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the Invention ' This invention relates to a

preparing |ubricating oil basest ocks having a high saturates cm'g

hi{gh viscosity indices and low volatilities. Background of- t

| nventi on It is well konpwn to produce |ubricating oil
basest ocks by sol vent refining. In the conventional process, crude oils
are fracti o[ﬁ ﬁe Eadi ﬁt nospheric pressure to produce atnospheric resids
which are f ed under vacuum Select distillate fractions

are then optionally deasphalted and solvent extracted to produce a

paraffin rich raffi nat—phlgmiv&ﬁoﬂéag&%&%l | s uéﬁgﬁrmg luﬁﬂg rfé&ﬂ nate is

t hen dewaxed to produce a dewaxe nished to
i nprove st abédséitﬁclé%v‘i@é@ﬁ%h%&hﬁ&te@ QGht%ﬁt high viscosity indices andSRJ“V ent
refining is a process which selectively i|3olates conponents of crude oils
havi ng desi rwdlatilitigsoperti es for |ubricant basestocks. Thus the crude oils
used for solvent refining are restricted to those which are highly
paraffinic in nature as aronatlcs tend to have | ower viscosity indices
(M), and arBaekgix ¢ entioni rabl e in |ubricating oil basestocks.

Al so, certain types of aronatlc conmpounds can result |n unf avor abl e
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basestocks having a VI of 105 with typical crudes r does sol vent
refining al aiobveny ekgadted toproducea pheasis rich taffinaterand ghareoniaticarich extraétent s. -
Two al ternative approaches have been

REPLACEMENT nate is then dewaxed to produce a dewaxed oil which is usually
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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 highly paraffinic in
nature as aromatics tend -to have lower viscosity indices (VI), and are therefore less
desirable in lubricating oil basestocks. Alse, certain types of aromatic compounds
can result in unfavorable toxicity characteristics. Solvent refining can produce

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 volatilities (while retaihing
low viscosities) and lower pour points. These improvements can only be achieved
with basestocks of more isoparaffinic character, i.e., those with VI’s of 105 or
greater. Solvent refining alone canﬁot economically produce basestocks having a
VI of 105 with typical crudes. Nor does solvent refining alone typically produce
basestocks with high saturates contents. Two alternative approaches have been
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-2-" devel oped to produce high quality lubricating oil basestocks; (1) wax
Lsoneri zation and (2) hydrocracking. Both of the nethods involve high
capital investnents. In sonme |ocations wax isonerization econom cs can be
adver sel yi npacted when the raw stock, slack wax, is highly valued. Al so,
the typically low quality feedstocks used in hydrocracking, and the
consequent severe conditions required to achieve the desired visconetric

d latilit ti ) |t he f. ' i rabl
(Loxi ) sperialbpeitossodpaes cpuiipbhgting o CoREHoPRH ORERL 21 on ¢ nat

oxi c) _ &Pt ntratio
on-t oxi ¢ paoTeRpigh Bhd oy Hydholtackiy, T5oh ¥ e mpBRS i iy SRGIDIY,

titled "L | ; G EEGHOREIRS ¢ di f
The Tenth VENERTRES R s WEy B O e o B b | cat | on,

PD 19(2), pagasseddinpatted whert tHeaaw stodl, fpksvad) & leighlyt vatuekt wdsd,ither unit in
solvent refining 1s replaced by a hydrotreater. U. S. Patent
3;691, 067 degricdliyclowequality fsesisfoeks pseddindiydgoaracking, amdzthel consgiquent severeby
hydrotreating a narrow cut |ube feedstock. The hydrotreating step involves
a singl e hydomditions feqyired teachiew thealesined siscometrEang %a@s@@rﬁwﬁss a1 shi ng
the extract or raffipate fro

hyalr of i shiRylin e fogmtion undeSbE (1o 5h) &%ﬁ%ﬁﬂaﬁéfﬁf@ééﬁarﬁegﬁn? e
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asest ocks ?ﬁ%}ﬁ?&%@@@%@gﬁw@ right stoc e process involves

hydr odeni tr ocracked bright stock followed by
hydr of i ni shi ng. It would be desirable to supplenent the

conventional sol vent r,sg{g,rﬁbw],)pspgﬁnanag\_qaaﬁﬁnwﬂﬁﬂugéthgh)imanhfwune
volatility oils which have excellent toxicity, oxidative and thernal

stability, bydeverdipdnotreatnem? Protesdings afithe Tenth World Petroleum Congess,
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 a medium
and high VI oil by hydrofreating a narrow cut lube feedstoc_:k._ The hydrotreating
step involves a single hydrotreating zoné. U.S. Patent 3,732,154 discloses
hydrofinishing the extract or raffinate from a solvent extraction process. The feed
to the hydrofinishing 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.

Tt would be desirable to supplement the conventional solvent
refining process so as to produce high VI, low volatility oils which have excellent
toxicity, oxidative and thermal stability, fuel economy and cold start properties



-3-"" wi t hout I ncurring any significant yield debit which process requires
much | ower investnment costs than conpeting technol ogi es such as

- hydrocracking. Summary of the Invention This i nvention
relates to a process for producing a lubricating oil basestock neeting at

| east 90% saturates and VI of at |east 195 by selectively hydroconverting a
raffinate produced fromsolvent refining a lubricating oil feedstock which
conpri ses:

sol vent ext r“éi&h‘?‘%#‘é’%ﬁ%g arc‘;')gldgltjuc 1&aﬂ?yfeﬂ§ﬁ%ﬁ£{y i, ifgaﬁgkﬁﬁﬁggﬁﬁﬁqﬁﬁ%?oﬁat i cS
i ch s f.fi . LI ffi . b
e o et B AR e Sompeting teghnolggis sith AiYdEREkiNg. o havi bo a

dewaxed oil viscosity index fromabout 85 to about 105 and a fi nal

boi | i ng poi wmﬁj#@] about 650[err] C (c) passi ng
the raffinate Tee Oaftlrs ydr oconver si on zone and

processing the raffinate feed in the presence of a non-acidic catalyst
at- a tenperature of f T3 Bintion fel@es td 4 pfocess for Prodivinga tubrivatipg efisur e
of from 1000 to 2500 psig, space velocity of 0.2 to 3.0 LHSV and a

hydr ogen t o basestockaneeting atfleast009Osaturate3Gd SCF dftatleasp i 0F by selectivelyt
hydroconverted raffinate; (d) passi ng the hydroconverted

raf fi nate fhydraceaverting:a rafiimase pradwced Siom solvent refining a labrieating @il second

hydroconversj opn zone, and processing the hydr oconvert ed
raffinate i ?e?‘ﬁ@%r‘@@é" COMPIISES:non- aci di c catal yst at a

terrpe(rja’;]u(rje of fro'm 340 to 400 C provided that the tenperature in
st hydroconverdl on copfiucile ik Hadhgd el RE MR cidialifzope

4 - 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;

(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 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
hydroconverted 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 catalyst at a
temperature of from 340 to 400° C provided that the temperature in
second 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 from0.2 to 3.0 LHSV and a

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

second hydroconverted raffinate; (e) passi ng the second
hydroconverted raffinate to a hydrofinishing zone and
conducting cold hydrofinishing of the sqcond hydroconverted

raffinate in the presence of a hydrofinishing catalyst at a tenperature
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zone to renove SR i a boiling | ess than about
250[err] C, and S?%Bnd hyggs& %Sﬁ?{ét%gﬁfbfi ni shed raffinate fromthe
separation zone to a dewaxi ng zone to produce a dewaxed

basest ock havi ng(@ Vi pasking the second hydroconverted exffinhtesto d leydrofifiishing zoneded
that t he basest ock has a dewaxed oil vi.-scosity i ndex increase

of at |east 10 great eand cendudtingreald hydrofinishing of the second hydroconvextedx
volatility inprovenent over raffinate feedstock of at |east
about 3 wt.%at the saaffinatesinshe presencetof hydrefinishing catalystia) atergperature

3.5to 6.5 cSt vi it t 0 C, d t.ur at t t | t
00wt % The basest ook i 300 S60G.s wiltperh pattisbeiessige shaobadeo B ' °*°
FDA(c) tests).

to a process for sel egpggﬂg,ﬁ%ﬁ?%gvgea&ghfﬁ&giqzﬁ?#A‘F%?&%\géﬁ}@é%8%r{)ﬁ_at o
_sol5v_ent refining a lu%ﬁ%&i{oﬁ%@ﬂl 556‘?6‘36?@%2@;&8 gﬁtﬁ{&g@ BRftofinished

(a) conducting cating ol a sol vent
extraction zone raffiidtseparating therefroman aromatics rich extract
and a paraffins rich raffinate;

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

(g) passing the hydrofinished raffinate from the separation zone to a
dewaxing zone to produce a dewaxed basestock having a viscosity
index of at least 105 provided that the basestock has a dewaxed oil
viscosity index increase of at least 10 greater than the raffinate feed,
a NOACK volatility improvement over raffinate feedstock of at least
about 3 wt.% at the same viscosity in the range of viscosity from
3.5 t0 6.5 cSt viscosity at 100° C, and a saturates content of at least
90 wt.%.

The basestock also has a low toxicity (passing the IP346 or FDA(c) tests).

In another embodiment, this invention relates to a process for
selectively hydroconverting a raffinate produced from solvent refining a

lubricating oil feedstock which comprises:



(b) stripping the raffinate of solvent to produce a raffinate feed having
c dewaxed oil viscosity index fromabout 85 to about 105 and a fi nal
boiling point of no greater than about 650[err] C, (c) passi ng the
raffmate feed to a first hydroconversion zone and processing the
raffinate feed in the presence of a non-qcidic catalyst at a
tenperature of from 340 to 420[err] C, a hydrogen partial pressure

of from 1000 to psi g, .spage,velogity. o 2 to LHSV and a
ydr ogen Lo f eadati BonterRBIRE pricating 5l Teduidsi © 4 adyt exiartioregone

the Tirst hydroconver gncpiting BRETHIH shiFaibliy °“ﬁ€§’?t5ac°§%vé?f b ne anc

processing the dhenppuerted raffinate in the presence of a
- non-aci di ¢ catal yst afﬂn te; tenperature of from 340 to 400[err]C
provi ded that the tenperature in the second hydroconversion is not

greater than the(pe ngﬁi}imﬁfthd}afﬁlﬁite of solveﬂt'té?}o&i&éra%ﬁlhé@é fdedha¥itipea @
hydrogen partial pressure of from 2500 psig, a space

velocity of fromO0.2 dewaxéubﬁl%wﬂdymdexﬁomabauir&ﬁgmb‘outl%dndatﬁnal of
from 500 to 5000 Scf/B to produce a second 0ydroconverted raffinate;
(e). passing the secbailingppintofnegieater theanfahoat 650°Ca hydr of i ni shi ng
reaction zone and conducting cold hydrofinishing of the second
hydroconverted r fflnate in_ the res nce of a hydrofinishin cat

at a tenperature(®f fpassiBgthe djtea firs BER,‘H’CEF&?@ 8ssure of

from 1000 to 2500 psi S e Vv romO t 5 LHS

S ny dredsitegfs @Z’ﬁnﬁsif# R &%Yﬁt

produce a g%ﬁgr ocess

according to the |nvent|o % ucégﬁﬁﬁ{g%%gﬁ@i(&%glgdgo%ens? El‘\)ME has VI

and volatility prOperbfﬁ%nﬁ'%@@ﬂﬂZSOﬂpﬁig dpﬁééleélb&nfaﬂorzeto@d)mwaaaas

whi | e achi eving good oxidation stability, cold start, fuel econony, and
hydrogen to feed ratio of from 500 to 5000 Sct/B to produce a first

“hydroconverted 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 catalyst at a
temperature of from 340 to 400°C provided that the temperature in
the second hydroconversion is not greater than the temperature in the
first hydroconversion zone, a hydrogen partial pressure of from 1000
- t0 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;

()  passing the second hydroconverted raffinate to a hydrofinishing
reaction zone and conducting cold hydrofinishing of the second
hydroconverted raffinate in the presence of a hydrofinishing catalyst
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 5 LHSV and



thermal stability properties. In addition, toxicity tests show that the
basest ock has excel |l ent toxicological properties as neasured by tests such
as the FDA(c) test. Brief Description of the Draw ngs Fi g.
li's a plot of NOACK volatility vs. viscosity for a 100N basest ock

Fig. 2 is a schematic flow di agram of thg.hydroconversion process.

Fig.. 3 is a graph showng VI HOP vs. conversion at different pressures.

Fig. 4 is a graph showg&lgtegrlg%%%%ﬁsggwgo&égbo&ggﬁﬁ(igrb\{e l'E:i-erzllszone as a

function of days on oi is a

graph show ng sat ur at %§&mﬁ%§fﬁ&@e as a function of reactor tenperature
for a fixed VI product: "Fig. 6 is a graph showing toxicity

as a function of tenperature and pressure in the cold hydrofinishing step.

Fig. 7 is a graph shovihagresssaptordingS@itHe HvRAti6® prRiticein SobdyieMBrayi N9
conditions in the cold hydrofinishing step. Fig. 8is a

E(Jr ;iph show ibgsdstsckowhichhas anﬂetdaﬂhypb@dﬂimneat@eﬁmmtiadmst@r%uegﬁm?if(?A
c) test. . : -7- taile
Descri pt i on standatds whilesachieving good oxidation stabitity, cobd start; fuedeconomy,andsel ect

crude oils to produce, lubricating ojil| basestocks txpi Cal@#ﬁ I nvol ves
at nospher i c thgrmal sfahility propegties, rﬂadslmqn, taxieity testsishawtthatthe basgstookchasnd

hydr of i ni shi ng.,, Because basgst ocks having a hi gh isoparaffi tent are
c%ar acteriz é’&g‘ﬂﬁﬁ“ﬁ 59?"?1?@0 Sﬁp‘i??g% g ang‘éF@Q ?’é’%ﬁts such as tine FJE)X&S test.
Brief D inti f the D .

Fig. lis a plot of NOACK volatility vs. viscosity for a 100N

basestock.
Fig. 2 is a schematic flow diagram of the hydroconversion process.

Fig. 3 is a graph showing VI HOP vs. conversion at different

pressures.

Fig. 4 is a graph showing temperature in the first hydroconversin

zone as a function of days on oil at a fixed pressure.

Fig. § is a graph showing saturates concentration as a function of

reactor temperature for a-fixed VI product.

Fig. 6 is a graph showing toxicity as a function of temperatui'e and
pressure in the cold hydrofinishing step.

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

Fig. 8 is a graph showing the correlation between the DMSO
screener test and the FDA (c) test.



properties and suitable | ow tenperature properties, the crude oils used in
the solvent refining process are typically paraffinic crudes. One nethod of
classifying lubricating oil basestocks is that used by the Anerican
PetroleumlInstitute (API). APl Goup Il basestocks have a saturates content
of 90 wt. % or greater, a sulfur content.pf not nore than 0.03 w.% and a
vi scosity index (VI) greater than 80 but |less than 120. APl G oup |1
basest ocks gt t basest ocks except that the VI is
greater tharmof - General ly, the high boiling
petrol eum fractions from at rmspherl c distillation are sent to a vacuum

distillation unit, andyhgp ‘g,'l ﬁﬂlﬁ# bpgblgétacgﬁdé)&ﬁ {Jﬁﬁhﬁ%ﬁbh{@ﬁﬁn i‘f

sol vent extracted. The resi vacuum di st at’i on

deasphal t ed HaSest6uks t cﬂl%ﬁfvohfe@%ﬁﬁé&ﬂ]ﬁnc distillation, vacuum dig€11&@dn/ent
extracti on process se ectively dissolves the aronatic conponents in an
extract phasxtrablidrg deeaxingord ey diofisishinga Because eenocietiavinga highaf f i nat e
phase. Napht henes are distributed between the extract and raffinate phases.
Typi cal sol umpasaﬁinrcontﬂmeretchaxaotmedchy havihgigeodviscarity index (YBI and N-
met hyl pyrrolidone. By controlling the solvent to oil_ratio, extractlon

t enper at ur e PIPRETHES mdvjsma iolevatempesatureproperies, the Cﬂ&e@élsr%ﬂé@ﬂw

sol vent, one gan cont.rol the de ee ff ss&aratb@n tvveentht eﬁs %ﬂt and
ngi Pgtleagﬁg veat refining process are rygg €s.q dhgthg pfg Si ntggiks
I n sorrepr ef ﬁﬁ%&%@@ é%&%gb@%; g@%ﬂ’ﬁ?ﬁ?i’l %éneg{c%q ﬁé@ﬂﬁu@mﬂ%ﬁﬁqt ?@ﬁieds

such as fee G%Pdgt I;Q Js{d?:'i& haveasaturat%s conter*t of 90 wt.% or greater, ahsulﬂlr

- 8- t he vacuum atron unit or other refinery stre stich as vacuum

gas oils angoffdsebf 6metd than D03 We¥Pandba $isbosie) indeX(VI)geatekihag 8arsut
typically sulfides of Ni, M, Co and Won an acidic support such as

si |i ca/ al uniless than M&mAMGronpﬂIrbam;tauksm thesameasuGreoupdlibasestocks uor i ne.
Some hydrocr ackitdg catal ysts al so contain h&gﬂhl y acidic zeolites. The
hydr ocr acki regceptdBaishe Vs ereatardamen renoval , aromatic ring
saturation, deal kyl ation of aronmatics ri ngs r| ng openi ng,  straight chain

Conditions. i vi ew of sy, Hibhgh BRain Senmlgn gFacopns HomLaGRPREEC T on
phase that - 9fGiihoh'ire Bat ¥ vk uﬁﬂ, SRS iR 538 B

hydr ocr acki
this unit are solvent extracted. The residue from vacuum distillation which may be

EHUOT)

deasphalted is sent to other processing.

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



reduces aromatics content to very |ow | evels. By way of
contrast, the process of the present invention utilizes a three step

hydr oconversion of the raffinate fromthe sol vent extraction unit under
conditions which mnimzes hydrocracki ng and passi ng waxy conponents

t hrough the process w thout wax isonerizglion. Thus, dewaxed oil (DWD and
| ow val ue foots oil streans can be added to the raffinate feed whereby the

Q’aza{'ﬁélﬁfg' B o AL e L oY B otioey Br R Saeh A VARHR 25 BUR P oc oo
vl ving. oo i TR RREE hacd in ekt o plo Rt SYRRRBERICT ™ 1 ce

step pr ocesmggéoman POV Bh 3hRidi Syt SichHsR St aldfnilld @&gﬁﬁm

greater than _ us produ quality is'simlar to that obtairmed from
hydrocracki ag adidid'gtdmdtBesuthd Rl ForwiERydDerabBkingTdtalysts 840 icoba@idY

hydr ocracki ng which results in a nuch greater investnent expense.

The raf f i nahighly acidideeoditdsy €ltie leydroeratkiag process afagrinbolye hetbeo-atamt r act ed,
i.e., the extraction is carried out under conditions such that the

raf finate yreanavalsanematiciringisafimation,sdealkylatéiorof argmatics rings, ring opening,

quality nolecules fromthe feed. Raffinate yield npy be nmaxized by

cont r ol | i ngS&3ightehaip and sidlgrehagneracking, and wax isomezizatipn depeRAING AR, i ng t he

solvent to oil t.reat I 0 and/ or creasing the extractjon tenperature.
The raf 1 naPReriingcondtions., Brviex of these Actiohs; Soperabion of e aspmaBE BH ang
then sent t fd L.On: LN U 4.an
catal yor . TS hERbeclkEAEAF Riraldd s na TRE s Bl idp A AFRONBEEREY
about 105 apgRed 'dtﬁdiﬂ:src%ﬂﬁbﬂtﬂﬁergq Wiewdg about 650[err] C, preferably

| ess than 600[err] C,. as determ ne %y ASTM 2887 and a viscosity of from3
to 15 ¢St at 100[err]C ' Hydr oconversi on catal ysts are those
contai ning G oup VI B iBytwhy of bamteast, the praresieof thdipreseabinsentidn utilizes Dy

Fi sher Scientific), and non-noble Goup VIIl netals, i.e., iron, cobalt and

ni ckel and thrre stephydhenosyersiorhefthe te fiomrthe solvent extragtion ugitander

typi cal l resent as ides aor sulfides on refractory netal oxide supports.
yP Y P comfiﬁons Wh?c m?nim?zes hydrocracking and passing w%xy components throuIO

the process withoﬁt wax isomerization. Thus, dewaxed oil (DWO) and low value
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
disengagement, 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 90 wt.%, preferably greater than 95 wt.%. Thus product quality is
similar to that obtained from hydrocracking without the high températures and
pressures required 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,



It-is inportant that the nmetal oxide support be non-acidic so as-to control
cracking. A useful scale of acidity for catalysts is based on the

i sormeri zation of 2-methyl-2-pentene as described by Kraner and MVi cker, J.
Cat al ysis, 92, 355(1985). In this scale of acidity, 2-nmethyl-2-pentene is
subjected to the catalyst to be evaluated at a fixed tenperature, typically
200[err] C. In the presence of catalyst sites, 2-nethyl-2-pentene forns a
carbenium i

of the acidfqrf%%%é%?ay(l@r eFRELRY sPlpe o i drept o RS AR e ¢S fo
form 4- et hil g i apertier 938 ANkl doet 46 ychgg gh i SupopliBec 2

rearr angenent -pente1 very S rong

2, 3-di met hykolaeﬂ%a&ﬁeng 188 fftsd i &&vae%mrm]?ﬁ Yntdir éﬁS’&rchnverswg, ty

4rrehy| 2- pentene can ecorre ate to as Thi's aci

scal e rangegathlyetn Thid raffinAtefecl Bay a Wisalssivy ideg of fivi sﬁoutnslsl tolabuet M ues
near 0.0 whereas very strongly acidic sites will have val ues approaching

4.70. The catnd ybdoiingsahge nontotdxeeed abson 650t Cepreferhblydesscthan 690%/@] ases  of
| ess than about 0.5, pref erabl% | ess than about 0.3. The acidity of netal

oxi de suppodctcrmmdlba' ASHM 388 Eandg visgasitgohiromod tr b5 edtcatd00opant s, or by

controlhl I ng tlhe_ ngi:jure of I . sl
i‘n’goréo?_a?‘ééai nto aes?n“sﬁ&‘icrotavs%l lc@%&g@%&‘ém” sopitataing Cpoum iR metals /o
ar o ear th- (B R HREPRIORE BRIl hed B F&ﬁéﬁ%ﬁﬁ%@ﬂﬁé 208le a‘?i Hlp &
I ncr ease th%ﬁ gﬂafsyl Qf Hﬁt%bna%ﬂ%émaﬁ& e aC| o{f é@ﬁk ants

such as yttria or nagnésra’ ecr ease SUuC supports

Sui t abl e mejrgkned SFmEHRNAE FpibAY pidSertatioRRied of sapiddeon seﬁibta@ thibtal C2,

alumna or titania, preferably al'umna. Preferred alum nas are porous

al um nas suokidesuppontss or eta having average pore sizes from50 to 200,
preferably 75 to 150, a surface area from 100 to 300 rr[err]/g, preferably
150 to 250 nferr]/g and a pore volune of from0.25 to 1.0 cnferr]/g,
preferably 0.35 to 0. ¥ is#mpgrtantibatshe metal oxidesuppertdrenonyagidic sorasiot ed wi t h

a hal ogen such ags flyorine as this gengra i ncrease idity of the
support abofentplgracking. A useful scale éF’élWéJG‘Y?Pé%lXF d%lgé‘leglé’&tﬁfsncl ude
cobal t/ nmol ybdenu 1-5 xid 10-,25% oxi de ybdenum
(1-5% N as 188}2.‘}6&1?{19_% pg/g%lﬁﬁyl—a-pen?dne b8 descrndd bysKtamer a}ld'MCchew

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

.-
v-;

presence of catalyst sites, 2-methyl-2-pentene forms a carbenium ion. 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-methyl-2-pentene with
very strongly acid sites forming 2,3-dimethyl-2-butene. The mole ratio of 3-
methyl-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. Very weakly acidic sites will have
values near 0.0 whereas very strongly acidic sités 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



as oxi de) or nickel/tungsten (1-5% N as oxi de, 10-30% W as oxi de) on

al um na. Especially preferred are nickel/nol ybdenum catal ysts such as

KF- 840. Hydr oconversion conditions in the first

hydr oconversion unit include a tenperature of from 340 to 420[err] C, :
preferably 350 to 400[err] C, a hydrogengrartial pressure of from 1000 to
2500 psig (7.0 to 17.3 nPa), preferably 1000 to 2000 psig (7.0 to 13.9

T, Al 5 o Sl ot S
0 L 0,40 B . :
AR o o s

conducted t &gﬁ,q}‘]\fb d ' Ui . finate is
preferably g%fgge t r5@9&&26%&25?.{529%%8@1&'r%ﬁégl?ie}g{j%%tﬁgﬂ%ﬁd_ g |§{l’st and
second Promotefy/ dich&8 MaRigehd Benbthlly irftPedst fhe 4418ty OF fidthal dOaHPORE S ON
unit can be run at cooler tenperatures, if desired.” Tenperatures'in the
second hydr edhilevnildlydasicrddpantscsuthl as ottria ve eeagnedia téreivpaleatease thesaidityr t he
first hydroconversion unit. Conditions in the second hydroconversion unit

i ncl ude a t ofipuchesuppertsf from 340 to 400[err] C, preferably 350 to 385[err]
C, a hydrogen partial pressure of from 1000 to 2500 psig (7.0 to 17.3 Ma),
preferably 1000 to 20Q0,psig (7.0 to 13.9 space vel.ocit

. Npa) , 1 of from

0.2 to 3.0 LHSV, pref Spiapls metal @xide supriorisynciie low AgdicoRdes B rati o
of from 500 _to 5Q00.Scf/ 89 to 8 err]/oerr referably 2000 to
1000 St1 /5 8 "t fahia pieferp) s %Ffﬂ-{%if. oty
ydroconver gj. 0 can.he . as_ i e fi sion unit,
ol though o IPEREc e oh o6 BN S piaads org 30 B0E0 6 266
The hydroco | v ' ht..hzat hen
conduot ed t PSRRI 1B & sukfiSh e RARD0 SAR0RETE SR RER]y 43010230
| ocat ed bet | JFSRh | gropes | fd b8 ng unit
are mld an?ﬁ%‘?&uﬁgaﬁ elﬁrr%lgr at ur ebgs l?(r)lo?nb%@?? Béfgrggpg(r)? ?Q%?.i!p!rﬁ’gf rably
290 to 350[erhe]su§;‘porm dte preferiblpast '@mm&mr@aﬂég]éﬂmhheqmme%mspsi g
(7.0 to 17.3 ﬁgilﬁnmgl zildiligof;ﬂios Zooag%ilwgn(i.ostg ﬁs?/ rrPazj, a space
vel ocity of gém a ,of thesuppal eD.3.0 3. , and a
hydrogen to feed ratio of from 500 to 5000 SCF/ B (89 to 890
mMerr]/me[err]), preferably 2000 to 4000 Scf/B_ (356 to 712 errl/nferr]).
The 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), preferably 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 Sct/B (89 to
890 m’/m’), preferably 2000 to 4000 Scf/B (356 to 712 m*/m’). -

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



catdlyst in the cold hydrofinishing unit may be the sane as in the first
hydr oconversi on unit. However, nore acidic catal yst supports such as
silica- alumna, zirconia and the |ike may be used in the cold
hydr of i ni shing unit. In order to prepare a finished

basest ock, the hydroconverted raffinate.fromthe hydrofinishing unit is
conducted to a separator e.g., a vacuumstripper (or fractionation) to
separate out _l,ow boilin oduct.s, Such ,aroducts nay include hydr.oge

Sur T de and nyfieRREeis R o hdne SRR ERTeBTp i ot Rt SR
stripper may.EaSi . VeRl e?ﬁu& ; | QQ: unj & he
-12-  hydr o¥?lﬁ‘j%r%:h%g§3§%smght 1.ﬂ}#| S sgggtﬁ% e%ggé@ﬁg&é? éﬁ%ér}(g)l Hgiéltltb%sagls ocks
accordi ng 1 qot 8fceell e enfPerature used in the first h?&%cﬁﬁ@ér@i%ﬁﬁﬂﬁt{ t@shdifibd mat ©
separated fromthe separator is then conducted to a dewaxing unit. Dewaxing
may be acconip secbad hpiraveheérgionCurit PeRrieateMpeRitureififtbn 340ty d00° Cp dil ute
the hydrofinished raffinate and chilling to crystallize and separate wax

nol ecul es. Pyeferably 350 tae38S’ Cechydiogen partinbpressiiré of froes 1009 tof 2500pkiget ones
i ncl ude et h¥r|9det hyl ket one, net hg}lﬂ@i sobutyl ketone and m xtures thereof.

The sol vent (Rddeddehlina)prefesably 1908 102000 psigkd{ tBd 3<bMns, 3 spage velocity
refrigeration.system Gco L n SCr d-syrf chiller. Wax separated in
the chil 1 er Of b toos R LS BhefeegblyAF te, ESLIASY »nd o by ragen o RediFatlo
separ at e waxefr h L hh 135 SUi t abl | ' j il
basest ock. F’f&?@g}ﬁgh’ Sq‘ﬂgsgﬁgﬁg" g?#“ﬁé{’ bgregggﬁgg@é@ tf’gib@ggﬁtﬂﬁ]&é% '

| soneri zati ' | oRlunit SRS may
be used as gﬁzgfr‘fﬁh@gxﬁ%o%#l g@h dé%%%?gglﬁgggﬁp %‘éa?ilo_%eunér nayéa%lg(ggigfr%?st 0 an
i soneri zat i eithefidst hydroconversion unit, diftfoughty diffRkdn? y&tdcofivéSinQatalpstoduced
by the process according to the invention is characterized by the follow ng
properties: maybossedy i ndex of at | east about 105, preferably at |east 107
and saturates of at |east 90% preferably at |east ‘95 wt% NOACK volatility -

| nprovenent (as neasured by DIN 51581) over raffinate feedstock of at |east
about 3 wt.% pref er atiihg hytdroconyerted affinate fromihe:second hydraconversioni unjt

WU the 2598 ot Sl Byt MR ek A ROk Haner B O -

located between these units. Reaction conditions in the hydrofinishing unit are

mild and include a temperature of from 260 to 360° C, preferably 290 t0 350°C, a
hydrogen partial pressure of from 1000 to 2500 psig (7.0 to 17.3 mPa), preferably
1000 to 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’/m’). 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 finished basestock, the hydroconverted raffinate
from the hydrofinishing unit is conducted to a separator e.g., a vacuum stripper (or
fractionation) to separate out low boiling products. Such products may include
hydrogen sulfide and ammonia formed in the first two reactors. If desired, a

stripper may be situated between the second hydroconversion unit and the



15[ err] Cor lower, and a lowtoxicity as determ ned by |1P346 or phase 1 of
FDA (c). IP346 is a measure of polycyclic aromatic conpounds. Many of these
conpounds are carcinogens or suspected carcinogens, especially those with
so-cal l ed bay regions [see Accounts Chem Res. 17, 332(1984) for further
details]. The present process reduces thgse polycyclic aromatic conpounds
to such levels as to pass

-13- carcinogemn Git.y . t e c). i for ' A :

178, 3620 andy Rt iRk By s hitsidiial S heddbof Reserflgabcbedibado b
range. invention As can be seen fromFig. 1, NOACK volatility is
related to \/ﬁl or ‘any given basestock. The relationship shown in Fig. 1 is
for a |light basestock (about 100N). If the goal is to neet a 22 w. % NOACK
volatility for a 100NThe hydrécshveried ﬁdﬂin&t@%@%ﬁa&ﬂ\@oxﬁtﬁéséﬁm&b@ﬁ&h&dO for a
product with typical-cut width, e.g., 5 to 50% off by GCD at 60[err] C

Vol atility icopductedrtna dewaxingemnitc Dewadngindy becaveomiplisiedblyicatalyyicdecr easi ng
the cut width. In the limt set by zero cut width, one can neet 22% NOACK
vol atility @rocesses asfbyusing a solventowdilute thethydsofinishedaaffinate andjchilling to at i on

0 s b s v BB
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| sonmeri zati of the nol ecul ar speci es responsible for the
sol vency pr%%g%@?gg%% solvent refined oils. The latter also uses wax as a
feedst ock whereas the present process is designed to preserve wax as a
product and does littIThe si_oive%'ﬂ’hydﬂs%énﬁéifb‘d%ﬁiﬁfe mixture may be cooled iRl
process of the invention is further illustrated by Fig. 2. The feed 8 to
vacuum pi pesefirigerationi systeppcorthiningaserhpeds uréicechilist WWax sepatated irpthean

at nospheric pipestill (not shown). Various distillate cuts shown as 12
(l1ight), 14 chiliedisisgnt tmal separgtingani} suclnaserotaryitfiltes te s¢pacate veaxt fremtdibn uni t

30 via line_18. These disti|late cuts, may range fromagbout 200[err] C to
about 650 CIheriewaxed oulds ﬁ%@hlfaa%&urhrmgagpilmasqaﬁoahﬁéssm%{th Waed | i ne

bot (ors. ar o OLmRL B SRPIGFEA ta el SRR eoB RR At o Sa0el oyt e POl ane

or pentane. \Ihe SCAIRRA Wad ntly b ¥ as such for wax coatings, candles and the like

or may be sent to an isomerization unit.

-

The lubricating oil basestock produced by the process according to
the invention is characterized by the following properties: viscosity index of at
least about 105, preferably at least 107 and saturates of at least 90%, preferably at
least 95 wt%, NOACK volatility improvement (as measured by DIN 51581) 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 determined by IP346 or phase 1 of FDA (c).
IP346 is a measure of polycyclic aromatic compounds. 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 levels as to pass



be conbined with distillate fromthe vacuum pipestill 10 through line 26
provi ded that the deasphalted oil has a boiling point no greater than about
650[err] Cor is - 14-
preferably sent on for further processing through line 24. The bottons from
deasphal ter 20 can be sent to a visbrealgr or used for asphalt production.
QO her refinery streans may al so be added to the feed to the extraction unit
through line 28 provi t 3 ' | B Sesrandrd

previ ousy SeppBRE i oDl PR Bie W Tt th ST YRR SORPAIGRE, )
the distillgieyGitindidle AbyBhndX if it 50D 1 359 din i)yl pyrrol i done and

the extractiron um‘?trl S pre era%ﬂ‘y operated in countercurrent node. The
solvent-to-o0il ratio, extraction tenperature and percent water in the

sol vent are used to caicaflbelsBen oei Eig. of NOACHMVolatilityiis eclated ep¥ifor on i nt o
a paraffins rich raffinate and an aromatics rich extract. The present
process per aiy givehdasestooke t Therrelationship shpwndn &Fig.ol isrfor abight basestogkt i on”
nmede, i. a greater anount of aromatics in the- araffi’l&g,ﬁr)i(:h ff.jnate

phase. The' tabontd0ON). 1idhe gnalris ta mepta 32 M4, %lNOAGK valatliy forg 40ENGil, g
through line 32, T ffinate phase i duct ed t hrough || ¢
(hroush | 1ne S2 The Colfinet Phese 5 Eendhet el hguah by 05 o,
eore 0 g L aRRte) KMoV bR LA
tains KF ich s A . g - i t
ona avar | abIa GRDRUSE o lbcieasie e widhl HIHRHIOR B9 26¢d ELVAIELAPOT

through | i ngnddan frikes SH%ATBIATK Jefitlity IR VIIo7abourl00. Bowoérahisnver t ed

raffinate indicate that al nost no wax i sonerization is taking place. Wile
not wi shi ngapproach hsirgldistilation slené,iincirs signifcany yield debitshe preci se

mechani smfor the VI increase which occurs in this stage is not known with
certainty, it is known that heteroatons are being renmgved, aromatic rings
are being saturated afliydregrackingas al'sngapahﬁﬂfpméﬂgﬁughl\{lim ng

napht henes, are selectively elimna onvert1

.ed. . (d
raf fi nate fconsequenthy:ow oK Wﬂflﬁfqusgste@ﬁd but igdess r%Fl?GHéHé f'i%W&f ¥
exchanger 48 Mhee %r(t)che%s O¥ S5O Fhrlh R Gin Hyaficking and processes

such as wax isomerization destroy most of the molecular species responsible for

&

heat

the solvency properties of solvent refined oils. The latter also uses wax as a
feedstock whereas the present process is designed to preserve wax as a product and

does little, if any, wax conversion.

The process of the invention is further illustréted by Fig. 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 18.
These distillate cuts may range from about 200° C to about 650° C. The b'(_)ttoms
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 contacted with a |
deasphalting solvent such as propane, butane or pentane. The deasphalted oil may
be combined with distillate from the vacuum pipestill 10 through line 26 provided
that the deasphalted oil has a boiling point no greater than about 650° C or is



-.15 - may be cooled if desired. The cooled raffinate streamis conducted
tthrough line 50 to a second hydroconversion unit 52. Additional hydrogen,
i f needed, is added through Iine 54. This second hydroconversion unit is
operated at a | ower tenperature (when required to adjust product quality)
than the first hydroconverion unit 42. MKi.le not w shing to bound to any
theory, it is believed that the capability to operate the second unit 52 at

| ower tenperature shifts_t ui librium conyetsi é at ed
speci es andP ??EWYL?H_%\‘P%f%r%&ﬁ%&ﬂﬁoﬁﬁsé%r@?f@sf@aﬁ %@ng?‘)ﬁcr eased
mai 1t i ned SESgRale? 20 e shblos WilisokorrBRA ! dsphaf Prluchifh, s can be
CombI DAt ONrHnchP ARG A oMIbRARA 1§ LA Yo (R cxethenth i igonph e | O

unit 52. roconverted raffinate fromunit 52 i S conducted
through |i ngg Bfovidedthed MRed thefledstock efrtig es@fbedrtviouslydiot raffinbteheat i s
renoved t hrough heat exchanger 56, cool ed hydroconverted raffinate is
conduct ed t foedstobk) i ne 58 to cold hydrofinishing unit 60. Tenperatures in
the hydrofinishing unit 60 are nore mld than those of hydroconversion
units 42 and 52. Tenperature and.bﬁlace velocity in cold hé/drofi niiﬂi ng unit
60 are control led to Ieextastionamit3(, éhe gistilate siats asg splyent extractedwith pay |

sufficiently | ow to pass standard tgxicity tests.. This n be accaonplj shed
by r educi ngimedyl pyFrolidons and e AGToR Bait s prelsraply regated n EQUnteEEa o 'c

dr of i ni shed ' t . A ' t 68.
L gnt | qui adeodiece el ool 38S UEAG il addberbtne s ENE, L 00
h qul > ; Pt o Nt
de\i/a;ieggl Eln{":l V%&%&\%\%(ltng rtr{aogft%écc ?/P?’he ﬁgg’ lgéf'j’ %@?@gﬁ?;ﬁl ntroduced

through |i ngcK SafiihafeariiPah AVniatics PR éxkicte THei présenbprovessperiits thewaxi ng or

by a conbination thereof. Catalytic dewaxi ng i nvol ves hydrocracking or

hydr oi soner eg@adtion @fit ® dperate tb an Cusdérextravtigmiumogdaiiret, d grieatec amount of

basest ocks. - .
aromatics in the paraffins rich raffinate phase. The aromatics rich extract phase is

sent for further processing through line 32. The raffinate phase is conducted

through line 34 to solvent stripping unit 36. Stripped solvent is sent through line
38 for recycling and stripped raffinate is conducted through line 40 to first

hydroconversion unit 42.

The first hydroconversion unit 42 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
isomerization is taking place. While not wishing to be bound to any particular
theory since the precise mechanism for the VI increase which occurs in this stage
is not known with certainty, it is known that heteroatoms are being rembved,
aromatic rings are being saturated and naphthene rings, particularly multi-ring

naphthenes, are selectively eliminated.

Hydroconverted raffinate from hydroconversion unit 42 is conducted

through line 46 to heat exchanger 48 where the hydroconverted rafﬁnatg stream



-16-  Sol vent dewaxi ng with optional cooling separates waxy nol ecul es from
the hydroconverted | ubricant basestock thereby |owering the pour point. In
mar ket s where waxes are val ued, hydrofinished raffinate is preferably
contacted with nethyl isobutyl ketone followed by the DILCH LL[rtt]

Dewaxi ng Process devel oped by Exxon. Thigshrethod is well known in the art.
Fi ni shed | ubricant basestock is renoved through |ine 76 and waxy product

t hrough |ine_80 . . Wi | e .no ishing to b ound b n

theory. 1 he T bepeoled fEsssitnd. The qpafu 3atriprtetieath iskonyctat Biroptn B 50 s
follows. Th Ny . t . : I4ngs,
paraffins ag%hség%nﬂ#g)‘?\éﬁrsﬁ&?hg&%rzé&&rg?ﬁ?%? ' g‘fﬁ%hhﬂg ?%‘?:%ﬁ?/s:%eg n
process, UunggfoughiidduearHi€ sébondhydracony fonatﬂﬂtﬁ%i% afd [owdres | ncl udi ng
i soparaffins, 0#ll-gparnaffi ns, ?lap thgn_esc_oanglgar omati C t‘laai%ltli ng %r_om 1 to about
6 rings ar e t@mperaie ¢wher Fequirtdto adjust srodateduatity \thins thePfidstBy dro¥odReioat es
to (a) hydrogenate aromatic rings to naphthenes and (b) convert ring
conpounds t amitetd eWhslemat sfifhing to bourd:tol anlychedry itiinbelieved ¢hdtythe cagability

deal kyl ation or by ring openi_ng of naphthenes. The catalyst is not an :
i somer i zat i ¢& openats thetseeond amib 2 ablower semperapue Shiftsiihe egpilibirisun i n t he feed
| argely unaffected. H gh nelting paraffins and isoparaffins are renoved by
a subsequemcoa*ém%t@%rbsat%gd Perics and ather sasatutated Bydrosurbon sDeCieS <
content of X oil _product .is a functio .the iyreversibl.e
conver si on 3ecK HEds BioreBiel ket clheshRAio cpdhis Wi e FiriGeRliAtiGh of
napht henes f .ﬁlaﬁrﬂ' ' 0, o ' seqt.Qck
viscosity i r?é@@@%?ég}g{)é e. gﬁﬁfﬂ%t %Te’at?(gl}ana% é)?étdﬁ’c t%@%ﬁgég@wg N :ffg eed
rates, hydr gkOpyAbiiafion LF&hpérahPERE §hade _«e/elo%riTtghﬁ sB¢ondEHarsédnyEsion unit
Tenperature sets the conversion (arbitrarily asured hére as the
conversion t52.370[err] C) which is nearly linearly related to the VI

i ncrease, irrespective of pressure. This is shown in Fig. 3 relating the VI
increase (VI HOP) to conversion. For a fixed pressure, the saturates

content of the productHyilspeonveried rafimatecfromrunitdy isiconducted ghrongh tine Sded,

and the tenperature required to achieve
-17- m:t)o a second hea(tqer exchanger 56. After additional heat is removed through heat

exchanger 56, cooled hydroconverted raffinate is conducted through line 58 to cold
hydrofinishing unit 60. Temperatures in the hydrofinishing unit 60 are more mild
than those of hydroconversion units 42 and 52. Temperature and space velocity in
cold hydrofinishing unit 60 are controlled to reduce the toxicity to low levéls, ie.,
to a level sufficiently low to pass standard toxicity tests. This may be
accomplished by reducing the concentration of polynuclear aromatics to very low

levels.

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. Catalytic dewaxing involves hydroctjacking or

hydroisomerization as a means to create low pour point lubricant basestocks.



conversion. At start of run on a typical feed, the tenperature required to
achieve the target VI nmay be only 350[err] C and the correspondi ng
saturates of the dewaxed oil will normally be in excess of 90 w.% for
processes operating at or above 1000 psig (7.0 nPa) H2. However, the

catal yst deactivates with tinme such thatighe tenperature required to

achi eve the sane conversion (and the sanme VI) nust be increased. Over a 2

year peri od sl LERRERANAR oBfYnd RELRRP Sedblord by HoiCelEpBodl g on the

catal yst, feed an erattng press on profile

is illust raq,garddaneeﬁed ﬂlb‘lffrc}hﬁt*ba%@é%&\ﬁc i IBWEi’ﬁ&A@l?%ﬁ%%ﬁgﬁﬁﬂ. IR Rhrkdays on

oil at a fixéd pressure. nost cli rcunst ances, ess rates of about

1.0 v/v/hr cihdre waxefgrel wARST, Ay dfofiished SxRfate Biprefefibly tbntactell Reitipat ur at es
associated with the ring species left in the product are determ ned only by

t he react or methpkisabutykbketone follavwesl mathet DE/GHHJ® Déwaxing Prodess t he
equi l i brium val ue-for that- tenperature. Thus as the reactor

t enper at ur e developed by Bxxom dihitmetiodis well knoveninthargs KRinishedibdricaat al ong a
smoot h curve defining a product of fixed VI. Fig, 5 shows three typical
curves for i’aﬁ‘? ‘6%%9@?‘?8?@18!2{1@ 7@@?‘%5’11’#’%#‘-’&“9’9“& 1‘\‘18@@- by operating
at a fixed conversion. Saturates are higher for a higher pressure process
in accord with sinple LLibrkwm consider atd ons. ch CULV h .
saturates falling steéﬁﬂﬂé%ﬁ#ﬁ%ﬂ%e eatngngsbx ?‘Wr@gg{yné&a%S&égg%?tgﬁ] C.

At 600 psig Kredn s & 28 foIGeP & NEGES!
nmeeting thes %‘gsr’get éir;%x% lgedrrgg%:e?%%dgg&lr at éﬁgﬁﬁm.%{ﬁhe prg?‘ect ed
t enper at ur e theQef Gfall safirated @ings, parhfiids aAl Ysopabltfins. Hthepredent faffiflatePa) is

wel | bel ow that which can be reasonably achi éved with the preferred

cat al yst f orhytdidconpersionsproatssanyderextracteti(e.gf 92 V1) light aral meginim cdffinages
However, at 1000 psig H2 and above, the catal yst can sinultaneously achieve
90 wt . % sat includingdseparafdins an-paraffins, naphthenes and aromatigs hayiog feome 14epect of
the invention is that a tenperature staging strategy can be applied to
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functions to achi'eve sat ur at es
leaves paraffinic species in the feed largely unaffected. High melting paraffins and

isoparaffins 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.

To achieve a basestock viscosity index target, e.g. 110 VI, fora
fixed catalyst charge and feed rates, hydroconversion reactor temperature is the
primafy dﬁver. Temperature sets the conversion (arbitrarily measured here as the
conversion to 370° C-) which is nearly linearly related to the VI increase,
irrespective of pressure. This is shown in Fig. 3 relating the VI increase (VI HOP)
to conversion. For a fixed pressure, the saturates content of the product depends -

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



toxicity using a cascading tenperature profile over 3 reactors w thout the
-expensi ve insertion of stripping, reconpression and hydrogenati on steps.

APl Goup Il and Il basestocks (APl Publication 1509) can be produced in a
si-ngl e stage, tenperature controlled process. Toxicity of the
basestock is adjusted in the cold hydraof{iyi shing step. For a given target
VI, the toxicity nay be adjusted by controlling the tenperature and

P o Bl T el LB SR a1
Them L0 it ) 4SS ol SRR RSB 1 RE ERRLS
A B and C oil'%@iﬂcﬂcgfdxt%llﬁ R eReéds’ot %0 \%@U"tﬁﬁ Egggﬂce%sé%opgeﬁ%ﬁrg#a (%}' ovE3660

reactor can contri e"to saturates, tors e used to

control sat ggigt(D nﬂsﬁ{)% ] Hbvi'%/e? Qhé EathlyStidductivates withtime 8aeh fiat the

TABLE 1 ARAVETER™ Reactor A Reactor B Reactor C
VI- temperature required to achiexe the same conversion (and the sam&MI)imssebe

X X Toxicity

X increased. Over a 2 year period, the temperature may incregse byeXa\kP5@° @

depending on the catalyst, feed and the operating pressure. A typical deactivation
profile is illustrated in Fig. 4 which shows temperature as a function of days on oil
at a fixed preésure. In most circumstances, with process rates of about 1.0 v/v/hr

or less and temperatures in excess of 350° C, the saturates associated with the ring
species left in the product are determined only by the reactor temperature, i.c., the

naphthene population reaches the equilibrium value for that temperature.

Thus as the reactor temperature increases from about 350° C,
saturates will decline along a smooth curve defining a product of fixed VI. Fig. 5
shows three typical curves for a 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 temperatufes increasing above 350° C. At 600 psig
(4.24 mPa) H,, the process is incapable of simultaneously meeting the VI target
and the required saturates (90+ wt.%). The projected temperature needed to
achieve 90+ wt.% 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/catalyst charge. However, at 1000 psig H, and above, the catalyst can
simultaneously 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



This exanple illustrates the product quality of oils obtained fromthe
process according to the invention. Reaction conditions and product quality
data for start of run (SOR) and end of run (EOR) are summarized in Tabl es
2 and 3. As can be seen fromthe data in Table 2-for the 250N feed
stock, reactors A and B operate at condigions sufficient to achieve the
desi red viscosity index, then, wth adj ust ment of the t enper at ure of

s i e S .
EX
2353 A vefﬁg.fﬂp fhed g%&wl G9 SRRl ScRtme. “THE preFTHED i aFSﬁVP@&%W%ﬁ . A
B
22d 012 - IF‘)L(I’)I pr u ??‘QF gr ea‘fgltég %%ﬁﬁg@%) sgf%ﬂt@%!swg%{&ﬁg%al n&g' W th

'rrigftEorz C opfig %dc@&r@ﬁsl’léd"bﬁ&p%?ﬁfﬁgaﬂle %u&ti(fng/t@a&ﬁfé% VI eshturates and

React or Toxicitl Idﬁrig a cascﬂ'dmg terhbﬁyture profile over lhﬁb%ors thhBut the L HSV

A 352 0.7 400 0.7 400 0.7

B 352 expeﬂSwe m&éﬂxon of smlipmg, réOnSInpress@nﬁnd hydmgenatlon ste@s. API

C 290 1.0 * O her
Condi ti ons: Cimp Ib@n@ II@ bzse;tqﬁka)(Aﬁk Puhh@qtloar léélgm gan be powsiucedtinsa single ng/ n3)
Dewaxed O | Properties gé Feed

EOR 100C Vi Stags; fguperaiure °°ntf)°.1 process. 5 g1 5.53 5. 47
5.62 40C Viscosity, cSt 54. 41 34. 28 31. 26 30. 63

32.08 Viscosity I ndex 115
114 Pour Point Toxicity of t{%?basestock is féj]l.&ted in the cold]!‘gh}éﬁmshmg step. |

-19 Sat ur at §5r g V%v’entar get VI, theXdxitity may bégg]usted bzl conlroﬁfh%the temperature 91
96. 2 DMSO Screenger for tOX|C|ty(2 0.3 0.10
0.04 : and pressure. This is illustrated in Fig. 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

This example summarizes functions of each reactor A, B and C.
Reactors A and B affect VI though A is controlling. Each reactor can contribute to
saturates, but Reactors B and C may be used to control saturates. Toxicity is

controlled primarily by reactor C.

Toxicity : x



370C+ Yi el d, t%on raffinate 100 87 81 81
82 feed 1) 93 VI underextracted feed 2) Maxi mumul tra-viol et absobance at

340 to 350 nm 90 -
TABLE 3 SOR .

ECR - Reactor .19. T LHSV T

Lerr ] HSV ' (O (v/ylh) (0
(v/ v/l h) A 355 0.7 394
0.7 EXAMPLE 2 B 355 Lo 204

1.2 290 2.5 290

2.5 * O her Condi 00 SCF/ B
(427 nferr]/nfer m mggﬂa@t%rté%ért | es&ﬁaﬂfgSKlBﬁBbﬁ;mgm thé

Feed proces?é&ohﬁ% td/| U&Cﬂ%ﬁﬂfon Cl@éactlon cond1t14m§ ﬁnd product qualit- &t
3.83 40C Viscosity, ¢S

17. 36 Vi scosortstart ofieun (SOR) and end oﬂﬁm (EOR) are summarilz(éﬂ in Tables 2 and 3.

112 PourPoint, C -18
Sat ur at ess, wt% 93. 3 DVsO
Screener for toxiAsiaap beSeen di:omthe data in Talsie 2 for the 250N feed stock) r&Bt@3 AC+

Yield, wM%on_ raffinate fe 1), 95 VI
under ext r adnd® opexafent cﬂﬂi‘ﬂ%ﬁﬁ‘?’ﬁ&tm ahigvedhe éﬁﬁFﬁf’eWﬁ?OSfMGné 3hen, nm

E LE ff h
cgﬁg/gnt ] 2t i §yith, adjustment of the temeperaetlcx{'e S reggtgp EE %tléj Ir)gssabq t§ i(gesps satirates the

above 90 wt.% for the entire run length without compromising toxicity (as
indicated by DMSO screener result; see Example 6). A combination of higher
temperature and lower space velocity in reactor C (even at end of run conditions in
reactors A and B) produced even higher saturates, 96.2%. For a 100N feed stock,
end-of-run product with greater than 90% saturates may be obtained with reactor C
operating as low as 290C at 2.5 v/v/h (Table 3).

TABLE 2
~——SOR—~-— wemeeere EOR-eeem | <o EQR——e
Reactor T LHSV T LHSV T LHSV T LHSV
€ (h) ©Q (vivih) «Q (vivih) () (v/v/h)
A 352 0.7 400 0.7 400 0.7 400 0.7
B 352 1.2 400 1.2 400 1.2 400 1.2
C 290 25 290 25 350 25 350 1.0
* OtherCondmons 1800 psig (12.5 mPa) H2 inlet presure, 2400 SCF/B (427 m3/m3) .
Dewaxed Oil Properties 250N (1)
Feed SOR EOR EOR EQR
100C Viscosity, cSt 7134 5.81 553 547 5.62
40C Viscosity, ¢St - 5441 34.28 31.26 30.63 32.08
Viscosity Index 93 111 115 115 114
Pour Point, C -18 -18 -16 -18 -19
Saturates, wt% 583 100 85.2 9 96.2
DMSO Screener for toxicity (2) 0.30 0.02 0.06 0.10 0.04
370C+ Yield, wt% on raffinate 100 87 81 ‘81 82 -
feed

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



saturates (dewaxed oil) at constant VI is shown in this exanple for
processing the under extracted 250N raffinate feed. Dewaxed product
saturates equilibriumplots (Figure 5) were obtained at 600, 1200 and 1800
psig (4.24, 8.38 and 12.5 nPa) H2 pressure. Process.conditions were 0.7
LHSV (reactor A + B) and 1200 to 2400 _$gh/B (214 to 427 nferr]/nferr]).
Both reactors A and B were operating at the same tenperature (in the range
350 to 415[err] Q). As S&{L@S seen fromthe figure it is not
possi ble to achieve 90 wt.% saturat ek O psig (4.14 nPa) hydrogen
partial pressure. Wile in theory, one could reduce the tenperature to
reach the 90 wt % target, the space vetoet+t3pRwout-e |be—t+rptBR+eeatly | ow
The ni ni mum pressure to achi ev e 904 .%a%ea on_a@e sph vel ocities
i s about 1000 psig (7.0 nPa). Increasif%vtthe pgEssUlre ioficreasgs the
tenperature range which may be @8sed in3sshe first t r®act ors lgreactor A

and B). A practical upper lim € to pr i &5 seff by*hi gher 2éost
net al | ur gy té%f SRR ls'dﬁgﬁ(iﬁsfmgnmuﬁ'fft rm%"g'rz'gé%gég?%\ﬂﬁc -the process of the
i nvent i on CBdaxBhoil Paperties 100N (1) -21 -
EXAMPLE 4 . The catBlyst deact§®ation profile refl ected by
terrperature,:o e‘@fﬁf,’,?’céfé to maint é‘ﬁa pr oduct ,;ﬁal ity ils shom%’sn t his exanpl e.
Fi gure 4 i svigostyyigxcal pl ot of o5 108 12

Pour Point, C -18 -18 -18

Saturates, Wt% 64.6 99 933

DMSO Screener for toxicity (2) 0.25 0.01 0.03

370C+ Yield, wt%on raffinate feed 93 80 75

1) 95 VI under extracted feed
2) Maximum uitra-violet absobance 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) H2
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).

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



i sot hernal tenperature (for reactor A, no reactor B) required to maintain a
VI increase of 18 points versus tine on stream KF840 catal yst was used
for reactors A and C. Over a two year period, reactor A tenperatures could
i ncrease by about 50[err]C. This will affect the product saturates content.
Strategies to offset a decline in prodggt saturates as reactor A

t enperat ure is increased are shown bel ow. EXAMPLE 5 Thi s
exanpl e de ﬁ the effect of tenperature staging between the first
"~ (reactor A) fdq (reactor B) hydroconversion units to achieve the

desired saturates content for a 1400 psig (9.75 nPa) H2 process with a 93

VI raffinate feed. 4.
tem g Tequired
React or Sequence The catalysbdeactlggxon proﬁleras regl re gttegr g %

React tHi$¥kample. Figure4isa 1cal lot of
(O (vIvi ht)o mhdrtin Paduct quallt?'-f7 Vl}(f]wn in ample. Figur typ P
390 8 Z isothermal temgﬁﬁhture (for x@a(?tor A, 1o reactor B) required to maintain a VI CB: ,

390

290 2.5 increase of 18 pahifis versus tlﬁmeﬁ)n stream. (IKE84(:catalyst Wﬂ&@iﬂdl foy reagtias

114 115 Dewaxed O | Saturates, 80
96 A and C. Ower a fwaryieanperisid, reastaraA teraperatupes %Qs&d irmseatse W&b&%r e

staged case__denonstr nmerit of operating ctor ek tenp
erature and @&ac@hﬁéﬁl fchegle praduds satural EFP‘E?%‘S%%‘? toﬁé%eﬁ@%ﬁ FHfuct was
restored togf ;t‘r%duct:thsegurate LIRS {ei:nllgerrhtltjﬁ'ne Alind G IR ShNH bEIOW. "eactor B.

EXAMPLE §

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 raffinate feed.
TABLE 4
Reactor Sequence: Base Case Temperature Staged Case
Reactor T LHSV T LHSV
Q (v © (vfu)
A 390 0.7 390 0.7
B 390 1.2 350 05
C 290 25 . 290 25
Dewaxed Oil Viscosity Index 114 115

Dewaxed Oil Saturates, wt% 80 96

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

thermodynamic equilibrium at the temperature of reactor B.



-22 - EXAMPLE 6 The effects of tenperature and pressure in
the cold hydrofinishi ng unit (reactor C) on toxicity are shown in this _
exanple. The toxicity is estimted using a dinmethyl sul phoxi de (DVSO) based
screener test developed as a surrogate for the FDA (c) test. The screener
and the FDA (c) test are both based on e ultra- violet spectrumof a DVSO
extract. The maxi num absorbance at 345 +/- 5 nmin the screener test was
shown to cor S}l EA} wi t h the maxi mum absor bance bewt een 300-359 nmin
the FDA (c) l’{’gé ﬁg own in Figure 8. The upper lint of acceptable
toxicity using the screener test is 0.16 absorbance units. As shown in

yarogen’ parti al  proodlFetRrfepbErabul AR DBl In e Soltthbeoluitil”
operat i ng. at gsacist ) Ffopdsiticy v TP LEpIcoTHE BFRKY 1 Gdied v

a non-toxi ¢ ysingc@imetfyl %u[lﬂié‘xl ©) Qﬁmﬁrééﬂe?&st QévelOpetha a Stogand es,

non-t oxi ¢ products can be nad en reactor Cis operated at higher

t enper at ur e for ﬂﬁxm&cmest The screener and fhiei ED Ax(@)estare doth basetian the ultes use

- of the cold hydrofmshin reactor C) unit to optimze saturates content of

“'the oil prodiglet spRetume eBtract: dlhepoaginuun absorbaceasidgs (1125 nnnrim)

" hydrogen partial pressure, 2400 Scf/B (427 mjerr]/nferr]) treat gas rate,
0.7 and 1. 2%@&6@&5@&{&% 9waﬁ@|catrelagwsﬂ wifhths maximuptesorbaneser at ur e of

400 C ON f feed. Th f Ll A and
B cont ai ns jeEesclE3es pmindhe PR foraSdins stiowmdn Eveier B ﬁf&*&%gg it G act or
C ded t d
non-toxi c. AEC %@%{lerr’?@)}d She HfScrbhen Ut U, 00 Shoohlritethfis, 2NOUR B 2.
vel ociti es FHigmgre, bpiiatihg aﬁlS[bG’ﬁﬁQ (i—iﬁ“pé)aﬂ;%ﬁtI%O'ﬁlgafﬁ:?@M@ hydrogene

achi eved.

partial pressure allows the use of a much broader temperature range (eg. 290 to
~360°C versus a maximum of only about 315°C when operating at 1200 psig H,
(8.35 Mpa)) in the cold hydroﬁriisher to achieve a non-toxic product. The next
example demonstrates that higher saturates, non-toxic products can be made when

reactor C is operated at higher temperature.
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 A and B
were operated at 1800 psig (12.7 mPa) 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 0f 400° C on a 92 VI 250N raffinate feed. The effluent from
reactors A and B contains just 85% saturates. Table 5 shows the conditioné 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 achieved.



-23 - TABLE 5

RUNS Run No. 1 2 3

4 Tenperature, C 290 330 350
-350 LHSV, v/v/hr 2.5 2.5 2.5
1.0 H2 Press, psig 1800 -23- 1800 1800
1800 Treat Gas Rate, SCF/ B 2400 2400 2400
2400 DwWovI ' 115 114 115
114 DWO Saturates, W% - 85 88 91

96 DMSO Screener for 0. 06 0. 05 0. 10
0.04 Toxicity (1) 1) Maxi mum ultra- vTABLLE bsor bance at 340-350 nm
Figure 7 further illustrates the flexibile use of reactor C. As shown in
Fig. 7, optimzation of reactor C by controllingh@merature and space
velocity Okyf%. Goup Il basestocks  EXAMBLE 8 ~ Thig

exanpl e denponstrates that feeds in addition to raffi nat;es and dewaxed oils
can be upgr pQgeEahR i gher qualijghy basestocigy. The upgrggi ng of | owssgval ue
foots oil sim®agemts shown in g$khis exanpl epsFoots oil 8 a waxy byqproduct
stream fronut essfpsigduct i on of 1ggw oi | contigey fi ni shedssx. This n@peri al
can be useTregfiGhiTare, SUFYEECt |y @ao0as a feed Jadeendst ock veoh under exiomct ed
raf fi nat es pwowdewaxed oils. Insthe exanpl a4bel ow (Tablie 6), footsiwail

f eeds wer e DpgrSatieds, at% 85 88 91 96
DMSO Screener for 0.06 . : 0.05 0.10 0.04
Toxicity (1)

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

Figure 7 further illustrates the flexibile use of reactor C. As shown
in Fig. 7, optimization of reactor C by controlling temperature and space velocity

gives Group II basestocks

EXAMPLE 8

This example demonstrates that feeds in addition to raffinates and
dewaxed oils can be upgraded to higher quality basestocks. The upgrading of low
value foots oil streams is shown in this example. Foots oil is a waxy by-product
stream from the production of low oil content finished wax. This material can be
used either directly or as a feed blendstock with under extracted raffinates or
dewaxed oils. In the example below (Table 6), foots oil feeds were upgraded at
650 psig (4.58 mPa) H, to demonstrate their value in the context of this invention.
Reactor C was not included in the processing. Two grades of foots oil, a SOON and
150N, were used as feeds.



650 'psig (4.58 nPa) H2 to denonstrate their value in the context of this
invention. Reactor C was not included in the processing. Two grades of

foots oil, a 500N and 150N, were used as feeds.
-24 - TABLE 6
500 N ' ' 150 N 224 . :
Feed Pr oduct Feed Product Tenperature, C (Reactor
Al B) - 354 - 354 Treat Gas
rate, Scf/B, (nferr]/nferr]) - 500 (89) - 500
(89) Hydrogen partial pressure, psi4Bld8) - 650 (4.58) -
650( 4. 58) LHSV, v/ v/ hr (React or A+B) ' - 1.0
- 1.0 .%870[err] C-onfeed 500N 0. 230N
3.12 1.10 2.00 379[ er ryeet DVWO IppsdiRet | ¥edd 40[ p¥gahetC
viscosity, ?étlperatureﬁC(ReactorKkB)Ol . 48.80 354 25.01 354 7. 57
100[ err] C v Sﬁ&%t} %ate /B (m’ m) 8.85 500 (89Y - 27 4. 7300(89)
4.-01 ba?éal (mPa) - 97l 65%?4 s 109/ ‘1§(53 4518}1/
.8 129/ Uiv/he (Re E‘% © o 10
82.8[err] 79. Wt . 4.2
o2 2949 370°C - on £ Drm% e 0312 1.10 2.0066'7
67.9 83 .83. 3 DWO Yi el d, vvt %f Foots Q| Feed 33.2
31.1 _ 2 5.9 [err] urates ove will b gher
at hi gher hydf ‘%{H % es (2) Excel |§§1 blend &, @ 5t 757
Table 6 shows f‘ﬁ' tdesirabl e bas ock wi t oY% gni 4 7(,7ant ly 4ot
VI/ Pour Point, ° C 109/ - 17 lll/ 129/-9
Saturates, wt. % 73.4 828"  79.03 88.57 M
GCD NOACK, wt. % 42 8.0 19.8 233
Dry Wax, wt. % ' 66.7 67.9 83.6 833
DWO Yield, wt. % of Foots Oil Feed  .33.2 31.1 16.2 159

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

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

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



hi gher VI and—saturates content and a val uabl e wax product can be recovered
from foots oil . In general, since wax nol ecul es are neither consuned or
formed in thi ﬂﬂl Iﬂ” mmmr' ion of foots oil streanms as feed bl ends
provi des a ne ! ﬂmze val uabl e wax while inproving the quality
of the resultant base di I Spreduct. 275

-25 - CLAIMs | A process for producing a lubricating oil basestock

neeti ng at 0 wt. % saturates and VI of at |east 105 by selectively
hydr oconver affinate produced fromsolvent refining a |ubricating

oi | feedstock which conprises: (a) conducting the lubricating oil
feedstock to a s 00 2 Fi¥Hcating o Bfns SPRAKIIONG.%
t herefrom alr'l ar o’ﬁ@lﬂﬁ%és ﬁ%ﬁ@gﬁ%&ét an&tlggggrbgfgﬁt%%knﬁ g ri coh

raffinate; sany ates and W of af IdabtPR Wy $dl&ctivaly hydrbeoVerting 4 eaffinate dprbﬂdttﬁb a-
raffinate feeé aving a dewaxed oil viscosity index from
about 85 t dr@GalvehDiefiting a librivating oil feedstock which@omprisesioi nt of no greater
t han about 650 C, - (c) passing the raffinate feed to a first

hydr oconver si on zone and processing the raffinate feed in the
presence of a ndm) aciainductingthgdubricating oil feedstoclgto aselvepiaxiragtan gene r om
340 to 420[err] C, a hydrogen partial pressure . of Eﬁrom 1000
to 2500 psig (7.0 to andsepagating aman gemajicy rich extract and a paraffins = 3
LHSV and a hydrogen to fe?ﬁw{ atio of from500 to 5000 Scf/B

(89 to 890 nferr]/n AL qquce a first hydroconverted raffinate:
(d) passi ng the hydroconverted raffinate fromthe first hydroconversion

zone to a secon&g ydr%ﬁﬁﬁﬁﬁr@@m&%ﬁaﬂeﬁmﬁﬁﬁaﬁ% te feed having a

hydr oconverted fin presence of a-'non-acidic catalyst at a

tenperature of from 3fQydRdiR¥iSEdsity iRV AERChboeBS td 8borios andu fnaln
second hydroconversion is not greater than the tenperature in the

boiling point of no greater than about 650° 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 partiaI pressure
of from 1000 to 2500 psig (7.0 to 17.3 mPa), space velocity of 0.2 to
3.0 LHSV and a hydrogen to feed ratio of from 500 to 5000 Scf/B
(89 to 890 m®/m®) to produce a first hydroconverted raffinate;

(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 catalyst at a
temperature of from 340 to 400°C provided'that the temperature in
second hydroconversion is not greater than the temperature in the
first hydroconversibn zone, a hydrogen parﬁal pressure of from 1000
to 2500 psig (7.0 to 17.3 mPa), a space velocity of from 0.2 to 3.0
LHSV and a hydrogen to feed ratio of from 500 to 5000 Sc{/B (89 to

890 m3/m3) to produce a second hydroconverted raffinate;



first hydroconmogen partial pressure of from 1000
to 2500 psig (7; 3 nPa), a space velocity of from0.2 to 3.0
LHSV and ahydrm ﬁ Hygﬁo of from500 to 5000 Scf/B (89 to
890 nferr]/merrq) ctOy ”Isecond hydr oconverted raffinate;

-26 - (e) passi ng’ t e second _lpgdr oconverted raffinate to a
hydr of i ni shi ng reacti on zone and conducting cold

hydr of i ni shi ng of_\t he_seco rqgeonverted raffinate in the
presence of a hybfofi htSh %Eg'eéSY%de""“"_"%g ra natejp aj‘%%ﬁé‘é‘ﬁﬁ%r e of

R

from 260 to 360[err] }s dqgw s ohi 3 of from
1000 to 2500 psig (7.§a{:§oq%%é’%§gg@ﬂgﬂslggggfv Io(?:fl?lt“)s/hlg]g of the second from
0.2 to 5 LHSV and a hygireesnverted afhdidid megyi'eieﬁ@é*bﬁé)ﬂy&&ﬂnishin catalyst
5000 Scf/B (89 to 890 nmerr]/nmerr]) to produce a hydrofinished raffinate;
() passi ng t he hydaid tempdrature of froma260 0B 68° ©; pdiydtogen pantial gressuggove
products having a boiling less than about 250[err] C;, and ) t(g)
passi ng the hydr of i ni ehfrany HIGQ w2 0f psig (7.0 60 $23amPBa), aispaceneeiocityao
dewaxi ng zone to produyce a _dewaxed basestock having a vi scQsi téOQ)t

q

i ndex of at |east 105pmbQ2ded LHAV anda bydregentkferd satip gbfigne
i ity index i f_at 1 ter,than t fi f eed,
h NOAGK vol at i1ty i nap0k SR (88TE R0 o prodish droBrished Rfigate:

about 3 wt.% at the sane viscosity in the range of viscosity from

3.5 t0 6.5 cSt visCOSLLN: A . t of at
east 90 we % antDa bEasiuftin Hyfofinisied At 'sébaliot 1o eibRE

| P346 or FDA(c) test Syroducts Bvii®4 BSitinkAs it spe bygaPconverting a
raf fi nate produced frgm sol vent é)eglénlln g séﬁ'ﬁﬁlgﬁcati ng glﬂl:i f eedst ock whi ch
conpri ses: (a) conducting the lubricating oil feedstock to a

sol vent extracti () zopassing the hydrofinishedrdffieiafrom the sepaatidon aonato @r onat i cs
rich extract and a paraffins rich raffinate; (b)

stripping the raffi nadewatingaone to produpe adewaxed basestock havingaiviseasityy a

index of at least 105 provided that the basestock has a dewaxed oil

C)

viscosity index increase of at least 10 greater than the raffinate feed,
a NOACK volatility improvement over raffinate feedstock of at least
about 3 wt.% at the same viscosity in the range of viscosity from

3.5 to 6.5 ¢St viscosity at 100° C, and a and a saturates content of at
least 90 wt.% and a basestock with low toxicity by passing the
IP346 or FDA(c) tests

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

refining a lubricating 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;



dewaxed oi | viscoesity index from about 85 to about 105 and a fi nal
boi li ng point qf Eo I&reater t han about 650[err] C [err] (c)

passi ng the raf lﬂmgl Ny first hydroconversion zone and
processing the'R i o mmﬂk the presence of a non-acidic catalyst
at a tenperature of from 340 t*0 420 C, _a7hydrogen partial pressure

of from 1000 to 2500 psig (7.0 to 17.3 nPa), space velocity of 0.2 to

20 TS SRl e By SRR, B
passing the hydr 0CoNY gl el il fd FQIA I drblctloe BY S TRRORIEE Shidyst

zone to a second hydr®c processi ng

hydroconverted raffm z?teirﬁbfg% Gre’ &ﬂcse,o%%oﬂepaﬁ?amgewaﬁm ssie a

tenperature of from340 to [ err provi ded that the tenperature in
the second hydroconvepsfrgi 16001012500§Ri2(7.0 tal7.8 heP4d)espaee atlocityiof A to
first hydroconversion zone, a hydrogen partial pressure of from 1000
to 2500 psig (7.0 to 3D.I3HS8Waind ahpdragen tcefeed ratio of fromdyA00t05000 B
LHSV and a hydrogen to feed ratiqg of from500 to 5000 Scf/l?‘féBQ to
890 merr]/merr]) to(§%oBRemaynydtoprodugeia fesshydraconvered raftnate;

(e) passing the secgnd hydroc?SVﬁréedfrafanate ]EO a hydrofijni shi ng

LSS?LL82&??3&?&){?5&&% iy dppeobusied B 'tﬁﬁ%ﬁeﬁ@ﬁﬁ%@vﬂg
60 '

From 1000 T o 2500 psi GO0k a0 145003 By atefipveisioR35e B8 phcKes IR’ C 0

0.2 to 5 LHSV and hy dh??s’?ﬁ?ﬁ@er{ ¢ @y@% pFRALC8  héy ALl SithiyS: at a

(89 to 890 nerr]/nfer 0 produce a Inished rarfinate. °3. The

process of clainms 1 Oferﬂpéi'ﬁﬁﬁ'@bﬂﬁ'bﬁﬂéﬂ)ﬂo%OWC@réﬁﬂé@ﬂﬁﬁﬁi&tehﬁie!‘&&fe inhe
first hydroconversion zone, the second hydroconversion zone and the

hydr of i ni shing reacti ¢ie seeosd hydroconversion is not greater than the temperature in the

(d)

first hydroconversion zone, a hydrogen partial pressure of from 1000
to 2500 psig (7.0 to 17.3 mPa), a space velocity of from 0.2 to 3.0
LHSV and a hydrogen to feed ratio of from 500 to 5000 Scf/B (89 to
890 m’/m’) to produce a second hydroconverted raffinate;

(e) passing the second hydroconverted raffinate to a hydrofinishing
reaction zone and conducting cold hydrofinishing of the second
hydroconverted raffinate in the presence of a hydrofinishing catalyst
at a temperature of from 260 to 360°C, a hydrogen partial pressure of
from 1000 to 2500 psig (7.0 t017.3 mPa), a space velocity of from
0.2 to S LHSV and hydrogen to feed ratio of from 500 to 5000 Scf/B
(89 to 890 m*/m’) to produce a hydrofinished raffinate.

3. The process of claims 1 or 2 wherein there is no disengagement between
the first hydroconversion zone, the second hydroconversion zone and the

hydrofinishing reaction zone.



-28"- 4. The process of claim1l wherein the basestock contains at | east
95 wt. % saturates. 5. The process of clains 1 or 2 wherein the
raffinate is under-extracted. 6. The process of clains 1 or 2 wherein
the non-acidic catalyst is cobalt/nolybdenum nickel/nolybdenum or

ni ckel /tungsten on alumna. 7. The.pgocess of clainms 1 or 2 wherein the
hydr ogen partial pressure in the first hydroconversion zone, the second

fo 12 5 npdy. 6l Brogs B LSEx'F“e?vﬁreﬂ?a#%&%%é&%fﬁt‘%ﬁ?@i’%tngﬁS’uﬁfeo.n
t he hydrofi ggﬁﬂ_%gg zone is from290 to 350[err] C. . The process of

claims 1 o rein the non-acidic catal ysts incl ude at
| east one of a silica, alumna, or titania nmetal oxide. [err]

5. The process of claims 1 or 2 wherein the raffinate is under-extracted.

- 6.  The process of claims 1 or 2 wherein the non-acidic catalyst is

cobalt/molybdenum, nickel/molybdenum or nickel/tungsten on alumina.

7. The process of claims 1 or 2 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 claim 1 or 2 wherein the temperature in the hydrofinishing
zone is from 290 to 350°C.
9. The process of claims 1 or 2 wherein the non-acidic catalysts include at

least one of a silica, alumina, or titania metal oxide. .

A



