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-2- k : Today. nore severe operating conditions for

- aut onobi | e engi nes have resulted in demands for basestocks with | ower
volatilities (whil et ai ning - | ow viscosities) and | owep nts.

These i nprove At %an only be - achi eved with basestocks 8§%E%$§ﬂb

i soparaffinic character, i.e., those with VI s of 105 or greater.

Sol vent refining al one cannot econon1ca||y “produce basest ocks havi ng a

VI of 105 with typical crudes. Two alternative approaches have been

devel oped to produce high TNATE RbKRﬂ%VﬂRﬂKﬁ@PR g (1) wax

| sonmeri za- tion and ( Y Ccrackl ods invol ve

hi gh capital invest- ments and suffer fronlyleld deblts. Mor eover

hydr ocr acki ng elj.ni,nates. sone of t he sol vency properties of basestocks
produced by traéﬁﬁhéﬂghgg%ﬁﬂggﬁ refining - techniques. Also, the
typically low quality feedstocks used in hydrocracking, and the
consequent severe conditions required to achieve the desired visconetric

and vol atility properti esThisrinventiontrelates toa processfoopreparing lubricatifg eil
(toxic) sp C|es These specj es are forne suf ficj ent entratlon
that a further g& ﬁg“& dl!‘&ﬁc?ﬁ“ﬂﬂtygﬁﬁ’@é a?‘ﬂ achi eve

a non-toxic bas%oﬁﬁgﬁ : ‘An article by S. Bull and A
Marm n entitled "Lube Manu- facture by Severe Hydroteatnent",
Proceedi ngs of the Tenth World Petrol eum Congress, Vol une 4,

Devel opments in _Lubrication, PD 19(2), pages 221-228, descri bes a
process wher ei n Background o (NEAIVERAGN | n sol vent’ refining is replaced by

a hydrotreater. U S. Patent 3,691,067 describes a
process for producing a nedi um and high VI oil by hydrotreating a
narrow cut | ube feedst ockithb vellyiciown sﬁcgﬁn@wmmgygolmt

hydrotreatlng zone. U. S. Patent 3,732,154 discloses
_ refining. 1hecumwnuummlpnxxsgtnudeoﬂsan=ﬁacuonmmﬂ1nukn

annmqmmncpnmﬂmetopnuhweannoqﬁmncnnuk,wmumuueﬁnﬂux
fhmtmmmhulundervmnnnn.Sékmxduuﬂhneihuuunm:ueﬂmnlopuomaﬂy
dmuphahedandsohmntexhamhﬂio;nodwm:apmnﬁﬁnrthaﬂhuWeandan
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
_hﬁﬂ&ypaﬁﬂﬁmﬁ:hlnanneasannhaﬁmrumdtoluwelo“mtvkwoﬁgrhnﬁcescvn,
 and are therefore less desirable in Iubricating oil basestocks. Also, certain types

st ofannnahcconqmmndscanrumﬂtn1unﬁnmmﬂﬂeunngmychaannnuus
. ?_ -, Solvent refining can produce lubricating oil basestocks have a VI of sbout 95 in
BT - good yields.
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hydrofini shing the extract or raffinate froma sol vent extraction’ process.

The feed to the hydrofinishing step is derived froma highly aromatic
source such as a napht henic distillate. U S. patent 4,627,908 rel ates
to a process WoO9I#IPA80ViI Ng PCT/US99/03109

-3- the bulk oxidation stability and storage stability of |ube oi

basest ocks derived from hydrocracked bright<stock. The process invol ves
hydrodeni trification of a hydrocracked bright stock foll owed by

hydr of i ni shi ng. U S. Patent, 4, 634,299 dISC|OS ocess
for reducing the pour p0|WPd%W“¥FQQ¥ﬂE&QRﬁ@

9 foF
ety <2 pyr r BETEEABAAE B Gctgias o b @W?Wﬁ"%?g Al %ﬁ"g“th,:

hydrotreat ed t olewNiscbsities)and loweg ts U Thiese ingprovémentg caponlybeds t o
ammoni a and hydrogen sulfide, stripped of a ni a, and hydrogen syl f.id e and
stripped effl uemﬁéwdm ks of more 1sop: I‘@st

Wl ow vol at 1 ﬁﬁg‘gﬁéﬁaa@%é%ﬁ%@%@%x%@me g’ O

thermal stabili hiving@ VE6£105 ﬁimltyﬁeﬂrwmsambvoaltdnaﬁw@mmes hawsbeent hout
i ncurring any S|gn| |cant yi,el d debit_which process requires . much I'ower

i nvest nent cost gevel W&Md@b@@g @eﬂ o 12 wRx dsomeriza-

e T g ot s 4 e,
ments and suffer from yield debits. Moreover, hydrocracking eliminates some of
the solvency properties of basestocks produced by traditional solvent refining
techniques. Also, the typically low quality feedstocks used in hydrocracking,
and the consequent severe conditions required to achieve the desired viscometric
and volatility properties can result in the formation of undesirable (toxic)
species. These species are formed in sufficient concentration that a further
processing step such as extraction is needed to achieve a non-toxic base stock. .

An article by S. Bull and A. Marmin entifled “Lube Oil Manu-
facture 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 ptoducmg a medium
_ andhighVIoilbyhydroh'ecﬁnganan'owcutlube'feedstock. The hydrotreating
#2915 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 to a process for improving




basest ock- by sel ectively hydroconverting a raffinate produced from sol vent °
refining a lubricating oil feedstock which conprises: (a) conducting the
lubricating ol fegsiat ock to a solvent extraction zone and perRRRRIRLI NI
therefroman aroratics rich extract and a paraffins rich rafftinate;

-4-  (b) stripping the raffinate of solventsto produce a raffinate feed

havi ng a dewaxed oil viscosity index fromabout 85 to about 105 and a
final boiling poi nt of no greater than about 650[err]C; (c) passing
the raffinate fgqdpdlR omdmdﬁmnuyraaaeﬂ:ﬁgmm@ of1ab& 61 basestdeks derived

raffinate feed in the presence of a non-acidic hydroconver5| on catal yst at

a terrperatﬁomhydmmnk@hlshim ckhe]process involveg diydrdenitrificationsefin e of
from 800 oci of 2 4.0 3.0 LHSV and a

hydr ogen to feegyammcgﬁéﬁgggﬁwwwm to produce a

hydr oconverted raffinate; (d) passing the hydroconverted raffinate to a
hydr of i ni shing zone and conduct - I ng cold hydrofinishing of the

hydroconverted raffi nat e U. Mwmﬁdm aprod:e,sslfarfrbﬁdtg’tlgpmlral yst

at a tenperture of fr o 330[.errlC,  a ... partial ,pressure
of from 800 to POHSOE ‘g?%ﬁﬁ‘?@"&?@ 8&” &PXFP"%\% comp and

hydrogen 0 eeqiedin %M&é%lwéﬂﬁ&eﬁfg( ido
hydr of i ni shed ra nat e; (e) passi hg the hy I’ON‘nI mg'?éoto a
separ at i on zone praduce araffinate) dheraffinate lsmmgeaed)mmgtlthsmﬂbgemandaout

sulfur eontaxmng compounds to ammonia and hydrogen sulfide, stripped of
ammonia and hydrogen sulfide and stripped effluent cat dewaxed.

250[err] C, and

| It 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 thelmal stability, solvency, fuel economy and
cold start properties without incurring any significant yield debit which process
requires much lower investment costs than competing technologies such as
hydrocracking.

Summary of the Invention
This invention relates to aproqessforproducingalubricaﬁng oil
basestock by selectively hydroconverting a raffinate produced from solvent
. refining a Iubricating oil feedstock which comprises:

-+-.(8) conducting the lubricating oil fecdstock to a solvent extraction zone and
separating therefrom an aromatics rich extract and a paraffins rich raffinate;




. (f) passing t he hydrofinished raffinate fromstep (e) to a dewaxi ng zone
and catal ytically dewaxi ng the hydrofinished raffinate under catalytic

dewaxi ng ondj.tions in the presence of hydrogen and a '
cat aPIpAIS 6 i

dewaxi ng conprising a netal hydrogenation conponen

crystalline 10 or 12 ri ng nol ecul ar s_i‘{a_ve to produce a dewaxed

basest ock having a viscosity index of at |east about 105. :

-b5- I n anot her enbodinent, this invention relates to a
_process for sel ti@ﬁbﬁnﬁ%ﬁﬁﬁl@éﬁdﬂ&:ﬂﬁ dubéh Paffingttfesd havigasol vent

refining a lubrrcating ol feedstock which g;cgrrpri ses: (a) conducting the

| ubricating oil fealtswaxed oilviscosity index from abomuti85t0 about 105cand a finaldedking i ng
t herefroman aromatics, rj ch extract an raffins rich raffinate; (b)
stripping the raffimté’fdﬁ"gﬁétﬁ‘eﬁ@i‘go‘gréggée a raffinate feed having a
dewaxed oil viscosity index fromabout 85 to about 105 and a final boiling
poi nt of no greater than about 650[err]C (c) passing the raffinate feed

to a hydroconve(d)i qassing thecraffimtefeed 46 adydivconversionazdnermideproeessingrthe he

1200, = hydr ogen p AR (568 88 teerenrs F BOB aciGBYAOpGTSion CAtalystais

o 5000 St/ B to priimactaiir o RonPsdb G ARE, 4 BydsSth pibiaPpibudt 87K 500
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_hydroconverted raffinate;

(d) passing the hydroconverted raffinate to a hydrofinishing zone and conduct-
ing cold hydrofinishing of the hydroconverted raffinate in the presence of a
hydrofinishing catalyst at a temperature of from 200 to 330°C, a hydrogen
partial pressure of from 800 to 2000 psig, a space velocity of from 1 to 5
LHSV and hydrogen to feed ratio of from 500 to 5000 Sc£/B to produce a
hydrofinished raffinate; |

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

(f passing the hydrofinished raffinate from step () to a dewaxing zone and
catalytically dewaxing the hydrofinished raffinate under catalytic dewaxing
conditions in the presence of hydrogen and a catalytic dewaxing catalyst
comprising a metal hydrogenation component anda crystalline 10 or 12

5 “ring molecular siéve to produce a dewaxed basestock having a viscosity
¢ 10 jndex of atleastabout 105, - - |




(d) passing the hydroconverted raffinate to a hydrofinishing reaction zone
and - conducting-.cold hydrofinishing of the hydroconverted raffinate in
t he pres a hydrofinishing catal yst at a tenperat @M 200
to 330C, Wﬁﬁ"%gen partial pressure of from800 to 2008%’%’.9;9, a space
vel ocity of _ from1l to 5 LHSV and hydrogen to feed ratio of from500 to
5000 Scf/B to produce a hydrofinished raffinate; (e) solvent

dewaxi ng the hydrofinished raffinate under solvent dewaxing condi tions
to obtain a sol vent dem)ﬁfﬁnoﬁ&em&w&ﬁihv&ﬁdﬂrm&otﬂﬁﬂcessfor about
10[err] C and (1)
catalytically dmwmmwmmﬁmmmmmmﬁmgmm ng

conditions in tBﬁFPrese g dro en and a catal yti ¢ dewaxi ng cat al yst
conprising a nmet@md 6@ ?éﬁqp ﬁb €nd a crystalline 10 or 12
ri ng nol ecul ar sieve to produce a dewaxed basest ock having a viscosity
I ndex of at |east 105. In yet another enbodi nent, this

i nvention rel at ¢ tconducting-the Jubricating odel’eedstoohetbya Wemmm|meand

raffinate producedfromsolve refining.a lLybricat- oi I, feedst ock
whi ch conpr.i ses: M%@P‘Hgf’?‘ﬂgﬁ W%PP%?@%&%‘%
sol vent extraction _zone and separating therefroman aromatics rich
extract and a parafins rich raffinate;

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

(¢) passing the raffinate feed to a hydroconversion zone and processing the
raffinate feed in the preéence of a non-acidic catalyst at a temperature of
from 340 to 420°C, ahjrdrogcn partial pressure of from 800 to 2000 psig,
space velocity of 0.2 to 3.0 LHSV and a hydrogen to feed ratio of from 500
to 5000 Scf/B to produc_e a hydroconverted raffinate;

~ (d) passing the hydroconverted raffinate to a hydrofinishing reaction zone and
| conducting cold hydrofinishing of the hydroconverted raffinate in the
~ presence ofa_hydmﬁnishi:igeatalystat&temperatnre of from 200 to 330°C,
a hydrogen partial pressure of from 800 to 2000 psig, a space velocity of
ﬁ'oml'noSLHSVandhydrogentofeedraho offromSOOtoSOOOScﬂBto
produce a hydrofinished raffinate;

,(€).; solvent dewaxing the hydrofinished raffinate under solvent dewaxing -
: condltlonstoobtamasolventdewaxedoilhavmgapourpomlessﬂmn
abonth"C and




(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
poi nt of no greater than about 650C, (c) passing the raffinate feed
to a hydroconwereei4t338 zone and processing the raf fi nREAYIYPIH t he
presence of a non-acidic catalyst at a tenperature of from340 to
420C, a hydrogen partial pressure of from=800 to 2000 psi g, space
velocity of 0.2 to 3.0 LHSV and a hydrogen to feed ratio of from 500

to 5000 Scf/B tg produce droconverted raffinat.e; : ol vent
dewaxi ng the h oc‘ﬂ?&@‘l‘ﬁ&r&m&% Y g’?hﬂmﬁﬁlc&wmg
conditions to obtai 3 ; | VA ' han
about 10[err]C - d&n&@ﬁ%ﬁ?ﬁkﬂ@é&ﬁé@&@&oﬁ&dﬂ%&tﬂ?ﬂéd&%ﬁﬁg 75@&151_ si(e)
catal ytical |y dewaxionprising smetakhydrdgemation coinponentand axrystsiline 18ord2i ng
conditions in the presence of ,hydrogen and,a catal ytic,dewaxi ng catal yst
conprising a netal W%EH‘&Y %@?&ﬂ%ﬁw‘?&% aving ajyiseasity

- ring nol ecul ar si e\iﬁc\éﬁﬂtgégéfﬁ)? catal ytically dewaxed oil; and ()

call'y de

passing the catal yti waxed oil ta a hydrofinishing reaction zone and
conducting cold hydrofinishing of the catalytically dewaxed oil in the

presence of a hydrofinishing catalyst at a tepperature of from 200 to
330[err] G, a hydrogénysmq%mmbegmm smmﬁmfwtgmowﬁ&ra

space velocity %Ez:tivel . EIE'%“E l‘%'ﬁ Eéag?&mt ' . from
500 to 5000 Scf 0 yl{’[&‘E?rocl)l LCePh evvamgses ocI?B%Jgéang a é)lsu?glg%y
index of at | eaiig gibfesdsté€iowhich comprises: ‘

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

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

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

(@) solvent dewaxing the hydroconverted raffinate under solvent dewaxing
L #¢7 conditions to obtain a solvent dewaxed oil having a pour point less thari




The process according to the invention produces in good yields a basestock
whi ch has a saturates content of at |least 90 wt, a VI increase of at |east
10 greater thapobifaag/! of the raffinate feed, a NOACK vol ati lpctrpusbansues e-
ment over raffinate feedstock of at |east about 3 wt% at the same viscosity
in the range of viscosity from3.5 to 6.5 ¢t viscosity at 100C and a

resi dual aromatics content sufficient to inpart good sol vency properties to
the oil. In addition, toxicity tests show that the basestock has excellent

t oxi col ogi cal Qp%ﬁdﬁicaﬁfycﬂewabdng@esolwnt dewaxedail undes catabaicrdewaxing he
FDA(c) or I P 346 tests, Bri_ef Descrl n o ngs

Figure 1 is a plot condmsmmmﬁww M%@%&W%‘Wﬁ
"basest ock. g@nﬁ’h %&M& %fg%u]ﬁné howrdagram .
~of the raffinate h)'/"(?f‘%'gu{%ryon(ilb'ral(’)dess‘ﬁi a8

-8- o ringinglecalad sieve 8o produce b catudytidally deivased bilsansh separ at i on
VS. Vviscosity index. Detail ed Description of the Invention
(f) passing the catalytically dewaxed oil to a hydrofinishing reaction zone and
conducting cold hydrofinishing of the catalytically dewaxed oil in the
presence of a hydrofinishing catalyst at a temperature of from 200 to 330°C,
a hydrogen partial pressure of from 800 to 2000 psig, a space velocity of
from 1 to 5 LHSV and hydrogen to feed ratio of from 500 to 5000 Scf/B to
produce a dewaxed basestock having a viscosity index of at least about 105.

The process according to the invention produces in good yields a
basestock which has a saturates content of at least 90 wt., a VI increase ~oflat
least 10 greater than the VI of the raffinate feed, a NOACK volatility improve-
ment over raffinate feedstock of at least about 3 wi% at the same viscosity in the
range of viscosity fram 3.5 to 6.5 cSt viscosity at 100°C and a residual aromatics
content sufficient to impart good solvency properties to the oil. In addition,
toxicity tests show that the basestock has excellent tox_icological properties and
will pass toxicity tests as measured by the FDA(c) or IP 346 tests.

. Brief Description of the Drawings

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

. Figure 2 is a simplified schematic flow diagram of the raffinate
hydroconversion process.




The solvent refining of select crude oils to produce |ubricating oil
basestocks typically invol ves atnospheric distillation, vacuum
distillation, i on, dewaxi ng and hydrofi ni shing. Becau cks
havi ng a hi gh ??%6g3§gff| n content are characterized by havi ng’%@’gg"%&&
viscosity index (VI) properties and suitablg_|ow tenperature properties,
the crude oils used in the sol vent reflnlng process are typlcally
paraffinic crudes. One nethod of classifying lubricating oil basestocks is
that used by the American PetroleumlInstitute (APl). APl Goup I

basest ocks have a saturates content of 90 wt or greater, a sulfur content
of not nore than 0.03 w .Figue 3nis\d plgt efshe therimmb diffusion separationivanvitaiity AP
Group | basestocks are the same as G oup .|l basestocks except that the Vi
is at | east 120Mmdex. General ly, the high boiling petrol eum
fractions fromatnospheric distillation are sent to a vacuumdistillation
unit, and the distillation fractions fromthis unit are solvent extracted.
~ The residue froDetaﬂeduﬂDaschﬂdﬂbﬁhéhveﬂbnh may be deasphalted is sent to
ot her processing. Oher feeds ta sol vent extraction include waxy streans
such-as dewaxed oils and foots oils. The sol vent extraction

process sel ectively di ssmm @ﬂ:e se
while | eaving the nore paraffinic conp hg%lg&[@%ﬂ&?&l iIna qﬁ%‘ée

Napt henes are dbasestotks typically inwoivestdtmosplietieadistillationavdcunni di

Typi cal sol vents for, solvent extractiagn, include phenol, furfural and N-

-9- megttaction, deyyaxing,and hydrefinishing, i Besansebasestoeksthavings highat i o,

crtacti on | e coppe i ALY i B80Sk
properties and suitable low temperature properties, the crude oils used in the
solvent refining process are typically paraffinic crudes. One method of
classifying lubricating oil basestocks is that used by the American Petroleum
Institute (API). API Group II basestocks have a saturates content of 90 wt. or
' greater, a sulfur content of not more than 0.03 wt. and a VI greater than 80 but
less than 120, API Group III basestocks are the same as Grbup II basestocks
except that the V1 is at least 120.

- Generally, the high boiling petroleum fractions from atmospheric
dlstlllatmn are sent to a vacuum dastlllauon unit, and the distillation fractions -
from this unit are solvent extracted. The residue from vacuum distillation which
may be deasphalted is sent to oﬂlerprocessmg Other feeds to solvent extractxon
| mchldewaxysu'eamssuchasdewaxedoilsandfootsoﬂs |

The solvent extraction process selectively dissolves the aromatic

: componenfs in an extract phase while leaving the more paraffinic components in
4 g raffinste phase. Naphthenes are distributed between the extract and raffinate
phases. Typical solvents for solvent extraction include phenol, furfural and N-




the degree of separation between the extract and raffinate phases.
In recent years, solvent extraction has been replaced by hydro-

cracking as awseyasdsor producing high VI basestocks in sone pcafisosb3ies -

The hydr ocracki ng process utilizes low quality feeds such as feed
distillate fromthe vacuum di still api.on unit or other refinery
streans such as vacuumgas oils and coker gas oils. The catal ysts
used in hydrocracking are typically sulfides of N, Mo, Co and Won

an aci di ¢ suppomdetisyl pyrsolidont.i By centroiling the salventito ailoatio ,&xtraction tempera- an
acidic pronoter such as ofi ne. So rocracking, catal ysts al so contain
hi ghly aci dic z8oeian ésnet{mg £1 g?gé’d‘!ﬁ solyent, eng,ean-eontral m

openi ng, 0 e gt SbepAlioR Beerheh i bRt R BTl |00 T

i someri zation dependi ng on - operating conditions. In vi ew of these
reactions, separation of the aromatics - rich phase t hat occurs I n
sol vent extraction is an Mms mmwﬂhﬂs een

o “comtrast 1 hERoRRRAE R bl B Yrodlline Wil 91 bmetopk i some rpinerics. Tm o

step hydroconveh Wﬂ%ﬁué@&hﬁnﬂéﬁw feedd Sivch s fedd Aitillar Trot the
I TI OoNs

under condi I.ch mnimzes hydrocracking and passes way
conponent s vacuum disgiHatien wyit on othey cefisienns mwm;mm@ﬂsand

oy omati e cont obokeheas Bk, He caalysts us B by Blos e Mne ypicafly(siudss e,
properties to tmmﬂﬁdwbnaﬁmawagemmeﬁmﬁﬁammm re

bet ween about 2 and 10 vol % The aromati cs content 1S neasured hi g

per f or mance | i qahdcidic promases sach ps flworioc ﬁmmyquuhrgwlmabomm

[nlé'fures into s%lglﬁ}gte. an%&ﬁh gihg%fy ont ent betvveen 1 an W m

pr ef er abl y undegemoval, aromatic ring saturation, dealkylatlon ofaromaucsnngs ring opening,
straight chain and side-chain cracking, and wax isomerization depending on
operating conditions. In view of these reachons, separation of the aromatics
rich phase that occurs in solvent extraction is anunnecéssary step since
hydrocracking reduces aromatics content to very low levels.

Bywayofconh'ast,ﬂxeprocessofﬂ:epresentinvenﬁdnuﬁlizesa

two step hydroconversion of the raffinate from the solvent extraction unit under

_ conditions which minimizes hydrocracking and passes waxy components |
through the hydroconversion process without wax isomerization hydroisomeriza-
ﬁonwhilemainminingmsidualiromﬁcscontentatalevdsuﬁcicmwpmvide

. goodsolvencyproperﬁestoﬂxébasstock. Such amounts of residual aromatics
Y marebetweenabouﬂandmvol% The aromatics content is measured by a high

SO o pRE performance liquid chromatography method which quantitates hydmcarbon

... mixtures info saturate and aromatic content between 1 and 99 Wt%.




extracted, ie., the extraction is carried out under conditions such that
the raffinate yield is maxim zed while still renoving nost of the | owest
quality ‘nmolecules fromthe feed. Raffinate yield my be maxim 3 P
controi ling XAP4PFon conditions, for exanple, by |oweri ngi’ﬁ:{é& 4] é’gnt to
oil treat ratio and/or decreasing the ext I’ﬁCthﬂ tenperature. The
raffinate fromthe solvent extraction unit ' 1s stripped of solvent and then
sent to a first hydroconversion unit cont al ni ng a hydroconversi on catal yst

This raffinate feed has a fﬁﬁ*ﬁ veht EXtPIBHORAS preferably widert 105, a
boiling range not to exce about 50| err C preferably IessB' han
600[ err] C, as dekxfracteddck. hhemfiicmdout/mdmsonghmhssﬂdxﬁaﬂheo 10 cSt

cont ai i ng G ou e s maaised WAl AL g st o e TR SR by
and i ckel and MeTREEPRTRE " Rafe yiod el nbiplid by (GRRIRET

typical ly preseritractiondonditions, for ekample, by lowearingathe solventtoail toedt fistio
supports. oIt is |rrportant that the netal oxide support be

‘non-acidic so asandier deersasing therextmetion tempemturg. Thesmffinate fromdthe gokvent

by, ko amer and vEvRg uigtis s of Btves: g Al Rinto o SR YRS En sttt °

acidity, 2-nmethybnidiniegh byéroconveisibn eatahidt. Thishaffinatefcrd had & visositycindex ed
at a fixed tenperature, typically 200[err]J]C In the presence of catalyst

sites, 2-nethyl -of fisanabout 85 se about 195;  bailingrauge notite cxersdabrut63ME, pat huay

o e e ?ﬁﬂé”&%@%‘%pﬁeﬁ%ﬁ?‘@ BT ASTU B Rl & - org

acidic sites re%iom 3ité 10 cSkat FO0AC,. r earrangenent to 3-net hyl -2-pentene with
very strongly acid sites formng 2, 3-di nethyl-2-butene. The nole ratio of
- 11 -

Hydroconversion cata]ysts are those containing Group VIB metals
(based on the Periodic Table published by Fisher Scientific), and non-noble
Group VIII metals, ie., iron, cobalt and nickel and mixtures thereof. These
metals or mixtures of metals are typically present as oxides or sulfides on

refractory metal oxide supports.

It is important that the metal oxide support be non-acidic so as to
control cracking. A useful scale of acidity for catalysts is based on the
isomeﬁﬁﬁon of 2-methyl-2-pentene as described by Kramer and McVicker, J.
Catalysis, 92, 355(1985). In this scale of acidity, 2-meﬂ1yl-2-pentene is
subjected to the catalysttobeevaluatedataﬁxedtempaamre typically 200°C.

- In the 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
- @0lsites in the catalyst. Thus weakly acidic sites form 4-methyl-2-pentene whereas
slrongly acidic sites result in a skeletal rearrangement to 3-methyl-2-pentene
 with very strongly acid sites forming 2 3-dnnethyl-2-butene The mole ratio of




3- et hyl -2-pentene to 4-nethyl -2-pentene can be correlated to a scal e of
acidity; This acidity scale ranges fromO0.0 to 4.0. Very weakly acidic
sites W Il hayg sahisgs near 0.0 whereas very strongly acidi cpétiSssiostdel
have val ues approachlng 4.0. The catalysts useful in the present process
have-acidity values of |ess than about 0.5j3p3preferably |less than about O.3.
The acidity of netal oxide supports can be controlled by adding pronoters
and/ or dopants, or by controlling the nature of the netal oxide support
e.g., by contr ob.methyltZ:peritome ot 4-nietinl2-penténeccanibe cvrretated'tooa Scale of acidity.
silica-alum na support Exanpl es of pronDters and/ or dopanta I nc] ude

haljogen especrmsW@W@Fﬂﬁé“&?ﬁm ®o GWW?@lﬂl'r gites willLhave oxi d]es
and nagnesi a. 0
met al gxr de supp%{{% |I%e1&ﬂet?§@% %&%ﬁ{ﬁ%w %Flelggﬁ%r rrlgg gsr a
tend to decreasg.Qf i’le:eaﬁtdlysu/useﬁ:liu pkécess have acldltyvalnes éilessothhn

nmet al oxi de supports I ncl ude. | ow aci dic oxides such as silica, alum na or

titania, pref erabsf0d, preferablydessthan abouti0.34 Whgaadsypﬁ metal axidesuppodsch as
' ta h 200A f bly 75 t
150A, a surf acggérn%ﬁ%ﬁbﬁ%?@m? Ao %ﬁ qhafis, o by cquiioliige o)
nferr]/g and a REHR ofthe iRt oxideGlpport ab#c@nﬂﬂﬁéﬂéﬁnoﬂt@cf@ml y 0.35

to 0.8 cnferr]/g. The supports are prefer y not pronoted with a hal ogen

such as fl uori nincespordted inje asilichtajurninarsuppart. of promoétersrandéorppor t .
Preferred netal ,c ude cobal t Lol Yo CO_as_ OXi de

10- 25% Mb as ox@%%ﬁ &é?ﬁ.??@i( ﬁgsl’gi?i"!fe&

oxi de) or ni ckebdrihod: | r§l§ach erally crée ﬁ{éjm na.
Especial l'y pref erred are ni ckel / mol ybdenum cat al yst S sgéh as KF- 840.

Hydr oconver si onaciditylof inetal o:ndetshppdrtsmhﬂmmldbcbaswdupants suchtasiyttriawode a
terrperature of from340 &toﬁez err] C &r“ef ¥ 3§0.t0 390C, a

Suitable metal oxide supports include low acidic oxides such as
silica, alumina or titania, preferably alumina. Preferred aluminas are porous
" aluminas such as gamma or eta having average pore sizes from 50 to 2004,
preferably 75 to 1504, a surface area from 100 to 300 m*/g, preferably 150 to
250 m?/g and a pore volume of from 0.25 to l.d cm’/g, preferably 0.35 to |
0.8 cm’/g. The supports are preferably not promoted with a halogen such as
fluorine as this generally increases the acidity of the support.

_ 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/n_l_olybdenmn catalysts such as KF-840.

, Hydroconvuslon conditions in the first hydroconversion unit
mclude a temperature of from 340 to 420°C, preferably 360 to 390°C, a




- 12-  hydrogen partial pressure of 800 to 2000 psig (5.5 to 13.8 Mra),
preferably 800 to 1800 pS|g (5.5 to 12.5 MPa), a space velocity of fromO0.2
'to 3.0 LHSV, preferably 0.3 to 1.0 LHSV and a hydrogen to feed rati g of
from 500 to 505%9%1"%)88 (89 to 890 nferr]/nferr]), preferablyPSH¥¥B %000
Scf/B (356 to 712 nerr]/nmferr]). The hydroconverted
raffinate fromthe first reactor is then cofducted to a second reactor
where it is subjected to a cold (mld) hydro- flnlshlng step. The catal yst

larhd d |
(Al serond MK AR VAR Gfesbl o108 162000 B3 (41636 15 BApal by 606
silica-alum na, téllsoops:g (&ﬁdotl&es MPa); supncmeluaqdofﬁomlmz s¢8 O'KHSVact or .

Condi tions in the second reactor t enper atures of from 200 to 3300
preferably 230 °a3FB/1} '1 pﬁ:yﬂrqgeggg fred rafio of frome%00 tod

g;:age(\?eisof:loull?)o o) 1 W%lgggéﬁggﬁ%gﬁ@%n&Wrogeﬁta

feed ratio of from500 to. 5000 Scf/B (89 to 890 nferr]/nferr]), preferably
2000 to 4000 Scf/B (356 to 712 nerr]/nferr]). In order to
prepare a finished basestmwmdmf&mﬂaﬁﬁEhMﬂthe second

ST pper (or 11 aebRiied 8 bélond RerS SHFEH it Sytie P B LR il by a1 1
the separator i finisHih@ytep uemmﬁmmk%ed@masrﬁﬁyme@%@wﬂ%és nay

I ncl ude hydrogen sulfide and anmpnia formed in the first reactor.

desired, a stri desqribed\abore forithe fies reastone Fowever, mmmmpmtors

The cat i yet o uSBLAS FhtaSil. 305 4R TG ARe Ry BE Shed AR s hencd R, 10

and 12 ring nol ecul ar sieves and a nmetal hydrogenation

Conditions in the second reactor include temperatures of from 200
to 330°C, preferably 230 to 300°C, a hydrogen partial pressure of from 800 to
2000 psig (5.5 to 13.8 MPa), preferably 800 to 1800 psig (5.5 to 12.5 MPa), a
space velocity of from 1 to 5 LHSV, preferably 1 to 3 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>).

In order to prepare a finished basestock, ﬂmhydroconvexted
raffinate from the second (cold hydrofinishing) reactor is conducted to a
separator, e.g., 2 vacuum stripper (or fractionator) to separate out (strip) low
boilmgproducls:fﬁeseparatonsfollowedbyacatalyhcdewmngstep Such.
prodnctsmaymcludc hydrogen sulfide and ammonia formed in the first reactor.

" If desired, asmPpermaybeslmmdbetweenﬂleﬁrstandsecondreactors,but .
this is notassmualmprodueebas&stocksaccotdmgtoﬂlemvmhon.

~ The catalysts useful in the catalytic dewaxmg step include
uystallme 10 and 12 ring molecular sieves and a metal hydrogenation




- 13 - - component. Crystalline nolecul ar sieves include alum no
silicates and al um num phosphat es. Exanpl es of crystalline aI um no
silicates inc ,4% glites © such as ZSM5, ZSM 11, ZSM Igraidd %
(ZSM 22), ZS M 35, ZSM 38, ferrierite, ZSM 48, ZSM 57, bet a,
nor deni te and offret Ite. Exanpl es of.@rystal line al um num phosphat es
I ncl ude SAPO- 11, SAPO 41, SAPO 31, MAPO- 11 and MAPO 31. Preferred
nol ecul ar sieves include theta-1, ZSM5, ZSM 23, ferrierite and
SAPG- 11. component, Crystalliid'moltentarisivves dicludsilumino silisstesand ai n an
anor phous conponent The acidity_of the anprphous conponent is

pref erabl y fromlums:mp hosphatese Fxamples of grystpllimemluming stlicates: inelude zeolites

g er | als | nor Hehe PSM 2T 2RI, AT sl ARS8 P
si i ca- magnesi azgM-38,i té, ZSML48)1ZSMST behie ﬂnbia@mtéaﬂ@smédta Exam les

preferred is silica- alumna t he dewaxi ng catal yst

cont ai ns an anoofixrystalline abunisam phasphates mdmk;SAPQ—hla SARQ, SAPO-31e/ net al

Thgecher . The Wﬁﬂﬁ%ﬁi esfersed solecilir Betes e IBHe et | oMsent
separately or mglcorrpom ted catalyst. In the

alternative, the crys’t |ne no ecul ar sieve and anor phous conmponent
can be in a |ayered configuration. Preferably, the top layer in the

reaction vessel is the a rp ous, conpqnent a%the lLower layer is the
crystal line nol ecul ar si %Y‘Hﬂﬁ%m Foptam ma@aﬂ}i{?&srcewpg@&
with the "Pis 43STH og&gwww,gﬁo %&E S the
anor phous conpon In the |l ayered con Ysg%r atloﬂ e’ hyc#r g@%aét?l on

met al shoul d beablyPdstioi2:A w@bwwmm«aﬂbﬁﬂ:mr phous

component. Examples of amorphous materials include sihca-alumma, halogenated alumina,
acidic clays, silica-magnesia, yttria slhca-alumma and the like. Especially
preferred is silica-alumina.

If the dewaxing catalyst contains an amorphous component, the
crystalline molecular sieve/metal hydrogenation component/amorphous
component'may be composited together. The hydrogenation metal can be
deposited on each component separately or can be deposited on the composited
catalyst. In the alternative, the, crystalline molecular sieve and amorphous.
component can be in a layered configuration. Preferably, the top layer in the

Teaction vessel is the amorphous component and the lower layer is the
" crystalline molecular sieve, although the configuration canberevmedmﬂlthe
toplayerasﬂlemolecularsneve and the bottom layer as the amorphous
. component. In the layered configuration, the hydrogenation metal should be
R ,wgf‘ggpos;kd on both the molecular sieve and the amorphous component.




- 14- The netal hydrogenati on conponent of the dewaxing
catalyst may be at |east one netal fromthe Goup IB, Goup VIB and G oup
VITl of the Periodic Table (published by Sargent-Wlch Scientific
Conpany). PreMQ®M&3338netals are Group VIII noble netals, esp&&GTAISpRjo3109

pal | adi um and pl ati num The dewaxi ng catal yst may contain,
based on the weight of total catalyst, froMs to 95 wt % of crystalline

nol ecul ar sieve, fromO to 90 w % of anorphous conponent and fromO0.1 to

30 wt % of netal hydrogenation .G onent.w th the balancg bein trix
merial, o A9 ke e RTRERRON dotpachent O AR AR A bAES mAY. |
or binder whi chpelgfledstBiietnetal frbmMsthe 1B, GG VB aAd Gréu VHI dFthehi ch i's

substantially non- catalytic under reaction conditions. Matrix nmaterials

may be synt het i Pedodic/Eable Gublisheddhyr Sargent~Welch ScientificGompany)a Prefemiedi ca
and netal oxides. tri | al.s l.,ch are pet xi des Lnclude single
oxi des such as Qf"'\ﬁlﬁﬁﬁﬁé’fﬂmn@ ﬂ%@ﬁ%ﬂ%@%@?éﬂq 'ij’i‘fési a and
ternary conpositions such as silica- alumna-zirconia. -

Process conditions in the catal ytic dewaxi ng zone include a tenperature of

from 240 t? ;120[egr]4C, prﬁemn?ngﬁgtglwn?gggn@@,bw&wm%gl?ﬁmuﬂ
0.7 e, o | | GuBlYSE R S to 330 of crystaflin molehleb siVe.grotn Qtp g0t of
e 1o orr] ( BRgporRhgntH TR O L APIR ALY 10, ()

I n an al t er nat'i coempomhentiwitinthe tialance peinganatrimhsterialaf f i nate from

The dewaxing catalyst may also inchide  matrix or binder which
is a material resistant to process conditions and wlnch is substantially non-
catalytic under reaction c_cmditions. Matrix materials may be synthetic or
naturally occurring materials sach s clays, silica and metal oxides. Matrix
materials which are metal oxides include single oxides such as alumina, binary
compositions such as silica-magnesia and temary compositions such as silica-

l - - .. - .

: - Process conditions in the catalytic dewaxing zone includea
temperature of from 240 to 420°C, preferably 270 to 400°C, & hydrogen partial -
pressure of from 3.45 to 34.5 mPa (500 to 5000 psi), preferably 5.52 to 20.7

- mPa, a liquid hourly space velocity of from 0.1 to 10 v/v/hr, preferably 0.5 to

3.0, and a hydrogen circulation rate of from 89 to 1780 m*/m® (500 to 10000

scf/B), preferably 178 to 890 m*/m°.
~d50 % In an alternative emb odiment the hydtoconvexted raffinate from -

the coldhydroﬁnishingnnitorﬁlehydroconvemedmﬁnateﬁ'omﬂxehydro- _
conversion zone may be conducted to a solvent dewaxer with or without,




the cold hydrofinishing unit or the hydroconveted raffinate fromthe hydro-
conversi on zone nmay be conducted to a solvent dewaxer with or w thout,

- 15 - prefer@wggdgsgh a stripping step to renmove |ow boiling L6
The sol vent dewaXing process typically involves mxing feed wth sol vent at
at mospheric pressure, separating precipitatgg_wax and recovering sol vent
for recycling. The hydroconverted raffinate 1s mxed with chilled sol vent
to forman oil-solvent solution and precipitated wax is thereafter

separated by, f%ﬁfﬂﬂ?'\ﬁﬂiibﬁ ' f0'RuioveN6w Hoiliny frodusts! THE soRveft

selected so that” the ofl 1Is dis?s?olve by the chilled sol vent while the wax

i s precipitat ed.dewaxingprogess typicalty involvesmhixingfeed withosolvenb at stmosphérnic i ¢
dewaxi ng step such as descrj.bed abqQve., Because sol yent .dewaxin ically
Gocurs ot at mos GAERNE, SFRATBHRE PreciPiRe WX AR ERSONTTIng SoIVRDE L Frpyeiig, cfhe

sol vent dewaxed wgg?mm G hitked with . isﬂﬁeﬁiﬁi’fc)ﬁmanoil-s?lvgnt A

particul arly sui ewaxl ng process I nvolves the use o

cool i nlg t ower wﬁaﬂmw?mhmmwmmmﬁwégmm
several points along the hei téigﬂ t he cggq%i ower . ..The, oi -agavent
mxture is agita : Yemt are s ﬁ%ﬂ&ﬁi@% Lyrd by the,

I nst ant aneous "N 4i: 'N,MM-%% ' | gfaa,p&,gﬁ LIl ed
sol vent ‘i s adde |ncr§w§r@§/@g¥ong t he ngi[:}i%%?#gfgg%m% t ower ?g as
to mai ntain an ofollowgd bytd ¢dtalytic dewexing step such asvdéseribed pbove. nBécanse solwénty
bet ween about 1 {o about 5! ﬁ:r F/mnute. The final tenperature of the

gi ![ sol vgnt / Sr gc&wm ) °E?§§r3§am EBWF‘H&’F rb%qchWbﬁﬁ |y Pet
et ween an : | . : e sen o]
a scraped Surfa%ﬁ%ﬁg&%&@%ﬂgggﬂv&@%ﬂ}&%%egaﬁ&ce%%% xture.

In general, the anount of solvent added will be sufficient to provide a

liquid/solid weight ratio between the.range of 5/1 and 20/1 at the
, A particularly suitable solvent dewaxing process involves the use

of a cooling tower where solvent is prechilled and added incrementally at several
points along the height of the cooling tower. The oil-solvent mixture iy agitated
during the chilling step to permit substantially instantaneous mixing of the
prechilled solvent with the oil. The prechilled solvent is added incrementally
along the length of the cooling tower so as to maintain an average chilling rate at
or below 10°F/minute, usually between about 1 to about 5°F/minute. The final
temperature of the oil-solvent/precipitated wax mixture in the cooling tower will
usually be between 0 and 50°F (-17.8 to 10°C). The mixture may-thén be sent to
a scraped surface chiller to separate precipitated wax from the mixture.

o " In general, the amount of solvent added will be sufficient to
- _ .. provide a liquid/solid weight ratio between the range of 5/1 and 20/1 at the
 dewaxing temperature and a solvent/oil volume ratio between 1.5/1 to 5/1. The
solvent dewaxed ol is typically dewaxed to a pour point from +10°C to -20°C.




dewaxi ng tenperature and a solvent/oil volune ratio between 1.5/1 to 5/1.
The sol vent dewaxed oil is typ| cally dewaxed to a pour point from+
10[err]C to - ({fg@

Repr esent at i v& an solvents are aliphatic ketones havi n@cgﬂ@s‘%‘&ﬂ?on
atons such as nethyl ethyl ketone and net hyI I'sobutyl ketone, |ow nolecul ar
wei ght hydrocarbons such as propane and buat 181e, and nixtures thereof. The
solvents may be m xed with other solvents such as benzene, tol uene or

xyl ene. Further descripti | vient waxin [Q . usefu erein_are
di sclosed in U.S. Patent ﬁ%ﬁ%‘%&ﬁ f?gveggaﬁﬁ/ﬁﬁ ﬁfaﬁri&&? Mga‘{]g
herein in thei rcﬁﬂéﬂiﬁhiésuchasmeﬂl 1 eth: l]cei[ﬁ%aiﬁ' S®Yy be
suitable as a lubricati ng oi | basest ock However in th esent errbodl ment ,

t he solvent demmmwmwmmmmmmmlmgmeso _
LEQEF?&F?‘E&EMWE“%“W@ hihes &%ﬁﬁéﬁ&;@&%éimn se
.2o$oglctjeag)f S;etr‘r’gltléé\e%?igcfﬂst C(‘)%l nat | oﬁﬁwwgﬁﬁgﬁ%ﬁar SI eve and

armor phous conpoherein ave diselosed imULS: \Patearts 3,775,6501and 39775288 whithidee | ayers
contain an anorphous copponen}, . a crystalline nolecular sieve and a netal
hydr ogenat i on c@ﬁﬂm‘? ﬂm enﬁrety| n either processing sequence,

i .e., hydroconversion-cold hydrofinishing-catal yti c dewaxi ng, or

hydr oconver si on-col d hydrofi nshi ng- sol vent dewaxi ng-catal ytic dewaxing, -

the final catalytic dewadThegolvenpdesyxddooil niaydeeshitaibleasehbidatny 6il
hydr of i ni shi ng % ngﬁr t he co d hydrofini shing conditiqns described
presgntembodipemty thecsolvent d

above. This sec ewaxadpibis
i nstances wher gg { cﬁé@%&sﬁﬂﬂ%'fﬁﬁhéﬁwmpﬁﬂﬁt&sﬁﬁme

catalytic dewaxing catalysts described above. As noted previously, the dewax-
ing catalyst may comprise a molecular sieve loaded with a metal hydrogenation

- component, may be a composite of a metal loaded combination of crystalline
molecular sieve and amorphous component of may be a layered configuration
wherein the layers contain an amorphous componein, a crystalline molecular
sieve and a metal hydrogenation component.

- In either ptmmg sequence, i.e., hydroconversion-cold
hydroﬁmshng—catalyuc dewamg, or hydroconversmn-cold hydroﬁmshmg
solventdewmnng—catalyucdewmng, the final catalytic dewaxing step may be
followed by a second cold hydroﬁmshmg step under the cold hydrofinishing
conditions described above, This second cold hydroﬁmshmg step would be used

- in those instances where needed to meet product qnahtyreqmrements such as

=T color or hght stabihty

e N T
-.\.J 120 L~ '-.5';'" .. -:

- Alternatively, the processing seqnencs may omit the first cold
hydroﬁmshmg step and use only a final cold hydrofinishing step. These




color or light stability. Al ternatively, the processing
sequences nmay omt the first cold hydroflnlshlng step-and use only a final
col d hydrofiniggosgisss ep. These PCT/US99/03109
-17- sequences are defined as hydroconversion-catal yti c dewaxi ng-col d
hydr o- finishing, or hydroconversion -_ gplvent dewaxing - catalytic
dewaxi ng - cold hydr of i ni shi ng. : The lubricating oi
basest ock produced by the process according to the invention is-

characterized byehihctohre@sfined 8¢ Bpkbédmersion-caalyt ‘b)dewadhg-wld Biydro- | east
about 105, preferabl y at | east 107, NOACK .vol atility inprovenent (as

nmeasured by DI Nfmnishing, dmcammanesplemtsdm-ea ig dewasing - coldy |
preferably at l&”’?&@ﬁ% at the sane VISCOSIty wi thin the range35
to 6.5 cSt it 100[err]C pour point of -15[err]C or |ower, -
and a low toxicity as determ ned by 1P346 or phase 1 of FDA (c). IP346
Is a measure of polycyclic aromat i c compounds. Many of these conpounds

are carci nogens or suspecﬂ'bd lubricating oil ¢ WM@G&&VI&GMESWMgtO
so-cal | ed bay re I pns _[.see Accounis 17 332
further detail s] mysution.is ﬁﬁ?ﬁ%@@ﬁé‘d@gg mﬁ‘&%ﬁdﬁ X of gtat i c
conpounds to su Spﬁfhﬂﬂ Eﬁmﬁ, ough
t he total aronaglp%sgﬁt({gdr??gn t 2%%‘%’2??28‘6‘3*%&% rov&ii&ﬂ(&? ,
based on | ubri caMashmddthNSlSSﬁoﬁ&h@:)atbﬁeﬁdstoeksaﬁatﬂasttboMBM CFR
178. 3620 and is based.on ultravigl et absorbancgs i.n the 300 to 359 n
range. ' preafmgly g@&% S3Ipe, Visposity, withi tﬁ%ﬁ‘\?@? g]sl ty
L Isglr”e'eaaeﬁst oM amsoﬁﬁfy ﬁam%,viauflﬁaﬁfaf)%o CAowek, Al WIS Bxihigd 1
detexmmcdbyIP346 or phase 1 of FDA (c). IP346 is a measure of polycyclic
aromatic compounds. Many of these compounds are carcmogens or suspected
‘carcinogens, especmlly 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 mh levels as to pass carcinogenicity tests
even though the total aromatics content of the lubricating oil may be up to 10
wt., based on lubricant basestock. The FDA (c) test is set forth in 21 CFR

178.3620 and is based on ultraviolet absofban_ces in the 300 to 359 nm range.

As can be seen from Figure 1, NOACK voliﬁlity is related to VI
for any given basestock. The relationship shown in Figure 1 is for a light
basestock (about 100N). If the goal is to meet a 22 wt% NOACK 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

s + With lower VI product by decreasing the cut width. In the limit set by zero cut
sy, Width, one can meet 22% NOACK at a VI of about 100. However, this approach,
., using distillation alone, incurs significant yicld debits.




basestock (about 100N). If the goal is to neet a 22 wt “NOACK for a 100N

oil, then the oil should have a VI of about 110 for a product with
typi cal -cut w dth, e.g., 5to 50%off by GCD at 60[err]C. Volatility
i nprovenents W38 chi eved with [ower VI product by decr eaBHESPRE0R ut
width. Inthe I'imt set by zero cut wi dt h, one can nmeet 22% NOACK at a

VI of about 100. However, this approach, =18-using distillation al one,
i ncurs significant yield debits.

- 18- : d Ki R | s § f, ' hi gh VI,
and consequent |y .l ow HyOAr g@‘g’g’égﬂﬂgg?ﬁ‘ﬁgpq S&rgdggpghfg%vﬁ?ﬂgm;? yi el ds)
than the procesy FONPROIACIC Liliob T 06 JchASE PEFRE i) B0

processes such as wax | sonmerization destrdy most o
responsi bl e f or théprosess\of the/invention: tFurtherhoredotiehydroefacking and lpsocesses | at t er

al so uses wax as f eedst ock whereas the present process is designed to

preserve wax as ﬁﬁ’&!‘o&?&%jlm F@p“ 9?8‘5@"& ?W%F?Pﬁgﬁgble ftor

Th f j | j: ' : i feed 8
€ process o %ﬂ%@??&%&c{ﬂ&%ﬁhﬁh&&éﬂé aThé 1atér AisQ U wax 45 [ ee

to vacuum pi pesti cal I'y an atnospheric reduced crude from an
at nospheri c pi pé&eddstock whereas ithe\present’processsis designéd i preserveswak asva paoduic?

(light), 14 (nedi nd 16 (heav may,be sent to solvent extraction unit
30 via line 18. W&%ﬁ%‘?l‘&&!‘% range from about 200[err]C to

about 650C. The bottoms from vacuum pipestill 10 may be sent through |ine
22 to a coker, a visbreaker or a deasphalting extraction unit 20 where the

bottoms are contacted w tTheprbeessof the invention iv finither illistatedbyoPigafe 2bThane
or pentane. The deasphalted qil .may .be conbined with distillate fromthe

vacuum pi pest i | feed® toryasuum nipestillAd is typcally am atmosphesic seducsd srudefromanhas a

further brocess ESspREC pipefl it howih Viricul el GAEQALSY 17 Al T4 1
sent .to a vi sbr ¢akdiom)and 16¢hésvy) aaybelsentto36eht @tracfibh ahit 30fvidHhy 181 r eans
may al so be added to_the feed to the extraction unit_through Line
These distillate cuts may range from about 200°C to about 650°C. The bottoms
from vacuum pipestill 10 may be sentthroughliné22toacoker,avisbreakeror
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 kine 26
provided that the deasphalted oil has a boiling point no greater than about 650°C
or is preferably sent on for further processing through line 24, The bottoms from
deaSphalﬁerZOcanbesentto#{visbrcakeforusedforasphaltproducﬁon. Other .
refinery 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. | : |

o In extraction unit 30, the distillate cuts are solvent extracted with

+5% 77 Nemethyl pyrrolidone and the extraction unit is preferably operated in counter-
 current mode. The solvent-to-oil ratio, extraction temperatare and percent water

in the solvent are used to control the degree of extraction, i.c., separation into a




28 provided they neet the feedstock criteria described previously for

raf fi nate feedstock. - : In extraction unit 30, the distillate
cuts are sol vgpgooifdsgacted with N-nethyl pyrrolidone and the @xiniasofge Unit
is preferably operated in counter- current node. The solvent-to-oil ratio,
extraction tenperature and percent water imghe solvent are used to control
the degree of extraction, i.e., separation into a

-19 - paraffins rich raffinate -and an aromatics rich extract The present
process perni t ajaffinsrich Afin1e ahd i atoinSis richeextct "The'prtgéntPrbéaast i on”
mode, i.e., a greater anmount of aromatics in the paraffins rich raffinate
phase. The ar onpemmits the ieytraction unit toropesate it ag Sunderextractionianoge.deassi ng

hr h i 32. T ffl : h I d d h |i 34 .
(hvouoh e 32, T ikt Bk SrBBE e eFRE B S s R B,
recycling and Sﬁﬁwmﬁwﬁmﬂﬁéﬁiﬁﬁrﬁg&?ﬁ%m. “helraffidatst

hydr oconversi on unit 42 The fi ydroconversion unit 42

cont ai ns KF- 840phaseds gendustsdthrovgh lineA4ctol sobvenb stripping unit36.a Stripped selweptr t
and avail able from Akzo el drogen i dmtted.to unit or actqr 42
“through |ine 44 %ﬂ?&‘fﬂm %@%@“ﬁf‘ﬁw@éﬁ igcond HPgh
340-420[err] C, K@Q@ﬂr&%@@f&k’m Wﬁ%ﬁ@ rom 800 to 2000 psig, space
vel ocity of froir%xg.S to 3.0 LHSV and a y(?rogen to feed ratio of from 500
to 5000 Scf/B. Gas chromat ogaphi ¢ conpari sons of the hydroconverted

raffinate indicate that t _po,wax isanerization i,s ' | ace, . ile
not wishing to be bound f’t@ﬁ?‘ﬁ&#ﬂ%ﬂ%mﬁ@wmﬁf gtwbmx\h -

Cortainty, to i atelniBdnbh & aRioftla Supgirt hda HAGE from 0Lt GHE, 1Y 1

are bei ng sat uHytlropenisiadmiftedito maitror megxtond2 througheline 44 Unit-conditions are

naphthenes, arey .cally temperatares of fram 340-420°C, hydrogen partial pressures from 800
to 2000 psig, space velocity of from 0.5 to 3.0 LHSV and a hydrogen to feed
ratio of from 500 to 5000 Sc/B. 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 removed, aromatic rings are
being saturated and naphthene rings, particularly multi-ring naphthenes, are -
selectively climinated. = . - |

Hydroconverted raffinate from unit 42 is sent through line 46 to
cold hydrofinishing wunit or reactor 50. Reaction conditions in unit are mild and
include a temperature of from 200-320°C, a hydrogen partial pressure of from
890to2000psig,aspacevelocilyofltoSLHSVandahydrogenfeedme'of

s fom500 to 5000 ScZB. This mild or cold hydrofinishing step further reduces
g toxicity to very low levels,




sel ectively elimnated. Hydroconverted raffinate fromunit
42 is sent through line 46 to cold hydrofinishing unit or reactor 50.
Reaction conditions in unit are mld and include a tenperature of from
200- 320[ er r ] CWI¥YMBogen partial pressure of from 800 to 2GBYSENEP109,
space velocity of 1 to 5 LHSV and a hydrogen feed rate of from500 to 5000
Scf/B. This mild or cold hydrofinishing ste% further reduces toxicity to.
very |l ow levels. -20 -

Hydrof i ni shed raffinate iggth ugh rator 54. .
Light liquid products andiggﬁ“‘g}%dr@ﬂf?% 3&%&‘&‘4“8%“&&#’8&3%% i ne 56.

The r emai ni g hygabiohisanqsghtiquid piodnses sBATANE' @6 stpnites lind FoVed thitmeh

dewaxi ng unit 60.” Dewaxi ng may occur by the use of solvents (| ntro

t hrough |ine 62)ineth6c I Theremaining hydnofinished raffinateds cbgdumdﬂmugllmevﬁﬁdong or
by a conbi natlﬁ t her eof. éoéf dewaxi rlljgyumt gg ut i I| sol vent dewaxi ng,

then hydrofi ni vents-Gnteoduced 50 t o

o 1 1romunit ?’“ﬁ%""?ﬁ?ﬁgg"éﬁi“e‘%’?y?gqﬁ" %‘%Waﬁ“"v%é"xg SRR R

wher ei n cat al yt mcconﬂnnﬂmnﬁem’oft 60vatibzessolveat dewsxing, ftheilewaxi ng

unit 60 utilize ewaxi n then t hy flnlshedrafflnatefrom
.reactor 50 shouﬁ'ﬁdﬂ’i WM%WMM
dewaxi ng unit 6Qu. S W th
or -wi t hout hydr0| sorrerl Z%Wegns \ﬁcrgglt e%&ﬂ%&%}?&ﬁé{ﬁﬁﬁuﬂt

| ubri cant bases60atay thenbeaent thewsecond dewiking aniti(astsho®ay wWhetkis eatalysices
waxy nol ecul es fromighe h droconverted_| ybri cant basest ock -t her eby

| overing the podewgsingofihe selventdemwaxed pil oceurs: dmmﬁgmt acted

devel oped by B Cuain biing, e eyl hed refiae sopLibiAT S SR aS

| ubri cant bases timolagh sepaeator 54 before being iconducied fordbwsixing Wiip60.C Catalytic
. dewaxing involves selective hydrocracking with or without hydroisomerization
-as a means to create low pour point lubricant basestocks. Solvent dewaxing with

optional cooling separates waxy molecules from the hydroconverted lubricant
basestock thereby lowering the pour point. Hydroconverted raffinate is

- preferably contacted with methyl isobutyl ketone followed by the DILCHILL
Dewaxing Process developed by Exxon. This method is well known in the art,
Finished lubricant basestock is removed through hne 64 and waxy product )

- through line 66.

Inﬂleprocessaccordmgto&emvenuon,anywaxycomponentsm
ﬂlefeedtoexnachonmnSOpassesvumﬂlyunchmgedﬂn'oughﬂlehydro-
-"-conversmnzoneandlseonductedtodewmngunltmwhereltmaybe
L e 1 as product.

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




t hrough I'i ne 66. In the process according to the invention,
any waxy conponents in the feed to extraction unit 30 passes virtually

unchanged t hr Q84598 hydro- conversion zone and is conduct ethcypusdfifigs NY

unit 60 where it may be recovered as product. The invention
is further illustrated by the follow ng nompdimting exanples.

-21 - Exanple 1 Thermal diffusion is a

techni que that can be used for separating hydr ocarbon m xtures into
nol-ecul ar types. Although it has been studied and used for over 100
years, no really satisfactory theoretical explanation for the

mechani sm of thgmpﬁilffusi on exists. The technique is described in the
following literature: A. L. Jones and E. C. M|l berger., Industrial
and Engi neering Chem sty, p. 2689, Dec. 1953. T. A Varhal | and

596\2/\( | Ivglngol der., | ndustr Thérndi diffidon RS teSlniqhe thiat by be fised for sepiatink2n.
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. Wathall 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.

The thermal diffusion apparatus used in the current application was
a batch unit constructed of two concentric stainless steel tubes with an annular
spacmgbetweenﬂ:emnerandoubertubs of 0.012 in. The length of the tubes
was approximate 6 fi. The sample to be tested is placed in the annular space
between the inner and outer concentric tubes. The inner tube had an _
 approximate outer diameter of 0.5 in. Application of this method requires that
... the inner and outer tubes be maintained at different temperatures. Generally
g, temperatures of 100 to 200°C for the outer wall and about 65°C for the inner
C -. wall are snitable for most lubricating oil samples. The temperatures are
" 4 maintained for periods of 3 to 14 days.




H A Harner and M M Bellany., Arrerlcan Laboratory, p. 41, Jan. 1972.

and references therein. The thermal diffusion
apparatus used in'the current application was a bat ch unit constructed
of two concenWQ¥ME¥B8i nl ess steel tubes with an annul ar PCHATSPIEp109

bet ween the inner and outer tubes of 0.012 in. The I ength of the tubes
was approximate 6 ft. The sanple to be test®¢t is placed in the annul ar
space bet ween the inner and outer concentric tubes. The i nner tube had

an approxi mat e outer er. .of pI | cat I, 0 th| met hod
requi res that the in “&’lﬂa?ﬂ? t"t?ﬁ)t% rent

tenperat ur es. th&ﬁﬁt] W dtmﬁm?@ HM%P hand
about 65[err]C for the inner wall' are suita or nos u rlcatlng oi |

sanpl es.. The ‘t enyisesdirom d¢lse temperature gradient-éstablished beteveen dee inheBaridoutér days.

-22 - Il e not, wi_shi und tQ anyprtlcular
theory, the t heWFHF 03%%" dubes; E%C‘t‘?ftefm? s ¢ hotten wall and

~ conventi on whi c &ﬂi’es @Fh’%e@%% t ween
t he i nner and out er V\gﬁs 8@1 concen r| c g‘i,ﬁ Ieaes .

diffuse tothe boddentration gradmht of dﬂ‘a@mm‘leuﬂhr d&ﬂsfﬁds é shitipb$)s esthblished
cooler inner walls and, ﬂf % concent tion gra |ent of different
)

mol ecul ar densi PYER PEI}0 eAncentration gradient, sampling | n

e e e g‘t}g%ﬁ?" gtspt‘ﬁ‘ﬁ%ﬁﬁ%éﬁtﬁ%ﬁswr?é the
concentric tubecondéntlidmbes cTenisrai comvemiontyrmbér of samipling pprts.t s.

Two sanpl es of oil basestocks were anal yzed by thermal diffusion
techni ques. The first is a conventional 150N basestock having a 102 VI and

prepared by sol vent extragkh %MW%M%CJMWM ditehsioh
techniques. The first is a conventional 150N basestock having a 102 VI and
- prepared by solvent extraction/dewaxing methods. The second is a 112 VI
basestock prepared by the raffinate hydroconversion (RHC) process according to
- the invention from a 100 VI, 250N raffinate. The samples were allowed to sit
for 7 days after which samples were removed from sampling ports 1-10 spaced
from top to bottom of the thermal diffusion apparatus.

The results are shown in Figure 3. Figure 3 demonstrates that even
~ a“good” conventional basestock havmg a 102 VI contains some very undesir-
able molecules from the standpoint of VI. Thus sampling ports 9 and especially
10 yield molecular fractions conummg very low VI's. These fractions which
~have VI’s in the -25 to -250rangehkelyoontammultl-rmgnaphthenes In
. contrast, the RHC product according to the invention contains far fewer multi-
.. ring naphthenes as evidenced by the VIs for products obtained from sampling
ports 9 and 10. Thus the present RHC process selectively destroys multi-ring
naphthenes and multi-ring aromatics from the feed without affecting the bulk of
- the other higher quality molecular species. The efficient removal of the




basest ock- prepared by the raffinate hydroconversi on (RHC) process accordi ng
to the invention froma 100 VI, 250N raffinate. The sanples were allowed to
sit for 7 dayg aft whi ch sanpl es were renoved from sanplin 10
spaced from tglﬁ?’dﬁra%ttom of the thermal diffusion apparat us&ﬂﬁ%ﬁsﬂw _
The results are shown in Figure 3. Figure_3sdenonstrates that even a "good"
conventional basestock having a 102 VI contains sone very undesir- able

nol ecul es fromthe standpoint of VI. Thus sanpling ports 9 and especially
10 yield nol ecuaﬁwi‘rmesgemés' ifiedbyPore10'isl i@ Veast partially PésponsibletfoP tife
which have VI's in the -25 to -250 range |ikely cont ainiraru?él‘s?i-ring

napht henes. | n improvemsent in NOACK yolatilitytat agivenvisegsity t he i nventi on
contains far fewer nmulti- ring naphthenes as evidenced by the VI's for
products obtained fromsanpling ports 9 and 10. Thus the present RHC
process selecti [|dastroys multi-ring naphthenes and nulti-ring aromatics
fromthe feed vﬂgg%%‘r_affecting the bulk of the other higher quality

nol ecul ar species. The efficient renoval of the

-23 - undesirabl e speci .as typjfied b rt 10.1s | eagt, .partially .
responsible for the i rrprmma/‘g %ﬂl&xcﬁyﬁtﬁeﬁﬁ&wg;y.
Exanple 2 . .ﬁen@&?rm%ﬁs QRER Rl ciﬂﬁfs@ Yo m&@- ;éﬁgl
useful in the p?cgglédsnslgg%g;g}gl ng to eg'i nver?"télﬁ%%'ve sugmai"lf%vre acl |cyst
cat al yst The | ojy KIEi840twhiclrissdopmhercinlliravRilablediionh Akzso Nobekand leislan agidityt abl e

from Akzo Nobel and_has an acidjity,  of 0.05. The other .catalyst is.a nore
aci di c, commer cPE9-09- i I i 3 more acidic M&V&g@lﬁga@Messes

having an estinpled idHydidofacking!proBeksts fVing infstimated acidity of 1 and identified
as Catalyst A. The feed is a 250N waxy raffinate having an initial boiling point
of 335°C, a mid-boiling point of 463°C and a final beiling point of 576°C, a
dewaﬁ:ed oil viscosity at 100°C of 8.13, a dewaxed oil VI of92 and a pour point
of -19°C. The results are shown in Tables 1 and 2.

TABLE 1
Comparison at Similar Conditions
- Operating Conditions - Catalyst
- Catalyst A KF-840
Temperature, °C . 355 360
LHSV, vWhr - . - 0.5 0.5
H, pressure psig 800 ' 800
H, to feed Scf/bbl 1600 1300
Conversion to 370°C-, wt. 22 . 11

ProductVI 114 116




as Catalyst A~ The feed is a 250N waxy raffinate having an initial boiling
point of 335C, a md-boiling point of 463C and a final boiling point of

576[err]C, a Wﬁgsoil viscosity at 100C of 8.13, a devvaxedﬁﬁ'bg”% mgf 92

and a pour po -19C. The results are shown in Tables 1 B

TABLE 1 Conpari son g Simlar Conditions
Oper ating Conditions Cat al'? t
Catal yst A . KF- 840 _ Tenperature, C 355
360 LHSV, v/v/hr . 5 0.5
H err] pressure psig 800 M 800
Herr] to feed Scf/bbl ' 1600, - 1300
Conversion to 370[err] C ,W
Product VI ons ———11Catalyst
-24 - - "~ TABLE 2 CatalystA KF-840
Conpari son at Sinilar Conlempsrature : Opédt i ng Condi ti 368
Cat al yst LHSV, viv/hr - , 0.5 Catalyst 85
KF- 840 ulh Terrpeni\pwsm-psig ' . - 800 345 - 800 : 36]0
LHSV, v/v/hr R 0.5 H err
pressure psig SO%mee?d%cﬁB 800 1600 H?qﬂo feed
ScB 1600Conversion to 370°C-, wigoo 11 Convitsion to
370[err] G, w. 11 : 11 '

S 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 s
- much lower. These results show that while more acidic catalysts have higher
activity, they have much lower selectivity for VI improvement,

Example3

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 effective way to improve volatility properties. “The results for a 250N
raffinate feed having a 100 VI DWO is shown in Table 3. Product was topped to
* the viscosity required and then dewaxed. | :




Product WV o 107 - 116 As
can be seen fromTable 1, if reaction conditions are simlar, then Cat al yst
A gives a nucg, '9 g conversion. |f conversion is held consg é}pﬁ

adj usting reacti’on conditions), then the VI of the product from yst A
is much I ower. These results show that whilsg _nore acidic catalysts have

hi gher activity, they have nuch | ower selectivity for VI inprovenent.
Exanpl e 3 This exanpl e shows that processes like |ubes
hydrocracking which typically involve a TABERgi d catalyst in the second of
two reactors is not the nost effective way to I nprove volatility

properties. The result gﬁctgr éw!ﬁi kfinate feed having a 100 VI DD is
shown in Table 3. Pr oda2 %2 @to-the v-i-scoﬂafﬁ'Ia yllr edn%Qrdsu;[nh’?p

dewaxed.

TABLE 3 - Vlstzow.&& orN@A@Céﬂ‘yst * Viscosity,cSt  NOQASKage
Process Yiekhs f i@l 00t dr ocYolatilityi, wt. * * Yield ? 100°C Vi s MalatilitySt
NOACK *** Vi scosity, cSt NOACK Yi el @ 100C '
Volatility, wt. 30(5e|d 6.5002 100C 33 Volat|5b7ty 650?)0 5 3.6
6. 500 3.3 69. 7 500 3. * 1st

st age conditiong: I\{A %g%&&}s fqﬁl&[igwm%% B,Sé&opll ﬁ,}osof,ﬁsb“%o

1200

** 2nd stage conditions: Nl/Mo/SJhca alumina catalyst, 366°C, 2000 psig H,,
1.0LHSYV, 2500 Scf/B

- **  Conditions: KF-840 catalyst, 353°C, 800 psig Hp, 0.49 LHSV, 1200 Scf/B
*++ Egtimated by GCD

With an acid silica-alumina type catalyst in the second reactor of
the 2 reactor process, the yield of product ofa glven volatility at the same
vnscosny 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)
rni set forth in ASTM 2887. GCD NOACK values can be correlated with absolute
051> NOACK values measured by ofher methods such as DIN 51581, .




Scf/B - ** 2nd stage conditions: Ni/MJ/Silica alum na caal yst,

366[err] C, 2000 psig Herr], 1.0 LHSV, 2500.Scf/B

~Condi tions: KF-840 catalyst, 353C, 800 psig H2, 0.49 LHSV,

«*x Est mat edVByH3H - Wth an acid sili ééggv%%%%type
catal yst in the second reactor of thez%_r eactor process, the yield of
product of a given volatility at the sane viscosity is lower than the
yield of the process of the invention using raffinate feeds. This

confirms that a |ow aci dimmwﬁsawmmemmk%m
Exanmple 4

- volatility selectively. May current -
comercially av hhevhamds&oteﬂmaxyfdﬁhﬁedOONs ¢ having & GCR NOAGK! ut ure

~engi ne oil volatl U|re ts. This exanples rat es. t hat
convent i onal exY‘P %%Mﬂsc %anr@%w}{lék ﬁ%s

NOACK vol ati |1 1 ?“ﬁa%é‘"hé.‘%’%‘*gés @H&%%‘?W%}Wﬁ# tiereees oy

set forth in ASiﬂulﬁéb% ity oftheakteiiall sAnsthercdlferhstivetd MOACKDbsol ut e
NOACK val ues neasured by other nmethods such as DIN 51
- 26- volatility s by removingymaterial at hothythe M@ﬂmsmd loys beilingemds i s

NOACK.val ati 11t 9P Tt B ity Bt Visdolieh (BBhe ol Hotf SF s ISR 0o ™
vol ati 1ty can fvd RiitoustheNORGH Vo tility Which éah O achivid 1Y giverivisIosey n0)

but this |ncreases
and they also have significant yield debits associated with them as outlined in the

following table:
S | TABLE 4
Distillation Assav of 100N Over-Extracted Waxy Raffinate (103 VI DWO *)
NOACK o Viscosity,

Processing = Volatility, wt.** Yield, % cSt_ @ 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 217 38.0 3900

* DWO = dewaxed oil

** estimated by GCD

- Example5

R I 5 The over-extracted feed from Example 4 was subjected to mﬁnate .
| hydroconverslon under the following conditions: KF-840 cmlyst at 353°C, 800 o
- psig Hp, 0.5 LHSV, 1200 Scf/B. Raffinate hydroconversmn under these - -

conditions increased the DWO VIto 111. The results are given in Table 5.




the viscosity of the material. Another alternative to inprovi ng NOACK
volatility is by renoving material at both the high boiling and | ow boiling
ends of the fgeMolspssri Nntain a constant viscosity (Heart-cutpcr/Bstsn3nd
these options have linmts to the NOACK volatility which can be achieved at
a given viscosity and they also have signi-f27cant yield debits associated
with themas outlined in the foll ow ng table:

TABLE 4 Distillation Assay of 100N Over-Extracted Waxy Raffinate (103 VI

DWO *) NOACK TABLE S
Vi scosity, Processi ng Volatility, wt.** Yield % cSt @
100C . None Distillatienl AYsay of Hydrocoivited Waxy 3. 816
Toppi ng 26. 2 RM[IOEI VI to 1113VPDWO) Heart - cut
22.7 ' 58.0 art-cut 22. 4
50. 8 3. 900 @t : 21. 7 38.0
fhe ' o( gl o e L, Y inyrisi © °
The over-extract rom was subj

"~ hydroconver si onl r the follow ng conditions: KF-840 catal yst at

- 353[err]C, 800 psigoigkerr], 0.5 LB®Y, 1200 Scf/Bgglgaf fi nate hydracanversion
under these condi mgi ncreased‘zihe DWO VI to &b The resultgogpe given

in Table 5. Heart-cut 209 73.8 3.900
Heart-cut 19.9 62.8 3.900
Heart-cut 192 522 3.900
Heart-cut 18.7 39.6 | 3.900
* Estimated by GCD

These results demonstrate that raffinate hydroconversion can achieve lower
NOACK volatility much more selectivity than by distillation alone, e.g., more
than double the 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 hydro-
conversion (RHC) process. The results given in Table 6 demonstrate that there
'is an overall yield credit associated with lower VI 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.




.27 - TABLE 5 -
Distillation Assay of Hydroconverted, Waxy Raf fi nate

(103 VI to 111 VI DWO NCACK * Processi ng
Volatility  WO9MIY| | d % Viscosity, cSt @ None PCT/US99/03109
38.5 ' 99.9 - Toppi ng 21.1

76. 2 3.900 Heart - cut -28- 20.9 ~73.8
3. 900 Heart - cut 19.9 62.8 3. 900
Heart - cut 19.2 52. 3.900

Hear t - cut 18. 7 %@—5 3.900 *

Estimated by GCD These results denonstrate that raffinate hydroconversion
can achi eve | ower NOACK vol ati | Visgositych nore selectivity than by Yieldof
distillation- al dfesd e. NOAGKre t oub[Bxtrattionyi eHyldraprozeéssi@\CkWaxy Product
Furthernore, sindd theVplaitigss 0100°Ce i nveWidldn r enoveXiepbor er midredistilise)

much | ower vol ati.lLities be vedth ydistil I on al one.
Exanpl e 6 log* : fﬁ'ﬂis 3% e |IIu 'rates t he Bg'éferred f eefQ5 or
the raffinate hywdre- comel si on(Rld@); procegs.o The resugsg given in jehle 6
denonstrate that there is an overall yield credit associated with | ower Vi
‘raffinates to achieve the sane groduct quality (110 VI') after t oppi ng and
dewaxi ng. The t 2bKF-340 catalyst 3531C, 80PipsigiH2 0.6 ISV, 12008e/BHC usi ng 100N

raffi nate feed.
*+ KF-840 catalyst, 363-366°C, 1200 psig Hp, 0.7 LHSV, 2400 Scf/B _

The yield to get to a 110 VI product directly from distillate by extraction alone is
only 39.1% which fuarther lllusirates the need to combine extraction with
hydroprocessing.

- While under-extracted feeds produce higher yields in RHC, use of
distillates as feeds is not preferred since very severe conditions (high temperature
~ and low LHSV) are required. For example, for a 250N distillate over KF-840 at
' 385°C, 0.26 LHSV, 1200 psi Hp, and 2000 Sci/B gas rate, only 104 VI product
was produced.

Also, combinations of dlsﬁllate hydroprocessing (to reach an
intermediate V1) then extraction to achieve target V1 is not preferred. This is
~* because the extraction process is nonselective for removal of naphthenes created
" from aromatics in the distillate hydroprocessing stage. |

In the raffinate hydroconversion process accerding to the
invention, the first reaction zone is followed by a second cold hydrofining (CHF)




og . ‘ | | TABLE 6

Vi scosity ' Yield of Feed NCACK

cSt @ EX 56grd1558 Hydr oprocessing  Waxy Product VI  pcYmisdénshed Y
100C Yield Yield (on distillate) 103 * 21.1

3. 900 53.7 76. 2 -2040.9 92 ** 21.1 4.034
73.9 63. 8 47.1 * KF-840 catal yst, 353[err]C, 800
psig Herr], 0.5 LHSV, 1200 Scf/B ** KF-840 catal yst, 363-366C, 1200 psig
Herr], 0.7 LHznfe ZAe(puspbéseidf CHE istogedice the comdentration bf tholécularaspecies

directly fromdijstill ate by extractjon alone is, on 39.,1% whi ch further
illustrates thEWMhifW@xMFPWXHm Hog pgly-

Wi | e under - ex %&Wwa@g igﬁ%ey' .4 :

distillates as geegs 'S not pre er'?eé%’ nce @%ﬁ%%con@ﬁ%%e(hi gh

t enper at ur e ancrebted/in tiie\firstreactiemzonee Onerof the testbsed asan indidatoiNofli stil | ate
over KF-840 at 385[err].C. 0.26 S 1200 psi Herr], and_20Q0 Scf/B gas
rate, only 10@@%&6@6}8{‘3’ B:H}UE{GEE“&IE*’R &3&20)“3&“3!)',3 PMat i ons
of distillate QE‘%PE% ' @vﬁ?ﬁ% ' rsgg&h' ghe [?gﬂ f.action
to achi eve targ%t 'S ?\%% pre ‘g‘r:t: d. -sbflqglgb cause ?%g)f%l; ragteiléie)r‘\3
process i s nondahemstrates thst'CHE rgreducesa produut wittcexcellest togicblogioakr omatics in

the distillate hydroproqcessing stage. .
properties which are much lower than the acceptable maximum values.

TABLE 7
FDA “C”
280-289 290-299 300-359 360-400
nm nm nm nm
FDA “C” MAX ' - : '
* (Absorbance Units) 0.7 0.6 0.4 0.09
Sample '
CHF Products _ -
DLM-120 0.42 0.25 0.22. 0.024

(CHF Process Conditions: 3 v/v/hr, 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/hr, 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/hr, 260°C, 800 psig, 1200 Scf/B)

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




Exanple 7 I'n the raffinate hydroconversion process according
to the invention, the first reactlon zone is followed by a second cold

hydr of i ni.ng (CHF) 29 - zone.
The purpose oWOSRHIBE o r educe the concentration of nol ecul"&”‘ésﬁ%’&%‘g%

whi ch contribute to toxicity. Such species_pay include 4- and 5-ring poly-
nucl ear aromati c conpounds, e.g., pyrenes ~#Arch either pass through or are
created in the first reaction zone. One of the tests used as an indicator
of potenti al to§ici;§ js the FDA "C' test (21 CFR 178.3620) which is based
on absor bances Itraviolet (UV) range of the spectrum The foll ow ng
tabl e denonstrates that CHF produces a product with excellent toxicological
properties which are nuch | ower than the acceptabl e maxi num val ues.

TABLE 7 Example 8 shows that pradnctsdrom RHC have outstanding -
280- 289 290 9
o tokdoologide bngeie, vesttl Yilchtacks mads sifher by pquypntional solvsnt
0.6 4 processing 6r %Q!rocrﬁlﬁn%@dﬁ&ésmm'ﬁ?ﬂ’ 346 and modified Ames .
0.42 0 25 024 (CHF Process Conditions: 3 v/v/hr,
260C, 800 psig, (mmage:ggnty ndey)iare dudustry wide measures of toxicity. The results are
| shown in Table 8.
TABLE 8
Commercial Commercial .
Solvent Extracted Hydrocracked RHC
Basestock : Basestock Basestock
100N 250N -JOON- 100N 250N
- IP346,wt% 055 055 - 0.67 011 0.15
~Mod Ames, MI 0.0 0.0 0.0 0.0 0.0
"FDA (C) (phase ) 0.22 0.22 0.21 0.02 0.03
(300359nn0

The results in Table 8 demonstrate that RHC produces a basestock

w1fh much improved toxicological propernes over convenuonal solvent extracted
* or hydrocracked basestocks F




(cont ai ni ng N=38 wppm S=0.6 wmt % on feed)) DLM 118

0. 26 ' 0.14 0.11 0.013 (CHF Process Conditions: 3 v/v/r,
260[ err] C, 80Wwopsu33s 1200 Scf/B Hydrogen) CHF Products DLM PC3/US99/03109
0. 36 0.23 0.17 0.016 (CHF Process Conditions: 2 v/v/hr,

260C, 800 psig. 1200 Scf/B) These resul +8ldenonst at e that—a CHF-step—
enabl es the product to easily pass the FDA "C' test.

-30 - Exanple 8 Exanpl e 8 shows t hat proﬂiﬂﬂmlﬂ&um{uﬁl"m#
out standi ng t oXClAIMSt cal properties versus basestocks i w0y
conventional solvent processing or hydrocracking. Besides FDA "C', |P 346
and nodi fied Ares (nutagenicity index) are industry w de neasures of

toxicity. The results apg Afﬁb&skfor'@’éhﬁmﬁgalubncmgoﬂbasestockby selectively

TABLE S Commer ci al Conmmer ci al

‘Sol vent Ext ractledroconvmaﬁMpmducedﬁ'om sokeent refining a lubricating oil

Basest ock as o k Basest ock 100N
| “’I‘EFS‘E\Y"E‘cil 18681 00N 250N o

250N

(8) 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; |

(c) passing the raffinate feed to a hydroconversion zone and processing the
raffinate feed in the presence of a noa-acidic hy&ocmmsim catalystata
‘temperature of from 340 to 420°C, a hydrogen partial pressure of from 800
‘to 2000 psig, space velocity of 0.2 to 3.0 LHSV and a hydrogen to feed
ratio of from 500 to 5000 Scf/B to produce a hydroconverted raffinate;

(d) passing the hydroconverted raffinate to a hydrofinishing zone and
conducting cold hydrofinishing of the hydroconverted raffinate in the
pmenceofahydroﬁnishingcatalystatawmpaatﬁreofﬁom200t0330°c, :

~ ahydrogen partial pressure of from 800 to 2000 psig, a space velocity of

.., from 1to5 LHSV and hydrogen to feed ratio of from 500 to 5000 Scf/B to

,' : _.;:-.-;.-::.I_produce a hydrofinished raffinate; .




Ry O MR o0 S

(phase 1) 0.22 0. 22 .02 0.03 (300-359
nm WO 9%/4t388 results in Tabl e 8 dermnstrate t hat RHECHUSHWBLYE 5

basestock with much inproved toxicol ogi cal l?gropert i es over conventional

sol vent extracted or hydrocracked basestoC
-31 - 1. A process for producing a |ubricating oi

. basestock by selegctivel nver g raffin rodyced from sol vent
refining a Iubrk atl?afsf é‘ﬁﬁ%‘&ﬁ@?ﬁ@i‘iﬁ%ﬁe agggmf) i?f%ﬂYﬁEP ﬁtsthe

lubricating oil fewbé lés@'ﬂiﬁf‘ibdﬁ%%@"@ &g zone and separating

therefroman aromatics fich extract and a paraffins rich raf finate;

(b) stripping the _rafflnate of sol vent to produce a raffinate feed having a
gg}/\ﬁ;(egfohlo \élrzgtszlrl; rIOQ a?oa g to about (15)5 and a flggxlleand ling -
- '- ~ catalytically dewaxing the hydrofinished raffinate under catalytic dewaxing
conditions in the presence of hydrogen and a catalytic dewaxing catalyst
comprising a metal hydrogenation component and a crystalline 10 or 12
_ring molecular sieve to produce a dewaxed basestock having a viscosity

" index of at least about 105,

2. A process for producing a lubricating oil basestock by
~ selectively hydroconverting a raffinate produced from solvent refining a -
lubricating oil feedstock which comprises: |

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

| ®) suippihg the raffinate of solvent to prdduce a raffinate feed having a
 dewaxed oil viscosity index from about 85 to about 105 and a final bo:]mg .
point of no greater than about 650°C; '

_ (c) passmgﬂlemfﬁnate feed to ahydroconvers:onzoneandprocessmgthe .
o rafﬁnatehdmthepresenceofanon—acldlchydmconversxoncamlystata
, temperature of from 340 to 420°C, a hydrogen partial pressure of from 800 -
"+ 940 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 hydroconverted raffinate;




(c) passing the raffinate feed to zone and processing the
raffinate feed in the presence of lmﬂnmﬂlmmﬂlmoconvers. on catal yst at
a t enper glgoR138 from 340 to 420Fert] C' & hy'dr ogen part pelgessamsesr € of
from 800 to 2000 psig, space velocity of 0.2 to 3.0 LHSV and a
hydrogen to feed ratio of from 500 tQ33Q00 Scf/B to produce a

hydr oconverted raffinate; (d) passing the hydroconverted raffinate to a
hydr of i ni shi ng zone and conducting cold hydrofinishing of the
hydroconverted ¢ fp assihg thehydroconverted raffinste do athydrdfinishifg réastiom gommamd yst
at a terrperature of fro

from 800 to 2000 psogduchngrol g é%%@fﬁe%%%@%{@swe of
hydrogen to feed r%%ofﬁmwmyﬁ %ﬂerama?ﬁ%ﬂt‘fﬂ)ﬁ)%wc

hydr of i ni shed raf fi*nat e,

-32- (e) passing atlk}&kbgdrpdmal ssure of from800 tb 2000 psipn celvelauity
renmove products havi ng b}glbl in Iess than about 258%:‘ and efééé
Vrand-h fd

passi ng the hydr of iffremHde ¥ egrnstofeed watioref from 500 to 50008

catal ytically devvam n the [0 1:N1.Sh af finate under catal ytic dewaxi ng
conditions in the *a catal ytic dewaxi ng catal yst

conprising a metal hydrogenatlon conponent and a crystalline 10 or 12

ring nol ecular sieve to produce a dewaxed basestock haV|ng a viscosity .
i ndex of at |eafs) aobientdewaxing the hydrofinish Mw@@swmm ng a

| ubricating oil basesaﬁck %ﬂg@ e%l'vgftlélew&e&oﬁ%avert IP&“ flésis%‘ﬁne

produced from sol v
about 10°C; and

(D catalytically dewaxing the solvent dewaxed oil under catalytic dewaxing
conditions in the presence of hydrogen and a catalytic dewaxing catalyst
comprising a metal hydrogenation component and a crystalline 10 or 12
ring molecular sieve to produce a dewaxed basestock having a viscosity
index of at least about 105,

3. A process for producing a lubricating oil basestock by selectively
hydroconvertmg a raffinate produced from solvent reﬁmng a lubncaﬂng oil
feedstock which compnse5° = '

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

(b) stripping the raffinate of solvent to produce a raffinate feed having a
1 s1;;, dewaxed oil viscosity index from about 85 to about 105 and a final boiling
point of no greater than about 650°C;




| ubricating oil feedstock which c conducting the '
| ubricating oil feedstock to a SOT[I',I!JT'E "IHHujm"lzone and separ ating
therefom an aromatics rich extract *and arparafs i ns rich raffinat (b)
strippi ng theWOM®HIREt e of solvent to produce a raffinate feé’@"'ﬂ’&%’%@wa
dewaxed oil viscosity index from about -85 to about 105 and a final boiling
point of no greater than about 650C, (cP4-passing the raffinate feed to
a hydroconversion zone and proce55| ng t he raffinate feed in the

resence of an -acidic hydgocon i 0 talyst,at a enper at ure of
Prom 340 to 420€ g’éﬂ% °§fi P@?@@%WS%WQB’%M

space vel ocity of: f

p y feed ﬁﬂ%\eﬁr&dbﬁc@ofﬁﬁbﬂ Qﬁﬁﬁ?a tempeﬁﬁﬁ:‘ecbfo

from 500 to 5000 Scf/B to produce a hydroconverted nat e;

- 33 - (d) paimm§40m4mammm@rmdmmﬁmsw¢oaompsm ng

reaction zone and of i pi shi ng of t he '

hydr oconverted raf ﬁp?ﬁft?l?‘?’m °thgwe¥nik@<§9 o feed ratip effrom 500

catal yst at a tenpgsabod S Fﬁ;&& dl%é&‘ﬁrerbedraqnam@ hydrogen partial

pressure of from 800 to 208%Eps g, sphge velocity o fromlto 5

LHSV and hydrogen to feed ratio of from500 to 5000 Scf/B to

produce a hydrofini shed raffinate; e ent de X|ng the

hydr of i ni shed r H&F@ mmﬁﬂﬁ&@ﬁnﬂ olyent dewaxing obt ai n

a sol vent dewaxed %hdlﬁﬁiﬂWoﬁaﬁ%ol@&t%@@oﬂﬂ%ngammpoﬁﬁ?&tsﬂ}&c and
about 10°C;

(¢) catalytically dewaxing the solvent dewaxed oil under catalytic dewaxing
conditions in the presence of hydrogen and a catalytic dewaxing catalyst
comprising a metal hydrogenation component and a crystalline 10 or 12
ring molecular sieve to produce a catalytically dewaxed oil; and

() passing the catalytically dewaxed oil to a hydrofinishing reaction zone and
conducting cold hydrofinishing of the catalytically dewaxed oil in the
presence of a hydroﬂmsbmg catalyst at a temperature of from 200 to 330°C,
a hydrogen partial pressure of fram 800 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 dewaxed basestock having a viscosity index of at least about 105.

4. The process of claims 1, 2 or 3 wherein the raffinte foed has a
_  lﬁnalboilingpointnogreaterthan about 600°C.

-5, The process of claims 1, 2 or 3 wheremthetemperatmemﬂle
hydroconversxonzonelsfrom360to390°c




dovaxing - Conai trons i n- HGIANEIREHRES or ogen anca” 2t ol v

dewaxi ng cat al wgfooxu133s conpri8ing & nétal hydrogenation corgwossswosmad a
crystalline 10 or 12 ring nol ecul ar sieve to produce a dewaxed
basest ock having a viscosity I ndex-3%- at | east about 105.

3. A process for producing a lubricating oil basestock by selectively
hydroconverting a raffinate produced fromsolvent refining a |ubricating

oi | f eedst ock whi ch cénpFliesprocess ofclaim; 1,2 ao 3 ovtienejnthe:nonsheidicchydrg- oi |
feedstock to a solveni extractio t|n t herefrom an
aromatics rich “éﬁé‘l%& MM&%"H&& b) stripping
the raffinate of awﬁﬁg%wh gm i nate feed having a dewaxed oil .
viscosity index lProma out 85 to a out 05 and a final boiling-
poi nt of no greater than about 65[err]C
- 34- (c) passing the raffinate f o a hydroconver n.zo and
processing the - Jy'ra P%‘SPE t%@r Vgﬁﬁe&‘% ﬁﬁ%ﬂm&?
catalyst at a't géﬁ*cw%g b9 dPc420C, a hydrogen partlal
pressure of fro%gg %I) E of @g’pace velocity of 0.2 to 3.0
LHSV and a hydrogen to feed ratlo of from500 : to 5000 Scf/B to
roduce a h droconverted rgffinate;
P y a’I’he process of claims 1, 2 or 3 wherein the non-acidic
hydroconversion catalyst has an acidity less than about 0.5, said acidity being
determined by the ability of the catalyst to convert 2-methyl-2-pentene to 3-
meﬂtyl-z-pentmé and 4-methyl-2-pentene and is expressed as the mole ratio of

3-methyl-2-pentene to 4-methyl-2-pentene.

9. The process of claims 1, 2 or 3 wherein the dewaxed basestock
has a saturates content of at least 90 wt., a VI increase of at least 10 greater than
the VI of 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, a residual aromatics content sufficient to
impart good solvency properties to the oil, and which passes toxicity tests as

_ measm‘edetheFDA(c) orIP 346 tests.

10. The process of claims 1, 2 or 3 wherein the catalytic dewaxing
 catalyst is a zeolite selected from ZSM-5, ZSM-11, ZSM-12, theta-1, ZSM-23,
ZSM-35, ferrierite, ZSM-48, ZSM-57, beta, mordenite and offretite.

11, Theprocessofclmmsl 20r3whetexnﬂ1eca|nlyucdewaxmg
catalyst:sanalumnnnnphosphzteselectedﬁumSAPO-ll SAPO-31 and
SAPO41. =




(d) solvent dewaxing the hydr ate under sol vent dewaxi ng
conditions to obtain a sol venﬂmmmye mﬂ M| ng a pour point |less than
about 10C, g catal ytically WaiX I 189 e sol vent dewaxed oil under
catal yti c dewdf conditions in the presence of hyRFEUERANE o
catal yti c dewaxi ng catal yst : conpriging a nmetal hydrogenation
conponent and a crystalline 10 or 12 " ring nolecular sieve to
produce a catal ytically dewaxed oil; and (f) passing the

catal ytically dewaxed oil to a hydrofinishing reaction zone and

conducting cold hydrofinishing of the catalytically dewaxed oil in the
presence of a hydrofini 98] Mh&prosesOF cliims 1} 260 Sviliezein thé cataRic RWakihg330C,
a -hydrogen partial_ pressure of from 800 to 2000 psig, a spacé velocity of
from1 to 5 LHSkatalystisaeomposite of § erystallineimolecular sieves@nl amamorphodef / B t o
produce a dewaxed bas ﬁﬁ tock having a viscosity index of at |east about 105.
4. The process gy 1, 2 or 3 wherein the raffinate feed has a

final boiling p0|nt no greater than about 600C. 5. The process of clains
1, 2 or 3 wherein the tenperature in the - hydroconver5|on zone is from
360 to 390C. 13. The process of claims 1, 2 or 3 wherein the catalyfic-dewaxing

6. The process of clal er,ein non- aC|d|c hydr o- conversi on
catalyst is cob® me@%ﬂ% ﬁég ©f amorphous component and
a second layer of crystalline molecular sieve.

14. The process of claims 1, 2 or 3 wherein the metal
hydrogenation component of the catalytic dewaxing catalyst is at least one of a
Group VIB and Group VII metal.

15. The process of claims 2 or 3 wherein solvent dewaxing uses at

- least one of propane, butane, methyl ethyl ketone, methyl isobutyl ketone,
. benzene, toluene and xylene.

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

17. The process of claims 2 or 3 wherein solvent dewaxing
annpnsmlnnnngﬂhehydnﬂhnﬂmﬂxnﬂhnﬂevnﬂlachﬂhdsdhmntﬂ:ﬁnnlan
m‘“oﬂﬂmhnmmmdmhnnnmmedvnﬂlpnmqnuWulwmx,sqwnuhngpnannnmi“mx
from the oil-solvent solution, and separating the solvent from the solvent-oil
mﬂnhnnﬂhxdhyﬂnnmngasohnmtdbmmmedoﬂ.

~-Va&w*Wﬁa T




ni ckel /tungsten on an al um na support. 7. The process of
clains 1, 2 or 3 wherein the cold hHydrofinishing is conducted at a

t enper at ure ofvofesmisse30 to 300C. - 8. The procesecrfussdasions 1,
2 or 3 wherein the non-acidic hydroconversion catalyst has an acidity |ess
than about 0.5, said acidity being det er Mhed by the ability of the
catal yst to convert 2-nethyl-2-pentene to 3- nethyl-2-pentene and

4- et hyl-- 2-pentene and is expressed as the nole ratio of 3-nethyl-2-pentene
to 4-nmethyl - 2- pent ene. ' 9. The process of clains 1, 2 or 3
wherein the dewaxed basestock has a saturates content of at least 90 wt., a
VI increase of at |east 10 greater than the VI of the raffinate feed, a
NOACK vol atility inmprovenent over raffinate feedstock of at |east about 3
wt. at the sane viscosity in the range of viscosity from3.5to 6.5 cSt
viscosity at 100[err]C, a residual aromatics content sufficient to inpart
good sol vency properties to the oil, and which passes toxicity tests as
nmeasured by the FDA(c) or -1 P 346 tests. 10. The process of
claims 1, 2 or 3 wherein the catalytic dewaxing catalyst is-ajzeolite

sel ect ed fr oprZSi-o—ZShrti—ZSh 42 —tretar—tr—rShrge—tEh=-a - f €I rierite,
ZSM 48, ZSMPp7, beta, nordenite and offretite. ~4#1. The
process of cfaims 1,2 or3 wherein the catal ytic dewaxing cafalyst is an

al um num phgsphat e sel ected from SAPO 11, SAPO 31 and SAPO-ML.

| 110 120
-Viscosity Index (for 20 ¢St @ 40°C)
FIG. 1
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-36 - _ 12. The process of clainms 1, 2 or 3 wherein the
catal yti c dewaxing catalyst is a conposite of a crystalline nolecular sieve
and an anDrphous conponent . 13. The process of clainms 1, 2 or
3 wherein theWO4I¥ti c dewaxing catalyst is |ayered catal ystCHUSPS? W ng a
first layer of anorphous conponent and &/8econd | ayer of crystalline

nol ecul ar si eve. 14. The process of clains 1, 2 or 3 wherein
t he net al hydrogenatlon conponent of the catal ytic: demaX|ng catalyst is at
| east one of a Goup VIB and G oup VII netal. 15. The process

of claims 2 or 3 wherein sol vent demaX|ng uses | east one of propane,
but ane, nethyl ethyl ketone, h ' ke{ohe, benzene, toluene and
xyl ene. - 16. The Ss of claims 1jor 2 wherein the

catal yti c dewaxing ste :
17. The process of qlainms 2 or 3 wherein solvent dgwaxXf ng conprles m Xi ng

the hydrofinished rgffinate wwtha chilled solvent jtg f.orm an oil-sol vent
separating prqclpi’tated wax .fromthe
_the solvent ffjomtge solvent-oi
T3
L ©
W

sol ution mxed w th Jprecipitaed wex,
oi | -sol vent solution,
solution thereby for

52

50

46~\

FIG. 2.
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