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Field of the Invention This invention r

process for WOISAM4™g | ubricating oil basest ocks havi ng ihdlighgs; v i@%’gsi ty

i ndices and |ow volatilities.: Background of the Invention —_—

It is well known to produce lubricating oil basestocks by sol vent
refining. In the conventional process, crude oils are fractionated under

at nospheri c pressure -1“ h are further
fractionated under vacuunt T are then
optionally deasphalted and sol vent extracted to produce a paraffin rich

raf fi nate and RieldeftheInvention ch extract. The raffinate is then dewaxed
to produce a dewaxed oil which is usually hydrofinished to inprove
stability and renove G0l .or li).Odi ?% ¢ saring | b.Sql venlt refining
is a process which sel ectPy/BYSPUPR IfIales 0 a progsss farprepasine lubrigating 0il i | < 14y ng
desi rabl e propbdskétérks having high viscdaity bitlices kit voldfiifies, he crude oils used

for solvent refining are restricted to those which are highly paraffinic in

nature as - aiogtics tﬁgd to have | ower viscosity indices (VI), and are
therefore |'ess®&¥ v ricating oil basestocks. Al so, certain

types of aromatic conpounds can result in unfavorable toxicity
characteristics. Sol venty {s&feliknb@m €Pprofice dutRatingUil KasdsideRs B olvent basest ocks
have a VI of about 95 in good yields. Today nore severe

oper ating condrefinings In the caukeatians! precesmgrude oilparpdractionaisd yndes gmiesplisieands f or
basestocks wi t EreLé&\b% é)\{&iu@é ntrlobgrEric fegfa Wﬁkﬁ%}?ﬁﬂh&%h&d’é{mg ufle (8dhubd, €5) and
ts. y [ wth

| ower pour ‘poi se | nprovenents can on e achieve
basest ocks of Seee distitipta faétidns arehbenzptienallyidessphaltell @sd solvenhexwiacted af 105 or

ﬁ;\? ?L S r é \S/lo _| \(;]?{;Ffegceﬁr fa%a{fﬁé g?‘t AANE: £330 HontGel W Bt TRE QfGE DARESt 0cks
. 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 of
~ crude oils having desirable properties for lubricant basestocks. Thus the crude oils used
" for solvent refining are restricted to those which are highli( paraffinic in nature as
~ aromatics tend to have lower viscosity indices (VI), and are therefore less desirable in
- lubric:gating oil basestocks. Also, certain types of aromatic compounds can resuilt in
. -unfaféorable toxicity characteristics. Solvent refining can ﬁfoduce lubricating oil

' basestocks have a VI of about 95 in good yields.

Today more severe operating conditions for automobile engines have
resulted in demands for basestocks with lower volaﬁlities_(wbhi)e retaining low
~ viscosities) and lower pour points. These improvements can only be achieved with
_ baséstocks of more isoparaffic character, i.c., those with VI’s of 105 or greater. Solvent
refining alone cannot economically produce basestocks haying a VI of 105 with typical
crudes. Two alternative approaches have been developed-__ttj_ ;produce high quality
lubricating oil basestocks; (1) wax isomerization and (2): 'ﬁihrocracking. Both of the

methods involve high capital investments and suffer from yield debits. Moreover,



crudes. Two alternative approaches have been devel oped to produce high

quality . | ubr| cating.-oil basestocks; (1) wax isonerization and (2)
hydrocrackln L of the met hods i nvol ve high capital investnents and
suffer from yi'eld débits. Moreover, WO 98/ 00479  PCTMUSY7/10969

PCT/ US97/.:20969 -2-
hydrocrackl ng elimnates sonme of the solv ncy properties of basestocks—
produced by traditional solvent refini9ig techniques. Al so, the

t ypical ly” 1 ow. H’g"ﬂ%d cks u i n hydrocracking, and the
consequent: severe: (g%c‘édllgt iy %fi,'ga ﬁ’é‘ﬁfﬂ??é‘g € $QJveney, propertieshef badsesiotlebroduced by

visconet ri.c arimdmmatsoluehyr fhiaP Rch C r i t he f.or mat i on of
undesi r abl e (tx &1) 'SP gmleg Tk:gu;eg g%gcﬁgypmaéy o3 ghatity; fredstorks useent
concentrat i ﬁ g ograf‘ﬂ?& Hé‘im‘ﬁlc%ﬁem@nt@vere conditic®p regdFEd BAcKEtd ﬁ@&ésgndl s

needed to ""eseanatrmq.ﬂdb ficle by
S: Bul | I\/alr mJn ent. ?‘t‘?@ﬁ BP"E’ “%§ %"I FesHt ity the formagiom gf undesi@bledtonic)

Hydr ot r.eat S @ ._.__'__c@&sam‘fotrhcﬂ']i%{iﬂia ress, Vol une
4, Develiop .s?ep SP lLaLébr ha.t i on, PD 119(2) leg%%%ngqu@g@%mﬂ‘gg%&%é@m@
process '\ i hesx “&'é’f'l'sdﬁe‘!ﬁ‘?lt?a‘m\evsalmmﬁtbxmwseﬂbﬂg is replaced by a

hydr ot r ea er. U S. Patent 3,691,067 describes a process

for prodicing:a nedi um-Andritiedy SvBufli y d narrow cut | ube
ST 0 Vbul o? gegﬂég{gﬁ i Ilrs‘z'g‘? §t I Manufagire by e .

f eedst ock; " T Yi%gfi‘%r eating step inv
U'S. Patent 3.7 °HF§E‘F’B9§'§°4¢9@PEﬁ‘QfmhesTanﬂgWorldP&Qol&iﬁb e {,af finate
froma sol vent,; Bavelodienfin LBSGS é%eedsi'i]:?%lt he hydrof ni s Phg st ep

~

is deri ved- fr m a hi ghl'y arorrat | c sour desesihen @ prasessoistein | at €.
U.S. patent:.: ﬂ“%'@ﬂweitat@ivenUeﬁmngmeg&eﬁ% alhmg g the bul k oxidation
st abili ar_l_d storage stability of I|ube oil baseStoc s der| ved from

hydrocr acked . br| ght  stggkp L..hvol ves hydrodenitrification of a
hydr ocr ac ri ght stoc %J*P? 6\/\;:'@&@@‘ FBPF‘}‘EF%W‘PTHQOdHOmgamcdmmand | t

Pls éqlcbyélugptrmgranhhewemuw%édg Oﬁf@l %,aﬂ,g% refining

hj | ow vol atilit AP excel | ent
invSUvEY PANEE b rHlearing zone, 'S, Patent 3,730,154 disclors hydrofinishing

t oxi citysy
Y he extract or: rafﬁnate from a solvent extraction process, The feed to the
hydroﬁmshmg step is derived from a highly aromatic source such as a naphthenic
|stxllate U.S: patent 4,627,908 relates to a process for improving the bulk oxidation
stablhty and storage stability of lube oil basestocks derived from hydrocracked bright

stock. The process. involves hydrodenitrification of a hydrocracked bright stock
g _ollowed by hydroﬁmshmg

It would be desirable to supplement the conventional solvent refining

P process S0 as:to produce high VI, low volatility oils which haye excellent toxicity

-___::o_xxdanve and thennal stability, solvency, fuel economy and cold start properties

- _-__...__-_'i-wuhout mcurnng any significant yield debit which process requires much lower

investment costs than competing technologies such as hydrocracking,

Thls invention relates to a process for producing a lubricating oil

basestock by sclectwely hydroconverting a raffinate produced from solvent refining a
.-lubncaung oil feedstock which comprises:




oxidative and thermal stability, solvency, fuel econonmy and cold start
‘properties W thout incurring any significant yield debit which process
requires: much | ower i nvest ment costs than conpeting tech ' ch as
hydrocracklnﬂﬁ)”@Mﬂﬁary of the Invention ?ﬁ%@%?ﬁégﬁfion
rel'ates 'to a process for.:.producing a lubricating oil basestock by -—
sel ectivel y ‘hydr oconverting a raffinate produced from sol vent refining a
| ubri.cating oil feedstock whi ch conpri ses: MD 98/00479

'PCT/ US971 10969 0i

feedstock to a sol vef® & P‘Fucgwglg?'%bdﬁg&&%ﬁw%& R solt t@‘%ﬁ?ﬁf‘%ﬂ%g

t herefrom an aromatics rdeﬁdiatmgtxlie?ﬁ}orﬂaﬂaﬁnﬁﬁés&fcﬁleﬁﬁacimﬁh paraffins rich
raf fi nate; ) strlpplngthe raf fi nate of solvent to produce

a raffinatefeed having "3 nate dewaxed oil viscosity index
from about ‘85 to about 105 and a final boi i ng point of

no greater:than abouty)6Qigpidgthe raffinate of solvent to p&ﬂﬁce ARkt Geed BGvin@hf | Nat e
feed to. ..rst hydroconversion zone and processing t he

raffinate feed in the priswersoilyiscasintindexdiah sbayh8aioypboutd05 and a final
t enper at:ure of from 340 rtial pressure of from
800 t o 2000 psig, space l%/gfnéﬁa{"%f% %E?Qrtg%ﬁab%ﬁ_e@g\ﬁand a hydrogen to

feed ratio of from 500 to 5000 Scf/B to produce a first hydroconverted

raf finate; (c) pa(ssik)g thasdiimate felabtofd first hylisodoroesivnezdnednd piiokessiage t o
a second reaction zone g onduct,.n | d _hydrofini shing
of the first hydr oconvert[;‘é@m%fF‘?f’a’f‘éh‘? pfesence of a non-acidic tatalystat a

temperature of from 340 to 420° C, a hydrogen partial pressure of from
&09___to 2000 psig, space velocity of 0.2 to 3.0 LHSV and a hydrogen to
feerr-ratio of from 500 to 5000 Scf/B to produce a first hydroconverted

rhfﬁnate;

(D _ p'a's'sing the first hydroconverted raffinate to a second reaction zone and

conductmg cold hydrofinishing of the first hydroconverted raffinate in

-the presence of a hydrofinishing catalyst at a temperature of from 200 to
C a hydrogen partial pressure of from 800 to 2000 psig, a space

ve_lqerty of from 1 to 5 LHSV and hydrogen to feed ratio of from 500 to
SOOOScﬂB to produce a second hydroconverted raffinate;

(e) passmg the second hydroconverted raffinate to a separation zone to

remove products having a boiling less than about 250° C; and

® passmg the second hydroconverted raffinate to a dewaxing zone to
produce a dewaxed basestock having a visepsity index of at least 105
proded that the basestock has a dewaxed oil viscosity index increase of
| 10 greater than the raffinate feed, a NOACK volatility

xmp _vement over raffinate feedstock of at least about 3 wt.% at the
s_am_:_______v_;scosrty in the range of viscosity from 3.5 to 6.5 cSt viscosity at

100°C,and a residual aromatics content of at least about 5 vol. %




the presence of a hydrofinishing catalyst at a tenperature of from200 to
*320[err] C, a hydrogen partial pressure of from 800 to 2000 psig, a space
velocity of from1l to 5 LHSV and hydrogen to feed ratio of from500 to
5000 Scf/B WOBMABIce a second hydroconverted raffinate; FCT/USITN069 (e)
passing the second hydroconverted raffinate to a separation zone to -—
renove products having a boiling | ess than about 250 C, and

(f) ‘passing the second hydroconverted rﬁf’fi nate to a dewaxi ng zone to
produce a dewaxed basestock having a viscosity index of at |east 105
provided that the basegprayidedthetthg fehpsdow toxiciyand passésribelP3ddor ease of

at | east 10 greater ths £ feed, a ACK wol atjlity

i mprovenent over raffi ?g&g&ﬁgﬁs@g@g@% 0 mg"t%hel"g%{g?a %gﬁﬁcsfoﬂh“l% at the

sanme viscosity in the range of viscosity from 3.5 to 6.5 cSt viscosity at
100 C, and a residual - 3m anoilicr embadimentnthisofiveation miatds tab process furaklectively

\Ié\ngg 3/88(7)71;/.(9)9 éydroconvemng a raffinate produced from solvent reﬁningl-_-_a lubricating oil feedstock

provi ded thatwkiBiecdisRes:ock has |ow toxicity and passes the |P346 or
FDA(c) tests notw thstanding the residual aromatics content.

I n anot her enbodinment, this invention relates to a process for selectively
hydroconverting a ré@¥ f cppdusting the lnbeerting gihfeedstoekito arsebvent; siyaction zpaq andt i ng
oi | feedstock — whiCh sGOMND ¥Fefrom an aromatics rich éﬁ}act&ﬁr&%%c%he
lubricating oil feedstock to a solvent extraction zone dn

separating therefrom amaffin®esati cs rich extract and a paraffins rich

raf finate; (b) stripping the raffinate of solvent to produce

a raffi nat e feed ha(“ NYtridping the raffinate of solvent to produce a raffinate feed having a
BN - dewaxed oil viscosity index from about 85 to about 105 and a final

 boiling point of no greater than about 600° C;

. {e) passing the raffinate feed to a first hydroconversion zone and processing
 the raffinate feed in the presence of a non-acidic catalyst at a
‘temperature of from 340 to 420° C, a hydrogen partial pressure of from
800 to 2000 psig, space velocity of 0.2 to 3.0i_LHSV and a hydrogen to
-':-ffjee_d ratio of from 500 to 5000 Scf/B to prodlice a first hydroconverted

- -raffinate; and

() passing the first hydroconverted raffinate to a second reaction zone and

. ...op_nducting cold hydrofinishing of the first h)gdroconverted raffinate in
the presence of a hydrofinishing catalyst at a .;éinperature of from 200 to
320° C, a hydrogen partial pressure of from 800 to 2000 psig, a space
velocity of from 1 to 5§ LHSV and hydrogen to feed ratio of from 500 to
500.0 Scf/B to produce a second hydroconvct_f__‘c:;'_(__i_ raffinate.

The process according to the invention produces in good yields a
basestock which has VI and volatility properties meeting futl_.__(":_: industry engine oil

' standards while achieving good solvency, cold start, fuel eb(_»ﬁqmy, oxidation stability



‘dewaxed oil viscosi ty index fromabout 85 to about 105 and a fi nal

‘boi I'i ng point of no greater than "‘about 600[err]C, (c) passing
the raffinate feed to a first hydroconversion zone and pro '

the raffinat WQWMP®n the presence of a non-acidic catal ysti :‘i§i§}9/10969
tenperature of from 340 to 420[err] C, a hydrogen partial pressure of—4+om
800 to. 2000 psig, space velocity of 0.2 to.3.0 LHSV and a hydrogen to
~feed ratio of from500 to 5000 Scf/B to prgauce a first hydroconverted
raffinate; and - d) ..passi .the tirst hydroconverted raffinate
fo a secon d_ re &Bg pgﬂ'nil&mﬂ%argpgmgs. ﬁn aEcguon, toxncn.y Meﬁtm%gpﬁstock as

hydr of i ni shi ng egéellehokicoiogicdl propRRRY¥SERGred BY tesiB3hdh dsthe FDA(c) test.

‘the presence of a hydrofinishing catalyst at a tenperature of from 200 to
320[err] C, a hydrogen partial pressure of from800 to 2000 psig, a space
vel ocity of frdseltegenptioney theBrawinghgen to feed ratio of from 500 to
5000 Scf/B to produce a second hydroconverted raffinate.

The process according tOF%h?idm&fﬁfmd?KQQHﬁﬂSvkﬂi&%@iﬁdé‘c'fﬂﬁa 00N

basest ock which has VI and volatility propertiés neeting future industry
engi ne oi | desestogk.ds whil e achi evi ng good sol vency, cold start, fuel
economy-; - oxi dation stability WO 98/ 00479

PCT/ US97/ 10969 Fig. 2 is a simplified schemati . - 5- and
thermal ‘stability pr opertfgés.lsﬁsrxlmg%rc‘ﬁ tslcoﬁrxli,mn{:(t)'l;:(’}'vcdll-a tgfstthg s‘%a\}\? t hat the
basest ock has hydmcensletsiot t oxi colppegessal properties as neasured by tests
such as the FDA(c) test. Brief Description of the Draw ngs

g 11 aplot of NOAGK VLAl bl drthe'Bermdl RS0 dophiafisn vs! Hsodbing Tadbk.

Detailed Description of the Invents

The solvent refining of select crude oils to produce lubricating oil
baseStocks typically involves atmospheric distillation, vacuum distillation, extraction,
dewéicing and hydrofinishing. Because basestocks having a high isoparaffin content are
characterized by having good viscosity index (VI) properties and suitable low '
temperature properties, the crude oils used in the solvent refining process are typically

paraffinic crudes.

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

deasphalted is sent to other processing.

The solvent extraction process selectively dissolves the aromatic
compbnents in an extract phase while leaving the more pafgfﬁnic components in a
raffinate phase. Naphthenes are distributed between the ev;i}act and raffinate phases.
Typical solvents for solvent extraction include phenol, furfural and N-methy!
pynoiidone. By controlling the solvent to oil ratio, extraction temperature and method
of contacting distillate to be extracted with solvent, one cag_connol the degree of

separation between the extract and raffinate phases.



Ftg. 2 is a sinplified schematic flow diagram of the raffinate

ig. 3 is a plot
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phenol , furfural and N-neth aqmg:kmb réce.
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PCT/ US97/ 1096916pendmg on operatmg conditions. In view of these reactions, separation of the

' aromatxcs rich phase ‘that occurs in solvent extraction is an unnecessary step since

I 3 hydrocrackmg reduces aromatics content to very low levels.

B __way of contrast, the process of the present invention utilizes a two

- step hydroconversxon of the raffinate from the solvent extraction unit under conditions

: wh:ch mmmnzes"hydrocrackmg and hydroisomerization while maintaining residual

- aromatlcs content of at least about 5 vol. %. The aromatics content is measured by a

S hlgh performance hquxd chromatography method which quantitates hydrocarbon
| mlxtures into saturate, and aromatic content between 1 and 99 wt. %.

The rafﬁnate from the solvent extraction is preferably under-extracted,
ie, the extracno' ) 's camed out under conditions such that the raffinate yield is
maxxmlzed whlle stxll removing most of the lowest quality molecules from the feed.
Rafﬁnate yield may be maximized by controlling extraction conditions, for example, by

lowermg the solvent to oil treat ratio and/or decreasing the extraction temperature. The

~raffinate from the. solvent extraction unit is stripped of solvent and then sent to a first

hydroconversnon umt contanmng a hydroconversion catalyst. This raffinate feed has a
viscosity mdex of from about 85 to about 105 and a boiling range not to exceed about

600° C, preferab]y less than 560° C, as determined by ASTM 2887 and a viscosity of
from3tolOcStathO°C |




In recent years, solvent extraction has been replaced by hydrocracki ng as
‘a nmeans for producing hi gh VI basestocks in sone refineries. The

hydr ocr acki ng process+=utilizes low quality feeds such as feed distillate
fromthe vac“%Mﬁ@W@?lllatlon unit or other refinery str&GHYSE as
vacuum gas oils and coker—gas oils. The catal ysts used in hydrocraeking
are typically sulfides of*Ni, My, Co and on an aci di ¢ support such as
silicalalumina or alunina: contalnlng an acidic pronDter such as fluorine.

Sone hydr ocr acki ng ¢ sts al so contain hi aci di eolites. The
;hydrocrack?/ng processg ﬁlﬁ%ﬁ‘lﬂﬁ?fﬁ*P&)&ﬂ‘ﬂ@i‘%W&*‘&?&?ﬂ%ﬂéﬁ% Foupy #Rl ring

saturation, de%dﬁé’d & the Pex‘?&dx@l‘ﬁl@ﬁdbﬁﬁled by Fish&Scidnlifi®), ﬂﬂedoh%blesdrb@p Vm
chain and si de-chain cracki ng, wax i Sonerization dependi ng o
operating condimetaihée., irpn.¢p aoﬂ ntchelsu;d mixtures tharsof. SBigse metalsior piixtutee of

Ctep sl nee | IS Sy SO SRR oL Qe B S KGR b B BBRRRL S L

By way of contrast the ‘process of the present invention utilizes a two
step hydr.oconversion of lt _'mpelfttlnttlattheiﬂemlmmﬁes@pbneﬂhmeadidnaedasaocumrdl

Wi e oot of RS bl Sl R R e S B SRR 3L o6

The aromatics GRayRDineh@ndRaRsREd By Keamed ks MEVIcke TXagRysis 981395198
chr omat ogr aphy nety%gcrewhlch ual’ltltb%t es hydrocarcbon mf;“??{susrgzsI I n ﬁ 5s)aturate

and aromatic cdémthésscaloef m@m Z-mﬂwl-gspemene %subjected to the catalyst to be Emaluated fiti nat e

fromthe solve under

extraction is ggirxrg‘?qee p%;ak" c’fond@bll psrﬁs(?ﬁcet g@ ?f'l“ﬁglflézhyl eld is
mra]m ][n zgd whi :c :c Pertttri fornmm dagmmat Thé zsblhgrdgﬁmpdﬂ:wall lfltlieycafﬁblnﬁﬂuloﬁﬁs from
the fee Raf fi.n ' maxi m ze rol li getractlon

condi tions, fof® ‘&?Hﬁ%l’@‘e B?nﬁlryo?%é‘l:?‘f?g‘“wﬂé“tﬂ n#*B‘s@le?kYP@ ic spe§ foEm 4Ang/ or
decr easi ng. t he seuif.0Gkh@Re lvﬁélpa%rsasuglfam&' baté?ésmtml&efela@malrbﬁgcﬁﬁl.wa%t
extraction unit |s stri pped: of sol vent hen sent to a first

hydr oconversi omﬁlml@-mmgwnhngyatmsgékwbmwﬁ@mm Zedigiethyl-2-bitens. The f i nat e
feed has a vis % anf S 10 out Pbout 10

range not to e%’cee ng]’lt--'- it,pmpgf’%*) ¥ eﬁ‘ l'%'gsrg han%% Eﬁqﬂa‘oésc%eo

det erm ned by A&IM ‘BﬁiSicxélf;ebcalememomw 0ab 450c Olery Wedkidy ddidic sifels will hdw0 C.
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\F/)\lC)T/Q 3/883 / 189 69 values near 0.0 whereas very strongly acidic sites will have values approaching 4.0.

The catalysts uscful 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

addmg promoters and/or dopants, or by controlling the nature of the metal oxide
support e.g. by controllmg the amount of silica incorporated into a silica-alumina

support Examples f ‘promoters and/or dopants include halogen, especially fluorine,

phosphorus boron, :yttna, rare-earth oxides and magnesia. Promoters such as halogens
generally mcreasc the acxdxty of metal oxide supports whxle mlldly basic dopants such

as yttria or magnesna tend to decrease the acidity of such supports

Sultable metal oxide supports include low acldlc oxides such as silica,
alumina or utama, preferably alumina. Preferred alummas are porous aluminas such as
gamma or eta havmg average pore sizes from 50 to 2005, preferably 75 to 150M, a
surface area from 100 t0300 m /g, preferably 150 to 250 m /g and a pore volume of

from0.2510 1.0 erp-’l_g, preferably 0.35 to 0.8 cm /g. The_supports are preferably not




-7- Hydr oconversi on catal ysts are those contai ning G oup
'VIB netal s (based on the Periodic Table published by Fi sher

Scientific), and non-nobl e Goup VIII netals, i.e., iron, cobalt and

ni ckel and WOR8/M®s t hereof . These netals or mixtures of FCTUREHING o e
typically present as oxides or sulfides on refractory netal oxide supports.
It is inportant that the netal oxide support be non-acidic so as to control
cracking. A useful scale of acidity for Catalysts is based on the

| sonmeri zation of 2- met hyl - 2-pentene as described by Kraner and

MeVi cker, J. mEamgted Kith a pogengrh ag Gugrine as this greath igersasgs e a¢idigeofihe v,

2- net hyl - 2- peg hﬁ is subjected to the catalyst to be eval uated at a
fixed tenperat e, typically 200 C. In the presence of catal yst sites,

2- met hyl - pentene forns a carboniumion. The isomerization pathway of °

the car boni umion is Prefemesiretal catalysfs indledeaobali/myplybdenamt(l158 €othes i n t he

cat al yst. Thus o aGdi C . | tes form 4- thyl - 2- pe ne, wher eas
strongly aci d?xé {féﬁ/ﬂ\gg it ?x1 iﬁ&'@?&b@ﬂm’?’ééé%ﬂb%r?éw lc(gﬁél“%"as

net hyl - 2- pent @m:)m hidkelRungsh {105/ N a8 okide OLT86 Wsrﬂxm%on alumina.
2,3-dimethyl -2-butene. The * mole ratio of met hyl entene to

4- et hyl - 2- peEF’fPéﬁé‘Jbﬂfﬁfeﬂédé'@rﬂi“#lé'ﬂé'db@@"m@@&S@SWhﬂSKF- dity. This
acidity scale ranges fromO0.0 to 4.0. Very weakly acidic sites will have

val ues near 0.0 wher easay&%clsnﬁm{'&wuﬁﬁé i thie ﬁx‘sfl%rd%“erﬁ'&vﬂm Akt

approaching 4.0. The catal ysts useful in the“present process have
aci dity val uetsmperafuesef framdd®iod30° O, ipeferably 31§ﬂe¢ 39046, 9 hydregentpagtial about 0. 3.

oot ers. andysi a0 LS oD SRRRE ST, FEF MR AR BB Moo pr TSI A e

support, e.g. Mmya@mbwabbxtmﬁdneoan@gomm Sprbﬂeﬁﬁlyl 03¢ PO M ardit 0 a
silica-alum na npl es of pranoters and/or d@pants I ncl ude

Exa
hal ogen, espebydaey t‘? Feﬁéfqt'ﬁéffmm 5081t 30M0c¥<lfB, prstsrably 20000 4000 ScffBe- ear t h

oxi des and magnesi a. Pronoters such as hal ogens generally increase the

acidity of netal oxide Themp@robsnvedied :afﬁna{ecﬂoyn mas&sqréie@aﬁtt&nscuﬁahcxed to 85
yttria or magnesia tend to déecrease the ac such supports.

Sui t abl e met a¥ecend rqacter i i subigstadito 4 eold (I'm\ldd %xdreﬂmﬁegg siers iThgamlysy ca,
alumina or ti hﬁﬂis Yecolll ?&%@&L;r/ b&{nd ’;)F]rﬂélas b dRlcriBch HoVdth 8% kGetfYrOUS

al um nas such a _ avi ng average pore sizes from50 to
200[ err], pr eHewatdr,ynﬁiﬁ acldlch(a[yetsuppom such asssilich-abwnipa, eacdniaoand tikeo 300

r’r{err]/g,.prefer to 250 err]/g and a pore vol une of fromO0. 25
to 1.0 cni err]")a?j %égf’é'gléeoﬁew'érs%g 8 cnferr]/g. The supports are

preferably not :
Con‘c_litiop__s in the second reactor include temperatures of from 200 to

320°C, preferably 230 'td .300" C, a hydrogen partial pressure of from 800 to 2000 psig
(5.5 to 13.8 MPa),: preferably 800 to 1500 psig (5.5 to 10.3 MPa), a space velocity of
fromltoS LHSV preferably ! to 3 LHSV and a hydrogen to feed ratio of from 500 to
5000 Scf/B, prefe_r_ab_ly 2000 to 4000 Scf/B.

In Ol'qt._’é_l.’- 10 prepare a finished basestock, the hydroconverted raffinate
.from the second reactor 1s ‘conducted to a separator e.g., a vacuum stripper (or
fractionator) to sepé_i'étg out low boiling products. Such products may include hydrogen
sulfide and ammonia_é:fépned in the first reactor. If desired, a stripper may be situated
between the first and second reactors, but this is not essential to produce basestocks

according to the invention.
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pronoted with a hal ogen such as fluorine as this greatly i e
acidity of tﬂ@”’“‘%’ﬁ port . Preferred mW?&’%ts

I ncl ude cobal t/ nol ybdenum (1-5% Co as oxi de, 10-25% Mo as oxide) —
ni ckel / mol ybdenum (1-5% Ni as oxi de, 10-25% Co as oxi de) or

ni ckel /tungsten (1-5% Ni as oxi de, 10 30% W as oxi-de) on al um na.

Especial |y preferred are_nickel / ol um cat aI st s such as KF: 840.

Hydroconversi on conditio }Pyh“‘Fﬁ’é"eft gt fepRrald Bom;thgsepsrator sthemude a
tenperature of ydr ogen
parti al pr esc ts)ﬁ@g? eg 8%%‘3?%@5@60%%%{'?@%%bgm%ﬁ%él\/@%ﬁé; soqi{een?ia |y 800
'It_ as \1/ 500 pfs ig E) i‘ﬁxlﬁtetth}: hb(drcﬁ'lmshed\Hngﬁ)nat?né phillgve blqsmlh;ze arid s’eparme @:a? mcﬂﬁcii:ceg
refera an rati o of from
500 1o 5000 Scf a‘p*Pé’F’é‘F éﬂ&?‘\?e PRBANG Ay A‘e@ee%%*%w% KefoneS RCtub ety ethylq

hydroconvertedkegﬁé Mﬁ,stbmmﬁeme&dﬁﬁnﬁ@m&@afls t hen conducted to a
second reactor where it is subjected to a cold (mld) hydrofinishing step.

The cat al yst inthis secopd reaictor t he, sane as t hose descri bed
above for the first react¥rsoiven bxivre may Be gealeddngnort s such
as silica-al UMrdigerftidnystbd éﬂﬁli @ rfabShilRe.

reactor. gerdtiditsyitedt o nf“?l osk‘lsa Tht he secongﬁsgg%a?aéécpﬁrtl&le&gm

t enper at ures ofis fendmazerating umt S®h a€a rgganyfitientol sypRBO wan fisGDIIC, The dewalxedgen

Dot \Bhessut e hidheh ERRtaE RRRab. arghied s A plypk” 1 L2
LHSV, prefer ab|s§tbjéctéd103athlylﬁkllsamdnﬂnbix/dé\0@mfg tbmrﬂfeelimﬁme«pomfpoimom 500 to
oo h 1 Stk bui Sk B et oy e ot i
second reactor sé,ﬁt&ﬁpg&ﬁ&ggn&puﬁ‘separator e.g., a vacuumstripper (or
fractionator) to separate out |ow boiling products. Such products may

i ncl ude hydrogen . sulfide and ammonia forned in-the first reactor. If
desired, a stripper may b lubrcatingesl basestogkinrpduced bycthe progess aerording orfhe

reactors, bUt tjegidetis QBN by Bk tHIRVARERSEEAIVRRLAG iex of sAERPRIHLT 1O

t he inventio

105, preferably at least 107, NOACK volatility xmprovcr__n_pnt (as measured by DIN
515 85;1) over raffinate feedstock of at least about 3 wt.%, preferably at least about 5
Wt.%, at the same viscosity within the range 3.5 to 6.5 ¢St viscosity at 100° C, pour
point of -15° C or lower, and a low toxicity as detennined-gbf IP346 or phase 1 of FDA
(). I:__P346 is a measure of polycyclic aromatic compoun'_d‘_s.. ‘Many of these compounds
are cé;rcinogens or suspected carcinogens, especially thos__t_‘:'with so-called bay regions
[see Accounts Chem. Res. 17, 332(1984) for further deta'i'l}"'sfr]’_:_'__ The present process

reduces these polycyclic aromatic compounds to such levels 'as to pass carcinogenicity

tests even though the total aromatics content of the lubrxcatmg oil is at least about 5 vol.
%, preferably from 5 to 15 vol. % based on lubricant basestock. 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 Fig. 1, NOACK volatlllty is related to VI for any
given basestock. The relationship shown in Fig. 1is fora. llght basestock (about 100N).
If the goal is to meet a 22 wt. % NOACK for a 100N oil, t_h__‘__qg;.-the oil should have a V1
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The hydroconverted raffinate separated fromthe separator is then

conduct ed tWOLBMMARXi ng unit. Dewaxing may be acconplishe qu{sﬁ'ﬁm&“’sol vent

to dilute the hydrofinished raffinate and chilling to crystallize.and
separate wax nol ecul es. = Typical sol ve%s i ncl ude propane and ketones. °
Preferred ketones incl ude met hyl et hyl ketone nmet hyl isobutyl ketone

and m xtures t reof he sol vent/ hydrocaonvert ed

raffinate m xPRADRULLD fﬂé{&’B@*“éH"h ngpal-cutmlpt}y Ger 219 07 o by GGR#902Eni ng a
scraped- sur f agglaiy 'dngfov héhits %%ra@llﬁxgﬁd'ﬁitﬂlﬂﬁmcw ér&ﬁfct b éc§ea§hﬁ€fhetc9

separatlng unit SUC S.-a.r otary ter to separat e rOWIO
dewaxed oi Widts “Touthe laniteetsy zerol cubwidiin bheicanandet B0 NAACK at 4 V1 déeehoued t he

dewaxed oi | ected tg ¢ itic i sonerizatlon ng to
further Iomemq‘lgl%& %‘Ej approach, “%%&F@[%‘ﬂ“ ploye mmﬁégwécéﬁ(ydé&gé&ﬁ for wax
coatings, candles and the i ke or may be sent to an isomerization unit.
The lubricati ng oi | bagé d. k:kmgdd?l&ffkphbkbnﬁ-ommig&ﬁgxﬂn@@d ConBghutmlyt fd1e ;
invention is j.zed: t ol | owi n i es i scosity index o
at ' owaNg?'éﬁ{ a5FY "g}/'é’é} lege sqigr3ve Ctyer Shsigsh en o proeers efyxe

| east abou _
i mprovenent . ( feMRAS ¥u 'HMchlowlh ydroetacRihy afY cés@ésfsh&?és%f’tf‘dﬁ%ﬁﬁiﬁn()f at
| east about 3 w.% preferably at" |east abou % at the sane
vi scosity wit Hesioy mostof themaleailarspein r@ﬁsonsmle&mmctsylvancymemespﬁmivem poi nt

of -15 Cor Ig 0X] Cli m,ned | P346 or phase 1 of
2hn 1% Coy” 1 PRt o R AeRF RS WY 0o PB I T B plshi Brbies iy o
t hese COrrpOUI’ldésxgnedm’ﬁesbﬁfe&vamalﬁodn&l@ﬂaﬁésqhﬁd ifcavy OvadO@RRSsiogspeci al | y
those with so-called bay* regl ons [ see Accounts Chem Res. 17, 332(1984)

o i iher oetal sl T r{;c%gsgqqléh’g’r O%‘ﬁ’g'?)é?sfgn%zqg‘\s' Q‘Lﬁfﬁﬁ& OJHYC%%FQS even

aromatic COHDOUHdS to s

t hough the totg¥acad! gﬁismc@gt pidally @h athldSpHetib tddGedd chille Fiokm arfatdbsghedst about
5 vol. % prefera @t){’ romb5 to 15 vol. % based gn | ubricant basestock.

The FDA (c) t @westillingisghown). f¥arions digtiljate eutsshown ag >tk l4 nedmagnand 16
ul traviol et a?ﬁeg{'ﬁm shﬁi_;t& Qcﬂv&?gxtf‘agtlmu% via line 18. These distillate cuts may

range from abou "00° C to about 600° C. The bottoms from vacuum pipestill 10 may

be sent through Ime: 22 to a coker, a visbreaker or a deasphaltmg extraction unit 20

where the bottoms e contacted with a deasphalting solvem such as propane, butane or

pentane. The de phalted oil may be combined with distillate from the vacuum

pipestill 10 thrdugh lme 26 provided that the deasphalted oil has a boiling point no _
greater than about 600° C or is preferably sent on for further processing through line 24.
The bottoms: from asphalter 20 can be sent to a visbreaker or used for asphalt
production. Other reﬁnery streams may also be added to the feed to the extraction unit
through line 28 prowded they meet the feedstock criteria described previously for
raffinate feedstocl_c '

In eﬁi‘_hji:tion unit 30, the distillate cuts are solvent extracted with n-

- methyl pyrrolidongf;qd the extraction unit is preferably operated in countercurrent

mode. The solven to-oil ratio, extraction temperature and p'ercent water in the solvent
"degree of extraction, i.c., separation into a paraffms rich raffinate

and an aromatlcs nch extract The present process permits thc extraction unit to operate




‘range. As can be seen fromFig. 1, NOACK volatility is

‘related to VI for any gi ven basestock. The relationship shown in Fig. 1
is for -a light basestock (about 100N). If the goal is t w. %
NOACK for a WOO®84” then the oil should have a VI %7@3%9

PCT/ US97/ 10969 -10- —ef
about 110 for a product with typical-cut wydth, e.g., 5 to 50%off by GCD
at 60 C Vol atility inprovenments can be achieved with | ower VI product

by decreasing the .cu width, In.the limt set by zero.cut width. one can
ot 225 Noac R S xR pode percns amal ot ordeies it et i
distillation akffifate pliugé!r FheSrathdtics FighéxtdaOptdseis berit for further processing through
Hydrocracking is also capabl e of producing high VI,  and consequent|y | ow
NOACK basest oc kige 3% u¥he raffinate phase p%@mﬂwd(tgmgh ligg 34 tesplvem swipping upitdbess of

t he I nvent i QR I ks . - P’% wax
| soneri zation gm?gg‘g%&rlghgﬁ ﬁn&é‘?t lg?&%ih@é %%{%&g;lﬂg%em e@r eggag%loﬁgezﬁs% e ftgg t he
sol vency pr opettrowgh link 46 ¢ fishlsydroconedrsioreshindd.s. The latter al so uses wax as
a feedstock whereas the present process is designed to preserve wax as a
product and does little,if wax conversL,on. . oo . ... The
process of the inventi onmesﬁr?([ﬁ{’ f"f?&?“"f’fsr‘ﬁ‘s'{"f%i“?éa“‘ﬁw Erés.mf.atalf'ﬁtewq“é*b‘a 8 to
vacuum pi pest i hickdifindigbdeytinh 8 h MuinasupporPiravaildbROFGHE A ked NoteLf Hodrogéh

at nospheri c _pipestill ignot shown). Various distillate cuts shown as 12

(light), 14 (néthdmifedtnynitgr reacty peinbine 4 Unitrondifoncare wmicallit r act i on
it 30 vi [ . ' ' f :.200
uni t via 11 ?%r;p}fkmrgpﬁsf?on%ﬁ-ﬁd"@ ﬁy&b%cg gm %rfsggfségl m 80870 S0 Hsi [err]

C to about 600 C.. The bottons from 10 may e sent
t hrough |ine 23pace velogitykafifromel.§ tsho £EIS¥T andra hydrbgersiotfeddt ratimofcfiram 500 toon uni t

20 where th t are contacted with a deasphaltin olxent such as
propane, but angogfé‘:ﬁ;%ﬁcgw .a?whﬁﬂmﬁ“f‘%ﬂﬁg? f‘)yq%cg?“ﬁ‘g'egGﬁ?ﬂ%d with
distillate froiadidat tHRGUHEE no wik 36metizdtion & thilia@piade. | White rdb withiigitelBel t hat

t he deasphalted oil has a _boiling point no greater_ than about 600[err] C

or i s pref er ablbyunsspanypartigylarthrory, since,the peesise mgchanispLighthe Vi dncpsase whichr
bot t oms 11 om dgASRITR S agbis 6 knbem SR cehBing, it isHoRA ik hAErobBS afcHeirgSPhal t

removed, aromatic rings are being saturated and naphthene rings, particularly multi-ring

naphthenes, are selectively eliminated.

Hydroconverted raffinate from unit 42 is sent through line 46 to second
unit or reactor 50. Reaction conditions in unit are mild and include a temperature of
from 200-320°C, a hjd’mgen partial pressure of from 800 to 2000 psig, a space
velocity of 1 to 5 LHSV and a hydrogen feed rate of from 500 to 5000 Scf/B. This

mild or cold hydroﬁnishing step further reduces toxicity t:"d'--._very low levels.

Hydroconverted raffinate is then conducted through line 52 to separator
54. Light liquid products and gases are separated and removed through line 56. The
remaining hydroconverted raffinate is conducted through :.!ine 58 to dewaxing unit 60.
Dewaxing may occur by the use of solvents (introduoea -tﬁfough line 62) which may be
followed by cooling, by catalytic dewaxing or by a con'i:bi.ti)',qt_ion thereof. Catalytic
dewaxing involves hydrocracking and/or hydroisomerizatibh as a means to create low
pour point lubricant ba&pst_ocks. Solvent dewaxing with o};ﬁonal cooling separates

waxy molecules from the hydroconverted lubricant basestock thereby lowering the pour



production. O her refinery streans may al so be added to the feed to the
"extraction unit through line 28 provided they neet the feedstock
criteria described previously for raffi nate feedstock.

In extracti WOEN49 30, the distillate cuts are sol vent ex®CXEUSEHION h n-
met hyl pyrrolidone and the extraction unit is preferably operated in__
count ercurrent . node. The sol vent-to- ?%I rati o, extraction tenperature
and percent water in the solvent aré*tded to control the degree of

extraction, i.e separation into a paraffins rich raffinate and an

aromati cs ri choiakiHygseconvened mifinaiis prferatly sonegied with mpibykirebund ketone unit to
operate AT . . .

PCT/ US97/ 109‘65""\6@6&&{' %@%Cﬂﬂlﬁlag ewaxing Propess developsd by Fxon. Thismethods o nount
of aromatics wallkhevpbrthé dri. nBinishelubricantdfagdstoak & rpinaved.thrbligh MeddiBdntdcs rich
extract phase issegt fdr.-..g& rtggr processi ng through line 32. The
raffinate pha®8XyBrogugt theeyebdinefough 1ine 34 to sol vent stripping unit 36.
Stripped solvent is sent through Iine 38 for recycling and stri pped

raffinate i s conducted Inthe prosdhtcdidng 16 the iifvehionS hny Wosh BRdndd iftheiNi T 42.
The first hydroconversion unit 42 contains KF-840 cat aly&?ﬁﬁv\hi chis

ni ckel / nol ybdEsd # @ragtiondinit 30 passssivipusily unskangedthrangh therhydrecomversianaions |
Hydr ogen [ 'M‘ﬂgﬁé 1 ' . I, || 44, Unit :
condi tions ar'gndtaiggll’ca ?/wd%& g?“'otlt%g?@é’ggf'ﬁ%r%e%%j’g{éﬂﬂé{}@??‘#‘ C, hydrogen
partial pressures from800 to 2000 psig, space velocity of from0.5 to
3.0 LHSV and a hydr ogeriThegn¥estioh isfurther Blustratahby:bé fdllowing opdiniSag / B. Gas
chr omat ographL,?arnc?ég)ari sons of the hydroconverted raffinate i ndi cate
that al nost no Wax 1 sonerization is taki ng place. While not wishing to be
bound to any particular theory since the precise nechanismfor the Vi

i ncrease whi cExampledcurs in this stage is not known with certainty, it is
known t hat heteroatons are being renoved,. aromatic rings are being
saturated and napht henepy.i:0a% t.] . |3 ed henes, are
sel ectively elimnat ed.en{' it :&Q%ﬂ’x{ﬁ%ﬁ%%%%gf%éeélgﬁﬁ nate from
unit 42 is sehydrocarimmghixturesdntdndlecutae ypeg] Although it has been studied and used for '

over IOO years, no .-_@ally satisfactory theoretical explanation for the mechanism of

thermal diﬂ‘usionzéjil'c:ists. The technique is described in the following literature:

A.L. Jones and E. C. Milberger., Industrial and Engineering Chemistry, p. 2689, Dec.
1953. o

T. A. Warhall and F W Melpolder., Industrial and Engineering Chemistry, p. 26, Jan,
1962. |

H. A. Harner and MM Bellamy., American Laboratory, p. 41, Jan. 1972,

and references therem

_ The then'nal diffusion apparatus used in the current application was a
batch unit constmc_t_éé of two concentric stainless steel tubes with an annular spacing
between the inner and outer tubes 0of 0.012 in. The length of the tubes was approximate
6 ft. The sample to be tested is placed in the annular space between the inner and outer
concentric tubes. 'I‘_héinner tube had an approximate outer diameter of 0.5 in.

Application of this m_éthod requires that the inner and outer tubes be maintained at



‘unit or reactor 50. Reaction conditions in unit are mld and include a

‘t enper at ure of from 200-320[err] C, a hydrogen parti al pressure of from
800 to 2000 psig, a space velocity of 1 to 5 LHSV and a ra en feed
rate of fronWo@80843%5000 Scf/B. This mld or cold hydroﬂ”ﬁ' W35%t ep
further reduces toxicity to very low | evels. —_—
Hydroconverted raffinate is then conducteq t hrough Iine 52 to separ at or

54. Light liquid products and gases are separat ed -and renoved through |ine

g L SR
(int  oduced thaswhsde fb?tlﬁgﬂn%ﬁﬁre%ﬂ?@formogt%ﬁrm% J?Vs affpfs] 'Tﬁe by

catal yti c dewaxing or by a conbination thereof. Catal dewaxi ng

i nvol ves hydr otampekatyrgs 2 aaintaingddprpesiodeef iwtl‘bﬁﬁyas a rreans to create |l ow -
pour point lubricant basestocks. Sol vent dewaxing with optional. cooling
separates  waxy ol ecUiygiie bR B BoREABY: i Moy B pt ock

t hereby | owering the pour © V%em /00479 ﬁﬂ,&ﬂc of: o hétif

PCT/ US97/ 10969 diffusion technique utilizes diffusion and natural convention which arises fi8m the p0| nt .

droconverted raff| nate (s coptacted wiith t I sobut,
lljgt one f ol | ERFRET %ﬂ{éﬁllﬁeﬁg@%ﬂ the nsppand outer ¥ ‘gyé‘ﬂc
This method i s tubes. mi@&mmawumﬁm&&:mﬁm%%ﬂﬂ% I&W&tvbﬁﬁ%&&n@&k i s

renoved thr ough |ine 64 and waxy product through |ine 66.

In the process diBBptothegoales Wﬂ%wﬁmtsﬂﬂin Thmcqm&wammmpi differanhe
feed to extrac e

hydr oconver si ohloqz)%ﬁieéphénsg%?j&%&?éﬂgguﬁ gél-{eé(o W&)%ﬁ%?& ?{ qg%pdvﬁhg)rsgmp {e na
be recovered ashegoocknuation gradient, samplmg ports are a"ﬁwammtdyantﬁdmaﬂlyfspatdder

'ITustrated by bgtr\;v?eg 81|e ltgpvgng%otqgmn _o¥ the concegmc tubes a’fg% isa convenient numger o

samﬁling ports.

Two samples of oil basestocks were analyzed by thermal diffusion
tec‘htiiques. The first is a conventional 150N basestock .-h&ﬁing a 102 VI and prepared
-hy._sélvent extraction/dewaxing methods. The second is a 112 VI basestock prepared
by the raffinate hydroconversion (RHC) process accordi-tté to the invention from a 100
Vi, 2$ON raffinate. The samples were allowed to sit for 7:days after which samples
were %removed from sampling ports 1-10 spaced from top to-bottom of the thermal

diﬁuséion apparatus.

The resuits are shown in Fig. 3. Fig. 3 demonstrates that even a “good”

conventxonal basestock having a 102 VI contains some very_undesnable molecules

from the standpoint of VI. Thus sampling ports 9 and es'l ctally 10 yield molecular
fractions containing very low VI’s. These fractions whtctt have VI’s in the -25 to -250
range likely contain multi-ring naphthenes. In contrast, t_h_e }_{HC product according to
the invention contains far fewer multi-ring naphthenes as. et'itlenced by the VI’s for
products obtained from sampling ports 9 and 10. Thus the present RHC process
selectively destroys multi-ring naphthenes and multt-rmg aromatxcs from the feed

without affecting the bulk of the other higher quality molecular species. The efficient



"Thermal diffusion is a technique that can be used for separating
" hydrocarbon m xtures into nol ecular types. Although it has been studi ed and

used for over 100 years, no really satisfactory-theoretical explanation
for the nMecWEBOMDf thermal diffusion exists. The tecmﬂ"&{f’é’q@"
described in the followng literature: A. L. Jones and E. M| berger.,
| ndustrial and Engi neering Chem stry, p. 1 689, Dec. 1953. T. A )
Warhall and F. W Mel pol der ‘I ndustrial” *and Engi neering Chem' stry, p. 26,
Jan. 1962. and A. Harner and M. M Bellany Aner

Labor atory, prempyal of 4he ux@gsmble specigs s typifisdhynogt lpﬁﬁlé?aﬁt pamauy responsxble
The ther mal dHrﬁh@i%?o&Rﬂ%ﬂN@A@ﬁ%ﬁlah tatls gxfoﬁwsnfpp' ication was a

batch unit constructed of two concentrl ess steel tubes with an
annul ar spaci ng between t he i nner and out er tubes of 0.012 in. The

| engt h of theExample2vas approxi mat e 6 ft. The sanple to be tested is
pl aced in the annul ar space betmeen the i nner and outer concentric
tubes. The inner tube {l

Application of this met 0d 16 UI res %?l#e:{alh gtle@ggglgémﬁ p?o‘!oes be

mai nt ai ned at according to\lfiz MYEriidd ¥ersus a more acidic catalyst. The low acidity catalyst is
PCT/ Us97/ 1096

different t enig -840 which is commerciglly available fram Akzo g?b"lﬁff“faﬁaﬁﬁﬁfly ?ﬁ@? or the
outer wall andhe othePéutdlyst hlaafiérk aciiie] contifertialeivallable caslgst aidfhiak! e for nost

| ubricating oil sanples. The tenperatures are maintai ned for periods of
3 to 14 days. hydrocrackmg processes havingp pstimated agidisy phlyandsidendifiod an@Qatalystahy
parti cul ar th izh f fusion
and nat ur al conven |on I C ar?tl‘ﬁsng%h% %wﬁnﬁa?wph%g‘g?%are g’r rgid

est abl i shed bébiling poinhef Mhémnaaﬁndthodmg\midt of 5¥6° Chedowmedoil viscosity att ubes.
Hi gher VI fu wal | and.ris wer VI nol ecul es
di ffuse to thgﬁhuo(gf’fegﬁ ﬁr@ IW‘%‘{@E mufmg‘tﬁf ég (ce:er#'f’é‘is%% @ adi ent

of different gshowninTables1and?2.

Table1
Operating Conditions _Catalyst
Temperature, ° C 355 360
LHSV, vivihr - 0.5 0.5
H, pressure psig 800 800
H, to feed Scf/B 1600 1300
Conversion to 370° C—, wt.% 22 11

Product VI 114 ' 116



nol ecul ar densities (or shapes) is established over a period of days. In
"order to sanple the concentration gradient, sanpling ports are

approxi mately equi distantly spaced - between the top and ggé%gggﬁgw
concentric tu@uﬁmmwgn i's a conveni ent nunber of sanmplin

Two sanples of oil basestocks were anal yzed by thernmal diffusion

techni ques. The first is a conventi onal agN basest ock having a 102 Vi and

pr epar ed by sol vent extracti-on/ dewaxi ng-net hods. The second is a 112 VI
basest ock prepared by the raffinate hydroconversion (RHC) process
according to the invention froma 100 250N raffinate. The sanpl es
were allowed to sit for 7 da S after whi ch sarrpl es were renoved from
sanpl i ng port s Gomparisgnabdimijs Jerstol bott om of the thernal di ffusion
appar at us. _Qn:mnnlt@ndﬂnmms are shown inCatajysta Fig 3
denonstrates that even a "good" conventi onal QGatalvstdck havi K§-840102 VI
contai ns sone very undesiTempédraturen| ecul es f r on34she st andpoi n36e®f VI. Thus

sanpling ports 9 and espeHS¥| wht0 yi el d nol ecul@s fracti ongscontai ni ng
very low VI's. These fragt ipésuvbiigh have VI's igogthe -25 to -8 range
likely contain multi-ri ngl nPREd §@Ps. | n contrasigppt he RHC proghipt

according to the inveg &ﬂgt:;% - faleg f eweryymul ti-ring napnthenes as
evi denced by the VI's for h% uct(g@obt al ned from sanpl i ng p(i;{r.'ts 9 and

10. Thus the present RHCSP gq@ sel ectively troys nul ti '#d ng
napht henes and multi-rin g% tics fromthe fee wi t hout a* ecting the
bul k of the other higher quality nol ecular species. The efficient

WD 98/ 00479

PCT/ US97/ 10969 . ‘Ascanbe seen from Table 1, if reaction conditions are simil4r, then
renoval of the unde5|rable sp s as typlfled by .port .10 is at |east
partially respdridaiyt g“""sfa(ﬂ‘“ mn{fcpﬁwm}% Foftstant by aﬁt“s'épﬁ’gl ven

viscosity. r@_&ﬁﬂi’bﬁuﬁ)ms), then the VI of the product from Catalyst A is much lower. These
rgsu!ts shd_w that while more acidic catalysts have hig_her activity, they have much

lower selectivity for VI improvement.
Example3

This example shows that processes like Jubes hydrocracking which
typically involv;e a more acid catalyst in the second of two reactors is not the most
effective way to improve volatility properties. The results for a 250N raffinate feed
having a 100 VI DWO is shown in Table 3. -Product was topped to the viscosity

required and then dewaxed.

Tablc3
2 Reactor 2 Catalyst *
Two Stage Process Raffinate Hydroconversion **
Viscosity,cSt NOACK *** Vlscosxty,cSt N()ACK
30,5 6.500 33 69.7 6.500 3.6

* Iststage conditions: Ni/Mo catalyst, 360°C, 800 psig H,, 0.5 LHSV, 1200 Scf/B

2nd stage conditions: Ni/Mo/Silica alumina catalyst, 366°C, 2000 psig H,, 1.0 LHSV, 2500 Sci/B
** Conditions: KF:840 catalyst, 353°C, 800 psig H,, 0.49 LHSV, 1200 Scf/B
*#* Bstimated by GCD



‘This Exanpl e conpares a |ow acidity catalyst useful in the process
‘according to the invention versus a nore acidic catalyst. The low acidity
catal yst is KF-840 which is comrercially avail able from Akzo Nobel and
has an aci dwiowsedd?®. 05. The other catalyst is a nore a@CEUS?710969
commercially avail able catal yst useful in hydr ocr acki ng processes_havi ng
an estimated acidity of 1 and identified as Catal yst A The feed is a-
250N waxy raffinate having an initial bol€ 4 ng point of 335[err] C, a md-
boiling point of 463 C and a final boiling point of 576[err] C a dewaxed
oi | viscosity at 100Yidy anjacd aﬂlca@lmmnamaemdxsdn thelseophd reactopofithei2 a pour

'FI)'glb lnte if 19] e%% orgroc;g%gthgsrfeg &?Sqr& u%lC%f a Oqfi{‘e%‘“\’,” éatx eeszsnnlz vnasgo%lty is lo%lfj er at i ng
Condi ti ons than the yxeld of the proces<sfithe invéntion using rafﬁnate feeds. This confirms that a

Catal yst A nperature, C

355 low acldng gqjalyst is required to achieve low gp.]stylty veleotively.

0.5 0.5 H err] pressure psig

800 Exampled 800 Herr] to feed Scf/B

1600 - 1300 Conversion to 370[err] C,
wt . % 22 Pr oduct Vi

114 . Mapy current com@)lm @vailpble basestocks will have difficulty

PCT/ US97/ 109@%&@%

Tabl e 2 future engine oil ‘rﬁﬂrhm}’ l‘equinrements This examples demonstrafes-that

rison at S ver si

convennonal extraction techniques vs. hydroconversion techniques suffer from large
yield debits in order to decrease NOACK volatility. NOACK volatility was estimated
using gas chromatographic distillation (GCD) set forth in ASTM 2887. GCD NOACK
values can be correlated with absolute NOACK values measured by other methods such

as DIN 51581.

The volatility behavior of conventional basestocks is illustrated using an
over-extracted waxy raffinate 100N sample having a GCD NOACK volatility 0f27.3
(at 3.816 cSt viscosity at 100° C). The NOACK volatility can be improved by
removing the low boiling front end (Topping) but this increases the viscosity of the
material. Another alternative to improving NOACK volatility is by removing material
at both the high boiling and low boiling ends of the feed to maintain a constant
viscosity (Heart-cut). Both of these options have limits to the NOACK volatility which
can be achieved at a given viscosity and they also have s1gmﬁcant yield debits

associated with them as outlined in the following table;



'qOer ating Conditions Cat al yst

Catal yst A KF- 840 Tenperat ure

345 360 LHSV, v/v/hr

0.5 WO 9800479 o 5 Herr] pressur& QYY) 10969

800 800 Herr] to feed Scf/B —_
1600 1300 Conversion to 370 G, w.%
11 11 prdduct Wi

107 116 ' As can be seen from Table 1,

if reaction conditions are simlar, t henlabled cq¢ 5 yst A gives a nuch hi gher

conversion. |f converS|on IS heId constant b adjust|no reactlon
condi tions), theri2istilatian Assay of J0ON Oxer-Extractad Waxy Raffinate (103,¥ R .
These resul ts show t hat Whl | e_mYRAGK; di ¢ catal ysts have h| gher
activity, they havelmssesing | opeNelatiliyewt Yy tieldade i np

Exanple 3 100°C Thi s exanpl e shows that processes Ilke | ubes

hydr ocr acki ng whi c HNone typically i nét&e a norel®cid catal yst38h6t he

~ second of two reactloppings not the npst262 effect9e way to i npsooe

- volatility propertildsrt-chhe results for227 250N rafS8i0nate feed 3.96@&ving a
- 100 VI DWO i s showHean-chabl e 3. Produc2.4vas topp&d.8to the vi scospoy

- required and then desasxae. 21.7 38.0 3.900
Table 3 2 Reactor 2 Catal yst * Two St age
Process Rebwo ad@bedloly dr oconver si on ** Vi scosity, cSt
NOACK* * * *¥ estimated by GCD  \/j scosity, cSt NOACK Yi el d @
100[err]C Volatility. wt.% Yield @ 100[err]C Vol atilily

- 30.5 6. 500 3.3 ' 69. 7 6. 500 3.6 *

- 1st stage condiExampse S Ni / Mo catal yst, 360[err]C, 800 psig Herr], 0.5 LHSV,

. 1200 Scf/B 2nd st age condi ti ons: Ni [ Mo/ Silica alum na catalyst,

:. 366[err]C, 2000 psig H e Scf di £i ons: KF-840
" catalyst, 353[err]C, 800% ‘?"5"1’4? 1%"6 Xaapie 4 warrubieptF b fabriodlE
hydroconversion under the following condmons KF-840 catalyst at 353° C, 800 psig

H,, 0.5 LHSYV, 1200 Scf/B. Raffinate hydroconversion under these conditions
increased the DWO VI to 111. The results are given in Table 5.

NOACK *

100°C

None - 385 999 e
Topping 21.1 76.2 3.900
Heart-cut 20.9 73.8 3.900
Heart-cut 19.9 62.8 3.900
Heart-cut 19.2 52.2 3.900
Heart-cut 18.7 39.6 3.900
* Estimated by GCD

These results demonstrate that raffinate hydroconversion can achieve lower NOACK

volatility much more selectivity than by distillation alone, e.g., more than double the
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Wth an acid silica-alumna type catalyst in the second reactor of the 2
react or prowess®MMe yield of product of a given volatili tRFTASHESane
viscosity is | ower than the yield of the process of the invention using

raffinate feeds. This confirms that a ow acidity catalyst is required to

achieve low volatility selectively. hple 4 Many
“ current conmerci al I%Naval | abl e basestocks will have difficulty nmeet i ng
future engi newe}mat% AGK- Kn r%émﬂ@propm@f&samn@gnmmmmres t hat

fromlarge Seefe o @?2‘“%‘?‘@ ¢ e b AR GEIB L T° Rk

. volatility was estimated usi ng gas chronmatographic distillation (GCD)
.~ set forth in EGmnpie887. GCD NOACK val ues can be correlated with absol ute

- NOACK val ues neasured by other nethods such as DI'N 51581.

The volatility behavio ig% \ &ggh rated using an
. over-extracted waxy raf’xlwsf % 91%8 sanp 2’%1%%?%4356@#%@@ volatility of
= 27.8 (at %ﬂi@mﬁx-sxm RHG) pricess. 'm&(i{:mm bvén‘;)m’l‘ﬁbb a\aae@fsm thitthérk s can be
. inproved by re e Iovy ng f nt end (Taopping) but this
““increases the®™®A\¥§ "93 Y?Q‘tf‘ﬁg‘“a‘ é‘?"l’"él I raffipatendp achigve the samg prodyct

“. i provi ng NOAGIGIMO1 86 Wiy dedr ioﬁplhﬁ aﬁda&@\)ﬁkfﬁg Tﬁ&ﬂﬁlcﬁlustrate@ihel?ﬁtl& aTcﬁS@vJa' gh

< boiling and | ow boiling ends feed to maintain a constant

_viscosity (I—WQSS(BMQUSIEJNQWMSf@dopt ions have limts to the NOACK

- volatility which = can be achieved at a given viscosity and they al so have
- significant yield debits associ at edﬂﬁ& themas outlined in the
~-follow ng tabl e;

Yield of Waxy
. NOACK Viscosity Extraction Hydropmcessing Prodnct
103 * - 21.1 3.900 53.7 76.2 40.9
92** - 21.1 4.034 73.9 63.8 47.1

*  KF-840catalyst, 353°C, 800psigH,, O.SLHSV, 1200 Scf/B
*  KF-840 catalyst,, 363-366°C, 1200 psigH,, 0.7LHSV, 2400 Sc/B

The yxeld to get to a 110 VI product directly from distillate by extraction alone is only

39.1% which further illustrates the need to combine extraction with hydroprocessing.

While under-extracted feeds produce higher yields in RHC, use of
dlstnllates as feeds is not preferred since very severe condmons (high temperature and
‘over KF-840 at 385° C,

I product was produced.

low LHSV) are required. For example, for a 250N dxstxllat
0.26 LHSV, 1200 psi H,, and 2000 Scf/B gas rate, only 104

Also, combinations of distillate hydtoprocessihg (to reach an
intermediate VI) then extraction to achieve target VI is not: preferred This is because
the extraction process is nonselective for removal of naphthenes created from aromatics

in the distillate hydmprocessmg stage.
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Tabl e 4 Distillation Assay of 100N Over-Extracted Waxy Raffinate

(103 VI DWD WO 98/00479 NOACK PCT/BOZAP6L | ng
Volatility, wt.%* Yield, % Viscosity, cst @ . None —
27.8 100 ' 3.816_19 *“Toppi ng

26. 2 95.2 3.900° *7° Heart - cut

22. 7 58.0 3. 900 - Heart-cut

22. 4 Exgmple 7 3. 900 Heart - cut

21. 7 38.0 3. 900 * DWO = dewaxed oil

: estimated b
= from Exanple 4
=« follow ng cond
. LHSV, 1200 Scf
= increased the

Table 5

“to 111 VI DWO)

y D  hkéfdtchydroconversion process accdidfag QY Bleisvehtic ied f eed
was subjected to raffinate hydr oconver Ssi on under the

}ﬁrﬁ@mﬁom icfoliewes byt second3 kY lygrqﬁnigs (8U) psicg The pirposg. of
5 78 05 AR ATl VAR S

t en a
Sl spebiefinap inclde &yardfs-ihirotpmolear drermiatiésmpbinids, eXp) Brréntd3V!
whith either pass through or are created in the first reaction zone. One of the tests used as
an indicator of potential toxicity is the FDA “C” test (21 CFR 178.3620) which is based

on absorbances in the ultraviolet (UV) range of the spectrum. The following table

den{onstrates that CHF produces a product with excellent toxicological properties which

are much fower than the acceptable maximum values.

Table7
E' ! a “( :”

280-289 290-299 300-359 360-400
FDA “C” MAX (Absorbance Units) 0.7 0.6 04 0.09
CHF Products
DLM-120 042 0.25 0.22 0.024
(CHF Proeess Cenditions: 3 v/v/h, 260° C, 800 psig, 1200 Scf/B Hydrogen {containing N=38 wppm, S=0.6 w1.% on feed))
DLM-118 0.26 0.14 0.11 0.013
(CHF '_Proeess Conditions: 3 viv/h, 260° C, 800 psig, 1200 Scf/B tHiydrogen)
CHF Products .
DLM-115 036 0.23 0.17 0.016

(CHF Process Conditions: 2 vivih, 260° C, 800 psig, 1200 Scf/B)

These results demonstrate that a CHF step enables the pr“o‘,__dﬁct to easily pass the FDA “C”
test.



- poor er

Processi ng Vol atility Yield, % Viscosity, cSt @

None 38.5 99.9 Toppi ng

21.1 . . 76. 2 3. 900 Heart - cut

20. 9 WO 38/004% g 3. 900 Hear t - CoET/USY 10969
- 19.9 - 62.8 3.900 Heart - cut
19.2 52.2 3.900Q Heart - cut -
0 18.7 39.6 3.90830- * Estimated by GCD

-~ These results g tyate that raffinate hydroconversi on can achieve | ower

- NOACK vol at - ch nore selectivity than by distillation alone, e.g.,

~ nore than doubl e the WD 98/ 00479

- PCT/US97/ 10969 ExampleSshowstht ' .- 18 -

“yield at 21 NO[??( lFur hermore, since Pﬁgu%sr%‘%'g@%"“ﬂ?@s@ﬂ%&tl on renoves
| ectP*ieloeics Pmrvew basestocks madeeithebby GbiioRsl sb

-~ di stlllatlon apieB&sing E’gﬁﬁm Thi s exanple

~illustrates thié pr. ef eﬂe ee ngs'FW$% ﬁ%@‘éﬁaﬂdwma si on (RHC)

. process. The r%lﬁaaeglcgymhx)aneiﬁaﬁdh@vﬁdéiﬁmﬂékb agydhere is

~overall yield ppedit associated with lower VI ra ?hg m?ﬂ“éﬁﬁ$@%@‘ﬂhe

: same product qua ity (110 VI) after topping and de\NaX| ng. The table

“illustrates the yields achieved across RHC using 100N raffinate feed.

Tabl e 6 Table 8
Commercial Commercial
Solvent Extracted Hydrocracked RHC
—Basestock __BmmnndL__
| __BaﬂaLsk___
IP346, wt.% 0.55 0.55 0 67 0 11
;dl;)d Ames, MI 0.0 0.0 0.0 0.0 8 (1)5
A(C)(phass) 022 022 21 , '
(300-359 - 0.21 0.02 0.03

The results in 'I‘able 8 demonstrate that RHC produces a basestock with

much nnproved toxicological propemes over conventional solvent extracted or
hydroc__racked basestocks.



Yield of Waxy NOACK  Viscosity Extraction

*Hydr oprocessi ng Product Feed VI Volatility ¢St @100C Yield
Yield (on distillate) 103 * 21.1 3. 900

53.7 7WO08/00479 40.9 92 ** 21.1 FCEARYIN036)
73.9 63.8 47.1 * KF-840 cat al yst5—353fLerr] .C, . 899
psig Herr], 0.5 LHSV, 1200 Scf/B *x Kl; 840 cat al 363. 366[err] C,
1200 psig Herr], 0.7 LHSV, 2400 Scf/B “The vyiel Mﬁ "'ﬂ"m)ﬂﬂ VI
product direct lFIL é&p distillate by extraction al one

whi ch further AMS¥ates the need to combine extraction W|th

hydr opr ocessi ng. Wi | e under-extracted feeds produce
hi gher yields in RH&prm&iafproduoﬁhgsalubﬂxahﬁsombaséﬁea&ylsaleaﬁtelwreferred since
very. severe conditions (h| gh tenperature and HSV) are reqw red. For
exanpl e, for a 250Nhyiresopyertinga teqrodneed ﬁﬁmselaf@rmﬁm@alubﬂ@tlzsomsv

1200 psi H2, and 20 sgfci:/ ?Pém{ t& only 104 VI product was produced.
Al so, conbi nations %g |stviﬁ1"' atepﬁyﬁroprocessi ng (to reach an

intermediate VI) then extraction to achieve target VI is not preferred.

j? This is because t he extraction process is nonselective for _renoval of
* napht henes created fﬂbom%“6\'@!‘88@l“bncPW&%bfeﬁ%QckM&%Vﬁymmg%

© stage. VO 98/ 004
PCT/ US97/ 10969 égaratmg therefrom an aromatics rich extract and a parai:ﬁ%{wh

- Exanple 7 raffinaten t he raffinate hydroconversi on process
according to the invention, the

(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 600° C;

(c)  passing the raffinate feed to a first hydroconversion zone and processing
the raffinate feed in the presence of a non-acidic catalyst at a
temperature of from 340° to 420° C, a hydrogen partial pressure of from
800 to 2000 psig, séaoe velocity of 0.2 to 3.0 LHSV and a hydrogen to
feed ratio of from 500 to 5000 Sci/B to produce 2 first hydroconverted
raffinate;

(d)  passing the first hydroconverted raffinate to:a second reaction zone and
conducting '{:_oid hydrofinishing of the first ﬁydroconverted raffinate in
the preséncé ofa hjdrof‘mishing catalyst at ;.temperature of from 200 to
320° C, a hydrogen partial pressure of from800 to 2000 psig, a space
velocity of from 1 to 5§ LHSV and hydrogcnéto feed ratio of from 500 to
5000 Scf/B to produce a second !iydroconver_ted raffinate;

(e passing the second hydroconverted raffinate to a separation zone to

remove pfoducts having a boiling less than about 250° C; and



‘first reaction zone is followed by a second cold hydrofining (CHF) zone.
sThe purpose of CHF is to reduce the concentration of nol ecul ar species
whi ch contribute to toxicity. Such species may include 4- and 5-ring

pol ynucl ear weysage#se C conpounds, e.d., pyrenes whi ch el ®CFUSHHIO69 hr ough
or are created in the first reaction zone. One of the tests used as ___ an

i ndi cator of potential toxicity is the FDA "C' test-(21..CER.178. 3620) whi<ch

i s based on absorbances in.the ultrav2dtet (Uy). ran of the spectrum
The follow ng table denonstrates that CHF pr% ﬂ\lﬂ"ﬂ“ﬂ"w‘

excel l ent toxicol ogical properties which are he

accept abl e maxi nrum val ues.

Table 7 FDA "C'

280- 289 290-.299 . N -4 . '
nm nm (%) passm%%ge s£ond hydmcﬁm rteé)%g"g\a.tedp al\?ﬁ%’f’%?&‘? BAnce Uni ts)
0.7 0.6 producé)a dewaxed basestodk. Haing a vistosiglimdex of &HEasProsduct s

DLM 120 , 0, 42 0.25 . . 0.22
0.024  (CHF Process ®5Maded;thathe basestock has axdewaxsd qil viscosiyindey igcrease@f Scf/ B
Hydrogen (cont ai i ng. N5pfhae Gearihak timfnl gLASNOACK vl 12

0. 26 0.14 CHF Process
Conditions: 3 v/v/h, 2Gmpmvnmelmoveo’offpsts@edﬂmf&hmabmBcgé/h)tihe CHF
Product s DLM 115

b o5 b ola  Spmepisessityintbe pngs of visoEty Bo TF 1o 6568 viseoglyBt (i

1200 Scf/ B) These lroeSOJdnﬂadeirbﬁht&sfcbﬂEm@f@‘lEassmm suslbles the
product to easily pass the FDA "C WO 98/ 00479
PCT/ US97/ 10969 provided that the basestock has low toxicity and passes the IP346 or

FDA(c) tests notwithstanding the residual aromatics content.

2, The process of claim 1 wherein the raffinate feed has a final boiling point no
greater than about 560° C. '

3. The process of claim 1 wherein the temperature in the first hydroconversion:
zone is from 360 to 390° C.

4, The process of claim 1 wherein the non-acidic catalyst is cobalt/molybdenum,

nickel/molybdenum or nickel/tungsten on an alumina support.

5. The process of claim 1 wherein the cold hydrofinishing is conducted at a
temperature of from 230 to 300°C.

6. - The process of claim 1, wherein the separation zone comprises a vacuum

stripper.

7. The process of claim 1 wherein the dewaxed basestock has a VI of at least 107.



‘- 20- Exarrpl e 8-shows that—products from RHC have

‘outstanding tOX|coIog|caI ver sus :basest ocks made either by
conventional sol vent proc m@ ’H‘i& ackl ng. Besi desé@ "C'. | P 346
and nodi fi edW988M7? (nut agenk |I_ndust ry wi de PrERSTHAE209

toxicity. The results are shown in Table 8.

Commer ci al Commerci al ¢ Sol vent Ext ract ed
Hydr ocr acked RHC -23- Basest ock

Basest ock Basest ock

100N 8. 1(¥(wprocessf claimp pavhereinthe dgwaxed basesto@( l@g a NOA@( wglatility

0. 67 0. 0

0 0 Jiﬂ'xprovemgntJo5er|:DA C)'T?e?stﬁm of at east ago@ 3% %o, ubthfga&e or

0. 21 0. (325 to 6.5 EStOrBcosity@OIEBE. nm) The results in

Tabl e 8 denpbnstrate that RHC produces a basestock mnth much i nproved
t oxi col ogi cal properties over conventional solvent extracted or

rF%?’/r agrg ?f 588 6 ?.‘S estRe lf;?c)cess of claim Y\th%%lp Be Ze%ond hydroconverted raﬁ_i%g is dewaxed

by solvent dilution followed by cooling to crystallize wax molecules.

10.  The process of claim 4 wherein the catalyst is nickel/molybdenum on an
alumina support provided that the alumina support has not been promoted with

a halogen.

11.  The process of claim ! wherein the non-acidic catalyst has an acidity value less
than about 0.5.

12. A process for selectively hydroconverting a raffinate produced from solvent

refining a lubricating oil feedstock which comprises:

(a) conducting the lubricating 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 g-;affmate feed having a
dewaxed oil viscosity index from about 85 to about 105 and a final
boiling point of no greater than about 600° C; .

(c)  passing the raffinate feed to a first hydmcon(}_éjsion zone and processing
the raffinate feed in the presence of a non-acidic catalyst at a
temperature of from 340 10 420°C, a hydrogéé partial pressure of from
800 to 2000 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 hydroconverted
raffinate; and



" CLAI ME: 1. A proce~§§'“‘f‘or —producing a lubricating oil basestock by
*selectively ting a raffinate produced from sol vent
refining a | ubricati n ﬂw edst ock which conpri ses:
(a)  condww 9smgshe Iubrlcca edstock to a sol veRET/ERHUWE? | on zone
and separ ating therefrom an aromatics rich extract _and a
paraffins rich raffinate: (b) stripping the
raffinate of solvent to produce a raffindte feed havi ng a
dewaxed oil viscosity index fromabout 85 to about 105 and a fi nal
boi I i ng point of rd) grgwmg thehfnst lpidmeomefed Gffinate to a second reattign zonpasdi ng t he

raffinate feed to a first, dro r e 2 roce
the raffinate feed in f?féd“ gxgscg%dg?ﬁrg%%o?gl& gm)'@ Véfy%ﬁ?m m
tenperature of from 34Q{ee;fres]endechf62;9&xeﬁnx]shxﬁgcmmtdwmeﬁmoﬁfm:mwwure of

from 800 taq 2000 psig, space velocity of 0.2 to 3.0 LHSV
and a hydrogen to 320°C, a hydrogen p mswef@?mﬁ%mﬁﬁﬁgp%m Scf/B to.
produce a first hydrocg 1to SLHSV

(d) passing the fi rstaﬁacﬁ‘ggf)or?\l/er?e afapdhgt eg{r@vaféegg%g’nocff?énasc%ton zone
and dﬁﬂm&mﬂB wopraxhicel a keedndhydrocohvergd odffindte i r st

hydr oconverted raffinate in the presence of a

hydr of i ni shing catal yst at a tenperature of from 200 to

320[err] C, ajfiydr | x'ia?é*f %f space
vel ocity of from 1@?0&%&5“%“‘82 hy rolgtggiatf{c.) §g‘9€a§hq‘0 0 @Sﬁoﬂg&g
5000 Scf/B to produeaterahanabowt$OBr oconverted raffi nat e; (e)

passi ng the second hydroconverted raffinate to a separation zone to
remove products having a boiling | ess than about 250[err] C, and

14.  The process.of claim 12 wherein the temperature in the first hydroconversion
zone is from 360 to 390°C.

15.  The process of claim 12 wherein the non-acidic catalyst is cobalt/molybdenum,

hickellmolyhdenum or nickel/tungsten on an alumina support.

16.  The process of claim 12 wherein the cold hydrofinishing is conducted at a
temperature of from 230 to 300°C.

17.  The process of claim 12 wherein the second hydroconverted raffinate has
residual aromatics content of at least about 5 vol.% provided that the raffinate
has low toxicity and passes the IP346 or FDA(c) tests notwithstanding the

residual aromatics content.

18.  The process of claim 12 wherein the non-acidic catalyst has an acidity value less
than about 0.5.



_WD 98/ 00479 o _

*PCT/ US97/ 10969 e ) -22-
() passing the second hydroconverted raffinate to a de 0 to
produce a deW@9@MB_sest ock having a viscosity index of arq%éﬁg?ﬁ

provi ded that the basestock has a dewaxed oil viscosity index increase—of
at least 10 greater than-the raffinate § ?ﬂ a NOACK vol atility

i mprovenent over raffinaté feedstock of at |eastiabout 3 wt.%at the

same viscosity in the range of viscosity from3.5 to 6.5 ¢St viscosity at
100[err] C, and a residual aromatics content of at |east about 5 vol. %
provi ded that the basestock has low toxicity and passes the |1 P346 or

FDA(c) tests notw thstanding the residual aromatics content. 2. The
process of claim1 whereitn the raffinate feed has a final boiling point no
greater than about 560 C. - 3. The process of claiml| wherein the
tenperature in the first hydroconversion zone is from360 to
390[err] C- 4, The process of claim 1l wherein the non-acidic

catal yst is cobal t/ nol ybdenum ni ckel / nol ybdenum or

ni ckel /tungsten on an al um na support 5. The process of claim|
wherein the cold_hydroflnl hing is conducted at _a ggenperature of
from 230 to BOO C. B The process of cIa|n11 whegelp t he
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‘stri pper. 7. The process of claim1l wherein the dewaxed basestock
‘has a VI of at |east 107. _

- 23 - 8. . The process of claim1l wherein the dewaxed base%ﬁggk has a
NOACK vol at i WQ 3p/00479 i nprovenment over raffinate feedst east
about 5 wt..% in the range or 3.5to 6.5 cSt viscosity at 100G

9. The process of claim 1l wherein the second hydroconverted raffinate i's
dewaxed - by sol vent.. dilution fol | @48 by cooling to crystallize wax
mol ecul es. 10. The process of claim4 wherein the catalyst is

ni ckel / nol ybdenum on ‘an - al um na support provided that the alum na
support has not been pronoted w th a hal n. 11. The process
of claim 1l wherein the non-aci dig cqgralyst has angcidity value |ess

t han- about 0. 5. 12. A process™for sel ectivel yJhydroconverting a
raffinate produced frop=soliend e _ btgcati ng oil

f eedst ock -whi ch conpri pes: - (a) conductingf tlhe lubricating oil

- feedstock to a sol vent]extraction zone and separating
 therefrom an aromaticsfrich extract®and a paraffins }ich

w
w
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,}affinate; (b) stripping the raffinate of solvent to produce a

Taffinate feed having a dewaxed oil viscosity index from
about 85 to about 105 and a fi nal boi li ng point of no
great er thanWb¥MMB00[err] C (c) passing the rBE¥PHEAP69 ced to
a first hydroconversion zone and processing the raffinate

feed in the presence of a non-acidic catgtgst at a

tenperature of from 340 to 420[err] C, a hydrogen partial pressure of from

800 to 2000 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 hydroconverted

raffinate; and WD 98/ 00479
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(d) ¢« passing t e AT - U 6Ad reaction zone

and ’ hydr of i ni shj first
hydroconverted rdffinate in P e of a

- hydrofinishing cdtalyst at a tepgératur from 200 to

- 320 C, a hydrogen} parti al presﬁgge from 800 to 2000-sy, a space

- velocity of fromfl to 5 LHSV and Mydrogen to feed ratio fof from500 to

' 5000 Scf/B to prdduce a secoqﬂ ydroconverted,Laf finat & 13. The

process -of clai mj12 wher ei e raffinate feegmhas a finqal boiling point no

greater -than abogt 500C. 14. The proceds of cI&TﬁF&Z:ﬂ@erein t he

conducti ng col

tenperature in the first hyflroconversion o zond is f=0m 360 to
: r—i - o
390[err]C .
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w18, The process of claim 12 wherein the non-acidic catalyst is

ni ckel / nol ybdenum or ni ckel /tungsten on an
The process of claim 12 wherein o old
tenperature of fr "u‘v“w‘n to
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