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PCT/ US97/ 23288 RAFFI NATE HYDROCONVERSI ON PROCESS Fi el d of the Invention
Thi s i nveghiopmke! ates to a process for preparing. | ubri caworgiseitszss

basest ocks ‘having high viscosity indices and |ow volatilities and for
recovering petrol eumwax from wax-containi ng feedstocks. Background of the
Invention It is well known to produce |ubricating oil basestocks by sol vent
refining. In the conventlonal process, crude oils ar e fractlonated under
at nospheric pressure RAKFDNAIE HYBRE VERSIEY &% further
fractionated under vacuum Select dlstlllate fractlons are then optionally
deasphalteg qadisRlient extracted to produce a paraffin rich raffinate and
an ar ot i e4848iQ DThe raffinate is then dewaxed to produce a
dewaxed oil which is usually hydrofini shed to inprove stability and renove

Comonent s of orude SPCTEy s RLEREEH @ereé%ﬂr?%&btﬁetttéﬂi e
basest 0Cks py Eat&#tmg B YscBsits i { R andIbY AR lafi it AR B SR EG] L ed L O

t hose which are araf nature as aronatl cs ten ve | owner
viscosity pegbRam (vt&)frorawhﬁé&ntth%aefeeaaotesss desirable in | ubricat ng oi |
basestocks. Al so, certain types of aromatic conmpounds can result in
unfavorabl e toxicity characteristics. Solvent refining can produce

| ubri cati n@ackfransdsf tlekknveationa VI of about 95 in good yields. Today nore
severe operating conditions for autonobile engines have resulted in demands
for basestocks with |ower volatilities (while retaining | ow viscosities)
and | ower pour poi nt & iswrikknowptoprmduce dubricatingl ol b@eaf@hk%blédoweﬂh

basest ocks of .nore isoparaffic character. i.e., those I's of 105 or
greater. SHIHMRAE. %fh%&myeanea@ R?ﬁ?ﬁétcréééﬁdﬁﬁéeaffﬂ?[l%”é E’é EB'asestocks

having a Vi tmosp}tenc pressure to produce atmospheric resids which are further fractionated

under vacuum. Select distillate fractions are then optionally deasphalted and
solvent extracted to produce a paraffin rich raffinate and an aromatics rich extract.
The raffinate is then dewaxed to produce a dewaxed oil which is usually

hydrofinished to improve stability and remove color bodies.

Solvent refining is a process which selectively isolates components
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. Also, 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 retaining low
viscosities) and lower pour points. These improvements can only be achieved with
basestocks of more isoparaffic character, i.e., those with VI’s of 105 or greater.

Solvent refining alone canriot economically produce basestocks having a VI of 105
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with typical crudes. Two alternative approaches have been developed to

produce Whekfiggl ity lubricating oil basestocks; (|) waxptp@s®eriszssti on and
(2) hvdrocracking. Both of the nethods involve high capital investnents. In
sone | ocations wax isonerization econpri cs can be adversely inpacted when
the raw stock, slack wax. is highly val ued. Mreover, hydrocracking

el i m nates sonme of the solvency properties of basestocks produced by
traditi ovith typotalemdese fTwo aljernatihe ppprogches have behe deygloped to/progiceual ity
feedst ocks used i n hydrocracki ng, and the consequent severe conditions

r equi r ediighhqualiydubrieatingreit basestogks.c thevax isomeaizodemend iy properties can

It iin the f ' f undesirable (toxic).species. Th [
formed IHYAEUATEENB b AL LR EEEH THelYe BiehsapHar SFOBEasy i S such as
Gl | oS8l DR AR EX B P B b BSRF PRy R e Y S
2 Dover SSIe Rk FEL FEREROPaIta. WforsFir nLfackBlg gisgilisagpicr. Yol ure
process hesigkRcy Sﬁ?og%ﬁsésacﬁtaae&tms;mb&u@e@ Béggﬁdiii%iﬂrﬁdl%riﬁeﬁxﬁﬂgac‘i‘d by a

hydrotreater. U. at ent 3,691, 067 descri a process for producing a
nmedi um agshriged. VAlse] thelypiaxlly tdw qablityfeadstacksqwed i hidieerdckéigtandk. The
hydrotreating step involves a single hydrotreating zone. U S. Patent

3, 732, 15He domselqaemtsselvgrtr afniditicisi requitédbtoeachiaet thedesiadd Viseomefricoanda sol vent
extraction process. The feed to the hydrofinishing step is derived froma
hi ghl y aodatdity prepertice camrgsulidn themfosmatieniof uadesirablexteXxiclspecigsat ent
4,627,9 relates to process _for inproving the bul k oxidation stability
and st orl i8S SPeHFs piefogme ub@féﬁfe%agmgéngna@%@&%ﬁ BrACRSHRSEFRCked

bright stock. The process,involves hydrodenitrification of a hydrocracked
bri oht SPORRS FETROETR oIS e R iae Rasecpa: 60
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An article by S. Bull and A. Marmin entitled “Lube Oil Manufacture

by Severe Hydrotreatment”, Proceedings of the Tenth World Petroleum Congress,
Volume 4, Developments in Lubrication, PD 19(2), pages 221-228, describes a
process wherein the extraction unit in solvent refining is replaced by a

hydrotreater.

U.S. Patent 3,691,067 describes a process for producing a medium
and high VI oil by hydrotreating a narrow cut lube feedstock. The hydrotreating
step involves a single hydrotreating zone. U.S. Patent 3,732,154 discloses
hydrofinishing the extract or raffinate from a solvent extraction process. The feed
to the hydrofinishing step is derived from a highly aromatic source such'as a
naphthenic distillate. U.S. patent 4,627,908 relates té 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

hydrocrack_ed bright stock followed by .hydroﬁnishing.



It would be desirable to supplenent the conventional solvent refining
process so-as to produce high VI. low volatility oils which have excel | ent
t oxi ci t ywomsrdmni ve and thermal stability, solvency, fuel PEYBHM288nd . col d
start properties without incurring any significant yield debit which
process requires nuch | ower investnent "costs than conpeting technol ogi es
such as hydrocracking. and to recover wax fromthe process as a val uabl e

ch as hyc f over_wax from (|
For "upar adi ng a welk "Caid BF eI L Shmi R F S S oRaf b chrefinfte?Pese
basest 0ckoand o8 RTHIAbEHIMEN VIYIRPLERHENPLY: WHKIPEARVAI B xichy | nat e

pr oduce rom so nrng a | ubricating o eedst ock whi ch Conpri ses:

(a) RGBS Al thRBmbhLRAbifiA) | Mv&idg,e?@é!‘é%ﬁ&hy%ﬁﬁtdb@d VRN propétiesi ng

feedstock to a solvent extraction zone and sepafating therefrom an

ar onat i agithid@HnexdingCinyadighificar Atld debit whithrprbéessatquirdsahuch &werppi ng t he

raffinate of solvent to produce a raffinate feed having a dewaxed oil

vi scosi tigvéstmhert tostsittmnaomRFingaechmiogitdSuchnas aydrocmkcking. hheiép poi nt of no

greater than about 650[err] C (c) passing the raffinate feed to a first

hydr ocorreedwsirovax fras tedprpesss as i vaduahie co-prddunit e feed in the presence of a
non-aci dic catalyst at a tenperature of from 340 to 420[err] C, a hydrogen

partial pressure of flrom 600 to 2000 psig, space velocity of 0.2 to 3.0
LHSV ancﬁ‘&ﬂ%@e@gﬁb—e&éﬂﬁéﬂﬁﬂratio of from500 to 5000 Scf/B to produce a
first hydroconverted raffinate; (d) passing the first hydroconverted

raffinate to a secpnd;eachian,L0n5 AN LQ 14 GhpA%ifPh hallcliRlinfss i no o

the first hydroconve _ L
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t enper at'ure
hydroconverting a raffinate produced from solvent refining a lubricating oil

feedstock which comprises:

(a) conducting the lubricating oil feedstock andthe wax-containing
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;

(c) passing the raffinate feed to a first hydroconversion zone and
processing the raffinate feed in the presence of a non-acid_ic catalyst
at a temperature of from 340 to 420° C, a hydrogen partial pressure
of from 600 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 rafﬁriate;

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

and conducting cold hydrofinishing of the first hydroconverted



of from200 to 320[err] C. a hydrogen partial pressure of from600 to 2000
psig, a space velocity of froml to 5 LHSV and hydrogen to feed ratio of"

from 500xh9sp9@9 Scf/B to produce a second hydroconvert egcraisbrzmse; (e)
passi ng the second hydroconverted raffinate to a separation zone to renove

products having a boiling | ess than abeut 250[err] C. and (f) passi ng the
second hydroconverted raffinate to a dewaxi ng zone to produce a wax and a
dewaxed basestock having a viscosity_ index of at |east 105 provi ded that
the basestock has rafitnaisiahe presepseseba hygrofingding patpbystatl dicraperpisgt 10

af i nat e T oedst od fEM PR ILE" GobYTEesE Portial PRSUIEIIFURERLELy | n t he
resrdual aromati c2OBB Rl phee Peipaehr HpBEF T ST VoI Eliedt At The
basest ock has | owaxifidlaf (i RBIFSBODLHFRAR Rl Pond o5 S

notw t hstandi ng the residual aromatics conten I solating the wax
fromstep (f) as &yAfoddm9emEd ratfifa@not her embodi ment, this invention
rel.ates to a proceSs for upgrading a wax-contai ning feedstock to produce a
| ubricating oil basestock and a petrol eum wax by sel ectively

hydroconvert ¢g)g gassihkithateopd bydosdnlened sdfinentio nakpmangnaonahe i cat i ng

oi | feedstock which conprises: (a) conducting the lubricating oil
feedstock to a solremove pradusts having obeilingiesetianabony2 IWdE efndom an
aromatics rich extract and a paraffins rich raffinate; WO 98/ 27180

PCT/ US97/ 232 (b) Sstripping.the raffinate of solvent to produce a
raffinate fezg haﬂaﬁﬂn&ﬂﬂ’eﬁﬁ‘?&@@hwmc@?%m raflingHe &% adeymxEHZNS® t o about

105 and a final produce a wax and 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 residual aromatics content of
at least about 5 vol. % provided that the basestock has low toxicity
and passes the IP346 or FDA(c) tests notwithstanding the residual

aromatics content, and
(g) isolating the wax from step (f) as a co-product.

In another embodiment, this invention relates to a process for
upgrading a wax-containing feedstock to produce a lubricating oil basestock and a
petroleum wax by selectively hydroconverting a raffinate produced from solvent

refining a lubricatin g 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;



boiling point of no greater than about 650[err] C (c) conbi ning the
raffinate feed with the wax-containing feedstock to produce a conbi ned
raf fi natwofhgeise (d) passi ng the conbined raffinate feeddnusariizest

hydr oconver si on zone and processing the conbined raffinate feed in the
presence of a non- acidic catalyst at S tenperature of from340 to 420[err]
C, a hydrogen partial pressure of from600 to 2000 psig, space velocity of

o odue a f T hyirBEEDR PRt o1 syt 1o prousy o Tabaete ke R RE Rt
hyd d ffi . | ' d d ' | d
et of i ohi ng of 4Bt &PvRsRERCRACK FRG PTG AU TORANEARICS O &
hydr of i ni shi ng cat@émﬁgﬁq%aotﬁon%g%%%&{ag a%)blgg%a @00 to 320[err] C, a

hydrogen partial presstre psi g, a space velocity of
froml to 5 LHSV and hydrogen to feed ratio of from500 to 5000 Scf/B to

produce a secgend m@ﬁ@m;g/@fetxﬁﬁﬁmé fde@atRh the Wax-deatRhing feb&steacNd
hydroconverted raffinate to a separation zone to renove products having a

boi-ting | ess than produte 250frbindd [@ffimatd féeg).  passi ng the second
hydroconverted raffinate to a dewaxi ng zone to produce a wax and a dewaxed
basestock having a viscosity index of at |east 105 provided that the

basest ock has(dd depassing the lcombsnaskiaffnate desd fora fisst hydufcoavetsas zon® gr eat er

than the raffinate feed, a NOACK volatility inprovenment feedstock of at
| east WO 98/ 2718 processing the combined raffinate feed in the presence of a non-

PCT/ US97/ 23288 -6 - .about .3 .% at the s Vi.SGOSI I, the range of

viscosity from 3. 5a§t1€i%6qa5alx§rz{rt@itggagqafveﬁﬁ%[@ﬁrt? 4%?50 QHB%X%F%g\ﬁndual

aromatics content ;S)z{rtial pressure of from 600 to 2000 psig, space velocity of 0.2 to 3.0
LHSYV and a hydrogen to feed ratio of from 500 to 5000 Scf/B to

-produce a first hydroconverted raffinate; and

(e)  passing the first hydroconverted raffinate to a second reaction zone
and conducting cold hydrofinishing of the first hydroconverted
raffinate in the presence of a hydrofinishing catalyst at a temperature
of from 200 to 320° C, a hydrogen partial pressure of from 600 to
2000 psig, a space velocity of from 1 to 5 LHSV and hydrogen to
feed ratio of from 500 to 5000 Scf/B to produce a second

hydroconverted raffinate,

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

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

(g) passing the second hydroconverted raffinate to a dewaxing zone 1o
produce a wax and a dewaxz« 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 improven:»~t wverraffinate feedstock of at least



at | east about 5 vol. % provided that the basestock has |low toxicity and
passes the | P346 or FDA(c) tests notw thstanding the residual aronatics-

contentvwfﬂﬁn&&) . isolating the wax fromstep (g) as a maPsoodssss. The
pfocess according to the invention produces in good yields a basestock

whi ch has VI and volatility properti-&s- neeting future industry engi ne oi

st andards whil e achi eving good sol vency, cold start, fuel econony,
oxidation stability and thernmal stability properties. In addition, toxicity
tests show t hat t hbowtabwtloaithh asmexissosupin thedanes ofVisapsipr BpBY ti es as

measured by tests_such as the FDA(c) test. The process al.so‘groduc S a
val uabl e wax proddek tor-9eSt viacouivd L08F Crang aderduplrrematiss ARG and

‘SPSICJ"ELQQF?S.CD ") aF B ap0up % “’g'@f&%'ﬁ%@ Aratge biestoek B ??\?%E%&"f:o?f 2
100N . FiLg, 2.1 j i fd j . Al G
raifinat e hyar ocoftPersh i BB TR IR ris iy f gL | "

di ffusi on separ at Ldgfﬂpms ébh?&x?sd i ndex. Detail ed Description of the

| nventi on The solv refining of select crude oils to produce |ubricating
oi | basestocks typically involves atnospheric distillation, vacuum

di stillation(hext jflidmthe denefbmokstép (o) isdr &d-pridubt.ng. Because basestocks
havi ng a high W8/ 27180

PCT/ US97/ 23288 -7 - isoparaffin content are characterized by having good
viscosity index (\Ihe gprocgseatéardingto theinventionpooducesie gaod vields aperti es,
the crude oils used in _the solvent refinjing process are t%/pi cally .
par af f i hasestookdgwhich has VI and volatility properties meeting future industry engine oil
standards while achieving good solvency, cold start, fuel economy, oxidation
stability and thermal stability prOpertieé.' In addition, toxicity tests show that the
basestock has excellent toxicological properties as measured by tests such as the
FDA(c) test. The process also produces a valuable wax product from low value
refinery streams containing wax and upgrading such streams to more valuable

products.

Brief Description of the Drawings

Fig. 1 is a plot of NOACK volatility vs. viscosity index for a 100N

basestock.

Fig. 2 is a simplified schematic flow diagram of the raffinate

hydroconversion process.
Fig. 3 is a plot of the thermal diffusion separation vs. viscosity index.
etailed Description of the Inventio

The solvent refining of select crude oils to produce lubricating oil
basestocks typically involves atmospheric distillation, vacuum distillation.

extraction, dewaxing and hydrofinishing. Because basestocks having a high



Generally, the high boiling petroleumfractions from atnospheric
distillation.are sent to a vacuumdistillation unit, and the distillation
fracti ongobgonss his unit are solvent extracted. The resi 8CEUSPHIR®Eacuum
distillation which may be deasphalted is sent to other processing. Qher
wax-contai ning streans may al so be adled as feedstock. An exanple of such
streans is foots oil which is oil and low nelting materials renoved from
sl ack wax to produce a finished wax. It is preferred,that e

wax- contsePAraignsongenhape charactesizedley haviagoes visrosituindeddN Dabout 20 wt . %

wax, preferably at |.east about 50 wt.% wax. These .streans,arg typically of
ow Vol BEREARCS & s Eyle L CrRRSTARER Rrqprdtve U Gudr OB ot dbfiser i o

upgr adi nﬁl of tl}ue.st reamns blpé i sol ﬁlt,i nl% ﬁh% wax as val uabl e co-product while
conver t PRy RHETHIRE REQSTSHaEAYPIcAILY, BATREARICIUHeH i cating oi | basestock. The
wax-contai ning stream may be added to the distillation fractions descri bed

above prior 10 solygbalRXheflahbifiiy PRYolREPRIALsdrdhAumBLHART © Tl at ed

fromthe solvent extraction step pri to t rst hydroconversion zone.

The-sol sl lafish € stMtoRI RIRESH &S IeR{dnalil, addIROUkEHatibe fRictons from
conponents in an extract phase while |leaving the nore paraffinic conponents

in a ratHisnaitarphaBent dapdted: "The postdud fori vaghiesh distideéon tvhéchemby det and
raf fi nate phases. Typical solvents for solvent extraction include phenol,

f ur f ur addesspihalted e sdntito pshrer proadssing. Bitherwax-sohtaiginglstreamisveait alse bgi |
rati o, extraction tenperature and nmethod of contacting dj st,LI | afe to be
ext r act edded anfesgstaskt Ampxanapls of sHeh sireameisdogiseri]! HhIdbisRERRGIPYet ween
the extr aejt' and raffinate ?ases. Inr ecentq#/earg, . Eo‘iven,t ﬁXt raction has
been r efIAERE MAICHYE TERONEY {Tom slack waxdnPredice s BOsRFA YA JhSM basest ocks
In sonme _refinerjes WD 98/ 27180 .
pCr Uso P58 thatihe e Contalp g fream s Bresexonted PO SOMa BLSP AhoPcas
such as quﬁﬁ’ A%ﬁ&,;érle?érﬁbyﬂ%%spﬁbcyﬂw.% whi! TRk O réhd atypicARY refinery
streans such as Vacuum gds oil's an

of low value and using them as feedstock to the present process permits upgrading

of the streams by isolating the wax as valuable co-product while converting the

non-waxy paraffin content to lubricating oil basestock. The wax-containing stream

may be added to the distillation fractions described above prior to solvent

extraction or may be added to the raffinate isolated from the solvent extraction step

prior to the first hydroconversion zone.

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.



coker gas oils. The catalysts used in hydrocracking are typically sulfides
of Ni. Mb. Co and Won an acidic support such as silical/alumna or alummna

" cont ai ni%gg&.,ﬁﬁi dic promoter such as fluorine. Some hydrpeaiEditings
catal ysts al'so contain highly acidic zeolites. The hydrocracki ng process

may i nvol ve hetero-atom renoval, arorBtic ring saturation. deal kyl ati on of
aromatics rings, ring opening, straight chain and side-chain cracking, and
wax i sonerization depending on operating conditions. In view of these
react i onEhe hydraeracking prvessaitdizesaw @gaﬁﬁy&qe%a@ asHaed distillpte froms ol vent
extractipon is an uancessany s%&g since hydrocracking reduces.aronatics
cont ent 16 VREYYM Ak lfaling) Wit @5 OURES reSNEBHHTTARaY SUCHE V3FBRBSESARSRE present

. . 1 hvd ] ; . ) h
nvent ot bkt 855 Bk ERa RS AR R R LR A o e
hydr oi s oy C%a}fdaﬁ_’ﬂ/ Shh SR Qi o?z'ﬂ&pra@%m&&?zhuﬁﬁ dlﬁﬁxg'}ﬁz?ﬁ&rﬁﬂfn'x?é at | east
about 5 vol.” % e aromati cs ‘content 1S neasure y a high perfornmance

liquid cly QbR StRh RS ubingh S‘&H?e"ﬁ%&g%&%%k%@a%%t?ﬁ&or@oﬁwﬁ es into

saturate and aromati c content between | %" The raffinate from

the sol Wﬁghiﬁ@idi@%bﬁ&si ThersidescdtMing pe6dess maly'iaedied heters-atotahe extraction
Is carried out under conditions such that the raffinate yield is nmaxi m zed

whi | e stieliovagrmematc mngtsatfratire deallydatiopuaf aronatios dogs.asng openinge f eed.

Raffinate yield may be maxi m zed by controlling extraction conditions, for

exanpl e, stayghtohein ard side-chaineraeking, and wax ésamerigation Alspeeting&8r easi ng t he

extraction tenperature. The rg(fgf'hnate fromthe solvent, extracti onhuni t is

st ri pped®RSFadRy igpyy ImwRweRfithesereactionss senaiafianeh (s Fogptssic

cont ai ni a hydroconversion catalyst. This raffinate feed - V] SCosity

Frdex of st 38 Spive3h stfadiohis an jnedsSiryisl SnbE RaldRfacking

PCT/ US97, 8 -9- .. | 1 ot to exceed about 600[err] C.
xleaﬁ?é} aroﬁﬁmﬂ ggﬁtfgfr)ﬂro] vé%? léxgqg@elg

pr ef er abl’y SS an

By way of contrast, the process of the present invention utilizes a two
step hydroconversion of the raffinate from the solvent extraction unit under
conditions which minimizes hydrocracking and hydroisomerization while
maintaining residual aromatics content of at least about 5 vol. %. The aromatics
content is measured by a high performance liquid chromatography method which
quantitates hydrocarbon mixtures into saturate and aromatic content between 1 and

99 wt. %.

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

catalyst. This raffinate feed has a viscosity index of from about 85 to about 105



determ ned by ASTM 2887 and a viscosity of from3 to 10 cSt at 100[err] C
Hydr oconversi on catal ysts are those containing G oup VIB netals (based on

t he Periwgdbgrap! € published by Fisher Scientific). and. powaseli®esss oup
VITl netals. i.e. iron, cobalt and nickel and m xtures thereof These netals
or mixtures of nmetals are typically pPesent as oxides or sulfides on
refractory netal oxide supports. It is inportant that the netal oxide

t
support be npn-acidic so as to ntral ackin A usef ul . e of acidity °
for cat é\r@sil Eo‘il@gﬂég%ﬂnﬁwot%"ée?‘g&’fw%ngp oﬁrgFg‘é’-lWﬁ&qnzzﬁgfeﬁ‘é‘ﬁe as

seare ortcuimiPbd BEASEY, P ST viskos OB RLE 1 40 SPRRIOTR L) et 1o be

eval uated at a fixed tenperature, typically 200[err] C. In the presence of

catalyst sites. 2 mphtihnfe il Gy OuRsE AERRHiE B VipmbaRTSr | zat] on

pat hway of the carbeniumion is 1n ative o e acti ctive sites

in the qahsdd/en theTM%dﬁeéﬂslbbé AIRhEd By Feshek SciBrdifiEdl dnd noh-REbleem@upher eas

strongly acidic sites result in a skeletal rearrangenent to

3- net hy| VE pesthlenee wiroh. subajt asidrricigd! yand ehicktsiies elseréof. Tingse metals or

2, 3-di net hyl - 2-butene. The nole ratio of 3- nethyl-2-pentene to

4- et hy| mxtprastofmeetabsrarb éypicalhepresent as @xadescar sulfddesaan diftagtorymetabei dity

scale ranges from0.0 to 4.0. Very weakly acidic sites will have val ues

near.. 0. (PXiA@FURROTFery strongly acidic sites will have val ues approaching

4.0. The catal ysts useful in the present process have acidity val ues of
ess t.han,about 0. 3. The.acidity of netal

Liisget ??Bpgf?gt cgnﬁlﬁ%ﬂﬁﬁ‘fﬁﬁ%éﬁ%?’%dﬁﬁe SHRRRSE B BonAgIdls 5485 tlsI ~or bK
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pr onot ergo el ol 9P h ﬂ?l@&&%ﬁ%@éﬁb&f@ﬁ%ﬁ:‘nﬁ’ ahd MV RRer, ghosphor us,

bor on, yttria, rare-earfaﬁ_yoxl s and magnesi ronoters such as hal ogens
gener al | @atah@i£83e355@ 986). dirt thiPdcaltedPdcidity, de nfetidfl2-pentene W HPERZd 80
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to the catalyst to be evaluated at a fixed temperature, typically 200° C. Inthe
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 sites will have values approaching
4.0. The catalysts useful in the present process have acidity values of less than
about 0.5, preferably less than about 0.3. The acidity of metal oxide supports can
be controlled by adding promoters and/of dopants, or by controlling the nature of
the metal oxide support, €.g., by controlling the amount of silicé incorporated into
a silica-alumina support. Examples of promoters and/or dopants include halogen,
especially fluorine, phosphorus, boron, yttria, rare-earth oxides and magnesia.

Promoters such as halogens generally increase the acidity of metal oxide supports



-10- while mldly basic dopants such as yttria or magnesia tend to decrease
the acidity of such supports. Suitable netal oxide supports include |ow -
aci di ¢ owiggarigech as silica, alumina or titania. prefer agyossiresrna.
Preferred al um nas are porous alum na]?) such as ganma or eta having average
pore sizes fromb50 to 200[err]. prefeerably 75 to 150[err], a surface area
from100 to 300 nferr]/g, preferably 150 to 250 nferr]/g and a pore vol une

of fromJ.: - . / : Jhe
suppor t S iFEmBALY bRsEAOBR sHe B FOGE B inbellesiz sl EckRbetq 42
this ge ¥y 1 ases the acidity of the support above 0.5. Preferred
nmet al C%Iﬁgﬂétggﬁmfude cobal t/ nol ybdenum (1-5% Co as oxi de, 10-25% M as

oxi de) nickel / nol ybdenum (1-5% Ni as oxi de. 10-25% Co as oxi de) or

ni ckel /tungsten (184N matl oxidésuppOrts HelWeidpwoxdidie) oxddesdutiiiasa.
Especially preferred are nickel/nol ybdenum catal ysts such as KF-840.

Hy dr oc orsilésas ahminaratititaminsprieferably dlumita. Hrdferrearalemsiasrarepotousncl ude a
tenperature of from 340 to 420[err] C, preferably 360 to 390[err] C, a

hydr ogeralymirndsauchns gammea of etd Maving R@edegsirg sizés from 5030 800Pa) , preferably
800 to 1500 psig (5.5 to 103 MPa), a space velocjty of fromO0.2 to 3.0
LHSV, prpeeferatiyy’ Sxo3l SO, & sorfaesSatearfrbm 100do 3§0m Vg, prefutablytlise tof250r om 500

to 5000 Sgf/B, preferably 2000 to 4000 Scf/B. The hydroconver;n?f raf f mat e
from t heut/Brsd arperetveolums of frem 8 @ddad: @ ami (g, preferadhtlsede o CY@ e it is

subj ect to a cold (mJd), hydrofinishin tep. The catal yst in,this second
react or "(S’é’of%@rggfﬁfle@@yt %‘?HEOE’Q Y”Hg(fl‘st‘fg 5P %ﬁ@%‘@sﬁsqp@act or.
However, cidic ¢ I silica-alumna, zirconia and
the 11 ke e Eages Aot SRR ST B850 65127150
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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 360 to 390° C, a hydrogen partial
pressure of 600 to 2000 psig (4.2 to 13.8 MPa), preferably 800 to 1500 psig (5.5 to
10.3 MPa), a space velocity of from 0.2 to 3.0 LHSV, preferably 0.3 to 1.0 LHSV
and a hydrogen to feed ratio of from 500 to 5000 Scf/B, preferably 2000 to 4000
Sc/B.

The hydroconverted raffinate from the first reactor is then conducted
to a second reactor where it is subjected to a cold (mild) hydrofinishing step. The
catalyst in this second reactor may be the same as those described above for the
first reactor. However, more acidic catalyst supports such as silica-alumina,

zirconia and the like may be used in the second reactor.



Conditions in the second reactor include tenperatures of from200 to
320ferr] -C, preferably 230 to 300[err] C a hydrogen partial pressure of
from 60Gybes2A8® pPsig (4.2 to 13.8 MPa), preferably 800 CTAR9V2338%g (5.5
to 10.3 MPa). a space velocity of froml|l to 5 LHSV. preferably I to 3 LHSV
and a hydrogen to feed ratio of from!300 to 5000 Scf/B. preferably 2000 to
4000 Scf/B. In order to prepare a finished basestock, the hydroconverted

Ffi f he. second . i d : .
Vacuum st ri ppor (GO G0T IRT SioPrE e Sapn P e et o R 208ie.
vacu . | W products.
-eact or 2Pt Capteraty 299F MRt bl BB SRR A R0 200000 1
second LERGUOY & 1PBIMPRY DréferdiN 866 ’?5‘??!%& 5Qg40S PGSt §sdee accor di ng

to the invention. The hy roconv‘ertezgra a‘?éﬂsepar ated fromthe separator
I's thenvelitydfeorhol ® SIEMSV Niefetaily 1DVRKHEY BRY abedeecanplfeadediousi ng a
solvent to dilute the hydrofinished raffinate and chilling to crystallize
and sepaf ftoen HEQ ta5I060 HcéB. pFefprabdy 2600 we40B0 SoffBude propane and ket ones.
Preterred ketones include nethyl ethyl ketone, nethyl isobutyl ketone and
m xtures thereof. The sol vent/hydroconverted raffinate m xture pmy be

cool ed in a refrigarendenty pigparsm Goished hasegtacks thedpuidosanvesed refiinater . \Wax
separated in the cgiller jS sent to a separating unit such as rotary
filter tOMEFIEOBATEICIET @'rﬁo&s#“?teff fR2GEDRAKY BBl & \QclUMY %HPBera@ra

| ubri catg i tock. I|f i.red, the d d oi . b bj ected t
catal vi fiecogHer Boseparite aublonEoTbE Fiodvids. SHakpraddets BY miSedt” Separ at od
. . . A
sont 1y MRS Age Hid ottt RRA e AERHCEP, et bkt TR DO
the progesspaskedied 'Ben{z&gtthe éiicrﬂ‘;af[?ﬁl@e@é‘nd ?ea%ﬂﬁfé,%%t%iis@]golbéssér'ﬂ%lft@| | owi ng

properties: viscosity index east about , preferably at |east 107,
NOACK vgir@dudel BasestoBkONEBRdihg (6.$he inv¥iGS/ 27180
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The hydroconverted raffinate separated from the separator is then
conducted to a dewaxing unit. Dewaxing may be accomplished using a solvent to
dilute the hydrofinished raffinate and chilling to crystallize and separate wax
molecules. Typical solvents include propane and ketones. Preferred ketones

include methyl ethyl ketone, methy! isobuty! ketone and mixtures thereof.

The solvent/hydroconverted raffinate mixture may be cooled in 2
refrigeration system containing a scraped-surface chiller. Wax separated in the
chiller is sent to a separating unit such as a rotary filter to separate wax from oil.
The dewaxed oil is suitable as a lubricating oil basestock. If desired, the dewaxed
oil may be subjected to catalytic isomerization/dewaxing to further lower the pour
point. Separated wax may be used 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, NOACK volatility improvement (as



- 12 - measured by DIN 51581) over raffinate feedstock of at |east about 3
wt.% preferably at | east about 5 wt.% at the sane viscosity within the

range 3."5 5912?8& cSt viscosity at 100[err]C. pour point se&roédiasess) C or
| ower, ang_ a lowtoxicity as determ ned by [P346 or phase | of FDA (c).

| P346 is a neasure of polycyclic areddtic conpounds. Many of these
conpounds are carci nogens or suspected carcinogens, especially those with
so-cal I ed bay regions [see Accounts Chem Res. 17, 332(1984) for further

det ai | sPneasweddneDENGS 5o ever raliinpte teedpiosk ofatyedst pbeutal ik ¢ conpounds
to suc_h | evel s as to ass_car I nogeni ci th tests .&\éer}‘thoggg 5tPPe tsot al
ar omat | PEEEERNLAL least tPl)'b‘rﬁ’c%&tgﬁéarGFl‘ gegsity Withil theiager 35 18- g
f b f 5t | . %Db d I ' he FDA
Pect °1 2 estyispEibiat PO Ceun s BEH St o Bsi i BRGRRELy afop 71 (©)
b b B Hig- 1, NOACK
abs or DanERRmided (P (AR, BORERE INTHIAYE), 346300 e RERIHE SATIUIR

volatility isre ed to or any en "basest oc e relationship shown

| n Fi 9. alorh&tid @6mPolihd!t MARS RTHRAK ceex@fauﬁdg £@Narcihbgérieoravapedted t 0 meet a
22 wt. 9% NOACK volatility for a OON o6il, then the o0il should have a VI of

about 1%@rdimdgenspéspduialiythéde withiseahted baptehitns Beg Accbutis Ci¥vh.RRds. by GCD
at 60[err] C Volatility inprovenents can be achieved with |ower VI product

by decr ddsB32(1084) fortfurthelt details]. {The present pemeshredneesthese palygyelic one can
meet 22% NOACK volatility at a VI of about 100. However. this a p;loach,
usi ng diasamatiaeompoundnt® suchdevels 83 Yrvass caneinogepjdtyfEsfs €yen Fﬂm&gglé @cking is

e L T

basest oikd) & e

| comor | S8 aedoctlors s o PHE BRI " EPRCEO I P (1

sol vency \RrpRarel SO FRINEN of Bl AE6lcOltBrbahes PiteS00AbSBoHRRS Wax as a

feedsto reas présent process I's designed to preserve wax as a
- product rgagk does little, if any, wax conversion.

As can be seen from Fig. 1, NOACK volatility is related to VI for
any given basestock. The relationship shown in Fig. 1 is for a light basestock
(about 100N). If the goal is to meet a 22 wt. % NOACK volatility for a 100N oil,
then the oil should have a VI of about 110 for a product with typical-cut width,
e.g., 5 to 50% off by GCD at 60° C. Volatility improvements can be achieved with
lower VI product by decreasing the cut width. In the limit set by zero cut width,
one can meet 22% NOACK volatility at a VI of about 100. However, this.

approach, using distillation alone, incurs significant yield debits.

Hydrocracking is also capable of producing high VI, and -
consequently low NOACK volatility basestocks, but is less selective (lower yields)
than the process of the invention. Furthermore both hydrocracking and processes
such as wax isomerization destroy most of the molecular species responsible for
the .solvency_properties of solvent refined oils. The lattef 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.
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- 13- The process of the invention is further illustrated by Fig. 2. The
feed 8 tq,d/%hgp pi pestill 10 is typically an atnospheri ce¢pdsemd2ssr ude
froman atnospheric pipestill (not shown). Various distillate cuts shown as

12 (light). 14 (nmedium -and 16 (heavy)”may be sent to solvent extraction
unit 30 via line 18. These distillate cuts nmay range from about 200[err] C

t bout 600 The bot t. . f ' till, 10. t
through | i ne. 22 1 0 THCGERERS of (5 onPuRbr BiRar dadaied by Fis or PR REln uni
20 wh t.he bott ted wth ' h

oropane, SotvanagPpeRiErE R WREGE 28 hioPulit AT AL BRaRTe D
distill : | [ : it | i t th
deasphal ARCHHEEIEPUAE AR BARER} Yaridlh BRRUG ot SHoARaPLRYERS 198 or s
pref er ablyeagrith) & {Q(hdaivh by Y RBEESidIdeit@aghioh AR 3Bvia The It tons from
deasphal ter 20 can be senf to"a visbreaker or used for asphalt production.

Qt her reflihese HistillafedEs fiagirange fax slsnit200P Catodtboaat80 ey Taledmtioensadded to
the.feed to the extraction unit through line 28 provided they neet the

f eedst oclroon vhemim pipestili Henhaprbe\seotthrgugioline a2 o nabker, asdshrosker ard t he
alternative, wax-containing streans may be conbined with stripped raffinate
vi a | i ne dsgsphaliingextracsionhimit 20 wherg/hedosioms are saniasied With aext racti on uni t

30, the distillate cuts are solvent extracted with_p- neth ytrrol i done
and the ﬁ%%’ékti%sﬂﬁ?@t sugh g5 prenans) Yulape PEPERANG: IBEHF%?P@)L{}LW@HE“H%& The

| to-oil rati . : ‘ ;o
ol vent  tPeomuined bR ifie N g FRENE: Piske Pl oRBIRER I Ehiadd S, i
a_paraf f i3 i QB dARILRRYGRAAb AN hOIR b GRelib haRXbbACS00° B: R esent
process permts the extraction uni 0 opérate to an undoer extraction”

mode, . Profefatlly Saitedn AIFTURhefrogbRIHY heSughliAd'24 PTheibodens frém raffinate
phase. The aronatics rich extract phase is sent for further processing

through IdesgphiRer 20@an dkfsemietor PikBRakéSoranrd foi esphialtrpraginctiomeOthert o

solvent stripping unit 36. Stripped solvent is sent through |ine
refinery streams such as wax-containing streams may also be added to the feed to
the extraction unit through line 28 provided they meet the feedstock criteria
described previously for raffinate feedstock. In the alternative, wax-containing
streams may be combined with stripped raffinate via line 40 and sent to the first

hydroconversion zone.

In extraétion unit 30, the distillate cuts are solvent extracted with n-
methyl pyrrolidone and the extraction unit is preferably operated in countercurrent
mode. The solvent-to-oil ratio, extraction temperature and percent water in the
solvent are used to control the degree of extraction, i.e., separation into a paraffins
rich raffinate and an aromatics rich extract. The present process permits the
extraction unit to operate to an “under extraction” mode, i.e., a greater amount of
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
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14- 38 for. recycling and stripped raffinate is conducted through line 40 to
first hy‘g?gf,gﬂggzrs.i on unit 42. The first hydroconver si onpgnoss#32880nt ai ns
KF- 840 catalyst which is nickel/mlybdenumon an al um na support and

avail abl e from Akzo Nobel . Hydrogen i¥adnmitted to unit or reactor 42
through line 44. Unit conditions are typically tenperatures of from

Vol oot Ly SblorEbYR NS apaed ibnks SompireLBRoNEr FRCa RN o (o S0

to 5000 /B r ographi ¢ conpari sons of the hydroconyerted
raffi nat@qrﬂﬁ?r&vgéoﬁg"ﬁ@g‘mst no wax isonerization is taking place. Wile

not wi shing to be bound to any particular theory since the precise

mechani sm for the Yhe iRGIEARRONIESIIDERVES chtaldl RF F4pusdligsiohiclsfioun wi
certainty, it is known that heteroatons are being renoved, aromatic rings

are bei ngickalymopiRiEnantonap BluReng sipabandavdilabld frohyAkeb Nobel.ng _
napht henes, are 'selectively elimnated. Hydroconverted raffinate fromunit

42 is seHydtdyenlighdinined woudivosmacd 40nhtough lineabt. odnB@ondmos amh
conditions in unit are mld and include a tenperature of from 200-320[err]
C, a hydtypimatlyptampesdtures ef Siome 340-4200 6, bpdragen paaial psessures EomAO0R| ocity
of 1 to 5 LHSV and a hydrogen feed rate of from 500 to 500? g\(i_fl{jB. Thi s
mild or 2Mi%psigdspacevelantpidiam Odia hELHSY andea hydroges (o fesdfatig of o\

ool s ST SHA e, LRaeat s ien e onduckes U et ©
17 ouon eI AR WAL RSARMEEI S GRS, [wnppadiet

SOl vent syiduih g SAIHE Bouhdt M pdrhiBe1aP Moot Sicd M phcilOieouaisiforar | ng. by

catal ytic ¢ Xi ng or by a-conbination there Catal ytic dewaxing involves
hydr ocr ag/f iifcreadeWRichhotdusy QAR st/ A6t Reown WitNSertainty| #ds &nbwwthatur poi nt
| ubri cant basest ocks.

heteroatoms are being 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 hydrogen partial pressure of from 600 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 to very

low ievels.

Hydroconverted raffinate is then conducted through line 52 to
separator 54. Light liquid products and gases are separated and removéd through
line 56. The remaining hydroconverted raffinate is conducted through line 58 to
dewaxing unit 60. Dewaxing may occur by the use of solvents (introduced through
line 62) which may be followed by cooling, by catalytic dewaxing or by 2
combination thereof. Catalytic dewaxing involves hydrocracking and/or

hydroisomerization as a means to create low pour point lubricant basestocks.
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- Saol vent dewaxing with optional cooling separates waxy nolecules fromthe
hydr oconyerngatshubri cant basest ock t hereby | owering the paayUsowRIZBe
Hydroconverted raffinate is prefer ablg/sncont acted with nethyl isobutyl

ketone fol |l owed by the DILCH LL Dewaxi-ng Process devel oped by Exxon. This

method is well known in the art. Finished |ubricant basestock is renpved

th hdi 6 d duct th h i 66. | . di

Lo’ the SRR Rng A FPrBE ot e PR DS R A ST BATRE DS 200050 "
: . _ d- i

Ponduct dYFOREreBUBAAER vholsBielinéiaBy MEEAGEMEBLAIAONC C 10 The

i nvent i iydrdchiVeri& raffihMe is pletchabl ddiRadt@d Wi MethIP oblhiflil lleftheexanpl es.

Exanpl e 1" Thermal diffusion ?i‘éfa t é&chni que that can be used for separating

hydr ocarfoliowed ytthe DILTHILID Detixaig PiRess déleldpeddy ExxdrasTheanethbddi ed and
used for over 100 years. no really satisfactory théoretical explanation for

t he mechamedhkmdwn e thesdrt. dF irfisheiddobmsedns tbasesTiuk isaeinovedithrosghidiseGdbed in
the-followng literature: A L. Jones and E. C. MI|berger., Industrial and
Engi neerandgv@xeprastucy thrpuglp§86066Dec. 1953, T. A Warhall and F. W
Mel pol der., Industrial and Engi neering Chem stry, p. 26, Jan. 1962, and H.
A. Hamer and M M_ Bel l any., Anerjcan ﬁaborat,ory, .41, Jan. 1972 and
ref erences t her ei nip the process according to the invention, any waxy components in

the feed to extraction unit 30 passes virtually unchanged through the

hydroconversion zone and is conducted to dewaxing unit 60 where it may be

recovered as product.

The invention is further illustrated by the following non-limiting

examples.

Ex le

Thermal diffusion is a technique that can be used for separating
hydrocarbon mixtures into molecular types. Although it has been studied and used
for over 100 years, no really satisfactory theoretical explanation for the mechanism

of thermal diffusion exists. The technique is described in the following literature:

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

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

and

H. A. Harner and M. M. Bellamy., American Laboratory, p. 41, Jan. 1972
and references therein.
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16 - The thermal diffusion apparatus used in the current applicationh was' a
bat ch un&bﬁgmﬁruct ed of two concentric stainless steel poghsesryseh an
annul ar spaci ng between the inner and outer tubes of 0.012 in. The |ength
of the tubes was approximate 6 ft. THé'sarrpIe to be tested is placed in the
annul ar space between the inner and outer concentric tubes. The inner tube

equirea Lhat the THBETaH L Bitin oPRRRL s AR iRt aPoliradc BaFE "
. : 0], h
el |- andison EaR A ST YR FhipleSp olePL B B artyrflae O O

| ubri cat
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o 14 d asskl;ggng\ﬁef@@éﬁ)ﬂh‘é%n%?ﬁ:d SUITRELBELE£6 030 §n.MTHBI&{ IR 1 R tuBes vagls O

e not w shing to be bound to any particular theory, the

thermal ; gf&:{iﬁia%%tfﬁchﬁé §tfipleteh b d@edlisl fleddom the dnidibpspicedenves | on whi ch
arises fromthe tenperature gradi ent established between the inner and

out er wah¢ fnret ahd@ueaoadtrttie thbdse TheHngbetubYhadaheppteamdid dutse to t he
hotter wall and rise. Lower VI nolecules diffuse to the cooler inner walls
and si nidiarfbies of Ocoimc eApplitation afithidimethod teqliifeséhatrihe mneseod Mutefensi ti es
(or shapes) is established over a period of days. |In order t,ogﬁarrpl e the

concent rtubésdre geintniasd at deffgseatigmperaturesr Seaspbxiemperayres phil@PdPant | y
d t the t d bot t t CO, trij t uh T '
cbnveni GO FoRBaRe ohiek sl aniasor b3 Cip teimprowalaretple BETBRR: er o
| t.h | diffusd t echni . _The .fi [ S ) | 150N
basest odkbHeAHHRA saible TR denPEnliay R magivbkl Mradidls Y BN

nmet hods. g e second is a 112 VI basestock prepared by the raffinate

hydr oconversi on (RHC) process according to the invention froma 100 VI,
250N raffinate. The sanples were allowed to sit for 7 days after which

sanpl es were renowWeilkmfwmashing td'Be BOLAS tolanyl Parsieale thdorgwhe aherhmal bot t om of
the thermal diffusion apparatus. ] . .

diffusion technique utilizes diffusion and natural convention which arises from the

temperature gradient established between the inner and outer walls of the

concentric tubes. Higher VI molecules diffuse to the hotter wall and rise. Lower

VI molecules diffuse to the cooler inner walls and sink. Thus a concentration

gradient of different molecular densities (or shapes) is established over a period of

| days. In order to sample the concentration gradient, sampling ports are

approximately equidistantly spaced between the top and bottom of the concentric

tubes. Ten is a convenient number of sampling ports.

Two samples of oil basestocks were analyzed by thermal diffusion
techniques. The first is a conventional 150N basestock having a 102 VI and
prepared by solvent extraction/dewaxing methods. The second isa 112 VI
basestock prepared by the raffinate hydroconversion (RHC) process according to
the inventidn from a 100 VI, 250N raffinate. The samples were allowed to sit for 7
days after which samples were removed from sampling ports 1-10 spaced from top

to bottom of the thermal diffusion apparatus.
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17- The results are shown in Fig. 3. Fig. 3 denonstrates that even a "good"
convent ivpodkrzAgsest ock having a 102 VI contai ns sonme ver pcansieshied! e

nol ecul es fromthe standpoint of VI. Thus sanpling ports 9 and especially
10 yield nol ecular fractions contai riilﬂg very low VI's. These fractions
which have VI's in the -25 to -250 range likely contain multi-ring

ht h o h C.pr. t dj t he, i ti t ai
A L S R R
obt ai neeqh6 @M SAMRLAY Eét&cl?h%ﬂzjaowf{wEgﬁtgﬁls%roﬁee\mérv'ﬂﬂ%e?irrﬂflgsS
sel ectivBy destroys nulti=ring napht hénes and mul ti-ring aronatics from

the feegngleédleytrot RCSthitpoirteotdy. k"ﬂ‘ﬂjs E%ﬁgﬁﬁ&%ﬁrt@i%ﬂﬂres béhliyy gl ecul ar
of t e I

species. The efficient renoval e un I rabl e species as typified by

port 1Ovieddatoleewat fraetidnsaddnyaihRRP@RGIGNVEVITOr ThES: fridicnsanBich Hae NOACK
vol atili ty at a given viscosity. Exanple 2 This Exanple conpares a | ow

aci di t y Vdat il thst-26i$@£260 range hikelr copain molktioriflg ngphthehéwe Inoomttasntheer sus a
more acidic catalyst. The low acidity catalyst is KF-840 which is

comer c RAE produdtiageording othelineemionalontaios frxfewnr muiltiring ndphthea®s The

ot her cat al yst iff)ha noye acidic, commercially avail abl e catal ?/st useful in

hydr ocr 88 RYidgn ¥ &Y Tisdor prpdugtscahtaingd &rom samplipg gerts 9and [Qentified as
Cat al. A . The f ' 250N finat ' initial, boili
ot nt ofttls LT RIS, Frobes selhi Vel nstibys et nabhsbeneSlal boi | Lo

i nt - : 1] ..V i 1. t £.8.13,
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in Tabl ggalityafibletular species. The efficient removal of the undesirable species as

typified by port 10 is at least partially responsible for the improvement in NOACK

volatility at a given viscosity.

Example 2

This Example compares a low acidity catalyst useful in the process
according to the invention versus a more acidic catalyst. The low acidity catalyst
is KF-840 which is commercially available from Akzo Nobel and has an acidity of
0.05. The other catalyst is a more acidic, commercially available catalyst useful in
hydrocracking processes having an estimated acidity of 1 and identified as Catalyst
A. The feed is a 250N waxy raffinate having an initial boiling point 0of 335°C, a
mid-boiling point of 463° C and_a final boiling point of 576° C, a dewaxed oil
viscosity at 100° C of 8.13, a dewaxed oil VI of 92 and a pour point of -19° C.

The results are shown in Tables 1 and 2.
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18- TABLE 1 Conparison at Simlar Conditions QOperating Conditions )

Cat al ysty, 2 E@t A KF-840 Tenperature. [err] C  pcr/use7/23288355

360 LHSV. v v/l r 0.5 0.5 H2 pressure psig
800 | 800 Herr] to feed &f/B 1600

1300 Conversion to 370[err] G, Wm.% 22 11 Product Vi
114 116 TABLE 2 Conpa,z.i %{‘: t Simlar Conversion Operating
Condi ti ons Cataly fx lyst A KF- 840 Tenperature

. 345 360 LHSV, v/v/hr 0.5 0.5

H err] pCesmarisomsatfSimilar Condition800 800 Herr] to feed Scf/B
1600 @Pafs digend 0 370[err] C, '@atdyst 11 Product VI
107 I can be seen fromT t AT reactgprpondi tions
are simlar, then Catalyst A gives a nuch %@&-@‘Dnversi conver si on
i s held constant (b§MBE{alYE; né reaction co ions), then Re VI of the

product from Cat al UEISVAWwhruch | ower. ThedkSresults show®hat while nore
aci.di c catal ysts hgye,reighepsigctivity, theygggave nuch | owsppsel ectivity for
VI i nprovenent. Exag?égeeg %EFI{B% exanpl e shovsi%otehat processggghi ke | ubes

ca

hydr ocr acki ng whi c I nvolve a nmore ‘acid catal yst''in the second of
two reactors is not the nost '

Conversion to 370° C-, wt.% 22 11
Product VI 114 116
TABLE 2
Comparison at Similar Conversion
Operating Conditions Catalyst
Catalyst A . KF-840
Temperature 345 360
LHSV, v/v/hr 0.5 0.5
H, pressure psig 800" 800
H, to feed Scf/B 1600 1300
Conversion to 370° C—, wt.% 11 11
Product VI 107 116

_ As can be seen from Table 1, if reaction conditions are similar, then
Catalyst A gives a much higher conversion. If conversion is held constant (by
adjusting reaction conditions), then the VI of the product from Catalyst A is much
lower. These results show that while more acidic catalysts have higher activity,

they have much lower selectivity for VI improvement.

Example 3

This example shows that processes like lubes hydrocracking which

typically involve a more acid catalyst in the second of two reactors is not the most



WD 98/ 27180

PCT/US97/23288 -19- effective way to inprove volatility properties. The
resul ts {yosm7mgON raffinate feed having a 100 VI DWO i s wiwwsprizsesgabl e 3.
Product was topped to the viscosity rg@ui red and then dewaxed. TABLE 3 2
Reactor 2 Catalyst [err] Two Stage Process Raf fi nate
Hydraconversion** Viscosity, cSt NOACK ***

\@/D iSSSI[ teér(r‘f%é‘e Aty ’Xb%og Olqtﬁté’ g%oeg{ LE The reéuggg&a& 550&*&?&%&4’ Yield
) B ATV PYOj S Qi o5

Ni / Mo/ Si {isedsisyf &qhﬁgdgga@ﬂﬁae%@d_err] C. 2000 psig Herr], 1.0 LHSV. 2500
Scf/B ** Condi'tions: KF-840 catalyst, 353[err]C. 800 psig H, 0.49 LHSV,

1200 Scf/B *** Estimated by GCD Wth an acid silica-alumna type catal yst

I n the second reactor of the 2 reactor process, the yield of product of a
given volatility at the same viscosity is |ower than the yield of the
process of the invention using raffinate feeds. This confirns that a |ow
acidity catalyst is required to acAiABBE 3w volatility selectively. Exanple
4 Many current conmmercially avail abl e basestocks will have difficulty
nmeeting future engine {: latility requirements. This exanples
denonstrates tHa e%@ﬁ\‘/’; ?‘Bﬁ t’extracti on techni ques vs. hydroconversion

t echni ques suf f ewaorSﬂagbei’h\geegm el d debi t s i nRaffieate tHydiaronaersiNOitK

volatili 0 A ga-using ga PIMNOAICK
distilla N’OI 873‘9% W&I&Bfmscarég%
correl at YULLTL® NM%E‘ by otmmd s DIN

51581 305 6.500 33 697 6.500 3.6

* st stage 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 Scf/B
** Conditions: KF-840 catalyst, 353°C. 800 psig H.. 0.49 LHSV, 1200 Sci/B
#** Estimated by GCD

With an acid silica-alumina type catalyst in the second reactor of the
2 reactor process, the yield of product of a given volatility at the same viscosity is
lower than the yield of the process of the invention using raffinate feeds. This_

confirms that a low acidity catalyst is required to achieve low volatility selectively.

Example 4

Many current commercially available basestocks will have difficulty
meeting future engine oil volatility requirements. This examples demonstrates that
conventional 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.
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-20 - The volanlity behavior of conventional basestocks is illustrated

usi ng a%v&gz;,%t racted waxy raffinate | 00N sanpl e havi ngcgafdothRHERCK
Volatility O .8 (at 3.816 cSt vi scogity at 100[err]C). The NOACK
volatility can be inproved by renovi ﬁ& the low boiling front end (Toppi ng)
but this increases the viscosity of the nmaterial. Another alternative to

i mprovi ng NOACK volatility. i I enpvin teria s i boi l'i ng
and | ow boiling en eé’f"'%‘ﬁgy ?’8_&%@%%’?@8&_&“@ b@8‘1f15§‘?é§§5 g&/lligsté%gﬁ%sq& .
\(mH?af t-cuf )oveégﬁﬁaag%wl‘\t%'%ﬁﬂﬂté) P@orﬁ‘@_é{ﬁp[é l’fﬂ‘]lrc?jg %Q}élbq\l VORIl bty

I ch can be achieved at-a gi'ven visCostty an hey al so have si ghificant
yi el d debht i \ 0XEKiIVb fah vt {@bbe; TABLE
4 Distil rZ'tSis(é‘ﬁgb@?a%tﬁﬁs%%ﬂaa@m@t%%ed v%x‘{/bl%g? yicah e Y & " B0 *+)
NOACK' Pr eif16¢in@dhe low boil Rbht éridy(,To?pirPg))’bﬁt ieltreddes thé vieassitvof thSt @ .
100[ err] C None 27.8 100 ] 3.816
Toppi ng material. Another alt&fiattve to improvin@ NQACK volatility is by &n¥@0ngeart - cut
22..7 58.0 3.900 Heart-cut .. 22.4
50. 8 material at botigtt@ddghbailingeand low boiling ends of the. fged to maintaingg,
3.900 DWD = dewaxed oi|l_ ** estimated by GCD Exarrplf_ 5 The ow&ﬁjract ed
feed frofPEStanipriecopitislearmguek  Bethiof theseroptions haye guEIodhe; er the

B ey T
I ncr easegietlggea\(pas\élo&a?ed Mth tﬁ&g as %ﬁmx{eﬁ ift'the %lvo%n'g'{agl@p le 5.

TABLE 4
Distillation ay of 100N Over-Extracted Waxy Raffinate VIDWO *
NOACK
Processing Volatility, wt.% ** Yield, % Viscosity. ¢St @ 100°C
None 27.8 100 ' 3.816
Topping 26.2 95.2 3.900
Heart-cut 22.7 58.0 3.900
Heart-cut 224 50.8 3.900
Heart-cut 21.7 38.0 3.900

* DWO = dewaxed oil
** estimated by GCD

Example 5

The over-extracted feed from Example 4 was subjected to raffinate
hydroconversion under the following conditions: KF-840 catalyst at 353° C, 300
psig H,, 0.5 LHSV, 1200 Scf/B. Raffinate hydroconversion under these conditions
increased the DWO VI to 111. The results are given in Table §.



WD 98/ 27180
PCT/-US97/ 23288 - 21 - TABLE 5 Distillation Assay of Hydroconverted Waxy

Raf f i natWo(gg,Qﬁyd) to Il VT DWD NOACK * Processing PCT/OR9/232B8 i t y
Yield % Viscosity, cSt @100[err] C u?ne : 38.5

99. 9 Toppi ng 21.1 T 76. 2 3.900
Heart - cut 20.9 73.8 3.900 Heart - cut
19.9 62.8 Heart - cut 19. 2

52.2 3.900 Heart-cut TA@L%QQ 18. 7 39.6

3. 900 [err]E§t| mated by GCD These results dermnstrate that raff| nate
hydr oconver fion AS , 0N | Ra ; Y ERWQY  vity
than by distillation al one, H%CKn'Dre than doubl e the yi eI d at 21 NOACK

'4111 i ’:s; h

Furthernore, Pro@ssihfie proceValdiflit he i nvenyi@qd, ¥eniiesitparSe @ 100%eCul es,
much | ower volatilities can be_achieved than bg di stillation al one. Exarrpl e
6 This exanpl Bope| ustrat es the3§f5eferred fee®®9f or the raffifate

hydr oconver si dnpgiREIC) process. 2THe results gi&2n in Table 8.98@nonstrate
that there i sHeaneuerall yield209edit associ 23.8d with | oweB.900 raffi nates

to achi eve theegamg: product quabigty (110 VI)gagter topping3god dewaxing.
The table il I s the yie sachi eved acgpgs RHC usingzbggN raffinate
feed. TABLE 6 %gl% Pof Vaxy NOiEJ; Vi gggm ty ExtIgagt i on

Hydr-opr ocessi ngumaledg H&S

These results demonstrate that raffinate hydroconversioa can achieve lower
NOACK volatility much more selectivity than by distillation alone, e.g., more than
double the yield at 21 NOACK. Furthermore, since the process of the invention
removes poorer molecules, much lower volatilities can be achieved than by

distillation alone.

Example 6

This example illustrates the preferred feeds for the raffinate
hydroconversion (RHC) process. The results given in Table 6 demonstrate that
there is an overall yield credit associated with lower V1 raffinates to achieve the
same product quality (110 VI) after topping and dewaxing. The table illustrates the
yields achieved across RHC using 100N raffinate feed.

TABLE 6
Yield of Waxy
NOACK Viscosity Extraction Hydroprocessing Product
Feed VI  Volatility cSt @ 100°C  Yield Yield (on distillate)
103 * 21.) 3.900 53.7 76.2 40.9
92 *=* 21.1 4.034 73.9 63.8 47.1

*  KF-840 catalyst. 353°C. 800 psig H,, 0.5 LHSV, 1200 Scf/B
**  KF-340 catalyst,. 363-366°C. 1200 psigH,. 0.7 LHSV, 2400 Scf/B



Feed VI Vol atility cSt @100[err]C Yield yield

(on distillate) 103* 21.1 3. 900 53.7 " 76.72
40.9 92 ¥ooeznnsel- 1 4.034 73.9 PCTATS99/23288

47.1 * WIQ 840 catal yst. 353[err] C. 800 psig Herr], 0.5 LHSV, 1200 Scf/B
KF- 840 catal yst,. 363-366[err] C. 12082psig Herr]. 0.7 LHSV, 2400 Scf/B
WD 98/ 27180 PCT/ US97/ 23288 -

oxt 1 act SHe A0 2Bt 11GYY pipdis BrBELY rooen oflale R Pt CRY ol S, o
or oduce ROy Srieh Rl ARERRETHE eq 19 boBoHiRprllibh RAUEC, " 22CP 1 e

since ve nditions (high tenperature and | ow LHSV) are required.
For exa$¥%@¥§§£gﬁ%50N distillate over KF-840 at 385[err] C, 0.26 LHSV,

1200 psi Herr], and 2000 Scf/B gas rate, only 104 VI product was produced.

Al so, conbinations Wﬁilahﬁdéjrléx@taeteﬂvﬁé@&mgaéé'hig@.ef yieldsSadHan usader medi at e
VI) then extraction to achieve target VI is not preferred. This is because

t he- ext r distillatespisdfeedssis indt preiaetdsinty eefymeverenmitiads (heghtehgreeature eat ed
fromaromatics in the distillate hydroprocessing stage. Exanple 7 In the
r af f i nat andjeivdddSVp esi requisedc Eesexampledforg 250N Histillateamer &k -848at £ i r st
reaction_zone is followed by a _second cold hydrofining QSCU:) zgne. The
pur pose 8P>CHFV28 LIS Ve dZ8@ Psirid,, @8d 0P SeliR Basorat L4V Igmedrdts whi ch

contribute to toxicity. Such species may include 4- and 5-ring pol ynucl ear
‘ar onat i ¢ Y@5H58 ; e.g., pyrenes which either pass through or are created
in the first reaction zone. One of the tests used as an indicator of

potential toxici tyAl??,ﬁéggrlndg{?ﬁ:ﬁiéﬁg‘of{d@sﬁﬂl&@ﬂly%@r&c@siﬁg%@re‘%ﬂ gh 1s based on

absorbances in the' u
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 hydroprocessing stage.

Example 7

In the raffinate hydroconversion process according to the invention,
the first reaction zone is followed by a second cold hydrofining (CHF) zone. The
purpose of CHF is to reduce the concentration of molecular species which
contribute to toxicity. Such species may include 4- and 5-ring polynuclear
aromatic compounds, e.g., pyrenes which 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 demonstrates that CHF produces
a product with excellent toxicological properties which are much lower than the |

acceptable maximum values.



(W) range of the spectrum The follow ng table denonstrates that CHF
produces -a. product with excel |l ent toxicol ogical properties which are much

| ower t haip dghergaccept abl e nmaxi mum val ues. WO 98/ 27180 pCTMUS97/23288

PCT/ US97/ 23288 - 23 - TABLE 7 FDA "C 3280 289 290- 299 300- 359
360- 400 nm nm nm FDA "C' MAX (Absorbance
Units) 0.7 0.6 . 0. 09 Sanpl e CHF Products

DLM 120 ?%LE 7 0.25 0.22
0.024. (CHF Process Conditions: 3 v 260[err] C. 800 psig, 1200 Scf/B
Hydr ogen (cont ai ni ng N=38 wppm S=0.6 m.%on feed)) DLM 118

0. 26 0. 14 11 FDA Q¥ 013 (CHF Process Conditions: 3
vivlih. 260[err] C. 800 psi g, 1200 Scf/B Hydrogen) CHF Products DLM 115
0. 36 0. 23 0.17 280289 O. 9df296HF Psgngss Conglgg-4ems: 2
v/ivlih, 260[err] C, 800 psig, 1200 f/B) The results ermnstr%ﬁ that a
CHF step enabl es the product to ea‘%iry pas FDA ' est. anple 8

Exanpl e FDARNGRIMAKatABorbdnet Snits) ond. RHC have Géit st andi g4t oxi col dy@Tal
properties versus basestocks nade either by conventional solvent processing
or hydr @®amggléi ng. Besides FDA™C', | P 346 and nodified Ares (nmutagenicity

i ndex) aéﬁFIPIP&mE{SI’y w de neasures of toxicity. The results are shown in

Table 8.pppe120 042 025 = 022 0.024
(CHF Process Conditions: 3 v/v/h. 260° C. 800 psig, 1200 Scf/B Hydrogen (containing N=38 wppm. $=0.6 wt.% on feed))

DLM-118 0.26 0.14 0.11 0.013
(CHF Process Conditions: 3 v/v/h. 260° C. 800 psig, 1200 Scf/B Hydrogen)

CHF Products : '

DLM-115 0.36 0.23 0.17 0.016

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

These results demonstrate that a CHF step enables the product to easily pass the
FDA “C” test.

a e8

Example 8 shows that products from RHC have outstanding
toxicological properties versus basestocks made either by conventional solvent
processing or hydrocracking. Besides FDA “C”, IP 346 and modified Ames

(mutagenicity index) are industry wide measures of toxicity. The results are shown

in Table 8.
TABLE 8
Commercial Commercial
Solvent Extracted Hydrocracked RHC

—Basestock __Basestock . Basestock

100N 250N 100N 100N 250N
IP346, wt.% 0.55 0.55 0.67 0.11 0.15
Mod Ames, MI 0.0 0.0 0.0 0.0 0.0
FDA (C) (phase I) 0.22 0.22 0.21 0.02 0.03

(300-359 nm)



TABLE 8 Commerci al Commerci al Sol vent Extracted

Hydr ocr acked - RHC Basest ock Basest ock

Basest ockwo s¥tiso - 250N | OON | OON PCT,Q@Q&M@MG

w . % . 0.55 0. 55 -4 0. 67 0.11 0. 15 Mod
Ames, M 0.0 0.0 - 0.0 ' 0.0 0.0
FDA (C) (phase 1) 0.22 0.22 0.21 0.02

0.03 (300-359 nm) T 8/ . .
PCT/ US97/ 23288 - 24h?y{$h2§r"§ﬂ?{és8 demonstrpte that REC prodyces a basgstocky -

pr oduceswithhases trﬁpﬂb\fwttdi'\xﬁbll@)@xdaﬁ’ﬁfd?)‘éﬁ‘i’est@)&t%Bh@&{tﬁﬁbl R{(l@@rﬁrct.\jtr%%teﬁver

conventional solvent extracted hydr ocr acked basest ocks EXAMPLE 9 Thi s
exanpl e oehwlretmaked baseatockeeds in addition to raffinates can be upgraded
to higher quality basestocks. The upgrading of low value foots oil streanms
I's shown_in this exanple. Foots oil is a waxy by-product streamrenoved
fromsl agkiwl{‘g%roduce a finished wax and contai ns about 60 w % wax.
This material can be used either directly or as a feed blend stock with
under extracted ra.ﬁ.éj nat es . or dewaxed In the exanpl e bel ow (Table 9),

foots oil feeds IS g Mpdd er&?”%%&ﬁ%ﬁb*%ds BBH@B?HW&fﬁPQECé cgB®Bnstrat e
t hei fe t hi t | uded i
the proctdadh toXfiehBRb il Bosisticks’ BhE batibesohiny &s@ﬂ%&ﬁl used as "

‘;Dreggﬁ TRlamsds §QQWIN in this example. Foots 0il 44 waxyebe\gproduct strearh 2Sbea FECd

from slack wax to produce a finished wax and contains about 60 wt% wax. This
material can be used either directly or as a feed blend stock with under extracted
raffinates or dewaxed oils. In the example below (Table 9), 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, 2 500N and 150N, were used as feeds.

TABLE 9
S00.N 150 N
Feed Product  Feed Product
Temperature. ° C (Reactor A/B) - 354 - 354
Treat Gas rate, Scf/B. (m*/m?) ; 500 (89) . 500 (89)
Hydrogen partial pressure, psig (mPa) - 650 (4.58) - 650 (4.58)
LHSV, v/v/hr (Reactor A+B) - 1.0 - 1.0
wt.% 370° C - on feed 0.22 3.12 1.10 2.00
0°C+ DW ctions
40° C viscosity, cSt 71.01 48.80 25.01 . 17.57
100° C viscosity, cSt 8.85 7.27 4.77 4.01
VI/ Pour Point, ° C 97/-15 109/-179 t11/-8 129/-99
Saturates, wt. % 734 82.8 " 75.03 88.57 "
GCD NOACK, wt. % 42 8.0 19.8 23.3
- Dry Wax, wt. % 66.7 67.9 83.6 83.3

DWO Yield, wt. % of Foots Oil Feed 332 31t 16.2 15.9

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



Tenperature [err] C (Reactor A/ B) 354

354 Treat® Gas rate. Scf/B. (m[err]/rr[err]) - 500 (89) -
500 (89) wiyskgsn partial pressure, psig (nmPa) - 6pOr/Udo7R8ss -
650 (4.58) .LHSV, v/v/hr (Reactor A+B) , - 1.0 -
1.0 wt.% 370[err] C-on feed -25- 0,22 3.12 1.10
2.00 370[err] C+ DWD I nspections 40[err] C viscosity, cSt

71.01 48. 8 100 C VI osity, cSt

3 85 2 5 able 3311(.%5 that both adesAra@i Qﬁsﬂ%ﬁpp% b _[1 By

3:73/ ;115 higher mgind‘s]azlﬂr%tesj%ﬁé@@ and a vag,%x%géw{xg %@BH?%@red"ﬁom%
4.2 foots oil8. IQ oeneral 1§n& wax moleculeszé)te%eﬁh& (‘ﬁﬁi&ﬂfﬂc’?d or’fbrmed in this

66. 7 DWO Yi e % of Foots Q|
Feed  3prctess. mclusxo&loﬂioots oxllgﬁr&zms as feed blen14§ pPotifEs & nahy i@ t&Dver
i nprovenent will be higher at higher hydrogen pr essures [err] Excellent

bl end st dukvaluabi®vesy whiledmproving the quality of the resultant base oil product.

PCT/US97/ 23288 - 25 - Table 9 shows that both a desirable basestockl wth
significantly higher VI and saturates content and a val uabl e wax product
can be recovered fromfoots oil. In general. since wax nol ecul es are

nei ther consuned or formed in this process. inclusion of foots oil streans
as feed blends provides a neans to recover the val uable wax while inproving
the quality of the resultant base oil product. WO 98/ 27180

PCT/ US97/ 23288 26



CLAI MS: 1. A pr,ﬁﬂiﬁ”ﬂumuﬂﬂwm ng a wax-contai ning feedstock to produce
a lubricating oil ' Let rol eum wax by sel ectively ' ’

hydr oconygrekhfigpa I af fi nat e"prbduced from sol vent refini pgrassbyimiscat i ng
oi | feedstock which conprises: (a) con%cti ng the lubricating oil feedstock
and the wax-containing feedstock to a solvent extraction zone and

separ at i ULASref rom 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 fromabout 85 to about 105 and a
final boil.i ng Aprotesofor npgmde@taewat-bamtapiirgifeei0¢lerorgrodice(:c) passing the
raffinate feed to a first hydroconversion zone and processing the raffinate
feed in the prekrgntiageil basesderhaanddi petesdeuan yax bytselectislyer at ure of from 340
to 420[err] C, hydrogen partial pressure of from.600 to, 2000 psig, space
vel ocity of o.hé’gf%% ML LUV H’&‘%PTH(}/‘&CSE}WPB“’F&@& IPHE HIUBACRRERIE00 t o

5000 Scf/B tofgéﬂ%fio%g;ewﬁif%kél%bgp%droconverted raffinate: (d) passing the
ed rarfina

first hydroconver 0 a second reaction zone and conducti ng
col-d hydrofinishing of the first hydroconverted raffinate in the presence

of a hydrofini 5@ N@ofdicting Hhe RbridatiHEFRUHHE hd theQa2&hihiging20[ err] C a
hydrogen partial pressure of from 600 to 2000 psig, a space velocity of

from1l to 5 LHSV aifecdsiotk dgenolventfexadctian eneadndfsepaating titeve fb@iA@nScf/ B t o
produce a second hydroconverted raffinate, (e) passing the second
hydroconverted r af Rromaticsirishexyrapiaangia ppratiivagichgatfissisve products having a
boiling | ess than about 250[err] C and 27

(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 600 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;

(d) passing the first hydroconverted raffinate to a second reaction zone
and conducting cold hydrofinishing of the first hydroconverted
raffinate in the presence of a hydrofinishing catalyst at a temperature
of from 200 to 320° C, a hydrogen partial pressure of from 600 to
2000 psig, a space velocity of from 1 to 5 LHSV and hydrogen to
feed ratio of from 500 to 5000 Sci/B to produce a second

hydroconverted raffinate;

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

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



(f) passing the sizg“!g\m&m%“wru“t ed raffinate to a dewaxing zone to

pr oduce *a.wax and asest ock having a viscosity index of at | east
105 prowglestk7igeat t he basestock has a dewaxed oil vi scosPCH/UBHRER8SI ncr ease
of at least 10 greater than the raffingge feed. a NOACK volatility

| mprovenent over raffinate feedstock of at |east about 3 w.% at the sane
viscosity in the)rpagenoihe sessiRitividrodonoened faffifab 15a dBvaningeose toy at
100[err] C, and a residual aromatiics content of at |east about 5 vol. %
provi ded that the pazbseackarhas 4 dewaedibabesyocknhvingss giscosiey inggvef or FDA(c)
tests notw t hstandi n? t he residual aromatics content, and,(&) | solating the
wax fromstep (f) atleastci@Sprevided thap the basgsteclhacbdevardQibYRsos her ei n t he

raffinate feed has.a, fi.nal boilin | nt no greater.than. about 560[err] C.
3. The process HRA&YIGFITASE ‘?/df’érl%ﬁsﬁ?é gieates @Ftﬁ?@nf‘ﬁ%?fgaﬁ rst

hydr oconversion zo ' 1360 r 4. ¢ . B¥ of claim
| wherein the non-@gl)élﬁg i;:é;al éﬁ@s‘f’{p?%‘?%g%glogl}rn%f@%%%rtﬁje%g-ﬁgll\gﬁgﬁﬁﬁﬁo! ybdenum
or ni ckel/tungst en ,@guENwRbsIG e seMBRAkbsitydin the FitteRTiRBSinOfro ai m 1
wherein the cold hydrofinishing is conduct'ed at a tenperature of from 230
to 300[err] C 6. 3.5#h&5pSoorsessinfatdDe? @) dnd arsidiabartomatise pantentiafn zone
conpri ses a vacuum stripper. _ WO 98/ 27180 .

PCT/ US97/ 23288 28 7t least abioyt pivot 86 pravfiden thatihie babesteskrhas hew dexigie d

basestock has a VI of at |easf 107. _8. The process qf c¢laim, wherein the
dewaxed basestock a4 pgsqq@g@dtm% or F%A(c) tests :Potw(i:tﬁstancﬂng theYeSidual :

aromatics content, and

(g) isolating the wax from step (f) as a co-product.

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

3. The process of claim | 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 | 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.



volatility inprove m‘/\mﬁte feedstock of at |east about 5 w.%
in the range or 3. “a“ osity at 100[err] C. 9. The process’ of
claim 1l woaserzet h *seeonEI Hydroconverted raffinate is dewsgybaussol vent

dilution followed by cooling to crystaljqd ze wax nol ecul es. 10. The process
of claim4 wherein the catalyst is nickel/nolybdenum on an al um na support

provi ded That rﬁepa:lcammlaﬁupp%t:remﬁxeraetvahe@sadegx@ephsﬂawrtofhaleﬁﬁl ogen. 11.
The process of claim1l wherein the non-acidic catal yst has an acidity val ue

| ess than aboutOD.5. 12. A process for upgrading a wax-contai ni ng
feedstock to produce a lubricating oil basestock and a petrol eum wax by
sel ectively hydroconverting a raffinate produced from solvent refining a

| ubricati oi l., feedstock which conprises condu tin | ubricatin
oi | feeds 8ck Jt”(‘) € Bracgss\Rlrftaimy b ?"QE’E@W’EWEFGW@‘X%@%&%%% k)] Q‘?&&Kefrom an °

aromatics ric G raff h.r {e b d,ppi ng the
raf finate of 2" é{efr"]@ Eng?’%\?eggedxgg %”Pgn %%%5‘?‘3%%1{#Q%Shaé%‘)‘ae\‘daé’eg‘ oi |
élZé?Z'rttyh;EdS%‘SE%“"%%%bfé?F‘ig-?;-éSQV"’*v%*Bs“}%??"%‘S-" @ final borling pornt of no
PCT/ US97/ 23288 29 (c) conbining the raffinate feed with the wax-cont ai ni ng
feedstock to produce a conbined raffinate . feed. (d) passing the conbined
raf fi nat e9f eedThopmcessaficldipdt ehereiretheisecomidneracutvertet efinagg is he conbi ned
raffinate feed in the presence of a non- acidic catalyst at a tenperature
of from 340 todmegrlm ofyeng diytinnoigliawed 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 upgrading a wax-containing feedstock to produce a
lubricating oil basestock and a petroleum wax by selectively

hydroconverting a raffinate produced from solvent refining a lubricating oil

feedstock which comprises:

(2) 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 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;



partial pressure o},luwwmmmmBmO psi g, space velocity of 0.2 to 3.0
LHSY and* a hydrogens " i'ofof from 500 to 5000 Scf/B to produce a
fi.rst hywoesznserted raffinate; and (e) passing the firstcrtovess/erted.
raffinate to a second reacti on zone anggconducti ng col d hydrofini shing of
the first hydroconverted raffinate in the presence of a hydrofinishing
catal yst at a f{enpeoathumiagaolic faffmai® 6@ dtveitd e[ vesx-tortaininghieddsigelntopar t i al
pressure of from 600 to 2000 psig, a space velocity of from1l to 5 LHSV and
hydrogen to feed r &peucsfa qumh’rnsg@fﬁ@atsm. Scf/B to produce a second
hydroconverted raffinate, (f) passing the second hydroconverted raffinate

(0 2 separa [on gong Lo, hemous, RLediel s hav na & b Log Less, Uhan about
2soerr] c andPoPiiliiy Jaed ettt o o
agxgtb‘}@c@s xﬁ%ﬁh%@{l% }‘%ﬁﬁﬁjte l?xhtﬂg Kred@Yde et hofl

I ndex of at least 1 provi asest oc as’'a dewaxed oi |

viscosity index i NGicRiieatdlfysedt o leperatite DT TRnER40 P (°IE aidfdrbgtat € feed, a
NOACK vol atility inprovenent over raffinate feedstock of at” |east about 3

W:% at the sane vipartiaiprgssure dftfeom 800 e 2000 psigospaty vélooity 8f 8.2tto0 3@ 5 cSt
viscosity at 100[err] C, and a residual aromatics content of at |east about
5 vol . % provided tIHE8Viand adwydecgendk feedsratiowf tfon 308 (o 3000 PeffBéx t he | P346
or FDA(c) tests notvvi%hsta dig)c&;ﬁt he residual aronmtics content, and WO
98/ 27180 30 (h) i sdBEHES sk chf}vﬁﬁfﬁé%f%ﬂe@‘a a co-product. 13. The
process of claim 12 wherein the raffinate feed has a final boiling point no

greater than aboyt HQQGhetd fitst hydroconverted raffinate to a second reaction zone
and conducting cold hydrofinishing of the first hydroconverted
raffinate in the presence of a hydrofinishing catalyst at a temperature
of from 200 to 320° C, a hydrogen partial pressure of from 600 to
2000 psig, a space velocity of from 1 to 5 LHSV and hydrogen to
feed ratio of from 500 to 5000 Scf/B to produce a second

hydroconverted raffinate,

(f) passing the second hydroconverted raffinate to a separation zone to

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

(g) passing the second hydroconverted raffinate to a dewaxing zone to
produce 2 wax and 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 to 6.5 cSt viscosity at 100° C, and a residual aromatics content of
at least about 5 vol. % provided that the basestock has low toxicity
and passes the IP346 or FDA(c) tests notwithstanding the residual

aromatics content, and



14. The process of the tenperature in the first
hydr oconversi on zon I'“H‘" | ﬂ“m 390[err]C. 15. The process of ‘claiml2

wher ei n 2 aci * ¢ wcatal ystsi s+ cobal t/ nol ybdenum nigdggbidgmpsagpdenum or
ni'ckel /tungsten on an al um na support. 6 The process of claim 12 wherein
the col d hydrofinishing is conducted at a tenperature of from230 to

300[err]C. 17. ¥t h oﬂﬁmﬁ‘?ﬁéwﬁ"l{( t%gtg%g%)a%e&e faghfie second hydroconverted

raffi nate has re ual aronmatics con | east about 5 vol . % provi ded
that the raffi nate has | ow toxicity and passes the 1P346 or FDA(c) tests
notw t hstandi ng the residual aromatics content. 18. The process of claim
12 wher eilB. t h§heprocess of dainal 2ivheteimde raffiratd ftet havatinel bailisg poiah about
0.5. 19. The process of claim 12 wherein the second hydroconverted
raffinate is degoater thyn sy 888°Cdi | ution foll owed by cooling to crystallize
wax nol ecul es.

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, nickel/molybdenum 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.

19.  The process of claim 12 wherein the second hydroconverted raffinate is
dewaxed by solvent dilution followed by cooling to crystallize wax

molecules.



