 is a typical plot of .isothermal tenperature (for _
reactor A, no reactor B) required to Mafntain a VI increase of 18 points
versus time on stream KF840 catalyst was used for reactors A and C
Over a two year period, reactor A tenperatures could increase by about
50T. This Exampdé fect the product saturates content. Strat egies to of fset
a decline 25 in product saturates as reactor A tenperature is increased
are shown bel ow. 17 MAY 2005 WD 02/48283 PCT/USO /43529 -25- Exanple 5
[0068] Thi [906anp s examplerdenemstraes did efféctof teRpBRLRE RIS Bdive
between the first (reactor A) and second (reactor B) hydroconversion
units to dBAfastdreasdor Apand setondt(ranator B)dndtestnversiofudiddR Rbhicre(Re 75
mPa) H2 prpcesg with a 93 VI 5 raffinate feed. TABLE4 Reactor Sequence:
Base Case &@%érmm@smm foran $400rpsig 75 mP\H, process with a@) VIy~YN A
390 0.% 390.0. 7 Bed390 1.2 350 0.5 C 290 2.5 290 2.5 Dewaxed G|

Vi scosi’ty Iﬁtgnafeige '

TABLE 4
Reactor Sequence: Base Case Temperature Staged
Case
Reactor T LHSV T LHSV
€) (W ©Q  (vih)
)
A 390 0.7 390 0.7
B 390 1.2 . 350 0.5
C 290 25 290 25
Dewaxed 1l Viscosity 114 115
Index :
Dewaxed Oil 80 96
Saturates, wt%

10 [0069] A comparison of the base case versus the temperature staged case
demonstrates the merit of operating reactor B at lower temperature and space
velocities. The bulk saturates content of the product was restored to the

thermodynamic equilibrium at the temperature of reactor B.

Example 6

15 [0070]  The effects of temperature and pressure in the cold hydrofinishing unit
(reactor C) on toxicity are shown in this example. The toxicity is estimated using a
dimethy] sulphoxide (DMSQ) based screener test developed as a surrogate for the
FDA (c) test. The screener and the FDA (c) test are both based on the ultra-violet
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(reactor

example demonstrates that higher saturates, non-toxic products can be made when

10 reactor C is operated at higher temperature.

Example 7

[0071)  This example is directed to the use of the cold hydrofinishmg (reactor
C) unit to optimize saturates content of the oil product. Reactors A and B were
operated at 1800 psig (12.7 mPa) hydrogen partial pressure, 2400 Sci/B (427

15 m’/m’) treat gas rate, 0.7 and 1.2 LHSV respectively and at a near end-of -run
(EOR) temperature of 400° C on a 92 VI 250N raffinate feed. The effluent from
reactors A and B contains just 85% saturates. Table 5 shows the conditions used
in reactor C needed to render a product that is both higher saturates content and is
non-toxic. At 350°C, reactor C can achieve 90+% saturates even at space

20  velocities of 2.5 v/iv/hr. At lower LHSV, saturates in excess of 95% are achieved.



C) unit to optinize saturates content of the oil product. ReactdrisMA 2
B were at 1800 psig (12.7 nPa) hydrogen partial pressure, 2400
ScVB (42@6%ﬁ§§§m 3) treat gas rate, 0.7 and 1.2 LHSV resﬁé@’ﬂjﬁ\?’é'}:’?”and at
a near end-of -run (EOR) tenperature of 400* Con a 92 VI 250N raffmate
feed. The effluent from reactors A amk B contains just 85% saturates.
Table 5 shows the conditions used in Teactor C needed to render a
product that is both higher saturates content and is non-toxic. At
3500C, reactor C can achieve 90+0/0 saturates even at space 20 velocities
of 2.5 v/iv/ihr. At lower LHSV, satural®BLE $xcess of 95% are achieved. 17
MAY 2005 WO 02/48283 PCT/ US01/ 43529 -27- TABLE5 RUNTS Run No. 1 2 3 4
Tenperature, C 290 330 350 350 LHSV, v/v/br 2.5 2.5 2.5 1.0 H2 Press,
psig 1800 1800 1800 1800 Treat Gas Rate, 2400 2400 2400 2400 SCF/B
DWOVI 115 114 115 114 DWO Saturates, 85 88 91 96 RutNE O DMSO Scr eener
0.06 0.05 Rud®d)- 04 for Toxigity (1) 1) I\zraxi mum ul t r:-vi ol et ab4sorbance
at 340-350 nm 5 [0072] Figure 7 further iFlustrates #he fl exi ble use of
reactor C._As shown in

Temperature, C 290 330 350 350
LHSV, viv/hr 2.5 2.5 25 1.0
H2 Press, psig 1800 1800 1800 1800
Treat Gas Rate, 2400 2400 2400 2400
SCF/B

DWO VI 115 114 115 114
DWO Saturates, 85 88 21 96
wt%

DMSO Screener 0.06 0.05 0.10 0.04
for Toxicity (1)

1) Maximum ultra-violet absorbance at 340-350 nm

[0072] Figure 7 further illustrates the flexible use of reactor C. As shown in
Figure 7, optimization of reactor C by controlling temperature and space velocity
gives Group II basestocks

Example 8

10 [0073}  This example demonstrates that feeds in addition to raffinates and
dewaxed oils can be upgraded to higher quality basestocks. The upgrading of low
value foots oil streams is shown in this example. Foots oil is 2 waxy by-product
stream from the production of low oil content finished wax. This material can be
used either directly or as a feed blendstock with under extracted raffinates or

15  dewaxed oils. In the example below (Table 6), foots oil feeds were upgraded at
650 psig (4.58 mPa) H; to demonstrate their value in the context of this invention.
Reactor C was not included in the processing. Two grades of foots oil, a 500N and
150N, were used as feeds.



Figure 7, opfirnization of reactor C by controlling tenperaturé7aMAf Bfface
vel oci t;gg g)i ves G oup 11 basestocks Exanple 8 10 100731 This exanpl e
demonst rAPdE¥RAt feeds in addition to raffinates and deREXMEOHPY can
be upgraded to higher quality basestocks. The upgrading of |ow value
foots oil streans is shown in this exagple. Foots oil is a waxy
by-product streamfromthe production of Iow oil content finished wax.
This material can be wused either directly or as a feed bicndstock with
under extracted raffinates or 15 dewaxed oils. In the exanple bel ow
(Table 6), foots oil feeds were upgrB4BdLEO® 650 psig (4.58 nPa) H2 to
denonstrate their value in the context of this invention. Reactor C was

not included in the processing. Two grades o oot s oil, ab Rnd
150N, were used as feeds. 17 MAY 2005F S =28=
TABLE6. 500 N 150 N Feed Feed Product Fe§tremmer Aroduct - keedreact oProdyst

354 - 354 Tempematumes’ € ReacteacA/B) (M /) 500(89)354 500(89) Hydr ogk
parti al preS'Swaecﬂ&h&,SﬂﬂB),(m@ﬁﬁy- 58) -- 650(4-566X%LHSV, v/v/br500(89%9

R r A+ 5 9 - on f : 212 1.1
g?SSCtC?r DV\DI d e& parllﬁal%é“eg%“ﬁ%cg@u’%)f oSt ??%8%4 )go 25, 0101§.5§§4'5
100' C vi sc ,"855“ Rgactor A7E) 77 4 b1 0 - 0
, wt.% 370° C - on feed 0.22 3.12 1.10 2.00
10
370° C+ DWO Inspections
40° C viscosity, cSt 71.01 48.80 25.01 17.57
100° C viscosity, cSt 8.85 727 477 4.01
V1 / Pour Point, ° C 97/-15  109/-17®111/-8 129/-99®
15 Saturates, wt. % 734 8280 7903 88.57 "
GCD NOACK, wt. % 4.2 8.0 19.8 23.3
Dry Wax, wt. % 66.7 67.9 83.6 83.3
DWO Yield, wt. % of Foots Oil Feed33.2 311 16.2 159
20

O Saturates improvement will be higher at higher hydrogen pressures
@ Excellent blend stock

25 [0074]  Table 6 shows that both a desirable basestock with significantly higher
VI and saturates content and a valuable wax product can be recovered from foots
oil. In general, since wax molecules are neither consumed or formed in thus
process, inclusion of foots oil streams as feed blends provides a means to recover

the valuable wax while improving the quality of the resultant base oil product.

36 Example9

[0075] The route to improved volatility at a fixed viscosity is to selectively
increase the VI of the base oil. Molecularly this requires that the base oil become
relatively richer in isoparaffinic species. They have the highest boiling points at a

given viscosity. Mid boiling point can be increased (i.e. volatility decreased) by



VI / Pour Point, O C 97/45 109 /-17 (2)111/-8 129/-9(2) 15 Sal aM&J80 wt .

% 73. 4 8%,0807_‘82§3 88.57 GCD NOAMwt. % 4.2 8.0 19.8 23.3 Dry Wax, w. %
66.7 67.9 83 3.3 DW Yield, wt. %of Foots O Feed33POTABONIIEE 2
15.9 20 Saturates inprovenent will be higher at higher hydrogen
pressures (2) Excellent blend stock _?2@_[0074) Tabl e 6 shows that both a
desirabl e basestock with significantly higher VI and saturates content
and a val uabl e wax product can be recovered fromfoots oil. In general,
since wax ,nol ecul es are neither consuned or forned in this process,

i ncl usi on 1Bereaggedhecut peintoane pagtidudercaiipletherrby hidig sd®Baps T recover
the val uabl e. wax while inmproving the quality of the resultant base oil
producL 3CVEPHIBNsS|t el s pivenst vidd and increase aud bollig pdittyneessarily xed
viscosity is to Set'h?a&g velé i ncrease the VI of the base oil. Mlecularly
this requiPESSHaL SERQEk bave Iswien slustared sings,atither paphgheria or aromatic,

[ ffini | .Th h th l.ghest bqili i nt t '
v obos; ty SRR g S RclEk  Iepperaitg akcareqred Besohon ey bgvelmenbased)
by 17 Y : SOl [ 4352 -29- | [ th t i nt
o% a pgqro\ t |l§%?c§r%§éﬂn%fj§ﬁ%3§de?§a§% AP VECRY V%B%P{‘é}ﬁf‘qe‘%% 'agaiamrﬁaﬁgmﬁgégi ty

t A A e ! Al - ) 2
That the bobet THedidlsghéve ISier ARAEIL Honfs (Nalhobel bap B henpruady
aronat i ¢, havsdniinherentdy M%‘: Populsii] SCdlRsterd SR Bb{ :‘keﬁﬁrﬁfoﬁs-‘%?&% rved

i

because they have nuch 5 gher boiling points for e sane viscosity

versus naphio¢rssiag ook eamron selectingly reméve @sachibRythe lqBalifA¢quik@sr mel ting
poi nts than normal paraffins. Mst crudes
| modern passenger car motor oils (PCMO's) (i.e. VI of 110 to 120+)in an

10 acceptable yield.

[0076]  Thermal diffusion is a technique that can be used for separating
hydrocarbon mixtures into molecular types. Although it has been studied and used
. for over 100 years, no really satisfactory theoretical explanation for the mechanism
15  of thermal diffusion exists. The technique is described in the following literature:
A.L. Jones and E. C. Milberger., Industrial and Engineering Chemistry, p. 2689,
Dec. 1953, T. A. Warhall and F. W. Melpolder., Industrial and Engin gering
Chemistry, p. 26, Jan. 1962, and H. A. Harner and M. M. Bellamy, American

Laboratory, p. 41, Jan, 1972 and references therein.

20 {0077]  The thermal diffusion apparatus used in the current application was a
batch unit constructed of two concentric stainless steel tubes with an annular
spacing between the inner and outer tubes of 0.012 in. The length of the tubes was
approximate 6 ft. The sample to be tested is placed in the annular space between
the inner and outer concentric tubes. The inner tube had an approximate outer

25  diameter of 0.5 in. Application of this method requires that the inner and outer

tubes be maintained at different temperatures. Generally temperatures of 100 to



have an inherently high population of clustered rings that 17 MAY 2005

separations-based processing al one cannot selectively re hi eve
the quaY®92#¥8%ired for nodem passenger car notor oils M@}ﬁ% .e.

VI of I 10 to 120+) in an 10 acceptable yield. [0076] Thermal diffusion
I's a technique that can be used for sgparating hydrocarbon m xtures into
mol ecul ar types. Although it has been studied and used for over 100
years, no really satisfactory theoretical explanation for the nmechani sm
15 of thermal diffusion exists. The technique is described in the

f ol | owi Y200 ferithe duterAvall-and Gh&R 639¢ for tie inlvkt Wall ae¢ suitdblelfsitrhogt! and
Engi neering CherniM ). 2689, Dec. 1953, T. A Warhall and F. W

Mel pol der lubricaﬂn%/lbilisaha Phetengsiratnges 425 amdistained foy pefbds dA8.to 1961 and
H A Hamer and M Bellamy, Americ Laboratory. P. 4 1, Jan. 1972 and
ref erencedaysherein. 20 100771 The thermal diffusion apparatus used in the
current application was a batch unit constructed of two concentric
stainl ess steel tubes with an annul ar spacing between the inner and

out er tubBW78F 0. Wiieinot wisksngda deboundioeny padisulaxsheenypths,thermad 6 ft .
3G ok or difbiiaihtechoiauaBNiZoT AL Ad DBETH AP BIG e SPrames
7, ekt R b e O
for ¢ he. ofoReRt bk o B e VE@RctuloR qigid R g olier Waltaitiige, o, 7000
ot ods: G TESIEGAES GIFESABNES podloP {RF BRI HHSAID A BEARGRGLT 0L

par ti cul agiffGemi Moldcifur depsifes is e%ﬁﬁsﬁémﬁrr@cﬂaﬁbat&‘d@é.l 7 6fdegltd f usi on

and natural convention which arises fromthe
10  sample the gradient, sampling ports are approximately equidistantly spaced

between the top and bottom of the concentric tubes. Ten is 2 convenient number

of sampling poris.

[0079]  Two samples of oil basestocks were analyzed by thermal diffusion
techniques. The first is a conventional 150N basestock having a 102 VI and

15  prepared by solvent extraction/dewaxing methods. The second 1s a 112 VI
basestock prepared by the raffinate hydroconversion (RHC) process according to
the invention from a 100 VI, 250N raffinate. The samples were allowed to sit for 7
days after which samples were removed from sampling ports 1-10 spaced from top
to bottom of the thermal diffusion apparatus.

20 [0080]  The results are shown in Figure 9. Figure 9 demonstrates that even a
“good” conventional basestock having a 100 VI contains some very undesirable
molecules from the standpoint of VI. Thus sampling ports 9 and especially 10
yield molecular fractions containing very low VI's. These fractions which have
VT's in the 0 to - 160 range likely contain multi-ring naphthenes, and are not

25  captured by the extraction process. In contrast, the RHC product according to the

invention contains far fewer multi-ring naphthenes as evidenced by the VI's for



t enperature gradient established between the inner and outer Wal MAY 35t he

concentrw_ggﬁi H gher VI nolecules diffise to the hotter wall and rise.
Lower VI es diffuse to the cooler inner walls andP§THSHAIEE a

gradient of different nolecular densities is established over a period of
days. 1n order to 10 sanple the gradiegf, sanpling ports are approxinately
equi distantly spaced between the top and bottom of the concentric tubes.
Ten is a conveni ent nunber of sanpling ports. [0079] Two sanpl es of oil

basest ocks vvedpse; anal yzed by thermal diffasion techniques. The first is a
convent i onBfoduSEHIained fvak strapling parts §2ndi 10arifhusithe preseat RH G provessy ent

The raf {1 nEECANAY BERFRIB FaRrr PP ORs s Atk Ting gromatasiointue ficdon
A O R Sl T st abe L (5
shoun 1 1 PR SRV b LRI SRR S BiriBid mVPor 1t tasnvent | ona
Che. ot anddor ar TG Fegbible of o BhioysAls: RDACK SR &t e yrera
nol ecul ar ¥ig@sdityons containing very low VI's. These fractions which have

VI' sinthe O to - 160 range |likely contain nulti-ring naphthenes, and
are not 25 captured by the extraction process. In contrast, the RHC

product ad@68Hi ng The éxvellent Qﬁérh’@@of%ﬁs@dt&@csfﬁ:boﬁﬁ%ﬁfo mwk-;, IR0
naplithenes, as evidenced b;?tt e VI's for 17 MM 2005 WD 02 Hgég?gwen
PCTI USG / 483he foll@wingtablduct s obt ai ned from sanpling ports 9 and 10. Thus
the present RHC process selectively destroys inulti-ring naphthenes and

multi-ring aromatics fromthe feed wthout affecting the bul k- of the
ot her higher quality nolecul ar speclABLER

A B
Viscosity Index 116 114
Viscosity, @ 100C, ¢St 4.5 5.9
Volatility, Noack, wi% 14 8
Pour Point, °C -18 -18
Saturates by HPLC, wt% 98 97

10

Example 10

[0082] A 250N distillate was extracted with NMP under the conditions set
forth m Table 8. Water was added to the NMP solvent at 5 vol.% according to the
invention to favor high yield of raffinate and at 0.5 vol.% as a comparative

15 example of typical raffinate uinder normal extrachon conditions.



efficient renoval of the undesirable species as typified by port] ZLPAY 300kt
| east 5 rii y responsible for the inprovenent in NOA ilhdy at
a given ‘Q&Oé@gglsty. [ 0081) The excellent properties of bgggﬁ?’losgf{éiiﬁ
according to invention are given in the followi ng table. TABLE7 A B
Viscosity Index 116 114 Viscosity, @i.00C, ¢St 4.5 5.9 Volatility,
Noack, wtQ'6 14 8 1 Pour Point, *C -18 -18 1 Saturates by HPLC, O o 98
97 10 Exanple 10 10082] A 250N distillate was extracted with NTW under
the conditions set forth in Table 8. Water was added to the NM? sol vent
at 5 vol.%according to the inventi ddBl&EBavor high yield of raffinate
and at 0.5 vol . % as a Dowpxd{dfu o1 Retfmapd Sompoditypi: ZH0N af f i nat e under
normal extraction conditions. 17 MAY 2005 WD 02148283 PCTI USO /43529

-32- TABLE8 Dewaxed ) r) ] Coppasi.tian. 250N
Count ercurrent Exnple 7 [ veﬁg}\‘.“’%ﬁ(?on o 4,‘1“1% Condi ti ons
Treat, LV% 275 90 Lxtraction Example 10

Conditions

Treat, LV% ' 275 90

% H,0 in Solvent 5 0.5

Temperature, °F 176 (80) 124 (51)

(°C)

(Bottom) 11 11

Gradient, F

Yield, LV% 66 61

ali
Vi 97 97

Composition, LV%

Saturates
0-R 24 22
1-R ' 15 13
2-R 11 11
3-R 9 11
4-R 5 7
S+R 2 2
Total Saturates 66 66
Aromatics
1-R 18 18
2-R 3
3-R 1 1
4-R 0.5 0.5
5-R 0.5 0.5
Thiopheno _4 _4
Total Aromatics 27 27

Umdentified 7 7



% H20 in Solvent 5 0.5 Tenperature, ~F 176(80) 124(51) CC) (BJtMANH0S 1

11 G ad
Sat ur at (ejg

EYield LV666 61 Quali VI 97 97 Conpositio
ﬁﬁ&’ﬁfﬁ 22

n, LVOQ o
I-R15 13 2-R1 1 | | 3-R9 11 4PRIAISHIHEMR > -

Total Saturates 66 66 Aromatics I-R 18 18 2-R3 3 3-R11 4-R0.5 0.5
5-R 0.5 0.5 Thiopheno 4 4 Total Aromggics 27 27 Unidentified 7 7 17 MAY

2005

10

15

20

25

[0083])  The data demonstrate that the raffinate according to the invention
extracted with NMP containing 5 LV% water provides a superior feed to the first
hydroconversion unit. The raffinate feed results in about § LV% more yield (at 97
V) and about 4 LV% more paraffin plus 1-ringnaphthenes and about 4 LV% less

3+ ning naphthenes.

[0084]  Based on the data in Table 8, RHC feed should be extracted at low
severity to target a maximum of 3+ ring compounds (aromatics and naphthenes)
rather that to target V1. The highest yield of such raffinate will be obtained using
high water/high treat extraction conditions. Optimization of extraction could
provide 5 LV% dr more of waxy raffinate which can be fed to the hydroconversion

process without any process debits.

Example 11

[0085] A umque feature of the products from the present process is that both
yield and the crucial volatility/viscosity properties are improved by using under-
extracted feeds. In other processes, yield improvements are generally at the
expense of basestock quality. Figure 10 is a graph illustrating the raffinate feed
quality as a function of yield and viscosity, A 250N distillate was extracted,
hydroprocessed, vacuum stripped and dewaxed to produce a constant VI (113),
7.0% NOACK volatility basestock with a -18°C pour point. As shown in Figure
10, preferred feeds have a DWO VI between about 80 to about 95.

Example 12

[0086)  Figure 11 illustrates that the Group Il products from the current
invention most closely follow the volatility-viscosity relationship of Group Il
basestocks (having much higher VI's). The Figure also compares this behavior



WD 02/ 48283 PCTI USOl / 43529 -33- [0083] The data deronstrate thi{] MAYeH)0§
raf finat a5 F%\(é]l ng to the invention extracted with NWcontai ni&% 5
LV 0 wal & é ides a superior feed to the first hydrocBRVASEVERMnit.
Ile raffinate feed results in about 5 LV% nore yield (at 97 5 VI) and
about 4 LVO o nore paraffin plus | -ringnaphthenes and about 4 LV% ess
3+ ring naplithenes. 100841 Based on Pfie data in Table 8, RHC feed should
be exlracted at low severity to target a nmaxi mnum of 3+ ring conpounds
(aromatics and naphthenes) rather that to target VI. The highest yield

of such rafh Bt Rush ?'bog v.eraﬁiﬁbﬂ%%ﬁwﬁlﬁﬂmﬂﬂﬁéﬁjﬂ%ﬂ?ﬁ%‘?ﬁ? 5 LV% or

extraction condition timzdtion of” extractrron co

nore of wdwdrscrhdliaiet Thetbasésteeka dﬁhé@&beﬁlﬁomﬁvé&iﬂqﬁ% Bﬁéﬁieﬁﬁh tHat OCESS
Wi t hout any process debits. Exanple 11 10085] A uniqué feature of the

products ftheyhaveVprdgeand pezldmsviisﬁ)sﬁtlyato]iiﬂitg prépentiestsinpagiblew Growpi al
vol atility/viscosity properties are inproved by using under- extracted

f eeds. | nIHibesestpcke@Ed20VT)y Thbse bagestockseoiasacterizedeasdraving vistosities in
expense of basestock quality. Figure 10 is a graph illustrating the
raf f ned e thetnggdad ta §.0Stat 1007} iavn defingd by thesaquativs do=i(BZ.- A 250N
distillat s extracte hydr Qpr ocessed, vacuum stri pped and dewaxed to
produce a?‘&ﬂaﬁﬁ’?ﬁﬂwﬁtﬂw@g@?)? bwhere i meheioask Nolatility, basestock with a -1
ST pour point. AsshowninFigure 10, preferred feeds have a DWD VI between

Group 11 MURCH SFiEse T2 ABOwS Mt e it Hbasrsthek ocordia § e vsation.
ch hi gnbr oSEREANORISN IR rfinE e oo lonT KB RreroBihs

based on 4 ¢St oils.

10 Example 13

[0088}) It is well known that basestock quality can affect finished oil
performance in certam standard industry tests. The performance of the present
basestocks m fully formulated GF-2 type 5W-30 formulations was therefore
assessed in both bench and sequence engine tests.

15 [0089]  Anin-house bench oxidation test was first used to assess the resistance
to oxidative thickening offered by the present basestocks compared to
conventionally processed Group I stocks. The test oil is subjected to air sparging
in the presence of a soluble iron catalyst at 165°C; the change in 40°C kinematic
viscosity with time is recorded and an estimate of the hours to reach 375%

20  viscosity increase is made. Two different additive systems were compared in the
conventional Group I and in the present basestocks (designated as "EHC") in Table

9 below:



WO 02/ 48283 PCT/USO /43529 -34- with the much poorer volatility-VMACH@ty
rel ati onglg /a2 standard Goup H hydrocrackate. The basestocks of the
i nventi on have Unique properties in that they have VI <1FSTARIYERS have
viscosity/volatility properties conparable to G oup M basestocks (>120
VI'). Those basestocks characterized asgdraving viscosities in 5 the range
3.5t0 6.0 cSt at | OOT are defined by the equation N ~ (32 -
(4)(viscosity at | O0O0OC)) th I where Nis the Noack volatility. [00871
Figure 12 shows that the G oup 11 basestock according to the invention
has a superior Noack volatility conpdARLE® t he conventional G oup H
basestock based on 4 cSt oils. 10 Exanple 13 [0088) It is well known

t hat basegtock qualtt crrrmrstedort e FprreceT T cer ot
standard i.du*t?y tcs%,le%ﬁa E‘?rf sVaiaa=Ta:al= nfTUf hnz;r esent ~hasest ocRs im
Fiffly fordarkansmg

nee Additipe Sxpemo| f or Al atijons Bas t herefore | assBssed in
bot h bench Basgselisience engi ne testgmﬁl‘él[COBQilo,@] I n- hpyge bpngyc
oxi dati on iz S%%Egﬁeﬁ SSESS thg Tesrstante—tooxtrdatt+ve

t hi ckeni ng%ﬁ}ere 'b‘%/{F € pr [ basest ocHs conpared to conjentionally
processed 1(f ViS- #€  The test oid7-4s dubj83Ped to 32,0 sphrghf {n
the presence of a soluble iron catalyst at 165C, the change in 40*C

Ki nemat i ¢ ANASRRSIVEImM i i tim { the hoyr
o Tonch 7o el Aol B ont BT At} Bhekiilen, chfo By soRigatA
syst ens wenelhudesaa brit. 8 NYANG Q5R! d@‘ g ' resent
basest ocks (designate blziaté " ﬁ&ﬁ%l n ‘I%g%g’ ﬁggtgjglggév Wl%ﬂ’%
412/ 48283 17iivB0&r 488 28tifaimant. Additive system B includes a detergent, dispersant,
antioxidant, friction modifier, antifoamant and VI improver. The individual

components within each additive package may vary according to the manufacturer.
The basestocks according to the invention were found to provide significant
10 mmprovement in oxidation performance over the conventional basestock with

additive system 'A, and somewhat smaller improvement with additive system ‘B".

[0096]  The oxidation screener can only provide a general indication of
oxidation resistance. To confirm engine performance, Sequence HIE tests were

15 conducted on the Group I and on the EHC stocks in 5SW-30 formulations using
additive system B'. The Sequence IIIE test is a standard industry bench engine test
which assesses oxidation resistance, wear and high temperature deposits (ASTM D
3533). The results, shown in Table 10, indicated that the EHC basestocks
provided improved oxidation control (beyond that predicted in the bench screener),

20  as well as good control of high temperature deposits.



TABLE9 Bl end Nunber:

"R

conventlonal
di spersant,
anti f oanmant .
ant i oxi dant,

Basesto
Vi s.

G oup |

addi ti ve packages.
antioxidant, friction nodif

friction nodifier,

| er,
Additive syst em B incl udéag a det ergent,
anti f oamant and VI

denul si

1 2 3 4 Performance Additive System A B ¥ KA
EHC EHC Oxi dation Screener,
82.5 72.0 83.5 Additive systens A and PETAISIH3529
Additive system A 5 includes a detergent
unprover and

fier, WV

est _brs to

dlspersant,

[ nprover.

The

o o

i ndi vidual conponents within each additi ve package may vary according to
t he manufacturer. The basestocks a@BHEM to the invention were found
to provide significant 10 inprovenent in oxidation performnce over the
conventiqnal basestock with _additive systemrd A and. sonpewhat _snaller
i nprovengnt with additive sysBdmdBumbef:090) 5The dxi datg on screener clan
only pro“'ﬂ&f&nﬁ%’&@[@ﬂdﬂh@gs n_or oxijaatl y TESl St aRLe..  JO CONTI
engi ne pf..u.ua“u SefgteRee—+HRetests—ware—1b—eondueted—en—ihe—a-otp—
and on t H383a8t06KS ks in 5W30 formilati Qllﬂg addFHG e §ystem 1
The Sequsg nce HEE test is a standard i ndust ry bench jengi ne tes$t which
assesses HIEO” resi stance, wear and High tenperjature dep()si STM D
553 3). 1 shomn Tabl e 10, i{ndi "éfd tlhat %ﬁe EHC cks
provi-ded {i V@ﬂs F ol (beygnd t predlc dim 9 jench
scr eener )}, Hoursde 34" vigs Ingreasecont rol  of| hi gh-2 enper af?8% depokd min 17
MM 7005 |WAQZ/Bging Sadgd, vadnitd 3529 - 36- |TABOBB7L0 Hl en@.Munbér :9.5nfin
Avg. Piston Skirt Varnish, merits 9.31 9.17 8.9 mm
01 Ring Land Deposits, merits 3.02 3.96 3.5 min
Stuck Lifters none none none
Scuffed/Wom Cam or Lifters none none none
Avg. Cam+Lifter Wear, microns 15.4 9 30
Max. Cam+Lifter Wear, microns 74 20 64
Oil Consumption, L 3.85 2.55 Report
[0091)  Repeat IIIE testing on the Group I, 5W-30, showed that this additive
system could meet the wear and ring land deposit requirements in conventionally
5 refined stocks. However, viscosity increase remained better for the EHC
formulations, either alone, or in combination with Group I basestocks as shown in
Figure 13. Oil consumption was also consistently lower for the EHC formulation,
probably due to the lower volatility of these basestocks.
10 Example 14
[0092)  The Sequence VE is another key engine test which measures sludge,
varnish and wear under relatively low engine operating temperatures.
Comparative tests were conducted on SAE 5W-30 formulations made with Group
1 and with EHC stocks in another additive system. These indicated that the EHC
15 basestocks provided at least as good control of sludge and better average vamish

than the conventional stock (Table 11).



-Performance Additive System B B . Basestocks Goup I EHC Seg. 17 AY 2005 ¢ s
% Vi scos‘;\,by,zhgﬁgease @64 hr 182 63 375 max Hours to 375% VI s Increase
71.2 78.9 64 mn Avg. Engine Sludge, nerits 9.57 9.51 9.

Piston Skirt Varnish, nerits 9.31 9.17 8.9 mn QI R ng Land Dep05|ts,
merits 3.02 3.96 3.5 mn Stuck Lifte*s none none none Scuffed/Wrn Carn
or Lifters none none none Avg. Camt[ifter Wear, mcrons 15.4 9 30 Max.
Cam+Li fter Wear, microns 74 20 64 Q1| Consunption, L 3.85 2.55 Report
10091] Repeat H E testing on the Goup 1, 5W30, showed that this
additive systemcould neet the wear afdhledIw | and deposit requirenents
in conventionally 5 refined stocks. However, viscosity increase remained
better for the EHC fornul ations, either alone, or in conbination with
Goup |  Pasest-0ek—aS s\ Ei gure 13 al c nqurrln'riﬂn_
consi stehtly | ower for the Blemd Numbdrat i on, 7 probabl y lue tp the | owgr

vol atili PeﬁﬁrﬂjﬂwAﬂaﬁﬁ@t%ﬁn 10 Exapvre #A TUQ9ZT [he Sefjuence VE S

anot her K e rest WImrT measurcsSTsSTHo ; Va1 B e e e —eHIE T

rel ati vel lng-tenperntil uPI Caopa [CVP ests werée
conductell on SAE 5W 30 formul ations nafle with Gdqup | and mith EHC
st ocks i ﬁqugdﬁ'Eer addl tive system Thepe indicatdd that thel E

basest ocks s good cpntr of sl ud befT €T . aver age
varni sh Q%, nsl E??%Iﬁaﬁ stock ([rabl g 1J"'!'l) %\@200 %mm
dt over Sla 28

ge, merits 7.0 min
Piston Skirt Varnish, merits 7.02 6 90 6.5 min
Avg. Engine Varnish, merits 543 6.25 5.0 min
O1l Screen Clogging, % 3 0 20 max
Hot Stuck Rings none none none
Avg. Cam Wear, microns 83.6 18 130 max
Max. Cam Wear, microns 231 27 380 max

5 Example 15
[0093]  Lubricant fuel economy and fuel economy retention has become of

. Increasing importance to original equipment manufacturers, and this is reflected in
the greater demands of standard industry tests. Proposed Sequence VIB fuel
economy limits from the draft ILSAC GF-3 specification are shown in Table 12

10 along with single test results on SAE 5W-20, 5W-30 and 10W-30 prototype
formulations containing EHC basestocks and a single additive system. It is
apparent that the EHC stocks offer the potential to meet these very demanding

limits.



WO 02/ 48283 PCT/ US01143-529 -37- Table 11 Blend Number: 7 8 Pdrk ¥hhillte
Additiv p;C C Basestocks Goup | EHC Seq. Limts i

Sl udge, e“r;gﬂ% 9.14 9.49 9.0 mn Rocker Cover Sludge, ne Y:&?U%?%ngf
7.0 mn Piston Skirt Varnish, nmerits 7.02 6.90 6.5 mn Avg. Engine
Varni sh, nmerits 5.43 6.25 5.0 mn O{;£§creen Clogging, %3 0 20 max Hot
Stuck Ri ngs none none none Avg. Cam Wear, microns 83.6 18 130 max Max.
Cam Wear, mcrons 231 27 380 nax 5 Exanple 15 [00931 Lubricant fuel
econony and fuel econony retention has becone of increasing inportance
to original equipnent manufacturers, andEablel2s reflected in the
greater demands of standard industry tests. Proposed Sequence VIB fuel
econony linmts from The draft |ILSAC GF-3 specification are shown in Table

12 10 al o o—t-a5t—r-asults—on SAE S\W 20 __B5\W30 and | QN30
pr ot ot ype wﬁjﬁitﬂmng EHC basestodks ardd a sihgle additiye
system |1 Bazestd rent. that the EHC STOCKS OT1ier ¢t ng[ EnNtlral to negt
t hese ver) %ﬂﬁﬁ-&ﬁ?—%‘—?@@&—%@ Q24283 USO—+4-352
-38 " Onginally T
Proposed
Limits
SW-20
16 hr, % Fuel Economy Improvement 2.0 2.0 min
96 hr, % Fuel Economy Improvement 1.8 1.7 min
SW-30
16 hr, % Fuel Economy Improvement 1.7 1.7 min
96 hr, % Fuel Economy Improvement 1.4 1.4 min
10W-30
16 hr, % Fuel Economy Improvement 1.4* 1.3 mmn
96 hr, % Fuel Economy Improvement - 1.1* 1.0 min

* referenced engine stand, Jatest Sequence VIB industry Severity Bias
Correction Factors applied



Table 12 Performance Additive System D Basestocks EHC Oigi na,})%
Proposed Limts 5W20 16 hr, % Fuel Econony |nprovenment 2.0 7] 300596
hr, % Fuel Econony Inproverrent 1.8 1.7 mn 5W30 16 hr, % Fuel Econony

i mprovenent 1.7 1.7 min 96 hr, % Fuel Econony Irrproverrent 1.4 1.4 mn

| OM30 16 hr, % Fuel Econony Inprovenggt 1.4* 1.3 min 96 Ilr, % Fuel
Econony Inprovenent 1.1* 1.0 mn * referenced engine stand, | atest
Sequence VI B industry Severity Bias Correction Factors applied 17 MM 2005
39 CLAI Ms: Eiigess for producing a lubricating oil basestock, w\th
conpri ses: (a) ng a lubricating oil feedstock to a sol vent
extraction zone and under-extracting the feedstock to form an
under-extracted raffinate wherein the extraction zone sol vent contains

xtraction ol ven: SuBiPIPRES Ioheraeri ¢ R @e koesetk dRFPom s o 10

vol. % comprises:

(2) conducting a Jubricating oil feedstock to a solvent extraction zone
and under-extracting the feedstock to form an under-extracted
raffinate wherein the extraction zone solvent contains water added
in the amount from about ] to about 10 vol.%, based on extraction
solvent, such that the extraction solvent contains from 3 to 10 vol.%

water;

(b)  stripping the under-extracted raffinate of solvent to produce an
" under-extracted raffinate feed having a dewaxed oil wscosny mndex

from about 75 to about ]OS

(c)  passing at least a poﬂidn of the raffinate feed to a first
hydroconversion zone and processing the raffinate feed in the
presence of a non-acidic catalyst at a temperature of from 32C to
420° C, a hydrogen partial pressure of from 1000 to 2500 psig (7.0 to
17.3 mPa), space velocity of 0.2 1o 5.0 LHSV and a hydrogen to
feed ratio of from 500 to 5000 Sc&/B (89 to 890 m*/m°) to produce a

first hydroconverted raffinate;

(@)  passing the first hydroconverted raffinate from the first hydroconversion
zone to a second hydroconversion zone and processing the hydroconverted
raffinate in the presence of a non-acidic catalyst at a temperature of from
320 to 420° C provided that the temperature in the second

hydroconversion is not greater than the temperature in the



wat er; (b) stripping the under-extracted raffinate of solvent td 7oM&dllfe
an undewgenotJsags ed raffinale feed having a dewaxed oil Vigegesdyuzimdex
fromabout 75 to about 105; (c) passing at |east a portion of the
raffinate feed to a first bydroconversion zone and processing the
raffinate feed in the presence of a ngm-acidic catalyst at a tenperature
of from320 to 420* C. a hydrogen partial pressure of from 1000 to 2500
psig (7.0 to 17.3 mPa), space velocity of 0.2 to 5.0 LHSV and a
hydrogen to feed raltfjo of, from 500 to 5000 Scf/B (89, to 890 /nB] 60
produce a first hydiBsidnEesQYersien rente 2 HydyosrsRITh) pIsesure ok from 1000

hydr oconverted raffina r om first dr oconver si.on one second
bgdroconversi on zone"%hgoépﬁge@&eﬁ?gﬁt’-i@%cﬁ SRafh el Oﬁéf)‘?’i%gg‘égiﬁn t he
P ovi ded that the ¢ etits e Firefin &uBREte o Bonnoed i B07 SopBRsd ©° ©
provi ded that the te t t©
reater than the te N Y / 2CT/ USAl / 43;
89 .40- flyst hydr0%2\9@2@0}1{02%@@?0%;E%Pgﬁg%me%dggﬁéaie of from
1000 to 2500 psig (7.0 to 17.3 nPa), a space velocity of from0.2 to 5.0

LHSV agd a hydrggen stfﬂg%gtdfcﬁ%ﬂﬁpr%oﬁ B?%cﬁ%lg&ﬁihﬁg?&oﬁg%g? fatfinh@ 10800

M3/MB) | to proddce se oconverte nat e; passi ng at
| east a portion of thedahRsnpYecO6RRYAE hid conlihitiatl ol hiydrofinishing of
hydr of i ni shing reacti on zone and conducting cold bydrofinishing of th
second hydroconver t ethe sdcomd twdravonbertal effinate fthapresence of a

e

hydrofimshing catalyst which is at least one Group VIB or Group
VIII metal on a refractory metal oxide support at a temperature of

0 from 200 1o 360° C, 2 hydrogen partial pressure of from 1000 to
2500 psig (7.0 to 17.3 mPa), a space veloaty of from 0.2 to 10
LHSYV and hydrogen to feed ratio of from 500 to 5000 Sct/B (89 to
890 m*/m") to produce 2 hydrofinished raffinate.

2. The process of claimn 1 wherein the solvent extraction zone includes an
15  extraction solvent selecte” “om at least one of N-methyl-2-pyrrolidone, furfural

and phenol.

3. The process of claim 2 wherein the extraction zone conditions include a

solvent:0il ratio is from 0.5 to 5.0.

4. The process of claim 1 wherein the raffate feed has a dewaxed oil

20  viscosity index from about 80 to about 95.

5. The process of claim 1 wherein the non-acidic catalyst has an acidity less
than about 0.5, said acidity being determined by the abiiity of the catalyst to
convert 2-methyl-2-pentene to 3-methyl-2-pentene and 4-methyl-2-pentene and is

expressed as the mole ratio of 3-methyl-2-pentene to 4-methyl-2-pentene.



bydr ofi ni shina catal ystwhicb is at | east one Goup VIB or Group1 7MY 2003

met al ORy@ ghR&Jgqct ory netal oxide support at a tenperatur fLpom 200
to 360" C, a bydrogen partial pressure of from 1000 to 2?88)1]5@?“3{}7).0 to

173 nPa).. a space velocity of from0.2 to 10 LHSV and hydrogen to feed
ratio of from500 to 5000 Scf/B (89 tg;. 890 nB/nB) to produce a

hydr of i ni shed raffinate. 2. The process of claim| wherein the sol vent
extraction zone includes an 15 extraction solvent selecte,’ -I-om at
|.east one of N-nethyl-2-pyrroljidone,. furfural  and pbenol. | _The process
of clai m 2wher & nlheprosgss eicelpion 1 Asheseinotheinoncaidic celaivss imtheshistent : oi |
ratiois fromO0.5 to 5.0. 4. The process of claiml_wherein the raffmte
feed has BYE@REREersHIN ZonEgs vt kaskensof nesup Vi meshangmaroneie fo1o9p. 5.

The proce f claiml wherein the non.-acidic catalyst has an acidity
| ess tha Biftaly 5 said acidity being detennined by the ability of the
catalyst to convert 2-nethyl-2-pentene to 3-nethyl-2-pentene and

3 ety / 2 bent 2ﬁﬁu?ﬂr%&ie?ﬁewﬁ{ﬁ{n%if}iﬁ@rgﬁe&@%@”@%ﬁ@%&ﬁn ﬁi@r@%&gggﬁ
PCTAI S01 -41--6. . ! i -aci di
catal yor [RceRefesist 2SS ESR AR O TS Tetst Tone of & & oup
VIB netal and non-noble Goup WVIII nmetal. 7. The process of claim!]l

wherein the spacerehgkivof dyfls st Bduipeatde if didioganver si on

zones is from about 0.3 e  process of claiml wherein

the t enpehglrdcentfrsidifzGRGEABoutY f POPTYRFwer Rar? MieQehipedtatiinhé Brdt 00*C
| ower than"the tenperature in the first

hydroconversion zone.
9. The process of claim 1 wherein the temperature in the hydrofinishing

10 zone is from about 290 to 350°C.

10. The process of claim 1 wherein the catalyst in the hydrofinishing zone

mcludes at least one Group VIII noble metal.

11. The process of claim 10 wherem the catalyst is Pt, Pd or a mixture

thereof.

15 12. The process of claim 1 wherein the second hydroconverted raffinate 1s
passed to a separator 1o separate low boiling products from hydroconverted

raffinate prior to passing to the hydrofinishing reaction zone.

13. The process of claim 12 wherein hydroconverted raffinate from the
separator is passed to a dewaxing zone and subjected to at Jeast one of solvent

20 dewaxing and catalytic dewaxing prior to passing to the hydrofinishing zone.

14. The process of claim 13 wherein catalytic dewaxing is accomplished

with a dewaxing catalyst containing at least one 10 ring molecular sieve.



hydr oconversi on zone. 9. The process of claiml| wherein the ten]plzmgpﬂé

in the hweyofisngshing 10 zone is from about 290 to 3500C pcHOusoings2o
process of IcWnl wherein the catalyst in the bydrofinishing zone

i ncludes at |east one G oup VIE noble netal. 11. The process of claim 10
wherein the catalyst is Pt, Pd or a m-#2-ure thereof. 15 12. 7be process
of claiml wherein the second bydroconverted raffinate is passed to a

separator to separate |ow boiling products from hydroconverted raffinate

D D N G ST, LOEL L 200G TLS PERSESS O
d i bj < f I 20 d i
oo A AL Sl ol sl R b sl
The 01 0SSR BmE Bk S 510, CVALNELG PO RRGAT | Shed !

17 MAY 2005 WO 02/18283 PCT/ US01/ 43529 -42- 15. The process of claim1l

wherein the sec?g.d TheqrReRs o clAth | il dAtRe hgdmmgsﬁsa rhififtd Reattthoz one

and catal yti cal ed using a s ur and nhitrogen er ant” nol ecul ar

Si eve Bri of séfhrPRe 36 9epdrRelO® YBiHAL prothl fon7 e dyddddinidinal RIFAASE S0 Of
claiml wheréin the hydrofinished fraffinate is paSsed to 5 a separator

t o separ atprodage baetomdhyirofinishedfraffinatdie hydrofini shed raffinate to
produce a second hydrofm shed raffinate. 17. The process of claim 16
wherein the second hydrofinished raffinate is passed to a dewaxing zone
and subj ect ed t &7aflHeqaetessnd clims b wiwteid dheasdoogd Apdrofomstadmaffinatewnxi ng
to produce a dewaxed second hydrofini shed raffinate. .

passed to a dewaxing zone and subjected to at least one of solvent dewaxing and

catalvtic dewaxing to produce a dewaxed second hydroﬁnished raffinate.

10 18. The process of claim 17 wherein the catalytic dewaxing is
accomplished with a dewaxing catalyst containing at least one 10 ring molecular

sieve.

19. The process of claim 1 wherein the hydrofimished raffinate 1s passed to

a dewaxing zone and dewaxed using a sulfur and nitrogen tolerant molecular sieve.

15 20. The process of claim 17 wherein the dewaxed second hydrofinished

raffinate is further hydrcfinished in a second hydrofinishing zone.

21. The process of claim 1 wherein the under-extracted raffinate feed is
solvent dewaxed under solvent dewaxing conditions prior to entering the first

hydroconversion zone.

20 22. The process of claim 1 additionally comprising adding additives to the

Tubricating oil basestock.



10 18. The process of claim 17 wherein the catal ytic dewaxing i 47 MAY 2003

acconpl i ghegh/hgh a dewaxing catal yst containing at |east pfgydda4R9
mol ecul ar ~ sieve. 19. The process of claim1 wherein the hydrofinished

raffinate is passed to a dewaxing zone and dewaxed using a sul fur and
nitrogen tol erant nol ecul ar sieve. 15420. The process of claim 17 wherein
t he dewaxed second hydrofm shed raffinate is further hydrofinished in a
second hydrofinishing zone. 21. The process of claim1l wherein the

under-extracted_raffinate feed.i.s ol vent dewaxed under .sol vent dewaxi ng
condi tions prioR3t Jtlwr@r-mgﬁ%m 2 ﬂherwaﬂe@@ﬁw%wnp@mt lesy s The
process of .claim| .additionally,conptisin ing additives.to the

e cat | nEETE e dRRFSERS TP RSBOBE D BSPHIES O RATIASST] JIBRY S 8. 23
The pr ocessreﬁcl)é clai.m 22 wherein the additives conprise at | east one

det er gent, nt, antioxidant, friction nodifier, denulsifier, WV
I nprover and antifoamant. 24. The process of claim| wherein second

hydr oconver si on 3400 BropAl iRl | X ROEEAES, BrfRRINT SicflouREl N9

catal yst. 25. A“proces producin rrca asestock which

conpri ses: a?éiﬁbnﬁﬂ?‘épﬁfaﬁﬁkga @atél?gﬁgi%?gﬁ‘\%?éﬁlg'E‘?EdSt ock, said feedstock

being a distillate racti on, extraction zone and
under-extracting the feedstock' to forman under-extracted raffinate; 10

(b) strippin.g e AlpRREsERr prshRehg aldbriaiReahil baestobk wiick coshpeisesan
under- extracted raffinate feed having a dewaxed oil viscosity index from
about 75 to about 105;

(a)  conducting a lubricating oil feedstock, said feedstock being a distiliate
fraction, to a solvent extraction zone and under-extracting the feedstock to

form an under-extracted raffinate;

10 (b) stripping the under-extracted ;'afﬁnate of solvent to produce an under-
extracted raffinate feed having a dewaxed oil viscosity index from about 75

to about 103;

{(c)  passing at Jeast a portion of the raffinate feed to a hydroconversion zone
and hydroconverting the raffinate feed under hydroconversion conditions to
15 produce a basestock containing at Jeast about 90% saturates and a VI less
than about 120, said basestock having volatility-viscosity properties
characterized by the equation N = (32 - (4)(V)) £ 1 where N is the Noack
volatility and V is the viscosity in the range 3.5 to 6.0 cSt at 100°C.

26. A process for producing a lubricating oil basestock which comprises:

20 (8  conducting a lubricating oil feedstock to 2 solvent extraction zone
and under-extracting the feedstock to form an under-extracted
raffinate wherein the extraction zone solvent contains water added

in the amount from about 1 to about 10 vol.%, based on extraction



(c) passing at least a portion of the raffinate feed to a hydrqcpm\emSon
zone and hydroconverting the raffinate feed under bydroconversion
conditions to 15 produce a basestock containing at |east about 90%
saturates and a VI |ess than about 120, said basestock having

vol atility~viscosiVy properties charagherized by the equation N = (32 -
(4)(V)) | where Nis the Noack volatility and Vis the viscosity in the
range 3.5 to 6.0 cSt at | OOOC 26. A process for producing a |ubricating
oi | basestock which conprises; . 20 (a) conducting a |ubricating oil
feedstock to a sol versohsut,rsuch il tho axtractro soivent containg Giomy 310 d 0 vol.%
feedstock to forman undeT-extracted raffinatewberein the extraction
zone sol vent cont ai n¥&@er added in the amount from about | to about 10
vol . % based on extraction 17 MAY 2005 -44 solvent; such that the
extraction Sol v&r} Contains fi-om3 to 10 Vol.% water, (b) stripping the
under - exty act etPk af SIPRIBE She Yngsregtractedoiasiinels aisolentie Peoducgebed

raffinate feed havin dewaxed.oi ). viscosity, index fr ahout. 75 to
about 3 05: (c) passg\ﬁge’é?xm'%‘éﬁ Taffﬁ?@?@cfe&a b@%"/’ﬂ%&%%%’ﬁ?‘%g’]ﬂ ‘Fb%f@é“i’éﬁ A
first hydroconversi zope r,0c i.hg the raffinate feed in the
presence of a non-ac&gc?re aﬂ»gyg’%jga ‘?U%Zl%ltserrpexatrre of firom320 to 4210
C. 2 hydTO2en partial pressure of from 1000 to 2500 psig (7.0 to 17.3
Tr-Pa), space vel\oci ] - B fecdTati o of
from500 to SOogé)Scf/&%s{i'é%g% %aé&éﬂ%oh%@%@%ﬁé&%ﬁ%é&t

hydroconvert ed 1 af f hRrodh DAL Hikfpldck Sin DY ARRRNRILed o gl | nat ©

fromthe first hydr océnversi on  zone secon onversion zone and
processing the hydrogpesente efa non-acidic catalyst at a temperature of from 320 to

420° C, a hydrogen partial pressure of from 1000 10 2500 psig (7.0 to
17.3 mPa), space velocity of 0.2 10 5.0 LHSV and a hydrogen to
feed ratio of from 500 to 5000 Sci/B (89 to 890 m’/m®) to produce a
first hydroconverted raffinate; |

(d)  passing the first hydroconverted raffinate from the first hydroconversion
zone 10 a second hydroconversion zone and processing the hydroconverted
‘raffinate in the presence of a non-acidic catalyst at a temperature of from
320 to 420° C provided that the temperature in the second
hydroconversion is not greater than the temperature in the first
hydroconversion zone, a hydrogen partia] pressure of from 1000 to 2500
psig (7.010 17.3 n:iPa), a space velocity of from 0.2 t0 5.0 LHSV and a
hydrogen to feed ratio of from 500 to 5000 Scf/B (89 to 890 m>/m>) to

produce a second hydroconverted raffinate;

(¢)  passing at Jeast a portion of the second hydroconveried raffinate 10 2
dewaxing 2one and conducting at Jeast one of catalytic and solvent
dewaxing under dewaxing conditions to produce a dewaxed

hydroconverted raffinate;



raffinate in the presence of a non-acidic catalyst at a tenpet ZtMAY QB

from 3300404k’ C provided that the tenperature in the §@fm@gm3529
bydroconversion is not greater than the tenperature in the tirst

hydr oconver si on zone, a hydrogen partial pressure of from 1000 to 2500
psig (7.0 to 17.3 nPa), a space vel ocisy of from0.2 to 5.0 LHSV and a
hydrogen to feed ratio of fTom 500 to 5000 Scf/B (89 to 890 mMl/M) to
produce a second bydroconverted raffinate;: (e) passing at |east a portion
of the second E%Sdr-oconv_er Leﬂpér affrmate to a  dewaxi ngmzone and conducti ng
at |east one oflcat PAFHPE ahleasisapardien ol dbedewaged hydrocanvenedmgifnatelka i ons
to produce a dewzxed, bydrocorivertedTaffinatr; 17 MAY 2005 WO 02148283
PCT/ USQl / 43529 - 45 %@P@Sﬁmgwewonazwanwmmng celsltaydzaimishing

Conducting cold bydrbinsechnAdydiconteted shiels i be Brseneeel § af 1 nate i n
o Goup eovi11 moteraigieE R A s oBe crpmB R G’ '
1000 5 2600 psi g (et o defasily HBLHRds BT DI o T
v and hydroent ghgon1abie of a b DRE D Ga e BokPoigte °°0
2500 psig (7.0 to 17.3 mPa), a space velocity of from 0.2 to 10
LHSV and hydrogen to feed ratio of from 500 to 5000 Scf/B (89 to

890 m’/m?) to produce a hydrofinished raffinate.





