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able in lubricating oil basestocks. Also, certain types of aromatic
conpounds can result in unfavourable toxicity characteristics. Solvent
refining can Wd)g%qﬁ.,l ubricat- ing oil basestocks have a VI opcpbsssiosfds i n
good vyi el ds. : Today nore severe operating conditions for

aut onobi | e engi nes have resulted in demands for basestocks with | ower
volatilities (while retaining |low viscosities) and | ower pour points. These
i mprovenents can only be achieved with '

-2-  basestocks of nore i SHYDROCONVERSIONPROCESS EOR t hose with VI's of
105 or greater. Solvent m@m%mg@mggggg% ;y produce
basestocks having a VI 0 W yprcal crudes. r does sol vent
refining al one typically produce basestocks with high saturates contents.

Two alter nam een ‘devel oped to produce high quality

| ubricating = F—wax isonerization and (2) hydro- cracking.
Bot h of the nethods involve high capital investnents. In sone |ocations wax
i someri zation econom cs_can be adversely inpacted when the raw stock, slack

wax, is highly val uedThiNi tea ubreatimgodibasersed i n
hydro- cracking, and the,copnseguent vere. condi.tj.ons r.equired.;.o achi eve
t he desired bavipg p _ ?%@W &5@%&‘*‘%@#@@%"?&%”&? e |
formati on of undesirable (toxic) species. These species are forned in
sufficient concentration that a further process- ing step such as

extraction iBACGKEGROUND OFTHEINVENHONXi ¢ base stock. : An
article by S. Bull and AL Marmn entitled "Lube O Manufacture by Severe

Hydrotreatment"”, Proceedi ngs of the Tenth Wbrld Petrol eum Congress,
It is well known to produce lubricating oil basestocks by solvent

refining. In the conventional process, crude oils are fractionated under atmospheric
pitésmemproduceaUnosphe!ié resids which are further fractionated under vacuum.
Select distillate fractions are then optionally deasphalted and solvent extracted to |
produce a paraffin rich raffinate and an aromatics rich extract., The raffinate is then
dewaxed to produce a dewaxed oil which is usually hydrofinished to improve
stability and remove color bodies.

Solvent refining is a process which selectively isolates components 6.f
. crude oils having desirable propérties for Inbricant basestocks. Thus the crude oils
used for solvent refining arercstictecitoﬁoséwhicharehighlypémfﬁﬁicinﬁaﬂne
as aromatics tend to have lower viscosity indices (VI), and are therefore less desir-
able in Iubricating oil basestocks. Also, certain types of aromatic compounds can
result in unfavorable toxicity characteristics. Solvent refining can produce Inbricat-
ing oil basestocks have a VI of about 95 in good yields.

Today more severe operating conditions for autamobile engines have
resulted in demands for basestocks with lower volatilities (while retaining low
viscosities) and lower pour points. These improvements can only be achieved with




Vol ume 4, Devel opnents in Lubrication, PD 19(2), pages 221-228, describes a
process wherein the extraction unit in solvent refining is replaced by a
hydr ot r eat er. U S. Patent 3,691, 067 descri bes a process
for produci ng wos®#is2in and high VI oil by hydrotreating a nar?GW&?f""“”ﬁbe
feedstock. The hydrotreating step involves a single hydrotreating zone.

U.S. Patent 3,732,154 discloses hydrof i T# Shi ng the extract or raffinate
froma solvent extraction process. The feed to the hydro- finishing step is
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hydr ocr acke rng ol ves hydrodenitrification of a
hydr ocr ackecwith typical etudes Not doessolvent refjning alone typically produce basestocks -
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i 4 U.S. Patent 4,636,299 disclqses a process f reduci ng
t he pour poimmmﬁm‘%oﬁf’% Wi??@&&ﬁi’ﬁ&eweﬁtﬁi ni ng

N ot hyl 2 PRt B gb iR RACKa o 1) SER Rthepklin and ) ydro-

hydr ot r eat eccracking NBethtof tiemethbdvigwolve high<vapital investnieatsn iln some lgsationss t o
~ammoni a and hydrogen sul fide, stripped of anmmonia, and dr ogen sgl tkiede and
stripped ef fwakisomeszation geonemics can be adversely impagted when %éwg@a‘*r Me to
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cracking, and the consequent severe conditions required to gchievethe desired
viscometric and volaﬁlity properties can result in the formation of undesirable (toxic)
species. These species are formed in sufficient concentration that a further process-
ing step such as extraction is needed to achieve a non-toxic base stock.

An article by S. Bull and A. Marmin entitled “Lube Oil Manufacture
by Severe Hydrotreatment”, Procesdings of the Tenth World Petroleum Congress,
Volume 4, Developments in Lubrication, PD 19(2), pages 221-228, describes a
process wherein the extraction unit in solvent refining is replaced by a hydrotreater.

U.S. Patent 3,691,067 describes a process for producing 2 medium -
and high VI oil by hydrotreating a narrow cut lube feedstock. The hydrotreating step
involves a single hydrotreating zone. U.S. Patent 3,732,154 discloses hydrofinishing
the extract or raffinate from a solvent extraction process. The feed to the hydro-
fmishing step is derived from a highly aromatic source such as a naphthenic
distillate. 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 hydrocracked bright stock
followed by hydrofinishing. -
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oxi dative and thermal stability, fuel econony and cold start properties

W t hout incurring any significant yield debit which process requires nuch

| oler investnent costs than conpeting technol ogi es such as hygepg h{vd-
SUMVARY OF THYQ RVERFT o This i nvention rel ates tgﬁgobfh@
process for producing a |lubricating oi | basestock neeting at |east 90%
saturates by selectively hydroconverting a raffinate produced from sol vent
refining a |ubricating oil feedstock which conprises: (a) conducting the

lubricating oil feedstggk ﬂs%,z%aﬁséaﬁm  fop P&iudidg the pourpR@R' at i ng
t herefrom an aronaticggﬁ#g&e%xfract and a paraffins richﬂgaffF%agg; (b)
Ztri ppijng thaafm;mmﬁmmgm?mw?mgw?bmﬁv; ng ia

ewaxe oi | SCOSI i ndex f. aho abou ang. a.fina
" boi ling poi nfmm%ww%#mwme
raffinate.fe fsl e ProiOnGert f1ﬁ§$5 ngﬁQﬁﬁﬁﬁﬁﬁg
raffinate feg% I'n ékgiesencépof a noﬂgggl caﬂg roconversioﬂ&gg?g?§St at
a to ammonia and hydrogen sulfide, stripped of ammonia andhydrogen sulfide and

stripped effluent cat dewaxed.

Tt would be desirable to supplement the conventional solvent refining
process 5o as to produce high VI, low volatility oils which have excellent toxicity,
oxidative and thermal stability, fuel economy and cold start properties without
incurring any significant yield debit which process requires much lower investment

" costs than competing technologies such as hydrocracking.

SUMMARY OF THE INVENTION
ThkhhmmkmmdmmnbapnwasﬁnpuﬂMdngihmﬁaﬁmgoﬂ

basestock meeting at least 90% saturates by selectively hydroconverting a raffinate
produced from solvent refining a Iubricating oil feedstock which comprises:

@0. camhmﬁngthehﬂnkmﬁngoﬂﬁaukumkfo5sdhmntemmuﬁonznneand
separating therefrom an aromatics rich extract and a paraffins rich raffinate;

(b) stripping the raffinate of solvent to produce a raffinate foed having a dewaxed
oil viscosity index from about 85 to about 105 and a final boiling point of no
greater than about 650°C;

- © pmmhmnhzuﬂﬁwﬂaﬁxdtaaﬁnuhwdnmnnwuﬁun:umeandpuméﬁhmnhe
nﬁﬁnmeibadﬁmﬂquemumzofanonqwmﬁchydnxmnwnﬁqncmabmtata



tenperature of from 340 to 420C, a hydrogen partial pressure of from 1000
to 2500 psig, space velocity of 0.2 to 3.0 LHSV and a hydrogen to feed
rati o of from500 to 5000 scf/B to produce a first hydroconverted
raffinate; (WP 994EBTi ng the hydroconverted raffinate. from t RETYSPYP3108
hydr oconversion zone to a second hydroconversi on zone and processing

t he hydroconverted-raffinate in t he4pr esence of a non-acidic

hydr oconversi on catal yst at a tenpeature of from 340 to 400C provided

emperatur e | n { KEBFDE Sﬁ&ew?%@y 32@‘1‘;@ e gl Pﬁ@ab@b??oﬁa” e
f f
Engf/s;:]g g hy(rj(r)(r)%i%oé’?%% rat1o Qfégm sgtﬂ? to pro uce a

second hydr oconvﬂ‘onﬁﬂOItaSOOOIMtopro&)cemth;glmdmvamafﬁﬂawr oconverted

raffinate to a hydrofinishing zone and conducting col d hydrofinishing
of the second hydroconverted raffinate in the - presence of a

hydr of i ni Shl ﬁés@ﬁé W@%ﬁ% ﬁé@
hydr ogen parft |aI presSsur roml (S% p3|§ a space vio%lomty of

from 0. 2 t oseeohdiBrdrecshversionzong and procéssing thehydrocinvertedrafiitate im 5000
scf/Bto produce a h drof|n|_ d.raffinate; passing t
hydr of i ni shed r afCiPREERCS ﬁ W"P&%#’ %om havi ng

FafTinats from é%%%ﬁ@#%%@%ﬁn s&%ﬁ&éﬂ@%@ﬁﬁ ke ng
the hydrofini shegreh@f than &ture i i Hirit hydR)eefdon zone, & BpdiogePns in the

presence of hydrogen and a cafal yti c dewaxi hg cat al yst . . conprising a

met al hydr ogenat partialyoessarecnfifranm d0QD tor2500 psig, @ spate velocityof from 0.2 to 3.0
.rml ecular sieve. LHSVandahydrogentofeedrauoofﬁ‘omSOOtoSOOOscf/Btoproducea
secondhydroconvertedraﬁnate

(¢) passing the second hydroconverted raffinate to a hydrofinishing zone and
conducting cold hydrofinishing of the second hydroconverted raffinate in the
~ presence of a hydrofinishing catalyst at a temperature of from 260 to 360°C, a
hydrogen partial pressure of from 1000 to 2500 psig, a space velocity of from
0.2 to S LHSV and a hydrogen to feed ratio of from 500 to 5000 scf/B to
. produce a hydrofinished raffinate;

(f) passing the hydrofinished raffinate to asepamnonzonetoremoveproducts
havmgaboilmglessthanabom250°c and

() passing the hydrofinished raffinate from step (£) to a dewaxing zone and

: _.eondiﬁonsinﬂnepresenceofhydrogenandammlyﬁcdewmdngcamlyst
'compnsmgamelalhydrogenatloncomponentandaaysmlhne 100r12nng .
molecular sieve.




- 5- -I'n anot her enbodi nent, this invention relates to a
process for selectively hydroconverting a raffinate produced from sol vent
refining a lubricating oil feedstock which conprises: (a) §E¥%E§ |

| ubricating oiYOP¥&t ock to a sol vent extraction zone and se%@%lggi ng -
therefroman aromatics rich extract anqsq paraffins rich raffinate; (b)
stripping the raffinate of solvent to produce a raffinate feed having a
dewaxed oil viscosity index fromabout 85 to about 105 and a fi nal

boi ling point of no greater than abut 650C (c) passing the
raffinate feed to a first hydroconversion zone and processing the

raffinate feed in thelpasctherembotlimentthisinvedtion rejatestomprocess tor cat al yst at

a tenperature of from 340 to,_420C, a h groge artj al essuyre of from
' Jy@roconysHing adagmate p Sh@é @'@&Mﬁﬂgﬂ ogen to

1000 to  selestively hydrocanyseing adaé _

feed ratio of. ) 000 scf/B to produce a first hydroconverted
raf finate; o%m%ﬁgmeg’roconverted raffinate fromthe first

hydr oconver si on zone to a second hydroconversion zone and processing

t he hydroconverted raffinate in ]
(@ conducting the lubricating oil feedstock to a solvent extraction zone and

._“_.ﬂqmnﬁmgﬂumﬁhnnanannnmﬁwrkhexumxamdapau&ﬁpsﬁdhnﬂﬁnﬁn;

() stripping the raffinate of solvent to produce a raffinate feed having a dewaxed
oil viscosity index from about 85 to about 105 and a final boiling point of no
_gumuxﬁmndhﬂﬁﬁSUTk

(¢) passing the raffinate feed to a first hydroconversion zone and processing the
raffinate feed in the presence of a non-acidic hydroconversion catalyst at a
temperature of from 340 to 420°C, a hydrogen partial pressure of from 1000 to
2500 psig, space velocity of 02 t0 3.0 LHSV and a hydrogen to feed ratio of
from 500 to 5000 scf/B to produce a first hydroconverted raffinate;

" (d) passing the hydroconverted raffinate from the first hydroconversion zone to a
~ ‘second hydroconversion zone aid processing the hydroconverted raffinate in

ﬂm;mwmmeofannmaddhhy&nummaﬁuncﬁﬂyﬁatakmqmmMneofﬁmn
340 to 400°C provided that the temperatore in the second hydroconversion is
not greater than the temperature in the first hydroconversion zone,  hydrogen
partial pressure of from 1000 to 2500 psig, a space velocity of from 0.2 to 3.0
' LHSV and a hydrogen to feed ratio of from 500 to 5000 sc/B to produce a
second hydroconverted raffinate; -




t he presence of a non-acidic hydroconversion catalyst at a tenperature of

from 340 to 400[err] C provided that the tenperature in the second
hydroconversion is not greater than the tenperature in the first

hydr oconver si oMO9%41827 a hydr ogen partial pressure of frd T 2500
psig, a space velocity of from02 to 3.0 - LHSV and a hydrogen to feed
ratio of from500 to 5000 scf/B to prodlﬁce a second hydroconverted

raf finate; -6-  (e)

ggﬁzl ng. theréecond hk/tgrconv&hyﬁg rafflf ﬁ @ oca %@f |!n| shi ag gﬁ E/ia(r)tr]ed

raffinate in - rcﬁlgdlﬁﬁﬁ% ﬁﬁsﬂﬁbm%bﬁﬂu
t enper at ure of fmgm 60 t 368{err]c Q ydr 0gen partlal pressure of
from 1000 to 25@ke eypeefshﬁireﬁmshmgca@ystfat temperature of fivm 2605t01366°%C.and

hydrogen-to feed r t|o of om 500 roduc

hydr of i ni shed réflm a{ S&gbt?%&g ’ﬁ Y&ﬂ?‘%‘&ﬁ%ffl nat e
under solvent d §ﬁd3 ng a
pour point less 't an a out 3Per5ig dmhef’g catalytica aﬁr\%am ng the

sol vent dewaxed aliydrofitdched eaffindty;t i C devvam ng conditions in the .
~ presence of hydrogen and a catal ytic dewaxi ng catal yst conprising a
met al hydrogenation conmponent and a crystalline 10 or 12 ring

ol ecul ar s Gye R eRY RNk IR HRASMiBE under solvent dewaxing condi-

tions to obtain a dewaxed oil having a pour point less than about 10°C; and

® camlyucallydewamngﬂlesolventdewaxedoﬂmdercamlyncdewamng
conditions in the presenoe of hydrogen and a catalytic dewaxing catalyst
comprising a metal hydrogenation component and a crystalline 10 or 12 ring
molecular sieve to produce a dewaxed basestock.

In yet another embodiment, the cold hydrofinishing step is moved
from after the second hydroconversion zone to after the catalytic dewaxing step for
either of the embodiments set forth above.

The process according to the invention produces in good yields a
basestock which has VI and volatility properties meeting future industry engine oil
standards while achieving good oxidation stability, cold start, fuel 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.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a plot of NOACK volatility vs. viscosity for a 100N .
basestock. ' '




In yet anot her enbodi ment, the cold hydrofinishing step is noved from after
t he second hydroconversion zone to after the cataytic dewaxi ng step for
either of the enbodiments set forth above.

according to tW2%A%%hti on produces in good yields a basestoc%%&gﬁéﬂas Vi
and volatility properties neeting futur97Lndustry engi ne oil standards

whi'l e achi.eving good oxidation stability, cold start, fuel econony, and

thermal stability properties. In addition, toxicity tests show that the
basest ock has excel |l ent toxicol ogical properties as neasured by tests such

as the FDA(c) test. Rl ER DE | PTJ THE
Figure 1 is a plot of %%%@%ym&stock

-7- Flgure2 |s a schematic |ow diagram of the
hydroconversion proce shmmngFVEHWv% Eénversithoat difsdeey N9 VI HOP
vsS. conversion at ‘diffe ent pr ssure Figure 4 1s a graph

-showi ng t enppresdunese i n the first hydroconver5| on

~ Figure4is agmphshowmgtempemturemﬂleﬁrsthydroconverslon
zone as aﬁmctlonofdaysonoﬂ ataﬁxedpressm'e

Figure 5 is a graph showing saturates concentration as a function of
reactortempmtureforaﬁxedVIproduct.

Figureﬁisagraphshowingto:ﬁcityas a function of temperature and
pressure in the cold hydrofinishing step.

Figure 7 is a graph showing control of saturates concentration by -
varying conditions in the cold hydrofinishing step.

Figare 8 is a graph showing the correlation between the DMSO
screener_imtaﬁdﬂleFDA (c)test.

Figme9lsagraphshowmgﬂxecata1yhcdewamngofdewaxedoﬂand
'tomlhqmdprodncts ’ .

Figure lOisagmphsﬁowingthecompaﬁsoncatalyﬁgdewmdnga
total liquid prodnct vs. solvent dewaxing to the same pour point. :

DETAILED DESCRIPTION OF THE INVENTION

The solvent refining of select crude oils to produce ibricating oil
basestocks typically involves atmospheric distillation, vacuum distillation, extrac-
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zone as a fu

nction of days on oil at a fixed pressure.

Figure 5 is a graph showi ng saturates concentration as a function of
reactor tenperature for a fixed VI product. Figure 6 is a
graph showi ng We@#12§ as a function of tenperature and pressPCIUSANHE

col d hydrofinishing step. Figure 7 is a graph show ng
control of saturates concentration by va®ying conditions in the cold
hydr of i ni shi ng step. Figure 8 is a graph show ng the

correl ation

Figure 9 is 3O

liquid produ

bet cen the VBO o

ener_test and the, FDA ( test.
s |W=d@§ﬁme§§%ﬁ@ dwparaffin g ¢ ot al

'cétaiytic deMBX|ng &Hh§“g35§°%t VS. é%#%ggpﬁggagﬁuHgﬁﬁ%&@ﬂgagéﬁgn

pour poi nt.

lo ¢3] theéréde oilstustd\idthe s6ent refining process are.  The

sol vent refining_of select crude oils to produce |ubricating oil basestocks
Reraffinisicaudes. mmm%mmm

typically |nﬁﬂﬂ

joil basestorks ésct r ac-
that used by the American Petroleum Institute (API). API Group II basestocks have

a saturates content of 90 wi% or greater, a sulfur content of not more than 0.03 W%

and a viscosity index (VI) greater than 80 but less than 120. API Group IIl base-
stocksareﬂnesameasGroupras&stocksexceptﬂmtﬂleV[mgreaterﬂmnorequaI

to 120.

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
dcmqﬂmm&dissnnnaoﬂmmpmmxsﬁng.(ﬁherﬁxﬂs«:mﬂvmﬂex&amin1hmm¢h
waxy streams such as dewaxed oils and foots oils.

The solvent extraction process selectively dissolves the aromatic
components in an extract phase while leaving the more paraffinic componentsina’
raffinate phase. Naphthenes are distributed between the extract and raffinate phases.
TypkmlmﬂvamSﬁnsohmmtmﬂnmﬁonimdhdephmmlihdhnﬂand)anﬂgd
pyrrolidone. By controlling the solvent to oil ratio, extraction temperatare and
method of contacting distillate to be extracted with solvent, one can control the
degree of separation between the extract and raffinate phases.

In recent years, solvent extraction has been replaced by hydrocracking
as a means for producing high VI basestocks in some refineries. The hydrocracking
process utilizes low quality feeds such as feed distillate from the vacuum distillation
unit or other refinery streams such as vacoum gas oils and coker gas oils. The |



-8- tion, de\/\/aX| ng and hydrof| ni shi ng. Because basestocks haV| ng a high
|soparaff| n content are characterized by having good viscosity index (VI)
‘properties an%&%ﬁl@f‘} e |l ow tenperature properties, the crudeperhsovmes i n
the solvent refining process are typically paraffi ni c crudes. One net hod of
classifying lubricating oi | basestocksglis used by the Anerican
PetroleumiInstitute (APlI). APl Goup Il basestocks have a saturates content
of 90 wt % or greater, a sulfur content of not nore than 0.03 wt% and a

viscosity i ngalystdhseddn hypdrocratking aftypically sulfiddstofNi, o, CorindWonan| | base-
stocks are the sane as Group I basesto&ks except .that {he VI is rﬁater

than or equadcidicsupport such as sili SPnipining-An JGIHE PRING

G st i1 ot orftApcRne. Sotg W@Mﬁﬁ#&@@%ﬁ.s it The.

sol vent ext r irdacking irob&S niliyinveloehitero-itbinGemblal| @bindtic yihg sdmeatiun,be

deasphal ted 1°s sent t0 other processing. Qher feeds to solvent extraction

i ncl ude mxydmm&mmmmmmmg d side-chain cracking,

The sol vent extracllon rocess sglectivel | ves_ t he argnat i

conponent s i #dy !?PP&E%'}S’HM MM@ By ﬁﬁﬁ?fegg'orrponents
in araffinag &sz%ﬁﬁmﬁ'of cliji)h?fs sweﬁté:&ﬁcedﬂis&ﬁt and
raf fi nate phase ypl ca so vent or sofvent extraction include phenol,

furfural ancudheoessinystapysinde hydmm;ng(remaemhmnmycsbmtanltwwlowl s.ratio,
extraction tenperature and nethod of contacting distillate to be extracted

w th sol vent, one can control the degree of separation between the extract

and raffinate phases. the prbbsk B i prodel vestiBh ¥fibest 1 aCti 0N
y%lwagcr ackin _

has been replaced by h a means for producing hlgh VI
basest ocks i lhrm@hyﬂromvmmno’flﬁe ﬂaﬁihnm:frm]dmgplmmmmnmhn

g?ﬁlelrt?/e; eﬁgs suoh a feed .di st hate E,roaﬁéhe yacuum distill ai‘]’g‘r‘]gh!lj'ﬂlet or

ﬂleptocessw:ﬂ\outwaxlsommzauon. 'Ihus,dewaxedoﬂ(DWO)andlowvalue
foots oil 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.
Moreover, unlike hydrocracking, the present process takes place without disengage-
ment, i_e., without any intervening steps involving gas/liquid products separations.

" The product of the subject three step process has a saturates content greater than
90wt°/o,prefaablygreaterﬂlan95wl% Thusproductquahtymsxmﬂartoﬂmt :

| obtamedﬁomhydromdungmdmmﬂxehghtemperaunesandpresmesmqmmd

by hydrocracking which results in a much greater investment expense.

The raffinate from the solvent extraction is preferably under-extracted,
i.e., the extraction is carried out under conditions such that the raffinate yield is
maximized while still removing most of the lowest quality molecules from the feed.
Raffinate yield may be maximized by controlling extraction conditions, for example,
by lowering the solvent to oil treat ratio and/or decreasing the extxachontempexatm‘e
The raffinate from the solvent extraction unit is stripped of solvent and then sent to a



-9- catalysts used in hydrocraking are typically sulfides of Ni, M, Co
and Won an acidic support such as silical/alumna or alum na containing an
acidic pronoter such as fluorine. Sone hydrocracking catalysts also contain
hi ghly aci di cWO98#128s. The hydrocracki ng process may i nvol v&@ YRR om
renmoval , aromatic ring saturation, dealkylation of aromatics rings, ring
openi ng strai ght chain and si de-chai n theki ng, and wax isonerization
dependi ng on operating conditions. In view of these reac- tions, separation

o ineeos o v Bist Epttop ARG PoRmRE S RibaR e B ke A Y Blionate S0 |
level s. has a viscosity indeRof i out 85 td dsdut 109 and4 BEIliAS radize hbttoexessdNt

i nvention u | zes a three step hydroconversion of the raffinate fromthe

sol vent ext abmiti650°C preferablydessibani6Qd’ & ¢s detennined hy ASTM 28§Zart2 acki ng and
passi ng waxy, cogponents,th rocess w thout wax isonerization.
Thi's, dewax&ﬁ“?ﬁl 0% 3 gP@W@Q&’@ foots oil streans can be added to the
raf fi nate feed whereby the wax nol ecul es pass unconverted through the
process and may be recovered as a val uabl e by-product. Moreover, unlike

hydrocracking, the pr@@ommmmmmqﬁmmmngmmms ment, -
i e., wthout an on rveni np te nyol as/. 88‘2 d@gt(%mé%1

-separ ations( @ﬁi BB&FPPH!?T "chifep'g’i‘ﬁ*‘ gﬁ‘[‘@b turates

~content gre dehdn.e qﬁm} ﬁ&fﬂ? ‘ﬁﬁﬁgﬁﬁéﬂﬁﬁ Qﬁegénlﬁ(em}hys product
quality is glrﬂn ar ?t talne rom hydrocracki ng w t hout. hi gh

'terrperaturemmﬁmsmfmkmtymmypdsmmmmlﬁdegonmﬁmmmws ina-
much greaterxiidgvest ment expense.
o .

Itis importéntﬂmtthem'etal oxide support be non-acidic so as to
control cracking. A useful scale of acidity for catalysts is based on the isomerization
of 2-methy1-2-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 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 weakly

 acidic sites form 4-methyl-2-pentene whereas strongly acidic sites result in a skeletal
rearrangement to 3-methy1-2-pentene with very strongly acid sites forming 2,3- -
dlmeﬂlyl-z-bulnne. The mole ratio of 3-meﬂ_lyl-2-pentene to 4-methyl-2-pentene
can be correlated to a scale of acidity. This acidity scale ranges from 0.0 to 4.0. |
Vety weakly acidic sites will have values near 0.0 whereas very strongly acidic sites
will have values approaching 4.0. The catalysts useful in the present process have

' acidity values of less than about 0.5, preferably less than about 0.3. The acidity of
metal oxide supports can be controlled by adding promoters and/or dopants, or by
controlling the nature of the metal oxide support, e.g,, by controlling the amount of
mhcamcorporahedmto a silica-alumina support. Examples of promoters and/or




The raffinate fromthe solvent extraction is preferably under-extracted,
l.e., the extraction is carried out:und conditions such that the raffinate
yield is maxinjged . hile still removing nost of the |owest quativi¥esmsies
nol ecul es fromthe Teed. Raffinate yield nmay be nmaxi m zed by controlling
extraction conditions, for exanple, by_hgwering the solvent to oil treat
rati o and/ or decreasing the extraction tenperature. The raffinate fromthe
solvent extraction unit is stripped of solvent and then sent to a

- 10- first GhRARIEKAogHR, espedialpilictine) o) yittis irare-eapthal yst
This raffinate feed has q%cosity I ndex g?b rom about 85 to about 105 and
a boiling raoxjdesandimagnesia.c Bramniers sedoisdalogens generally ansrease P
600[ err] C, as deter,m ned by ASTM2837.and a Vi $COSI of f 15 cSt at
200G mmetaf oxiae suors Bzt Py Bric Sibafit SpE et 3 s ol .° o ou
VIB netal s (B&gﬂe Ri'sh %’@F&@I e published by Fisher Scientific),
and non-nobl e oug{é | “nmetals,”T.e., iron, cobalt and nickel and m xtures
t hereof. These nmetals or mxtures of netals are typically present as oxides
or sulfides on refractor, tal, oxjde supportsg. eg a3 - Ji s
i mportant that the thMWﬁ%M@B%SW@E#FH
cracking. A mﬁ{iﬁﬁl ”‘S'f‘?‘hg ﬁéﬁa‘gﬁ pﬂlﬁﬂﬁiﬁa%’a&@l‘r@d ‘Q“E‘ﬁ# SreorGiEs dhimind®such
i sonerization of 2-nethyl™-2-pentene as esc‘rl'%le y Kraaner ~and l\/t:%}llcker, J.
Cat al ysi s, Oas ganiha of @8having avarigepare sizes fodm 50ital 2004, prefensblyy?5-10-158A1 &ne i s
' h : _
subj ect ed t'Osm:t‘ac:et < graeta ySth&?oijo%m’Ig,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 preferably not
promoteduﬁﬂlahﬂogensuchmﬂudﬁneasﬂﬁsgmemnyinmsesﬂ)eacidityof
the support above 0.5. |

Preferred metal catalysts include 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.
Especially preferred are nickel/molybdenum catalysts such as KF-840.

| Hydroconversion conditions in the first hydroconversion unit include
a temperature of from 340 to 420°C, preferably 350 to 400°C, a hydrogen partial -
pressure of from 1000 to 2500 psig (7.0 to 17.3 mPa), preferabily 1000 to 2000 psig
(7.0 to 13.9 mPa), a space velocity of from 0.2 to 3.0 LHSV, preferably 0.3 to 1.0
LHSV, and a hydrogen to feed ratio of from 500 to 5000 Scf/B (89 to 890 m*/m®),
preferably 2000 to 4000 scf/B (356 to 712 m*r’). |

- The hydroconverted raffinate from the first hydroconversion unit is
- conducted to a second hydroconversion unit. The hydroconverted raffinate is
preferably passed through a heat exchanger located between the first and second




evaluated at a fixed tenperature, typically 200[err]C In the presence of
catal yst sites, 2-methyl-2-pentene forns a carbeniumion. The isomerization
pat hway of the carbeniumion is indi cative of the aC|d|ty of active sites
in the catal ywooesHsey weakly acidic sites form 4-nethyl - 2- peRCEAHSUPAIR a5
strongly acidic sites result in a skeletal rearrangenent to

3-methyl -2-pentene with very strongly -¥cid sites formng 2, 3- :

di met hyl - 2-butene. The nole ratio of 3-neth-2-pentene to 4-nethyl-2-pentene

can be correlated to-a scale of acidit This acidity scale r fromO.0
Lo 4.0, - Ver yweosonyersicn apies i that e fecpnd Boocpaversion yait oo Dot A RS ¢,

st rongl y aci dic s tes %ﬁj!@é&u*&%ﬂ g&m;%%n%&qmmgﬁmsts
useful in thﬂ?@éﬁﬁ process ve acl fi?é) val ué€s o ess than about 0.5,

preferably |ﬁﬁ%&d&ﬂhﬂp&aﬁx@nsﬂlﬁﬂn&ﬁlmbnmmml Genditinsdntthe can be

control l ed by addi ng pronoters, and/or dopants, on I n e nature
of the netaJﬂxmmdiydnmﬂmmH&GBQHEUMﬂ ﬂ@évné4§_ {ééQ%ﬂ“éh#h
incorporated |I| a-alu ol and/or
AT Y ﬁms @%@mﬁm 2300baBROR T3 210 O,

yttria, rar ?ﬁ:ﬂ*ﬁb 000?3%5({7@&33 spatelveldsity of fromi(i2
general ly i ncEe% e the“acidit oxi de sup orts Whi I e mldly basic
dopant s suc htos8s0 LHSM, prafemblymﬂél-ﬂsy and a/hydregandofepd ratio of fr9 uch

oxi des. such 9&@9*@9@%@ Y prpae 2000 B AERROB Ao MR, T ©

al um nas ar e'ggé’&ﬂﬂfst W%Wmmwm pore si zes
from50 to 2 p eferably 75°to 150A, a surface area from 100 to 300
merr]/g, prhydrocniversivaomitoaltheoght different hydraconvession optalyshmay be used.

' 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
inchude a temperature of from 260 to 360°C, preferably 290 to 350°C, more prefer-
ably 290 to 330°C, a hydrogen partial pressure of from 1000 to 2500 psig (7.0 to
173 mPa), preferably 1000 1o 2000 psig (7.0 to 13.9 mPa), a space velocity of from
0.2 to 5.0 LHSV, preferably 0.7 to 3.0 LHSV, and a hydrogen to feed ratio of from
500 to 5000 scf/B (89 to 890 m*/m®), preferably 2000 to 4000 scf/B (356 to 712
m*mn®). The catalyst in the cold hydrofinishing unit may be the same as in the first
hydroconversion unit. However, more acidic catalyst supports such as silica--
alumina, zirconia and the like may be used in the cold hydrofinishing unit.

In order to prepare a_ﬁnishedbasespock, the hydroconverted raffinate
from the hydrofinishing unit is conducted to a separator, .g., & vacuum stripper (or
fractionation) to separate out low boiling products if the separator is followed by a
catalytic dewaxing step. Such products may include hydrogen sulfide and ammonia
formed in the first two reactors. I desired, a stripper may be situated between the



from0.25 to 1.0 cnferr]/g, preferably 0.35 to 0.8 cnferr]/g. The supports
arg preferably not prompted with a hal ogen such as fluerine as this

general ly incy&i@ﬁ he acidity of the support above O0.5. PCT/US95/03108
Preferred mnet % ysts include cobal t/nol ybdenum (1-5% Co as oxi de,

10- 25% Mo as.-oxi de) ni ckel /mol ybdenum (335% N as oxi de, 10-25% Co as
oxi'de) or nickel/tungsten (1-5% N as oxi de, 10-30% W as OXi de) on al um na.
Especial ly preferred are n| ckel / mol ybdenum cat al ysts such as KF- 840.

Hydr oconver g &ierherﬁtﬁBhﬁgaﬂu € bt this isfbt eskeatialde a
terrperature 0 r m340 to 420C preférably 350 to 400[err]C, a hydrogen

parti al premmmmm@u 0 to 17.3 nPa), preferably
1000 to 2000 psig (7.0 to 13:9 nPa), a space velocity of from0.2 to 3.0
LHSV, preferably .0.3 to 1.0 LHSV, and a hydrogen to feed ratio of from 500

to 5000 Scf/B, (89 to tHoRbvertel S4ffihate sefafited ABmthe Séardter id @ik scf/ B
(356 to 712 rr[err]/rr[g;ﬁr%%y sép The hydroconverted raffinate

fromthe fi rmmmmmuwmcdmwm@mawmvers. on

unit. The hydroconverted raffinate is_ preferably passed through a heat
exchanger |mwmgﬁh3ﬁww E‘F’eﬂfrd second
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ThecatalyStsuseﬁllinthe catalytic dewaxing step include crystalline
10 and 12 ring molecular sieves and a metal hydrogenation component. Crystalline
molécular sieves include alumino silicates and aluminum phosphates. Examples of
crystalline alumino silicates include zeolites such as ZSM-5, ZSM-11, ZSM-12,

theta-1 (ZSM-22), ZSM-23, ZSM-35, ferrierite, ZSM-38, ZSM-48, ZSM-57, beta,

mordenite and offretite. Examples of crystalline aluminum phosphates include
SAPO-11, SAPO-41, SAPO-31, MAPO-11 and MAPO-31. Preferred molecular
sieves include ZSM-5, theta-1, ZSM-23, ferrierite and SAPO-11.

" The dewaxing catalyst may also contain an amorphous component.
The acidity of the amorphous comiponent is pxefemblyﬁom 0.3 to 2.5, preferably
0.5 to 2.0 on the Kramer/McVicker acidity scale described above. Examplcs of
amo:phous materials include silica-alumina, halogenawd alumina, acidic clays, *
 silica-magnesia, yttria silica-alumina and the like, Especially preferred is silica-
alumina.

If the dewaxing catalyst contains an amorphous component, the
crystalline molecular sieve/metal hydmgenaﬁon component/amorphous component
' maybecomposmdtogeﬂm- 'lhehydrogenaﬁonmtalmnbedeposmedoneach
component separately or can be deposited on the composited catalyst. In the
altemnative, the crystalline molecular sieve and amorphous component can be ina




hydr oconversi on units so that the second hydroconversion unit can be run at
cooler tenperatures, if desired. Tenperature in the second hydroconversi on
unit should not exceed the tenperature used in the first hydr

unit Conditi oM@ #13%e second hydroconversion unit include a ?’%ﬁ‘%@@? re of
from340 to 400[err]C, preferably 350 tp, 385C, a hydrogen partial pressure
of from 1000 to 2500 psig (7.0 to 17.3 Wpa), preferably 1000 to 2000 psig
(7.0 to 13.9 Moa), a space velocity of from0.2 to 3.0 LHSV, preferably 0.3

1 Tl W R 2

merr]/njery phent hnd the 6\Perdfye iskhb eystilie\rnoletudar sieve] can be the
sanme as int |rst hydroconver5|on uni t, al though a dlfferent

hydr oconver ﬂmmamgmnmbswmedmﬂlmemphyerasmm Sie¥Bvert ed
raffinate fro second h gconyersion unit t cold.
hydr of i ni shl"ﬂg]ﬂEFn? ﬁ@ ég‘% %%ﬁﬁm%ﬁ hese
units. Reac bﬁldtﬂé‘i‘lebaﬂkai)h Btk the tholetular slete dfid dle and i ncl ude
a tenperatur from 260 to 360[err]C; preferably 290 to 350[err]C, nore
prefer- abl pmm@cemm hydrogen partial pressure of from 1000 to 2500

psig (7.0 to 17.3 nPa), preferably 1000 to 2000 psig (7 0 to 13.9 nPa), a
space vel ocity of fromO 2 to 5.0 LHSV, preferably 0.7 to 3.0 LHSV, and a

hydrogen to feed rati qy Whﬂh@%\m n@ Oftalybtani dn{err]),-
preferably 2000 to: 4000 scf/ 6 to 712 n{er err]). The catgal yst in
the col d hyad leastinemetal from etReribdic Fable

hydr oconver sj Fbmev i c cat rts c
ST 11 oo "al untprlished b Shrestis ﬁ’&l@% q%agva@ ?gé%mim@ﬁ% oty Vi
hydr of i ni shi e#ﬂlaﬁ:ls ]g?‘gfnger to prepare a finished
basest ock, t‘%g y rocesr?verteg raH| nat romthe hydrofinishing unitis
conducted a separator, e g., avacuum stripper (or fractionation) to :
separate out | ow boili roducts jf the separtor,is,follquwe a .
catal yti c dewaxi ng stgg‘%‘ﬁwgm iy, cory lmggim,ﬁqe gp?#ide and
anmoni a o aghiteh (i Sith 08 Wid$F bl olebhlaf eve] B6m GroToWBREE MY be
situated between 't sto 93 0 ék‘;
amoxphouscomponentandfromo 1t030wt%ofmetalhydrogenahoncomponent
w:ﬂlﬁxebalancebemgmatm:matmal

Thedewawdngcatalystmayalsoincludeamauixorbindérwlﬁchis a
material resistant to process conditions and which is substantially non-catalytic
under reaction conditions. Matrix materials may be synthetic or naturally occurring
materials such as clays, silica and metal oxides. Matrix materials which are metal
oxides include single oxides such as alumina, binary compositions such as silica-
magnesia and temary compositians such as silica-alumina-zirconia.

- Process conditions in the catalytic dewaxing zone include a tempera-
tare of from 240 to 420°C, preferably 270 to 400°C, a hydrogen partial pressure of
from 3.45 to 34.5 mPa (500 to 5000 psi), preferably 5.52 to 20.7 mPa, a liquid

hourly space velocity of from 0.1 to 10 v/v/br, preferably 0.5 t0 3.0, and ahydrogen




- 13 - second hydroconversion unit and the hydrofinishing unit, but this
I s .not essenti al to produce basestocks according to the |nvent|on

The hydroconve«, g finate separated fromthe separator is tplegrusonupdesct ed
to a dewaxing unlt 8at al yti c dewaxi ng, sol vent dewaxing or a conbina- tion
may acconpli sh dewaxi ng thereof. -15- The catal ysts useful in
the catal yti c dewaxing step include crystalline 10 and 12 ring nol ecul ar
sieves and a netal hydrogenation conponent. Crystalline nolecul ar sieves

i ncl ude al ungjRaldtionirateof froared tol 1780V (500 1 30600 scEB) preferably 178 tost al | i ne
alumno sili cat eg i,ncl ude zeolites such as ZSM5, ZSM 11, ZSM 12, theta-1
(ZSMm 22), ZM’HQSM 35, ferrierite, ZSM 38, ZSM 48, ZSM 57, bet a;
nordenite and offretite. Exanples of crystalline alum num phosphat es

i ncl ude SAPO- 11, SAPO 41, SAPO 31, MAPO 11 andMAPO- 31. Preferred nol ecul ar

si eves include ZSM 5, fhfiaterhatiehBotimERE, HiediydictonvetedNiEinite from the
The dewaxing. catal yst_ may al so -contain an: am)rhous corrponent The acidity

of the anor péoldhydrofipishingtunitor 3 ﬂt;lﬂny05to
2.0 on te Kramer/MVicker a i di t sca e descri bed b e, 85, ©

anor phous m@el%b‘?m& ‘kﬁ’ﬁ% 'ﬁﬁ Wgﬁm aam di ¢
clays, sili Cﬁnﬁw 6Je'léw%ohhi‘g"isr6&d&i§. Mmpﬁgﬁgm al ly
‘preferred is s g %?ﬁ%ﬁna ' I f the dewaxi’ng catal yst
contains an gpmanymmlwsmmgtfeedmsolventataﬁnosphencpressnre separating

precipitated wax and recovering solvent for recycling. The hydroconverted raffinate
is mixed with chilled solvent to form an oil-solvent solution and precxpmwd wax is

thereafier separated by, for example filtration. The temperature and solvent are
selected so that the oil is dissolved by the chilled solvent while the wax is -
precipitated. The solvent dewaxer may then be followed by a catalytic dewaxing
step such as described above. Because solvent dewaxing typically occurs at
atmospheric pressure, it may be necessary to pressurize the solvent dewaxed oil prior
to the catalytic dewaxing step. '

A particularly suitable solvent dewaxing process involves the use of a

cooling tower where solvent is prechilled and added incrementally at several points

 along the height of the cooling tower. The oil-solvent mixture is agitated during the -
chilling step to permit substantially instantaneous mixing of the prechilled solvent

' with the oil. The prechilled solvent is added incrementally along the length of the
cooling tower so as to maintain an average chilling rate at or below 10°F/minute,
usually between about 1 to about of/mirmute, The final temperature of the oil-
solvent/precipitated wax mixture in the cooling tower will usually be between 0 and
50°F (-17.8 to 10°C). The mixture may then be sent to a scraped surface chiller to



crystal line nol ecul ar sieve/ nmetal hydrogenati on conponent/anmor phous
conponent naybe conposited together. The hydrogenati on can be dep05|ted on
each conponent separately or can be deposited on the conposited cata

In the alternaoss3zzhe crystalline nolecular sieve and anor pﬁ%’[!é’sQ? nent
can be in a -14- | ayer ed
configuration. Preferably, the top Iayeﬂﬁkn the reaction vessel is the

anor phous conponent and the lower |ayer is the crystalline nolecul ar sieve,

al t hough the configuration can be reversed w t to he

mol ecul ar sieve and t i m %és"f %ﬁﬂaﬁﬁg%@m %lﬁ 3t he

| ayered con g&%ﬁ{]ﬁ am; dewRdngt ed on both
t he nol ecul ﬂyﬁigﬁ%ﬁﬁ e&%llm)rp oué C r&tsﬁ 18 die ‘The et al

hydr ogenat i Q&nﬁwaﬁaﬁdlvéﬂnbﬂdaMMOMdtSIMSMemsbh@m one net al

fromthe Goup VIB and Goup_ VIII of the Peri bl i shed by
Sar gent - | Mp@ﬁﬂmwed&@wt@ammf%@ml&g 2 up VI11 noble

netal s, especially palladiumand platinum The dewaxi ng
catal yst may contain, based on the wei ght of total catalyst, from5 to 95
wt % of crystalline nDIRgprdsa e ﬂipﬂa%kémnahavmngGCorrponent

and fromO0.1 to 30 wt % of rret aI hydrogenatlon corrponent with the_ ba] ance
.being matri xeummomssuchasmeﬂ:yleﬂlylkemneandmethyhsobmy ketone,lowmolec ar

weight hydrocarbons such as propane and butane, and mixtures ﬂagreof. The

solvents may be mixed with other solvents such as benzene, toluene or xylene.

Further descriptions of solvent dewaxing process useful herein are disclosed in U.S.
_ Patents 3,773,650 and 3,775,288 which are incorporated herein in their entirety.

The solvent dewaxed oil may be suitable as 2 Iubricating oil base-

stock. However in the present embodiment, the solvent dewaxed oil is subjected to a
camlyﬁcdewmdngstepmﬁnﬂlerlowerﬂlgpompointusingthecamlyﬁcdewwdng
catalysts described above. The sequence of solvent dewa:cing followed by catalytic
dewaxing is designated as trim dewaxing. Asnoted previously, the dewaxing
catalyst may comprise a molecular sieve loaded with a metal hydrogenation
componengmgybeacompositc'ofametalloadedcpmbinaﬁonofcrystalﬁne

 molecular sieve and amorphous componmt or may be a layéred configuration
wherein the layers contain an amorphous component, a crystalline molecular sieve,
and a metal hydrogenation component.

In either processing sequence, i.e., 2-step hydroconversion - cold
hydrofinishing - catalytic dewaxing, or 2-step hydroconversion - cold hydrofinishing
- solvent dewaxing - catalytic dewaxing, the final catalytic dewaxing step may be
followed by a second cold hydrofinishing step under the cold hydrofinishing condi-
tions described above. This second cold hydrofinishing step would be used in those



The dewaxi ng catal yst may also include a matrix or binder which is a
“mat.erial resistant to process conditions and which is substantially
non-catal yti c ywgdggageacti on conditions. Mtrix materials mypopuspnsivetic
or naturally occurring materials such as clays, silica and netal oxides.
Matrix materials which are netal oxides.ymclude single oxides such as

al um na, by conpositions such as silica- nagnesia and ternary conpositions
such as silica-al um na-zirconi a. Process conditions in the

catal yti c destanbes where nésded soimeet girodgnt qaality reqairerherits suchas @olow ottligliter r | C,
preferably 270 to 400[err]C, a hydrogen partial pressure of from3.45 to
34.5 nPa (SOMIBBSOOO psi), preferably 5.52 to 20.7 nPa, aliquid hourly
space velocity of from0.1 to 10 v/v/hr, preferably 0.5 to 3.0, and a

hydr ogen - 15- circulation

rate of from89 to 178A1uﬁheﬁve]y lﬁepxbbeséﬁg@emadammtﬂ)ﬁrsmoﬁ erably 178
to 890 nferr]/nferr In_an alternative enbodi nent, the
hydroconvertLﬁﬂﬂﬂﬁLﬂﬁ@ﬁm@NﬁQméﬁ@W}é hydrofinishing gtepn, Thessrseguences

2 Solvent e dshng} @%ﬁ%ﬁﬁf%@m%ﬁ%ﬁ%ﬁ@% o

remove | ow b{droBshvessish Cictvent bow.

Jinvolves mxihg feed with sol vent at atnospheric pressure separ atl ng
peci pitated wax and recovering solvent for recycling.- The hydr oconvert ed

raffinate The Iubricating ol basestock produced by the process according to the
invention is characterized by the following properties: viscosity index of at least
about 100, preferably at least 105 and saturates of at least 90%, preferably at least 95

" Wt%, NOACK volatility improvement (as measured by DIN 51581) over raffinate

feedstock of at least about 3 wi%, preferably at least about 5 Wt%, at the same
viscosity within the range 3.5 to 6.5 cSt viscosity at 100°C, pour point of -15°C or
lower, and a low toxicity as determined by IP346 or phase 1 of FDA (c). IP346is a
measure of polycyclic aromatic oompounds Many of these compounds are
carcinogens or suspected carcinogens, especially those with so-called bay regions
[see Accounts Chem. Res. 17, 332(1984) for further details]. The present process
reduces these polycyclic aromatic compounds to such Jevels as to pass carcino-
genicity tests. The FDA (c) test is set forth in 21 CFR 178.3620 and is based on _
ultraviolet absorbances in the 300 to 359 nm range.

As can be seen from Figure 1, NOACK volatility is related 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 wi% NOACK volatility for a 100N oil,
then the oil should have a VI of about 110 for a product with typical-cut widh, e.g.,
5 to 50% off by GCD at 60°C. Volatility improvements can be achicved with lower
VI product by decreasing the cut width. In the Limit set by zero cut width, one can

G St
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is mxed with chilled solvent to forman oil-solvent solution and
precipitated wax is thereafter separated by, for exanple filtration. The
tenperature and solvent are selected so that the oil is dissolved by the
chilled sol verlO®#I387 t he wax is precipitated. The solvent deRfEI??RA8¢t hen
be followed by a catal yti c dewaxi ng steggsuch as descri bed above. Because
sol vent dewaxing typically occurs at atA®spheric pressure, it may be
necessary to pressurize the solvent dewaxed oil prior to the catalytic

o1 ooess i noREE2ZHA Q%C;Kaplaahwap‘*ﬁg%ﬁﬁ%ﬁ%é&& B s AR, T

added i ncrenEFé]ﬂqux ?mhﬂt the height of the cooling’
tower. The ol l-solvent mxtur 'S agﬂated during the chilling step to
permt substantially i nstant aneous mi xing of the prechilled solvent with

tﬂ:_gi)l)l. | ;I;Set g\r/v:‘r:hlslal ﬁol v§nt Js addeg! r}ﬁreﬁnt amglxyiragagog{\e Ie th of
fehperat ’”‘Wﬁ*ﬁfﬁmﬁ‘ﬁ@%ﬂﬁ% s fosh SeBHRN Icbhf ieldsinioe Tho Lg,“a'-

tower will Ufiddeds)of b ivainton.FartentoeBotl hydfodratiing ﬁi&pmd:@essiﬂeasn xture
may then be sent to a scraped surface Chl |l er tg sep argﬁ A Slel pi tated wax

fromthe ni xwexisomerization destroy most of the molecular species re: - 16-

!PqS?S?Q‘S‘Iid%%g%af%lﬁgw%%ﬂ%@%&gﬁﬁhﬁ s °° ©
dewaxi ng t'emﬂﬁtmyﬁ&ﬁ@ﬁwwwwawm&d&&hﬂm 5/1.

The sol vent dewaxed oil is typically devvaxed to a pour point from +10[err]C
to -20C. if any, wax conversion.

The process of the invention is farther illustrated by Figure 2. The
feed 8 to vacuum pipestill 10 is typically an atmospheric reduced crude from an
atmospheric pipestill (not shown). Various distillate cuts shown as 12 (light), 14
(medium) and 16 (heavy) may be sent to solvent extraction unit 30 via line 1.
These distillate cuts may range from about 200°C to about 650°C. The bottoms from
vacuum pipestill 10 may be sent through line 22 to a coker, a visbreaker ora
deasphalhngexﬂachonmntZOwh«eﬂxebouomsamcontactedmthadeasphalung
solventsnchaspropane, butane or pentane. The deasphalted oil may be combmed

' mthd:sﬁllateﬁomﬁevacmunpxpeshlllOﬂuoughlmeZGpmwdedthatthe
deasphalted oil has a boiling point no greater than about 650°C or is preferably sent
onforﬁxrtherpmcessmgﬂnoughhne% The bottoms from deasphalter 20 can be
sentmav:sbreakerorusedforasphaltpmdmuon. Other refinery streams may also
beaddedtoﬂ;efeedtoﬂzeexﬂachonumtﬂ;rngh]meZSpmvxdedﬁxeymeetﬂle
feedstock criteria described previously for raffinate feedstock.

- __In extraction unit 30, the distillate cuts are solvent extracted with N-
methyl pyrrolidone and the extraction unit is preferably operated in countercurrent



Represent ative dewaxing solvents are aliphatic ketones having 3-6 carbon
atonms such as nethyl ethyl ketone and nethyl isobutyl ketone, |ow nolecul ar

wei gt hydr oCarf® b §,§ch as propane and butane, and m xtures tperessom3108€
solvents may be m xed with other solvents such as benzene, toluene or

xyl ene. Further descriptions of solventjglewaxi ng process useful herein are
disclosed in U S. Patents 3,773,650 and 3,775,288 which are i ncor porated
herein in their entirely. The sol vent dewaxed oil my be

suitabl e as xﬁodwmhewvmgmﬂmhqmeﬂmpuamumdpmm@vmmm
enbodi nent, the solvent dewaxed oil is subjected to a catal ytic dewaxing
eogm}ﬁhﬂp&mequ ¢ a$CPATAtion InfQ

step to fur tselvent atal ysts

Gonexi ng i < AR AR SRy R R TRREM A EmO Bl T,

catal yst nayicaQiiith dperdte o aft Condel estradtion” arded. emdgieammmbf%mwt i on
conponent, nmay be a conposite of a rret al Ioaded conbi nation of crystalline

T e e e ey o LB S oL ot o
| S | u
Seve, "and JobE Bmﬁhm”‘%éoﬁ%aazﬁ%%p‘ﬁu i oot iugf 34

processing sg %ﬁ@ﬂt@k{ﬁpﬂ& unit363 Siﬁpﬁﬁd@b%ﬁf‘ié%éﬁt‘ﬂ% fifé 98 Rordesyidlimgshi ng -
catal ytic dewaxing or 2-step hydroconversion - cold hydrofinishing - '
sol vent deweaaidrstripped saffingte isconducted thpoughilinef4Orta firsthydfoponversionmnit 43. st ep

may be foll owed by a second cold hydrofinishing step under the cold
hydr of i ni shing condi- tions described above. This second cold

hydrofinishing step V‘%E‘iir&‘ﬁy&%@dmkﬁiﬁf‘ﬁﬁﬂz contains KF-840 catalyst which is
| nickel/molybdenum on an alumina support and available from Akzo Nobel.

Hydrogen is admitted to unit or reactor 42 through line 44. Gas chromatographic
comparisons of the hydroconverted raffinate indicate that almost no wax isomeriza-
tion is taking place. While not wishing to be bound to any particular theory since the
precise mechanism for the VI increase which ocours in this stage is not known with
certainty, it is known that heteroatoms are being removed, aromatic rings are being
saturated and naphthene rings, particularly multi-ring naphthenes, are selectively

| Hydmconvertedraﬁnalz from hydroconversmn unit 42 is conducted
ﬁlmughhne46mheatexchmger48whereﬂ1ehydroconvmdmﬂinatestemmay
be cooled if desired. The cooled raffinate stream is conducted through line 50 to a
 second hydroconversion unit 52. Additional hydrogen, if needed, 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 theary, it is believed that the capability to operate the
second unit 52 at lower temperature. shifts the equilibrium conversion between
—-'sauuatedspeci&smdoﬂmmsahnatedhydrocubmsped&sbmkmwudsinmased




-17 - instances where needed to neet product quality requirenents such as
color or light stability. Alternatively, the processing
sequences may omt the first cold hydrofinishing step and use on@y a fina
col d hydrof i niWMPMY32t ep. These sequences are defined as 2- stRGF/USI03108
hydr oconversion - catal ytic. dewaxing - cold hydrofnishing, or

hydr oconversi on - sol vet dewaxing - carapytic dewaxi ng - cold

hydr of i ni shi ng. The lubricating oil basestock produced by

the process according to the.invention is characterized b he foll ow ng

prgpert i est mw‘gﬁ@ %W&S‘Fc%?ﬁ’g‘fmfﬂ %S?H"@% Fé‘b*’ A, e?st I10t5
and saturate ﬁ@gﬁg J,pg)e volatility
i mpr ovenent Eas negreure [g?f' 1@1;k ovef rafti ate feedstock of at |east

about 3 wt % tepipefaturelahd webshym&y&d@nmmmm viscosity within
the range 3.5 to 6.5 cSt viscosity at 100[err]C, pour point of -15C or
| oner, and alowmoxicity as determ ned by 1P346 or phase 1 of FDA (c). |P346

is a neasure of pol ycyﬁ%ﬁrﬁcﬁf\&%hﬁm %‘&ﬁ] 4 iRssphasERAUpds are
carci nogens or suspected carcl hogens, especl aIF ose W th so-called bay
regi ons [ seea fecond hester@xchangerS6. Ammniﬁbﬁﬂld)eatmmmddehmughbﬂts] The

pretsent process reduces Hﬁiy golé &ﬁ arQmatic c % 3353}53 lg\{elclséR
as to pass cexchangsr HE&P&R ?ﬂndl‘@?é
range. a”d%ﬁﬁﬁﬁﬂg%%%%@ﬁr WW%@ ty is

rel ated to \ihahhiossof hpdreconversionainiis 42 and 52 FTemperamedrnd spacewelocityfimgure 1
is for a light basestock (about 100N). |f the goal is to nmeet a 22 wm %

NOACK vol at i ¢eld d@ﬁnehmomt&qmsmlbﬁ@@ﬂuceéh@MIMQb%lwd%e >dBout 110

];38{ e?r f?%/%&ﬂ%éé% scﬁé'@’%@bac %\?gg@mgtw%%%ﬁggct by

decreasi ng t hutiup the binbenttatioh b€ pbliyiidlea? afonkifics &y verg low levels.h, one can

Hydrofinished raffinate is then conducted through line 64 to separator
- 68. Light liquid products and gases are separated and removed through line 72. The
remaining hydrofinished raffinate is conducted through line 70 to dewaxing unit 74.
Dewaxing may occur by the use of solvents introduced through line 78 which may
be followed by cooling, by catalytic dewaxing or by a combination thereof. If
dewmnnglmlt74uﬁhzessolventdewamng,ﬂlenhydroﬁmshedmfﬁnatemaybe |
oonductedd1recﬂyﬁomreachor60todewmnngumt74mdmutgomgﬂnrough
separator 68. The solvent dewaxed oil from unit 74 may then be sent to a second
dewaxing unit (not shown) wherein catalytic dewaxing of the solvent dewaxed oil
‘occurs. If dewaxing unit 74 utilizes catalytic dewaxing, then the hydrofinished
raffinate from reactor 60 should go through separator 68 before being conducted to
dewaxing unit 74. Catalytic dewaxing involves selective hydrocracking with or
without hydroisomerization as a means to create low pour point lubricant basestocks.
Solvent dewaxing with optional cooling separates waxy molecules from the hydro-
converted lubricant basestock thereby lowering the pour point. In markets where



meet 22% NOACK volatility at a VI of about 100. However, this approach,
using distillation alone, incurs significant yield debits.

Hydr ocr acki ng _j 9’2{@% capabl e of producing high VI, and conseggpisdexsiedW
NOACK vol at i | i“(?s/ stocks but is less selective (lower yields) than the

process of the invention. Furthernmore bejh hydrocracking and processes such
as ‘'wax i s isonerization destroy nost of the nol ecul ar species responsible
for the .solvency properties of solvent refined oils. The latter al'so uses

wax as a fe%dﬁleg ViRfdeRydrbfifisitdafitateds pfefarably tofatied with hethpl eserve wax
tan%oeslltle, I f any, ly i

as a produc wax  conver si on. _ The
process of twmbmwwméer%mM@ered 8 to
| |

vacuum pi pestill” 10 i's typica an at nospheri ¢ reduced crude. f.rom an

“at nospheri ¢ mmm@o&w\épmﬂl@% Em@pdﬁgm@‘hage%h as 12
(l'ight), 14 (nedi and. 16, .(heay M Sepnts. sol vent extraction unit. .
30 via line 1%510"#@@8&(1%%&&?% %ﬁ%’m about 200[err]C to
about 650[err]C. "The bottoms from vacuum pipestill 10 may be sent through

line 22 to a coker, a visbreaker or a deasphalting extraction unit 20 where
the bottoms are contr 3¥hileingtiwishing Epane,

ishing teebes hovdy gy dasorss e fa N '

D bt e R, R
has a boi | i ngmPef dlf saltate SMESE pakafiv dHdGstpahifihs. O thepreseat raffilvity hydrot

conversion process, under-extracted (e.g. 92 VI) light and medium raffinates inchud-

ing isoparaffins, n-paraffins, naphﬂldles and aromatics having from 1 to about 6

rings are processed over a non-acidic catalystwhichpﬁmaﬁly operates to (a)

hydrogenate ammaﬁcﬁngstonaphthénésind(b)convertﬁngcompoundstoleave

isoparaffins in the lubes boiling range by either dealkylation or by ring opening of

naphthenes. The catalyst is not an isomerization catalyst and therefore leaves

paraffinic species in the feed largely unaffected. High melting paraffins and

isoparaffing are removed by a subsequent dewaxing step. Thus other than residual

wax the saturates content of a dewaxed oil product is a function of the irreversible

conversion of rings to isoparaffins and the reversible formation of naphthenes from

- aromatic species. |

Toachieveabasestockiiscosityindeitarget, e.g., 110 VI, for a fixed
catalyst charge and feed rates, hydroconversion reactor temperature is the primary
driver. Temperature sets the conversion (arbitrarily measured here as the conversion
0 370°C-) which is nearly linearly related to the V1 increase, irrespective of
pressure. This is shown in Figure 3 relating the VI increase (VI HOP) to conversion.
‘Fora fixed pressure, the saturates content of the product depends on the conversion,

_ie,, 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




on for further processing through line 24. The bottons from deasphal ter 20
can be-sent to a visbreaker or used for asphalt production. Order refinery
streans may al so be added to the feed to the extraction unit through |ine
28 provi ded t N&YIWIR? t he feedstock criteria described previ oRSHYSPEP108

raf finate feedst ock. _ In extraction unit 30, the distillate
cuts are solvent extracted with N neth??‘pyrrolidone and the extraction
unit is preferably operated in countercurrent

-19- node. _he.solyent-to-ratio [ ' wat er
1 he Sol vAn0G A tHEgemeapanaing b Ot bt A AR Aty oP B ks

separ ati on iJpop vyog) ' ' fat biNgticve 3000 Pig €7.0 Hiktd) 35, THeWewvex! r act .
The present process permts the extrac- tion uni-t to operate to an "under
extraction” p 5t dbactiviited Ve ine sddh that thé teipeiativeasquiredith achiewvecthéi ns rich
raffinate phase. The aromatics rich extract phase is sent for further
processi ng tsamgcgnvérsion (@l the same ¥ mmstbe i Ovendyearggriodtheigh | i ne
34 to solvent strippi

ing.unit 36.,.9t1] d saqlvent,is sent r i ne 38
for recycli W&W%lﬁiébﬁﬁwﬂgﬁ%%ﬁ%&ﬁ%&% to first
hydroconver syfuitpiredifre. A typical deactivation pFilefid Ik FSpRYanshion unit 42
cont ai ns KF- catal yst \ﬁlmca}s ni ck(glll m)l'gbdenum on ang‘gIEUm na support
and avai | abl shoivs tempéramre\sta-functigniofadays on eil atiaifixed pressire; Nintmest r eact or 42
t hrough |ine 44. Gas chr.omat ogr aphi 0 i sgns of the hydroconverted
raffinate i W@%W@IWG@%”M? Y/i%aﬁ.-“?‘isﬁ)ﬂmf?n%ﬁ?ﬁﬂﬁsﬁ ace.

Whi l e not wi gl éﬂﬁﬂuﬁaﬁﬂ&aﬂar\m e tspg&ésweﬁmp}&&cpﬁeci se
mechani smfo&%ﬁeﬁoﬁcﬁase Ich occurs in thi'S stage is not known with
determined only by the reactor temperature, i.e., the naphthene population reaches

Thus as the reactor temperature increases from about 350°C, saturates
will decline along a smooth curve defining a product of fixed VL. Figure 5 shows
three typical curves for & fixed product of 112 VI derived from a 92 VI feed by
operating at a fixed conversion. Saturates are higher for a higher pressure process in
accord with simple equilibrium considerations. Each curve shows saturates falling
steadily with temperatures increasing above 350°C. At 600 psig (4.24 mPa) H;, the
process is incapable of simultaneously meeting the VI target and the required
satarates (90+wt%). The projected temperature needed to achieve 90+ wi%
saturates at 600 psig (4.24 mPa) is well below that which can be reasonably achieved
with the preferred catalyst for this process at any reasonable feed rate/catatyst
charge. However, at 1000 psig H, and‘above,ﬂlecatalystcansinnﬂtaneously
achieve 90 wt% saturates and the target VI. |

An important aspect of the invention is that a temperature staging
strategy can be 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




certainty, it is known that heteroatons are being renoved, aromatic rings
are being saturated and naphthene rings, particularly multi-ring

napht henes, a:ﬁgﬂig“&g; ively elininated. wdrow%g&?%o%eat

raffinate from hydrocConversion unit 42 is conducted through |ine
exhanger 48 where the hydroconverted rafdd nate stream may be cool ed if
desired. The cooled raffinate streamis conducted through line 50 to a
second hydroconversion unit 52. Additional hydrogen, if needed, is added

through Iin Pola aﬁﬁmymd;gasﬁaﬁ/wyﬁwﬁmﬁmmmﬁtat a | ower
tenperature v\/n%gr‘\i requsi red to adjust product quality) than the first

hydr oconver semployed in tygicalydracrackingdchemes; The frosentiprosessiajsotavomdsyhe it i s
believed. that, the capability, to opergie the secqnd ,unit. .52 at |o . )
‘tenperat ure Y t@%ﬁmﬁsﬁ%@m&%ﬂmﬁ%ﬁ%s and
ot her unsat %’&Q@Ydﬂ %@éﬂmﬁ%ﬁ' m%ﬁﬂﬁﬁéjﬂisﬁﬁmmxﬁ'

-20- satu?igt es ncé%ts?at-' on. “In ﬁi]xlcg way, the concentration o}tysaturat es

can be mai n-using # eascading teamaperature profile@vet 3 reagtorpwithoutre edpensiveninsetibing t he
conmbi nation of tenperature apnd space velocity in cond hydr.oconver si on
it 5. " of sppibg, recomppHoR SR Srossnaae 7, AL AR AR B oot ed
t hrough |ine t -Pﬁﬁﬁ'%ﬁqn '@%)gﬁm : : o '%ﬁg@l heat is
renoved throﬁéﬁ‘sf@g ex angtelfS -,-,%W%H?g%ﬁéer e’c’ngqug lnate is

conduct ed t hest@lled proeess3 to col d

Toxicity of the basestock s adjusted in the cold hydrofinishing step.
For a given target VI, the toxicity may be adjusted by controlling the temperature
and pressure. This is illustrated in Figure 6 which shows that higher pressures
allows a greater temperature range to correct toxicity. '

The invention is further illustrated by the following non-limiting
examples.

EXAMPLE 1

Thmexamplesmmnmzes fanctions ofeachréacforA,BaﬁdC.
Reactors A and B affect VI though A is controlling. Each reactor can contribute to
saturates, but Reactors B and C may be used to control saturates. Toxicity is

controlled primarily by reactor C.
TABLE 1
Product Parameter ReactorA Reactor B Reactor C
VI - X X :
Saturates X X




hydrof i ni shing unit 60. Tenperatures in the hydrofinishing unit 60 are nore
mld than those of hydroconversion units 42 and 52. Tenperature and space
velocity in cold hydrofinishing unit 60 are controlled to reduce the
toxicity to | owo%eNa’s, i.e., to a level sufficiently |ow to ReI4SIYPAMRIar d
toxicity tests. This may be acconplished by reduci ng the concentration of
pol ynucl ear aromatics to very | ow | evet2d- _ - Hydr of i ni shed
raffinate is then conducted through line 64 to separator 68. Light liquid
products and gases are separated and renoved through line 72. The remaini ng
hydr of i ni sh _ #héte i s conducted through line 70 to dewaxing unit 74.
Dewaxi ng may occur by the use of solvents introduced through |Iine 78 which
may be foll owed by cooling, by catal ytic dewaxi ng or by a conbination
thereof. |f dewaxi ng Thistexdrpletilthstraes dieprodidt qaslivgof bils obithiaed frpnrthé i ni shed
raffinate may be conduct ed dlrectly fromreactor 60 to demaX|ng unit 74
tiw. Regetionopditions) quality Sl for

W t hout goi rRJOcess t 74

devaxing of %ﬂ@w@%@fﬁmmﬁfﬁ%ﬁ%@%ﬂﬁ?%ﬁi ' zes

catal yti c dewaxing then the hydrofinished raffinate fromreactor 60 should
go through separator 68 before being conducted to dewaxing unit 74.

Cat al yti ¢’ dewaxi ng i nvAsican be sesndoom WM(M@W d gfoekout

ng;glt zgrknssrl &3 oaﬁwwreat&% #hfg’g es wag‘% nol ecul es

from the hydpgex 88\ with Adjustiét of the taHaMofe¢f roatENT, ﬂia\pegsmetd keeppour

poi nt I n markets where -21 -

waxes are vatatusates ahove 90 witisfor therentire mn length:withait compromisiag toxieitst(as t h

et hy| | md1catedbyDMSOscreenermult; see Example 6). A combination of higher
tempaauneandlowerspacevelocltymreactorC(evmatendofnmcondmonsm
reacmAandB)producedevenhlghersaunates, 96.2%. For a 100N feed stock,
end-of-run product with greaterthan 90% saturates may be obtained with reactor C
operating as low as 290C at 2.5 v/v/h (Table 3).



i sobutyl ketone followed by the DILCH LL[err] Dewaxing Process devel oped by
Exxon. This nmethod is well known in the art. Finished |ubricant basestock
is renoved through line 76 and waxy product through |ine 80.

Wi | e not wi siW@8%32be bound by any theory, the factors affegﬂ"Hﬁ”mws
saturates, VI and toxicity are discussed as follows. The term "saturates"”
refers to the sumof all saturated rirmds~ paraffins-and isoparaffins. The
present raffinate hydro- conversion process, under-extracted (e.g. 92 VI)
light and mediumraffinates includ- ing isoparaffins, n-paraffins, :
napt henes and ar gmati having from 1l to about 6 rings are processed over a

non- aci di ¢ cat al yist cE p@di fBrily operates to (a) hydrogenate aromatic
rings to napht henes (b) convert rin corm,gunds_toﬂle ve isoparaffins in
t he | ubes boilingrange by either deal ﬁgaﬁi oi¢] G-:F %/ 'i§ opghi ng of . -
napht henes. The- i PatPon catal'yst and therefore

t adiys§t o SN, an i so
| eaves paraffini CI spﬁ@es i§ the feed largely unaffected. H gh nelting
paraffins and i sopafaffins are renpved by a subsequent dewaxing step. Thus
ot her than resi dgat—wax—ttre—satur at es—Tomtemt—of—adewaxed-of I product is a
function of the i¢reyegsible conversion of rings to isoparaffins and the
reversi bl e format _og @npﬂt H@nes from aromatic species. '
To achi eve a baseSt adkZlvi scosity ‘i ndex grg.etm- € 9y 11 VvI, for a fixed

catal yst charge d feed rates, hydroco eﬁsiﬁnzeqctﬁr "ol‘.errpﬁture is the
primary driver. Tenperature sets the conversi®n (arbitrarily neasured here
as the conversionjt go§r§ @) which is nearly linearly related to te VI

i ncrease, irrespettisweo pressur% This is shown in Figure 3 relating the
VI increase (VI HOR—to-conversi ofy, Fer—a—fixed—presst-e—the—sat urat es
content of the product_depends on ®he conversion, i.e., the VI achieved,
and the tenperatufe Befuis ceh two aghi eve coversion. At .start of run on a
typical feed, thejt r& ure ?‘eqtgred to achieve the target VI may be only
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-22- 350C and the corresponding saturates of the dewaxed oil wll normally
be in excess of 90 wt% for processes operating at or above 1000 psig (7.0
nPa) H2. However, the catal yst deactivates with tinme such that the

t enperature r MAPYHEE% 0 achi eve the same conversion (and t he PSIHSR3N08 st
be increased. Over a 2 year period, the _tenperature may increase by 25 to
50C dependi ng on the catal yst; feed and?Pne operating pressure. A typical
deactivation profile is illustrated in Figure 4 which shows tenperature as
a function of days on oil at a fixed f@gﬁge I n nbst circunstances, with
process rates of about 1.0 v/v/hr or nd tenperatures in excess of
350C, the saturates associated with the,ring species left i e product
are determned only by the reacfor tenp¢ratuar ,ORT'E'."," rrrn';&é{?gw

popul ati on reaches the equilibr|um val u¢ Temps hattHSVperemp.e. LHSV

Thus as the reactor .tenperature| i Reactowrs¢s (CEYmM afdwbr)350@Chat Uvadkd wil |
decl ine .al ong a snooth curve del‘i"ni,gg a pr$§§i|ct' ofo.gix d . Fig £ 5 shows
three typical curves for a fixefd prioducy o 12 VI™derijve roma 92 Vi
feed by operating at a fixed cohverBi on| S3§arat esl.zare|hi3gder fon2a hi gher
pressure .process. in accord wthjsi gel e qu#' briu ongi dﬁ?ati oni. Each
curve shows saturates falling steadvrly Wt enperat ur és Creast r?g above
350[err]C. At 600 psig (4.24 nPa) Herr], the process is incapable of

si mul t aneous# P Cohditlorish 4800 psig(135tmPe) Myt iRt pressure, 240G SUEB @RI /MS):. Wt %) .
The projected tenperature needed to achieve 90+ wt % saturates at 600 psig

(4.24 nPa) i at  whi ' 51 be reasonably achieved with the
preferred ca y . ro:é gny re abl e feed rﬁ cat al yst
charge. However at 1000 psig H er nd abov he cafal yst

si mul t aneous190°Ec¥iseRsitygePtue o6 sht ufdbes |and t 9t arget v, 3.83
An i npor t ant 4@P€hWiscosity; o i nventi 3286 that alB@Aperatyre stBPhg strategy

“can be appl i Viscosity@ndext ai n sat uf at €35 at [90+ wt Y0¥ or pr¢cess @d@ssures of
Pour Point, °C . =18 -18 -18
Saturates, wi% 64.6 929 93.3
DMSO Screener for - 025 0.01 : 0.03
toxicity (2) : : .
370°C+ Yield, wt% on 93 g0 - .| 7
raffinate feed

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

EXAMPLE 3

The effect of temperature and pressure on the concentration of
saturates (dewaxed oil) at constant VI is shown in this example for processing the
under extracted 250N raffinate feed. Dewaxed product saturates equilibrium plots

- (Figure 5) were obtained at 600, 1200 and 1800 psig (4.24, 8.38 and 12.5 mPa) Hy
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).



1000 psig (7.0 nmPa) Herr] or above w thout di sengagenent of sour gas and
wi t hout the ' -23 - use of a
pol ar sensitiv ﬁ,ozbéﬁhggenat i on catal yst such as massive ni ckel H@E d/63108
enpl oyed in typi ydrocracki ng schenes. The present process also avol ds
the higher tenperatures and pressures Qhzthe conventional hydr ocr acki ng
process. This is acconplished by separafting the functions to achieve VI,
saturates and toxicity using a cascading tenperature profile over 3
reactors wthout the expensive insertion of stripping reconpression and

hydr ogenation steps. APl Goup Il and Il base- 'stocks (APl Publication
1509) can be produced Aimhclscgiﬁomlthﬁguretm;)m ible ¢machieve ¥wtdbocess.
“Toxicity of the base t ock ted in the cold hy f1n shln step. For
a given tar gifurgies M a?xaemrasw

terrperature the oﬁﬂﬂi@ t hat
hi gher pressures al | oWs %reater terrperature rgn;ge tgé) correct toxicity.

The invent i Oimpractically loer. mmmmmmwmwdmommmmg
exanpl es. s%)saée%gcitjiesisaboutlooopsigﬁ.OmPa). Increasing the pressure increases 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

Thecatalystdeacuvauonproﬁleasreﬂectedbytemperamreqmred
tommntamproductqualnyls shown in this example. Figure 4 is a typical plot of

mothmmaltemperaune(forreactorA,noreactorB)requn'edtqmammmaW
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 in
pmdnctsatmatesasreactorAtgmperatureisincrease@areshownbelow.

" EXAMPLE 5

This example demonstrates the effect of temperature staging between
the first (reactor A) and second (reactor B) hydroconversion units to achieve the
desired saturates content for a 1400 psig (9.75 mPa) H; process with a 93 VI




Thi s exanpl e surmari zes functions of each reactor A, B and C Reactors A
and B affect VI though Ais controlling. Each reactor can contribute to
saturates, but Reactors B and C nay be used to control satur city
is control | ed WR9 v by reactor C. FEiussdE

TABLE 1 Product Par aneter Reag&gr_ A React or B
Reactor C Vi : X X
Sat ur at es X X
Toxi ci ty - X
-24 - EXAMPLE 2 ThiTsAg;('gr‘r‘pl e illustrates the product
- quality of oils obtained fromthe process cording to the Il nvention.
Reaction conditions and product quality dat or start of f® ) and end
of run (EOR) are suritgetorSeAuencerapl es 2_andCase S can be
seen fromthe data in Table 2 for the 250 tock, reactor nd B
operate at conditions sufficient Eﬁ %ﬁgesi red 'zﬁco%ndex, .
then, with adjustnent of the terrperature or C i S le to
keep 0.7 390 0.7
B 390 12 350 0.5
C 290 25 290 - 25
Dewaxed Oil Viscosity Index 114 115
Dewaxed Oil Saturates, wi% _ 80 96

A comparison of the base case versus the temperature staged case
demonstrates the merit of operaﬁngreqctor B at lower temperature and space
velocities. The bulk saturates content of the product was restored to the thermo-
dynamic equilibrium at the temperature of reactor B. ' '

EXAMPLE 6

The effects of temperature and pressure in the cold hydrofinishing unit
(eeactor C) on toxicity are shown in this example. ‘The toxicity is estimated using a
d:methyl sulphoxide (DMSO) based screener test developed as a surrogate for the
- FDA(c)tr,st. The screener and the FDA (c)testareboihbasedonﬂleulua-wolet
spectrum of a DMSO extract. The maximum absorbance at 345+/-5 nm in the
screener test was slmwntocon'elatewellwiﬂlﬂlemnhmnnabsdrhancebetween
300-359 um in the FDA (c) test as shown in Figure 8. The upper limit of acceptable
toxicity using the screener test is 0.16 absorbance units, As shown in Figure 6,
operating at 1800 psig (12.7 Mpa) versus 1200 psig (8.38 Mpa) hydrogen partial
pressure allows the use of a much broader temperature range (e.g., 290 to ~360°C
 versus a maximum of only about 315°C when operating at 1200 psig H; (8.35 Mpa))
in the cold hydrofinisher to achieve a non-toxic product. The next example



saturates above 90 wt% for the entire run length w thout conprom sing
toxicity (as indicated by DMSO screener result; see Exanple 6). A

conbi nati on of higher tenperature and | ower space velocity in reactor C
(even at end dT"oPgﬂ%’onditions in reactors A and B) produced &SNS
saturates, 96.2% For a 100N feed stock,_end-of-run product with greater

t han 90% sat urates nay be obt ai ned wit h-#®actor C operating as | ow as 290C

at 2.5 v/v/h (Table 3). - 25 - | Elo", [err]
Ség . demonsrates thathighersannatesnm-m;%%&?cts canbemadewhwerLHSV
Tenp. LHSVjg at higher temperature. React or ([err]C) (v/v/hr)

([err]C (v/vlhr) A 355 - 0.7
' 0.7 _

394

EXAMPLE 7

This example is directed to the use of the cold hydrofinishing (reactor
C) unit to optimize saturates content of the oil product. Reactors AandBwere
operated at 1800 psig (12.7 mPs) hydrogen partial pressure, 2400 scf/B (427 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 VIZSONraﬁnatefeed. 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 velocities of 2.5 v/v/hr.
At lower LHSV, saturates in excess of 95% are achiéved. |

TABLE 5
_ . RUNS

Run Number - : 1 2 3 4
.. Temperature, °C ' 290 330 350 350

LHSV, v/iv/hr ' 25 . 25 25 . 10

Hp Pressure, psig ' 1800 '1800° 1800 1800

Treat Gas Rate, SCF/B 2400 2400 2400 2400

DWO VI 115 114 115 114

DWO Saturates, wit% : 85 88 91 9

DMSO Screener for Toxicity(1) 0.06 0.05 0.10 0.04

(§)) Maxumnn ultra-violet absorbance at 340-350 nm

Figme 7ﬁnﬂ1erillus&atesﬂ1eﬂwn°bleuscofrmctorC. As shown in
Figure 7, optimization of reactor C by controlling temperature and space velocity
gives Group II basestocks.



355 1.2 394 1.2

B

C : 290 2.5 290 2.5 * Oher Cond| tions: 1800 psig
(12.5 nmPa) Herr] inlet pressure, 2400 scf/B (427 nferr]/merr]). Dewaxed
Q| Propertiesyooold@$H (1) Feed PCT/US99/03108 SOR
EOR 100[err] C Viscosity, cSt 4. 35 3.91 3.83
40C Vi scosi ty cSt . 22.86 - -30.8. 23 17.36 Viscosity
| ndex 95 108 : 112 Pour Point,C
-18 -18 -18 Saturates, W% 64. 6
99 EXAMPI¥38 3 DVSO Screener for 0. 25 0.01

0.03 toxicity (2) 370G+ Yield, w % on 93 80

75 raffinate feed (1) 95 VI under extraced feed. (2) l\/axi mum ul tra- vi ol et

absorbance at 340 to %i&iamup W;ﬁ‘?‘ sSmig of
tenperature and pressure on ¥1e concentration o‘? saturat es igewaxed oil) at

constant VI dewakbduils ¢ah Helu m&mmchg Thecupgraiiing efdowact ed
250N raffi nate feed Devvaxe roduct saturat es eq | briu | ot,s (F| gure 5)
wer e obt ai nevalug il streyos t o

isrshown
‘EEE}SEUEEM t%ﬁggmﬁ?gﬁ‘%gﬁ reag%x?)srﬁg&%a;L ?’E wer e operg'?l ;8 521:100

the same tergaed aitherdireitly 6 afoatierifsfock withhirider eifacted raffinates or

' . dewaxed oils. Inthe 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. Twogrades of foots oil, a SOON and
150N, were used as feeds.

TABLE 6
500N 150 N
: ' Feed Product Feed  Product
Temperature, °C (Reactor A/B) - 354 - 354
Treat Gas rate (TGR), Scf/B, (m’/m’) - 500(89) -  500(89)
Hydrogen partial pressure, psig (mPa) - 650 (4.58) -  650(4.58)
LHSV, viv/hr (Reactor A+B) - 10 - 1.0
wt% 370°C - on feed | 0.22 3.12 .10 2.0
370°C+DWOInspections - .~ . .. . . ... em ot
40°C viscosity, ¢St~ " 71.01 4880 2501 1757
100°C viscosity, ¢St 8.85 7.27 477 4.01
VI/Pour Point, °C 97/-15  109-17% 111/-8 129/-9%
Saturates, wi% | - 734 8280 7903 88.57W
" GCD NOACK, wt% o 42 80 198 233 .
Dry Wax, wt% : 667 = 679 836 833
DWO Yield, wt% of Foots Oil Feed 332 311 162 159

M Sahn'atesmprovementwillbelngherathighmhydrogmpresms
@ Excellent blend stock -



-27- As can 'be seen.fromthe figure it is not possible to
achieve 90 wmt % saturates at. 600 psig (4.14 nPa) hydrogen partial pressure.

Wil e .i n theor*oggn zgo_ul d reduce th_e tenperature to reach th‘ic%ﬁxé%t%@ms
target, the space’velocity would be inpractically |ow. The m ninum pressure

to achieve the 90 wt% at reasonabl e spacq velocities is about 1000 psig
(7.0 nmPa). Increasing the pressure increases the tenperature range which
may be used in the first two reactors (reactor A and B). A practical upper

limt to pressure is ol bt dbStable BasERodiHAl 2 cﬁﬁ@%g%gr
hydr ocrackers, which fﬁ%bhggc%%%ss ofwﬁg |nveinét|on can gﬁ%%ﬁ LE 4
The cat al yst Viiaatd saterates contentcend| acvaluableswireproductican be nqeeveredi frony fegtsiailed t o
mai ntai n product quality is sho in this exanple. Figyre 4 isa typical
pl ot of isotheﬂeﬂﬂattsﬂ?ﬁéﬁ'aa‘t@? mwneﬂwsmaeneﬁ&rf@wﬁaﬂmms%red to
maintain a V4 4 . | |- r %BWEF al yst
‘was used for%@?@g éﬁ%ﬁ%&@p@%ﬁreac o‘rﬁé}%’lﬁé"glg :

t enper at ur eswagwhileiimprovigethe vuslitp of theQbsultadtGasd bil produtt af f ect the product
saturates content. Strategies to offset a decline 1n product saturates as

reactor A tenperature is increased are shown below. —~EXAME 5
EXAMPLE 9

This example illustrates the advantage of catalytic trim dewaxing a
solvent dewaxed hydrotreated raffinate. The trim catalytic dewaxed products, even
though they have lower VI, have much better low temperature properties ( products
as defined by lower Brookfield Viscosity ) than the corresponding solvent dewaxed
feed. Trim dewaxing refers to the process of solvent dewaxing followed by catalytic
dewaxing,

A raffinate product made under the conditions in Table 7 was topped
at 370°C to give a 370°C+ product which was solvent dewaxed using MIBK in a 3:1
-solventmmfﬁnatepmductmﬁoéndaﬁltertcmpmof-zvcmmake a
 dewaxed cil having the properties shown in Table 8. |




Thi s exanpl e denonstrates the effect of -tenperature staging between the
first (reactor A) and second (reactor B) hydroconversion units to achieve
the desired saturates content for a 1400 psig (9.75 nPa) H er clmPsrocess

with a 93 VI wodiaiaze feed. 99/03108

- 28- TABLE 4

Base Tenper at ur e -32-React or Sequence: Case
St aged Case . . React or T LHSV

T LHSV - A 390 0.7 390
0.7 | - | - BABLEZ9p 1.2 350 0.5
C 290 2.5 290 2.5 Dewaxed G Viscosity |ndex

114 1 Piocese@onditio | Saturates, w % 80

96 A conparison of -the base case versus the tenperature

st aged case denonst r atpepChidtigiy it Of operating reactor B at |ower

tenperature and space &6s. The bul k- satllgogtﬁ‘tmj ent of the product
was restored to the thf\éﬁo am c equilibri. Wk /fne’“rperature of

reactor B. Space Velocity, vivh 07
Temperature, °C 375
R2 Conditions :

Pressure, psig 1800
TGR, scf/B 2400 (427 m*/m’)
Space Velocity, v/v/h 25
Temperature, °C ' 290
- TABLE S8
Product Properties
* Viscosity, cSt at 100°C, 4182
Viscosity, cSt at 40°C, 20.495
SUS, cP at 100°F 107.7
Pour Point, °C } -19

- Brookfield Viscosity, at40°C 39900

This dewaxed oil was then catalytically dewaxed over a 0.5 wt% Pt
TON (zeolite)/Pt Silica-alumina (25:75 wt/wt, zeolite:silica-alumina) mixed powder
composite catalystlmderﬂ:e conditions showanablc9andtopmduceﬁ1e
products, after fractionation at 370°C, shown in Table 9.



EXAMPLE 6 The effects of tenperature and pressure in the
col.d hydrofinishing unit (reactor C) on toxicity are shown in this exanple.
The toxicity is estimated using a dinethyl sul phoxide (DI\/BO) ener
test devel opedV@¥H43%yrrogate for the FDA (c) test. The screener 2t tﬁ
FDA (c) test are both based on the ultrg:violet spectrumof a DMSO extract.
The maxi mum absorbance at 345+/-5 nmifn“1the screener test was shown to
correlate well wth the nmaxi num absorbance between 300-359 nmin the FDA (c)
test as-shown in Figure 8. The upper Aﬁ%gﬁ accept able toxicity using the
screener test is 0.16 absorbance units shown in Figure 6, operating at
1800 psig (12.7 Ma) versus 120 pS|g (8.38 Mpa) hydrogen partial pressure
all ows the use of a MiIFPLEss LOREHOY erature rane(eg 290 to ~360C
versus a maxi mum of orﬁrqssmoBQIBBlS[err] C when 1898rat| ng QQO 1200 psig Herr]
(8.35 Mpa)) in the colRGRysHBf i ni sher to achi @80a non-280 ¢ product. The

next exanpl e Space Velocity, v/vh 10 1.0 -29 -
denonstrates that hi nge,aQ(es, non-t oxi c 2950ducts 8ed be made when
reactor Cis operated hipghter tenperature. g7EXAMPLE go Thi s
exanple is directed to thé use of the cold hydrofinishing (reactor
- Product Properties . o |
Viscosity, ¢St at 100°C, 4.150 4.122
Viscosity, cSt at 40°C, 20.634 20.441
SUS, cP at 100°F _ 1084 .. 1075
- VI , 101.7 . 1013
Pour Point, °C - 33 40
Brookfield Viscosity, cP at -40°C 32100 - 22900

The dewaxed oils, both feed and products from the catalytic dewaxer
were formulated as Automatic Transmission Fluids using a Ford type ATF ad pack
(22 wi% treat rate of ATF ad pack, 78 wt% dewaxed oil) and Brookfield Viscosities
at -40°C measured. The Brookfield Viscosities for both feed and products are

shown in Tables 8 and 9 respectively.
EXAMPLE 10

This example illustrates the advantage of catalytic dewaxing a total
liquid product produced from hydrotreating a raffinate over the process described in
Example 9. Catalytic dewaxing is shown to give a product with improved VI over
that obtained by solvent dewaxing at the same pour points. In addition, the catalytic

~ dewaxed products have much better low temperature properties (as defined by lower
Brookfield Viscosity ) than the carresponding solvent dewaxed product.

o e . C et
R - e e BTN



C) unit to optim ze saturates content of the oil product. Reactors A and B
were operated at 1800 psig (12.7 nPa) hydrogen partial pressure, 2400 scf/B
(427 nmferr]/nmerr]) treat gas rate, 0.7 and 1.2 LHSV respectivel and at a
near end-of - WEBMERR) tenperature of 400C on a 92 VI 250N r AFUSEVE 98 cq.
The effluent fromreactors A and B contains just 85% saturates. Table 5
shows the conditions used in reactor G3eeded to render a product that is
bot h hi gher saturates content and is non-toxic. At 350[err]C reactor C can

achi eve 90+% saturates _even at space velpcities of 2 5 v/v/ wer
LHSV, saturates in exddiydroreatsd @ﬁ%ﬂ@emﬁs& ma&e fond isted

TABLE 5 . RUNS Run
Nunber in Table 10. 1 2 3 4
Tenperature, C : 290 330 350 350
LHSV, v/v/hr fABLE 10 2.5 2.5 1.0
H'err] Pressure, psig 1800 1800 1800 1800
Treat Gas Rate, SCF/ " 00 ~ 2400 2400 2400 DWvI
115 114 . i—’%ﬁ?—mﬁs 4 DWO Saturates, w % S 85

88 91 96 DNBO Screener for Toxicity(1l) 0. 06 0. 05
0.10 0.04 (1) RACondiions: r a- vi ol et absor bance at 340- 350 nm

Fi gure 7 futher illusPressure, psige | exi bl e use é&OQ@eMQP - As shown in
Figure 7, optim zat i oNGE, scfBct or C by contro%@ﬂl@ﬂﬂmﬁe ature and space

vel ocity gives G oup Si:ad&a@eiomgckblh

Temperature, °C 382.
R2 Conditions

Pressure, psig 1800
TGR, scf/B ' 2400
Space Velocity, v/v/h 25
Temperature, °C 290

The hydrotreated raffinate total liquid product made under the condi-
tions in Table 10 was topped at 370°C to give  370°C+ product which was solvent
dewaxed using MIBK in a 3:1 solvent to raffinate product ratio and a filter tempera-
ture of -21°C to make a dewaxed oil having the properties shown in Table 11.

TABLE 11

_ Viscosity, cStat 100°C, 3.824
' Viscosity, cStat 40°C, . 175
SUS, cP at 100°F 93.5
VI 1093
Pour Point, °C | -19
Yield an TLP, wi% 65.5

Brookfield Viscosny cP at -40°C 26800



.30-  EXAWPLE 8 " This exanple deronstrates that feeds in
addition to raffinates and dewaxed oils can be upgraded to higher quality
basest ocks. The upgradi ng of | ow value foots oil streans is s ' S
exanpl e. Foot & 8??‘9‘?@7 a waxy by-product streamfromthe pr odu?%ﬁb%@wyow
oil content finished wax. This materi al Tjgan be used either directly or as a

feed bl endstock with under extracted rd&fPinates or dewaxed oils. In the
exanpl e bel ow (Table 6), foots oil feeds were upgraded at 650 pSI g (4 58

gzggst Egeg'&/atsongtenﬂgm%w%g processi nggteﬁwo grad%;sal%@faﬁ s ol

500N and 15%WIMNTW(&OH&)/HSﬂxca-alunnna(25 75 wt/wt, zeolite:silica- TABLE
6 500 N 150 N

Feed Produciuminajmixed povydes gomposite eptalyst wader the qoaditions shquagy in Table 12

?gg) i mﬁmﬁ&%%#ﬁ@ﬁ@%@?%ﬁ@m) 650(4?gg)

- 650(4 58) LRV, v/v/hr (Reactor A+B)

1.0 wW%370[err]C - on feed - - 0.22 3. 12 1 10 2. 00
370[ err] C+ DWD I nspections 40[err]C FABLE;| 2y, cst 71.01
48. 80 25.01 17.57 100[ err] C viscosity, cSt 8. 85
:7.27 4. TPpocess €oditiony! / Pour Point,[err]C : _ 97/-15 -
109/ - 17[err]W-9[err] SMates Vool 1000(70mPa33 4
82.8[err]  48RVgpEC- S7lerrl 2500 2500 2500 (445m>/m’)

Space Velocity, v/iv/h 1.0 _ 1.0 1.0

Temperature, °C 304 306 314

Yield, wt% 482 463 335

Viscosity, cSt at 100°C 3.721 3.672 3.593

Viscosity, cSt at 40°C 16.511 16.256 15.925

SUS, cP at 100°F | 89.0 87.8 36.4

VI o 1126 111 107.0

Pour Point, °C . -20 23 -39

Brookfield Viscosity, at -40°C 13640 12740 10600

The dewaxed oils, both solvent dewaxed and the products from the
catalytic dewaxer, were formulated as Automatic Transmission Fluids using a Ford
type ATF ad pack (22 wt% treat rate of ATF ad pack, 78 wi% dewaxed oil) and
Brookfield Viscosities at -40°C measured. The Brookfield Viscosities for both feed
and products are shown in Tables 5 and 6 respectively.

Figure 9 shows the benefit of catalytic dewaxing both the DWO and
total liquid products. Comparing the data in Examples 9 and 11 (Tables 9 and 12)
shows a further benefit for dewaxing a TLP vs. a DWO in that the former results in
— prodncts having a higher VI at the same pour point. Catalytic dewaxing also




GCD NOACK, wt % ' 4.2 8.0 19.8 23.3 Dy

Wax, wt % ' 66. 7 67.9 83.6 83.3 DWO Yield, W%
of Foots QO Feed 33.2 31.1 16. 2 15.9 [err] Saturates

i nprovenent wWWQ 93X gher at hi gher hydrogen pressures [err]PEEPPUR

bl end stock -31°-

Tabl e 6 shows that both a desirable bas3tock with significantly higher W
and saturates content and a val uabl e wax product can be recovered from

foots oil. In general,, sjpce wax | ecul es ar ei t her nsuppd ar formed
in this prodmpeoves fhe Viofdh ﬁﬁﬁmhﬁﬁq Myﬁagwtdes a
neans to rec%?he val uabl e wax while inproving the quality of the
resul tant base ol P product. EXAMPLE 9 Thi s exanpl e
il lustrates the advantage of catal ytic trim dewaxing a sol vent dewaxed
hydr ot r eat ed rgffi n ie., The trim catal yti c dewaxed products, even though
t hey have | s ve much better |ow tenperature properties ( products -
as defined by | ower Brookfield Viscosity ) than the correspondi ng sol vent
dewaxed feed. Trimdewaxing refers to the process of solvent dewaxing
foll owed by catal yti c Thisvexample further illustrates the advantage of catalytic dewaxing a

total liquid product versus solvent dewaxing to the same pour point. Catalyuc

dewaxing is shown to give a product with improved VI over that obtained by solvent

dewaxing at the same pour points. In addition, the catalytic dewaxed products have

much better low temperature properties (as defined by lower Brookfield Viscosity)

than the corresponding solvent dewaxed product.

A hydrotreated raffinate product was made under the conditions listed

in Table 10.
TABLE 13
Process Condiﬁqms :
'R1 Conditions
Pressure, psig _ 1800 (12.5 mPa)
TGR, scf/B =L 2400 (427 m*/m’)
Space Velocity, v/v/h 0.7
Temperature, °C - 382
R2 Condifions .. - - - |
Pressure, psig 1800 )
TGR, scf/B , 2400
Space Velocity, v/v/h 25
Temperatuare, °C 290

The hydrotreated raffinate total liquid product made under the condi-
tions in Table 4 was topped at 370°C to give a 370°C+ product which was solvent



A raf fi nate product made under the éonditions iri""l"'éb] e 7 was 'topped‘ at 370C
to give a 370C+ product which was sol vent dewaxed using MBK in a 3:1

solvent to raffj roduct ratio and a filter tenperature ofpes to
gt —

make a dewaxed ing the properties shown in Table 8.

- 32- .3ABLE 7 Process
Condi ti ons R1 Conditions Pressure, psig

1800 (12. 4 nPa) TGR, scf/B 2500 (445
W[e”]/”[e”@wfg&dusmg' MIBK i cheso;%hf’ﬁﬂﬁfﬁn Juct ratio and tempera-
Tenpeture, [err : K 583 3 sif 0 %uCon Tl ong Po

Pressure, psStuge of-21°C to make a dewaxedidilBaving the properties shiéwty irsT4blé14.

2400 (427 merr]/nerr]) Space Vel ocity, v/v/h 2.5
Tenperature, C- ' 290 : ' ’
TABLE 14
Product Properties
Viscosity, cSt at 100°C, 5.811
Viscosity, ¢St at 40°C, 34383
SUS, cP at 100°F 177
VI - 110.6
Pour Point, °C ' -21
Yield on TLP, wt% 64.6
Brookfield Viscosity, ¢P at -40°C 148200

The total liquid product from this step was then catalytically dewaxed
over a 0.5 wt% Pt TON ( zeolite ) / Pt Silica-alumina ( 25:75 wt/wt, zeolite: silica-
alumina ) mixed powder composite catalyst under the conditions shown in Table 15
and to produce the products , after topping at 370°C, shown in Table 11.

TABLE 15

Process Conditions :

Pressure, psig ' 1000 1000 1000

TGR, scf/B ' 2500 2500 2500

Space Velocity, v/vh 1.0 1.0 1.00

Temperatare, °C 304 306 314

Yield, wt% 48.2 46.3 335

Product Properties

Viscosity, ¢St at 100°C, 5.309 5.261 5.115

Viscosity, cSt at 40°C, 28.899 28.552 27.364

SUS, cP at 100°F 1489 1472 141.2

Vi - 1176 117.0 1164
- Pour Point, °C -13 =20 -18

Brookfield Viscosity, at -40°C 47150 35650 38150



TABLE 8 _ " Product Properties | Viscosity, cSt at

100[ err]C, 4,182 Viscosity, cSt at 40[err]C, 20. 495
SUS, cP at 100[err]F 107.7 Vi '

106 wo opee? Point, [err]C -19 PCT/US99/03108
Brookfield Viscosity,at at -40[err]C 39900 Thi s dewaxed

oil was then catalytically dewaxed over38-0.5 wt% Pt TON (zeolite)/Pt
silica-alum na (25.75wt/w, zeolite:silica-alumna) m xed powder conposite
catal yst under the conditions shown in Table 9 and to produce the products,
after fractionation at 370[err]C, shown in Table 9.

- 33 -
o L ons Wﬁ@gb@éolvmmmepm%gﬁﬁgcesiooo

\T/G'Iz’ fsff/B /cﬁyucdewaxeliwaefonmﬂmchﬁﬁﬁﬁsmmﬂmdsusmgamce
el ocity, v/vV
typeATFadpack(ZZwt%lreatrateofATFadpac]g?Swt%dewaxedoﬂ)and

Brookfield Viscosities at -40°C measured. The Brookfield Viscosities for both feed
and products are shown in Tables 14 and 15 respectively.

Figure IOBagl'aphcalﬂhlsuauonoftherwnltsﬁomExample 1L
'msexamplealsoﬂlusuamsﬂmebeneﬁtofcamlyucdewamgvemussolvem |
dewmnngmﬂmttheVlofﬂlepmductsﬁomcatalyucdewamgarehlgherﬂmnthat
obtamedbysolvgm_:dewamng. '



Tenperatur, [err]C 295 303 Yield, w%
67 60

) Viscosity, cSt at 100C, 4.150
4,122 Yi;scosity, cSt at 40[err]C, 20. 634 pcmng/Mda
9/4
SUS, cP at 100E°° 7108, 4 107.5
101. 7 101. 3 Pour Point 3derr]C - =33
-40 Brookfield Viscosity, cP at -40[err]C 32100 22900

The dewaxed oils, both feed and products fromthe ca lm mmmume
formul ated as guiQnas.i ¢ Transm ssion Fluids using a pack
(22 wtreat rate of ATF ad pack, 78 w % dewaxed oil) and BLroo"kfleId
Viscosities at -40[err] C neasured. The Br ookf ield Vi sc05| ties for bot h feed

and products are shown 1.n Arptvicess for
This exanple illustrates t th dewa t ot |qU|d_
pr oduct pr oduc &9 Wirsateptes g@'rsg]gﬁ‘ﬁi}' X&@“FHE’X&&F%PS%@ @EEJTI bed

I n Exanple 9. g@a#% rﬂ.ﬂﬁ% . a product with inproved
VI over that obtal él‘g’ sol'vent dewaxi ng a e sane pour point. In
addition, the catalytic dewaxed products have much better |ow t enper at ur e

properties (as defined hy Iower . Br.ookfield |scos ty ) than the
correspond| ng €8 veondugtngthedubricating ﬁfeedstoc\i as ventemachonzoneand

separaungﬂleteﬁomanaromahcsnchexuactandapamﬂinsnchraﬂinate

(b) smppmgtheraﬁnateofsolventtoproducearaﬁnmfeedhawngadewaxed
oilvxscosxtymdexﬁ'omaboutSStoabout 105 and a final boiling point of no
greater than about 650°C;

() passing atleast a portion of the raffinate feed to a first hydroconversion zone
and processing the raffinate feed in the presence of a non-acidic hydro-

' conversion catalyst at a temperature of from 340 to 420°C, a hydrogen partial
pressure of from 1000 to 2500 psig, space velocity of 0.2 to 3.0 LHSV and a
hydrogen to feed ratio of from 500 to 5000 Scf/B to produce a-first hydro-
converted raffimate; |

(d)__ passing the hydroconverted raffinate from the first hydroconversion zone to a
secondhydrooonversionzoneandprocessingﬁehydroconverhedmﬁnatein '
. the presence of a non-acidic hydroconversion catalyst at a temperature of from
340 to 400°C provided that the temperature in secand hydroconversion is not
greater than the temperature in the first hydroconversion zone, a hydrogen
partial pressure of from 1000 to 2500 psig, a space velocity of from 0.2 to 3.0
. LHSV and a hydrogen to feed ratio of from 500 to 5000 Scf/B to produce a
. second hydroconverted raffinate; |




.-34- | | - A hyd.rotreate ct was made under the
conditions - 1Tisted in Table 10. fllll“lllﬂWNﬂ"“ n)rm ' TABLE 10

(Prl(z)CiS?rP%mdl 'W8Baraar TGR, scf/B Pressure. psig” 2400"?4(3?”
mMerr]/nferr]) Space Vel oci t v/ v/ h 0.7

Tenperature, [err]C Terrp ature C ' 382

R2 Conditions Pressure, psig 1800

TGR, scf/B raffinate ?&@ﬁﬁs v/ vl h
2.5 @ ? ﬁ'?ure |%r r i % toa hifg £tlc ahd The
hydrotreated raffi m&wmmwmsmmmmmwmﬁmns in

Tabl e 10 was topped at 37/0[err]C.to give a 37OC+ pr odu ol vent
dewaxed usi ng M BRrasencs of ahydrafipishing catalyst at Ggﬁ"’!\‘,\'&q%@mgé" B j | ter

Lempera: Lure Of | hdloftd parelipriRii &m%bom §6pabb GelBERPEF st
0.2 to 5 LHSV and a hydrogen to feed ratio of from 500 to 5000 Scf/B to

produce a hydrofinished raffinate;

- ® passingﬂlehydroﬁnishedmfﬁnatetoisepﬁmﬁonionemremdveproducts
having a boiling less than about 250°C; and ‘

(&) passing the hydrofinished raffinate from step (f) to a dewaxing zone and
catalyucallydewa)ungﬂle hydroﬁmshedmfﬁnateunder catalytic dewaxmg
conditions in the presence of hydrogen and a catalytic dewaxing catalyst
comprising a metal hydrogenation component and a crystalline 10 or 12 ring
molecular sieve. |

2. Aprocess for selectively hydrooonvemng a raffinate produced from
solvent refining a lubricating oil feedstock which comprises:

(a) conducungﬁxelulmcaung oil feedstockto asolvent exlracuonzone and
sepamtngﬂmefromanammaucs nchexlmctandapmﬁnsnchmﬁnm

_ ®) smppmgﬂleraiﬁnateofsolventtopmduceamfﬁnatefeedhavmgadewaxed
o oﬂwscosnymdexﬁ'omabwtsstoabom105andaﬁnalboi1mgpomtofno o
| greater than about 650°C;

(c).: passing atleast a portion of the raffinate foed to a first hydroconversion zone
and processing the raffinate feed in the presence of a non-acidic hydro-
conversion catalyst at a temperature of from 340 t0 420°C, a hydrogen partial —

~ pressure of from 1000 to 2500 psig, space velocity of 0.2 to 3.0 LHSV and a



;I-/;A\EI(;ESI:LS-y cSt at 40[err]C ﬂﬂm ﬂ"m“ﬂ”liﬁo[e”]c SUS, cg' 2'{24100F

93. 5 WO 99/41%%7 109. 3 pCTIUS99/03108
Pour Point, C - 19 Yield on TLP, wt%
65.5 Brookfiel d Vi scosi ty-4¢P at -40[err]C 26800

-35 - The total liquid product fromthis step was then

catalytlcally dewaxed over a 0.5 wt% Pt TON (zeolite)/Pt Silica-alun na

(25:75 wt/w, zeohydropai to feed ratiowfifron) 500 tociD0P SeffBrto prodmos atfrsttytied-y st
under the Conditions shgwn_in Table 12 andto produce the products, after

t oppi ng at 370[ er cpayerted sfmate; Tapl e 11.
TABLE 12 Process Conditions Pressure, psig 1000

2500 24dh prsneoF by S o byl s .

.o second hydrocanversion zone and processing the hydroconverted raffinate in
ﬂxepmsmceofanon—amdmhydmconvqsxoncatalyst&tatempemﬂneofﬁ'om
340 to 400°C provided that the temperature in the second hydroconversion is
'mtgrea&rihmihctcmpmhneinthéﬁmthydmconversionme,ahydmgen
partial pressure of from 1000 to 2500 psig, a space velocity of from 0.2 to 3.0
LHSV and a hydrogen to feed ratio of from 500 to 5000 Scf/B to produce a
second hydroconverted raffinate; o

(¢) passing the second hydtocmverwdmﬁm to a hydrofinishing reaction zone
and conducting cold hydrofinishing of the second hydroconverted raffinate in
the presence of a hydrofinishing catalyst at a temperature of from 260 to 360°C,
a hydrogen partial pressure of from 1000 to 2500 psig, & space velocity of from
0210 5 LESV and hydrogen to feed ratio of from 500 0 5000 SofB to
produce & hydrofinished rafnst;

(® solvent dewaxing the hydrofinished raffinate under solvent dewaxing condi-
' uqns_toobmmadewaxedoﬂhavmgapompomlssﬂmnabomm%, and

(® catalytically dewaxing the solvent dewaxed oil under catalytic dewaxing
conditions in the presence of hydrogen and a catalytic dewaxing catalyst
comprising a metal hydrogenation component and a crystalline 10 or 12 ring

_ poleculasievetopmduceadewmdlubxicaﬁngoilbas&sﬁock.

| " 3. Aprocess for producing a lubricating oil basestock meeting at least
— " 90 wt% saturates by selectively hydroconverting a raffinate produced from solvent
refining a Iubricating oil feedstock which comprises:

SRR



Tenperature, [err]C 306 314 Yield, wt%

48. 2 46. 3 Elﬂmm Ellﬁuwert ies Viscosity, cStat 100[err]C
3.721 3.672 cSt at 40[err]C Pc"&%a,%%ﬂm

16. 256 1VQOMBTS  cp ar 100[err]F 89.0 .

86.4 VI 112. 2 111 107.Q Pour
Point, C . -20 -423 - -39 Brookfield
Viscosity, at -40[err]C 13640 12740 10600 ' The

dewaxed oils, both solvent dewaxed and the products fromthe catalytic
dewaxer, -were formulated as Automatic Transm ssion Fluids using a Ford type-.

ATF ad pack (23g) Weiadi thedtbricating bl féedstodE 1o a Solvelit Uxtition 20neard and

Brookfield Viscosities at -40C neasured. The Brookfield Viscosities for
both feed and pr oScRaratingtherefonanatonmtiss sichsxtxaet and p perailing Nk rpffinate;
Figure 9 shows the benefit of catalytic dewaxing both the DWD and total.

| i quid products. Conparing the data in Exanples 9 and 11 (Tables 9 and 12)

shows a furthqpyb ' mhﬁm&mtwﬁoa&eﬁamﬁeahﬁmgaammr
-results in products having a higher VI at-the same pour ggl nt.. Catal ytic
dewaxi ng al so oiluscosltymdexﬁ'omaboutSStoaboutIOSandaﬁnal iling peint of no

 greater than about 650°C;

(c) passing at least a portion of the raffinate feed to a first hydroconversion zone
and processing the raffinate feed in the presence of a non-acidic hydro-
conversion catalyst at a temperature of from 340 to 420°C, a hydrogen partial
pressure of from 1000 to 2500 psig, space velocity of 0.2to 3.0 LHSVanda
hydrogen to feed ratio of from 500 to 5000 Scf/B to produce a first hydro-

- converted raffinate;

(d) passing the hydroconverted raffinate from the first hydroconversion zone to a
second hydroconversion zone and processing the hydroconverted raffinate in
the presence of a non-acidic hydroconvemon catalyst at a temperature of from

- 340 to0 400°C provided that the temperature in second hydroconversion is not
"greamerﬂmnﬂxetempemunemﬂleﬁrsthydmconvemonmne,ahydrogen
partial pressure of from 1000 to 2500 psig, a space velocity of from 0.2 to 3.0
LHSVandahydrogentofeednnoofﬁ'omSOOtOSOOOScﬂBtopmducea
':secondhydroconvemdraﬂinate |

() passing the second hydroconverted raffinate to a separation zone to remove
 products having a boiling less than about 250°C;



I mproves the VI of the product from dewaxi ng a TLP over that obtained by
sol-vent EXAMPLE 11 Jlmlluul"(llmuﬂu nple further illustrates the
advant age of c@igdoyd1zd dewa md product versus petu§#fosios
dewaxi ng to the same pour poiht. Cat af‘thc Yewaxi ng is shown to give a
product wth inproved VI over that .obtai negg by sol vent dewaxi ng at the sane
pour points. In addition, the catal ytic dewaxed products have nuch better
low tenperature properties (as defined by | ower Brookield Viscosity) than

t he correspond{fyg passiug die ljdroconderprdaaifiniate from step (e)toadewamw@hﬁdaat ed

raffinate product was e undey the conditions |listed in Table 10
TABLE 13 qaﬁv the hydreconverted raffinate un

T TRt i — T

Tenperature, C compnsmgametalﬁﬁﬂ'o%mamncomponent&@%%% Ilaor12nng
scf

Pressure, psig /B

2400 - mmwvmedhy&omvewd raffinate; and

(3] pgssingﬂledewmtedhydroconvettedmﬁnatetoahydroﬂnishingzone and

" condncting cold hydrofinishing of the dewaxed hydrocanverted raffinate in the
‘presence of a hydrofinishing catalyst at a temperature of from 260 to 360°C, a
hydrogen partial pressure of fram 1000 to 2500 psig, a space velocity of from
0.2 to 5 LHSV and a hydrogen to feed ratio of from 500 to 5000 scf/B to
produce a Iubricating oil basestock. |

4. A process ﬁorselechvelyhydroconverhng a raffinate produced from
solventreﬁnmgahﬂmcahng oil feedstock which comprises:

(a) conducting the Iubricating oil feedstock to a solvent extraction zone and
| separating therefrom an aromatics rich extract and a paraffins rich raffinate;

- (b) . stripping the raffinate of solvent to produce a raffinate feed having a dewaxed
oil viscosity index from about 85 to about 105 and a final boiling point of no
greater than about 650°C;

() passing atleast a portion of the raffinate feed to a first hydroconversion zone
- and processing the raffinate feed in the presence of a non-acidic hydro-

conversion catalyst at a temperature of from 340 to 420°C, a hydrogen partial

pressure of from 1000 to 2500 psig, space velocity of 0.2 to 3.0 LHSV and a




Tenperature, C 290 The hydrotreated raffinate

t ot ?' |iqUi d product made u mm mm‘lm' mul “ Olns in Table 4 was topped at
370[err]Cto ve a 370C+ p ol vent

-37- devvaxeg”ﬂg?' MBK in%a ¥ 1tsolfveht to raffinate prodf&™¥SMY%nd a
filter tenpera- ture of-21C to nmake a devv%ed oi | having the properties
shown in Table 14. : TABLE 14 :
Product Properties - o \/ i scosity, cStat 100[err]C, : 5.811

Viscosity, cSt at h%{-oegEﬂoC}eeq[xﬁoofﬁomm%WcﬂBmmdme%ﬁst ch at

100[err] F .

110. 6 hyBiconveted raffifiate; -21
Yield on TLP, wt % - 64.6 - _ Brookfield
Viscosity, cP at -40[err]C 148200 The total |iquid product

fromthis st eD(dﬁvapagsrill?gnﬂxgﬁt Mv%&mﬁomiheﬁrsthydmconmonmetoa
secondhydroconvexsxonzoncandprmsmgﬂlchydroconvertedmﬁnatem
the presence of anon-acidichydroconversioncahlystatatemperaﬁ:re of from
340 to 400°C provided that the temperatare in the second hydroconversion is
notgreatetﬂ:anthetcmpmatﬁreinﬂmeﬁrsthydrbconvemionmﬁe,ahydrogen
partial pressure of from lOOOtoZSOOpsig,dspaceyelocityofﬁ'omo.Zto&O
LHSVandahydrogentofeedraﬁoofﬁom’SOOtoSOOOscf/Btoprodﬁcea
second hydroconverted raffinate; o

(e) solvent dewaxing the secdnd_hydroconvened raffinate under solvent dewaxing
~ conditions to obtain a dewaxed oil having a pour point less than about 10°C;

(® catalytically dewaxing the solvent dewaxed oil under catalytic dewaxing
ommumsmﬂlepresenceofhydrogenandacatalyucdewmgcatalyst
compnmgametalhydmgenahoneomponentandacrysmllme 100r12mg
molecnlarsevemproducegeamlyuwyd_ewaxedqﬂ, and

(8) passing the catalytically dewaxed oil to a hydrofinishing reaction zone and
conducungcoldhydmﬁmshmgofﬂxecamlyhcallydewaxedoﬂmﬁeprcsence
of a hydrofinishing catalyst ut a temperature of from 260 to 360°C, a hydrogen
partial pressure of from 1000 to 2500 psig, a space velocity of from 0.2 to 5

- LHSV and hydrogen to feed ratio ofﬁomSOOmSOOOscﬂBtopmducea
SRR dewaxedlubnmungoilbasestock.



under the condltlons shown

over a 0.5 wt % Pt TO\I(zeoIite na(25 75 wf/wt, zeolite:
sili.ca- alum na) m xed povvder 'mﬁ m’t
S,n als

in Table 15 anc\Nbg,,plrg@ﬁuce t he prod

toppi g at 370 epcirfsgonbrosn

in Table 11. TABLE 15 Process
Condi ti ons Pressur e, p5| g -45.1000 1000 1000
TGR’ scf/B ' 2500 2500 2500 Space
Vel ocity, v/v/h 1.0 1.0 1.00 Tenperature C
304 ' 306 5. THielprocess of dlainhsll or'® Wherein there is no disengagement48. 2
46. 3 33 Pro oct Prqperties Vi,scosity, cStat
100[ err] G, &mvw zonegthe sepond hydrogenyegsion zone and the
40[ err] C, 27 364 SUS, cP at 100[err]F
148. 9 12"?’.“%‘%?“‘5‘““%%%“ Vi o o 117. 6
117.0 116. 4 Pour Point, [err]C -~ = . -13 -20
-18 Brookfield Viscosity, at -40[err] C 47150 35650 38150
-38 - 6. Theprocess of claims 1, 2,30r4wheremﬂ:|enon-acndmhydro-
conversion catalyst is cobalt/molybdenum, mcke]/molybdenum or nickel/tungsten on
alumina. '

7. ‘The process of claims 1, 2, 3 or 4 wherein the hydrogen partial
pressure in the first hydroconversion zone, the second conversion zone or the
hydrofinishing zone is from 1000 to 2000 psig (7.0 to 12.5 mPa).

8, The process of claims 1, 2, 3 or 4 wherein the non-acidic hydro-
conversion catalyst has an acidity less than about 0.5, said acidity being determined
by the ability of the catalyst fo 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

9. The process of claims l,_2,3_or4whereind1ecatalylicdewa:dng
catalyst is a zeolite selected from ZSM-5, ZSM-11, ZSM-12, theta-1, ZSM-23,
ZSM-35, ferrierite, ZSM-48, ZSM-57, beta, mordenite and offretite.

10. The process of claims 1, 2, 3 or 4 wherein the catalytic dewaxing
catalyst is an alominum phosphate selected from SAPO-11, SAPO-31 and SAPO-41,
| 1L Theprocmsofclmmsl ?,3or4wheremﬂ1ecatnlyncdewamng
catalyst:sacompomteofamyﬁhnemolemﬂarsneveandanmo:phous
component. o




The dewaxed oils, both sol waxed and the products fromthe catalytic
dewaxer, were formil ated 4@3&'%“{@' ﬂﬂlﬁm ssi.on Fluids using a Ford type
ATF ad pack (22 W% treat ck, 78 Wt%devvaxedgﬁlinl_lgwﬂ.'ﬂg8
Brookfiel d Vi W¥BMBEs at -40[err] C measured. The Brookfield Vi $C05i11es
for both feed and products are shown in Tables 14 and 15 respectively.
Figure 10 is a graphical illustration of 2 results from Exanpl-e 11. This
exanple also illustrates the benefit of catal ytic dewaxi ng versus sol vent

dewaxing in that the VI of the products fromcatal ytic dewaxi ng are higher
t han that obtained by sol vent dewaxi ng.

-39 - 12. Th of élainsPI 2031 6¢ 4 hereirhe icatyitio
| east 90 wt

basest ock neeting at. % saturates by sel ectively hydroconverting

a raffinate preatalystis layered cathlystoontaisfinga fitst layenofiamorphous componens gad ac k
whi ch conpri ses: a onducting the lLubricating oil feedstock to a
sol vent ext ram%%f@fgﬁw%emglgﬁgﬁt‘w‘?g t herefrom an aronatics rich
extract and a paraffins rich raffinate; (b) stripping the raffinate of
solvent to produce.a raffinate feed having a dewaxed oi |l 'viscosity

i ndex from about 85 t o 13bcThe rogess oficlainisi 1; 2] 3 bod wherpinthe metalhydrogenation

component of the catalytic dewaxing catalyst is at least one of a Group VI and
Gr_oule]Imeml.

14. The process of claims 1 or 2 wherein the catalytic dewaxing step is
followed by a cold hydrofinishing step. |

15. The process of claim 11 wherein the amorphous component of the
dewaxing catalyst is selected from s111ca-a1mnma, silica magnesia, halogenated
alumina, yttria silica-alumina and mixtures thereof.

| '16. The process of claim 13 wherein the metal hydrogenation
component is at least one of Pt or Pd.

17. The process of claims 2 or 4 whérein solvent dewaxing comprises
mixing the hydrofinished raffinate with a chilled solvent to form an oil-solvent
solution mixed with precipitated wax, separating precipitated wax from the oil-

 solvent solution, and separating the solvent from the solvent-oil solution thereby
forming a solvent dewaxed oil. ' |

18. . The process of claim 17whcreinﬂ1esolv¢ntis at least one of

propane, butane, metyl cthyl ketons, methyl isobutyl ketone, benzene, toluene and
xylene.



greater than about 650C; (c) passing at least a portion of the raffinate

feed to a first hydroconversion zone and processing the raffinate feed
in the presen on- aci di ¢ hydro- conversion cataly 31
tenperature oﬁ?%’?ﬁgﬂo to 420[err]C, ashgdrogen partial %?@é’s’a’r eosof

from 1000 to 2500 psig, space velocity of 0.2 to 3.0 LHSV and a

hydrogen to feed ratio of from500 to 5000 Scf/B to produce a first hydro-
converted raffinate; d) passi ng the hydroconverted raffinate fromthe
first hydroconversion zone to a - second hydroconversion zone and
processi ng the hydroconverted. - raffinate in the presence of a
non-aci di ¢ hydroconversi on catal yst a tenperature of from 340 to 400C
provided that the tenperature in second hydroconversion is not greater
than the tenperature in the first hydroconversion zone, a hydrogen

partial pressure of from 1000 to 2500 psig, a space velocity @b from0.2 to
3.0  LHSvert—e—hydroger—to—feet-TarToot—Tom OGQ"SCf/BtO
produce a second hydroconverted raffinate;

-40- (e) pﬁssing t he second hydroconverted raffinate to
zone and conducting cold hydrofinishing of the second
raffinate in the presence of a hydrofinishing catalyst
tenperature jof from260 to 360C, a -~ hydrogen par
1000 to 250 psig, a space.velocity of from - 0.
hydrogen to f[feed ratio of from500 to 5000 Scf/B tq
hydr of i ni shgd raf fi nate;

hydr of i ni shi ng
ydr oconvert ed
afna
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(f) passing the hydrofinished raffinate to a separation zone to renove
products having a boiling | ess than about 250[err]C, and (g) passing
the hydrofinished raffinate fromstep (f) to a dewaxi ng zone
catal ytical | y WR¥¥PHg t he hydrofini shgggaffinate under cataﬁ?ﬁp§”ﬁgmﬁxing
conditions in the presence of hydrogen and a catal ytic dewaxi ng catal yst
conprising a netal hydrogenation conponent and a crystalline 10 or 12 ring
nol ecul ar si eve. 2. A process for selectively
hydroconverting a raffinate produced fromsayent refining a |ubricating
oi | feedstock which conprises: ép)' conduttig the lubricating oi
feedstock to a solvent extracti ongone and DR ati ng therefrom an
e;- D strji ppi ng the
q :

viscosity index from85 to about 1
greater than about 650C, (c) paspi =Y
feed to a first hyd@roconversion zon and pegcessin theJE%iTinate feed

in the presence of ja non-agidic- hydjo- < contersion fataby at a
tenperature of frofh 340 tod20C, a Rydrogen. parti al pres uréfbf from
1000 to 2500 psig, {space velocity off 0, LHSV and a

-41 = : *

150

48

46"
FIG. 2




hydrogen to feed ratio of from500 to 5000 Scf/B to produce a first hydro-

converted rafflnate
first hydroconygy s
processi ng the hy roconverted raffinates3fro

zon_e to a

non; aci di ¢ hydroconversion catal yst at a tenperature of from
400[ err] C povi ded that the tenperature in the second hydroconversion is

not greater_thgn the tenper
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-42- (a) conducti-n'g the |ubricati ng oil feedstock to a sol vent

extraction zone and separating therefroman aromatics rich extract and
a paraffins rich raffinate; (b)- stripping the raffinate of solvent to
produce a raf WR¥43¥eed having a devaxpeg) oi | viscosity RGT4E081 S
about 85 to about 105 and a final boili’ng point of no greater than
about 650C, ' St PRt h—f—tRe—faft-ttmat @ feed to a
first hydrogonversipn zon hnd processingithe raffinate feed in the
presence of {a non- agi di ¢ hydro- cohversi op catal st at tenperature
of from 340}to 420|§ ”L, N hydr pgen pajti al pregsure f from 1000 to
2500 psig, gpace velp 02—t o3 0—HSv—=m—= hyd en to feed
ratio of frem 500 £dy5000{Scf/B §0 produce a first hyHro- g converted
raffinate; (d) the hyydroconverted vaffinafe from tthe first
hydr oconver g§i on zog ' - sécond hydroconiersionfzone apnd processing .
t he hydroconvertedi® I nate in - the presence of g non-agidic
hydr oconver gi on cal‘i t a tefiperatufe of fiom 340 tp 400[err]C
provi ded that the t ur.e inggeco'nd hydr ocpnversi pn is t, greater
t han the terperat ~E -3t hyar-etorversi-ofzone—a hydi@gen
partial pregsure of 0 to%SOO pEi g, a Bpace vplocityyof fromO0.2 to
3.0 2 1
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LHSV and a hydrogen to feed ratio of from500 to 5000 Scf/B to produce a

second hydroconverted raffinate; (e) passing the second hydroconverted
raffinate to ég& C‘Iﬁi 0 zone to renove products havi ng pchosdoroBtas! €ss
t han about 25§T rr?{' _ 5/10 : -43 -
(f) passing the hydroconverted raffinate fromstep (e) to a dewaxi ng zone
and catal ytical |y dewaxi ng the hydroconverted raffinate under
catal yti c dewaxi ng conditions in the presence of hydrogen and a
catal ytic dewaxi ng cat al yst conpr|S|ng a metal hydrogenation
conponent and a crygtattrme LU or— 12 llng | ecul ar sieve to yield a
dewaxed hydroconver tlegy raf fi gh E? aSS|ng t he dewaxed
"hydr oconvert ed rafflnaR tgk n&s?# ge {and conducting cold
hydr of i ni shi ng of tkecﬂéﬁa al Sﬁf ilnate in the presence
of a hydrofini shing ca af ystvat a téﬁperatﬁ&e of flrom 260 to 360C, a
hydr ogen parti al pressee—of—F+om3+000—+0-—=500—ps+g, a sPdce velocity of
from 0.2 to 5 YHSV hnd" g hyﬂﬁogem toreedfratijo ofr om 500 to 5000
scf/B to produde a |ubrifcatihg oifl bgdsesg pck 4. A
process for selectiVely 1ydrcconvert|rg a |raf#q nat ¢ produced from sol vent
refining a lubricatijng ofl fdedstpck which nprisgs:
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(a) conducting the lubricating oil feedstock to a solvent extraction zone
and separating therefroman aromatics rich extract and a paraffins
rich raffinate; (b) stripping the raffinate of solvent to produce a
raffinate feedwbayursgr a dewaxed 0| | viscosity index fromcinssp/o®idsto
about 105 and a final boiling point of 6440 greater than about 650C;

(c) passing at least a portlon of the raffinate feed to a firgt

hydr oconvefston—zone and—processTytieTaf fimare Teeq i & the presence
of anon-acidi ¢ hydro- conver si on ca{ alyst at a terrperaJture of from 340
to 420[err]C, a hydrogen parti al préssure of from 1000} to 2500 psi g,
space velog¢ity of 0.2 to 3.0 LHSV and a !}
-44- hydrogen to feed rati o of frot,‘n 500 te §OQO scf/ B to produce a
first hydroconverted raffinate; (d) pasagg he hyd[rogonverted
raffinate fromthe first hydroconversi onlzone tg secon} '

hydr oconvelsi on zone and processing the ydrocoﬁv 'de raffinate in _
the presenge of a non-acidic hydroconver$| on cat aé/st at a ftenperature of
from 40 to‘aO?MXbro xded that the uerrpera ure in the second

hydr oconvelsi on i & & "!'l‘ not\greater thanlthe temherature inf the first
hydroconvelsi on Zgn@®, —a hydr dgen parltl al pre3sure off frgm 1000 to
2500 psig, |a space. mePomty of\fromO0.2 10 3.0 L
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LHSV and a hydrogen to feed ratio of from500 to 5000 scf/B to produce a
second hydroconverted raffinate; (e) solvent dewaxing the second
hydroconverted raffi nate under sol vent dewaxi ng conditi opé-r,bgggmtoal n a
dewaxed oi | haWOAY4E2our point | ess thampabout 10[err]C ()

catal ytically dewaxi ng the sol vent dewaxed oil under catal ytic dewaxing
conditions in the presence of hydrogen and a catal ytic dewaxi ng catal yst
conprising a metal hydrogenation conponent and a cryst@line or 12 ring
nol ecul ar sieve to p Nand g) passing
the catalyically de hi ng| reacjt i'don zone&and
conducting cold hydrpfi ni waxed OEB in the

presence of a hydr offi y af ure offfrom 260 to
360C, a hydrogen par 02500 psiy, a space
velocity of fromO0.2 g peg rati @of from 500
to 5000 scf/B to profuce asestock?} :
-45- 5.1 The Jproced Ein therqols no
di sengagenent betweep thef firsg tﬁe secqqd
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6. The process of clainms 1,2,3 or 4 wherein the non-acidic hydro-
conversion catalyst is cobalt/nnlybdenun1 ni ckel / mol ybdenum or

ni ckel /tungsten on 7. The process of clains 1," 2, 3 or 4
wherein the hy\dygggunma.rtl al pressure éb? he first hydroconverGlnis/pine,

t he second conversion zone or the hydr 1 i shing zone is from 1000 to 2000
psig (7.0 to 12.5 nPa). 8. The process of clains 1,2, 3 or 4
wherein the non-acidic hydro- conversion catalyst has an acidity | ess than
about 0.5, said_acidity being determned hy the ability of the-cgtalyst to
convert 2-nethyl - 2- pen 3- et Ryl - 2- pgnt ene and 4- mgt hyl - 2{ pent ene and
is expressed ag the ng o of 3-inet hyl {2- pent ¢ne to 4-net hyll-2-pentene.
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- 46- - 12. The process of clains 1, 2, 3 or 4 wherein the
catal yti c dewaxing catalyst is |ayered catalyst containing a first |ayer of

anor phous co d a second | ayer of crystalline nolecul sj eve.
13. The procggg g#} claims 1, 2, 3 or 49yherein the netal hydrgﬁg 398103108

component of the catalytic demaX|ng catalyst is at |least one of a Goup VI

and Goup VIl netal. 14. The process of clains 1 or 2
wherein the catalytic dewaxing step is followed by a cold hydrofinishing
step. 15. The process of cIa|n111 mhereln t he annrphous

conponent of the gewaxtTgTatatyst—iTs—setectetd—from—st+ca—ad mfna silica
magnesi a, hal ogenated alumina, yttria silica-alumna and m xt res thereof .
16. The process of claim 13 wherein'the netal hydrogenation cgnponent is at
| east one of Pt of Pd. - 17. The process of clai 2 or 4
wher ei n sol vent dpwaxi ng conprises m xing the hydrofinished r ff| nate with
a chilled solventjto forman oil-solvent solution m xed with rgmpltated
wax, separating pfecipitated wax fromthe oil -
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sol vent solution, and separating the solvent fromthe solvent-oil solution
thereby form ng a sol vent dewaxed oil. 18. The process of
claim 17 wherein th solvent is at |east one of propane, butane_ nethyl
ethyl ketone, WM sobutyl ketone, 1benzene, tol uene and xyPGHES9/03108
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