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LUBRI'CANT PRODUCTI ON BY HYDRO SOVERI ZATI ON OF SOLVENT

EXTRACTED FEEDSTOCKS The present invention relates to a process
“for t he production of lubricants and nore particularly, 5 to a
proéess for the production of hydrocarbon | ubricants of high viscosity
I ndex. M neral oil lubricants are derived from various crude
oil stocks by a variety of refining pr3tesses whi ch are directed
towards obtaining a |lubricant base 10 stock of suitable boiling point,

vi scosity, ViscoSitlhrreant DROBY hdoMaRs AFEE IoH k6Pvmieneral ly,

t he base stoc e RE : ) -
distillation of the crude in atnospheric and vacuum distillation
towers, followed by the separation of 15 undesi rabl e aromati c conponents
and finally, by deapragenh dnysrtbeR ¥91AteRi By s mEpsesBetMse

aromati ¢ conponenthel pstuctibh gdf Qubedsants andomore partisadariy, i ndi ces and
poor oxidative staRiki €e u halet 4 udes i s not
preferred as the §g L,éxlyugle%go oréctéiee ?ggﬁ&ec 1] eggt%giéa%%ﬁﬁbe extrenely | ow
affer the large g &Hf?‘%/?’&s Sf BIBhYEFERH D IRERKs contai ned in such
crudes have been separMiretadueil lubripants fane decriveit fxocksrivdd t herefore

be preferred cllidle 3 ANMRbEkS GRR AAVh Bty QFCULESSInY Irosbidds e 25
necessary in ord_e;dhg_fq_hrenove undesi.r abl

arqQmati.c cqQnmpopents. In the
case of the Lubri Cant dist Arrare t‘_’wa_‘F‘?%ccfl_’%oaﬁg,l?%e%e}%ﬁlggi?g%ﬁeed to as
the neutral s}0  steck oheaifahteithodiling|ppinthevisaesitat,c viscomity
aromatics will beiadéxactmdahy StHetcrhafxdteaxtisit@Bs. Generally, the
' base stock will be produced from the crude oil by

.distillation of the crude in atmospheric and vacuum

distillation towers, followed by the separation of

15 undesirable aromatic components and :inally, by
dewaxing and various finishing steps. Because
aromatic components lead to high wviscosity, poor
viscosity indices and poor oxidative stability, the
use of asphaltic type crudes is not preferred as the

20 yield of acceptable lube stocks will be extremely low

' after the large quantities of aromatic components

contained in such crudes have been separated out;
paraffinic crude stocks will therefore be preferred
but aromatic separation procedures will still be

25  necessary in order to remove undesirable aromatic
components. In the case of the lubricant distillate
fractions, generally referred to as the neutrals,
e.g. heavy neutral, light neutral, etc., the
aromatics will be extracted by solvent extraction !

30 using'a solvent such as phenol, furfural or N-
methylpyrrolidone (NMP) or another material which is
selective for the extraction of the aromatic
components. If the lube stock is a residual lube
stock, the asphaltenes will first be removed in a

35 propane deasphalting step followed by solvent
extraction of residual aromatics to produce a lube



30 using a solvent such as phenol, furfural or N met hyl pyrrol i done
(NMP) or another material which is sel ective for the extraction of the
aromatic conponents. If the lube stock is a residual |ube st ock,
the asphaltenes will first be renoved in a 35 propane deasphalting step
foll owed by sol vent extraction of residual aromatics to produce a | ube
-2- generally referred to as bright stock. In either case,
however, a dewaxing step is nornally nmécessary - in order for the

| ubricant to have a satisfactorily | ow pour point and cloud point, so
that it will not 5 solidify or precipitate the |l ess soluble paraffinic
conponents under the influence of | ow tenperatures. A nunber of

dewaxi ng processq&nafﬂiw@werfed R as brigit elewrl r efd riikgerndustry and of

t hese, sol vent Wvgg, %x&néée%%hﬁggmgﬂywegggﬁégtone 10

(MEK) and liquid probane ed the
wi dest use in thdn AEdRY rff’r R@ee}ﬁhr}cant to thawey ar saﬁ%ﬁi&é’-&!’éllﬁave been
made for using cabal pbur point samdvaliong poiwtessesthat ithevipdodoeti on of

lubricating g s%u'mﬁ s 9@9 BhEC %@9&@8&&&% gr of 15

advant ages over the con entlona so vent de rocedures. The

catal ytic dewaxi FGTBPBERES S2ARR; The 1“f1“ﬁﬂﬁ%‘ﬁ%3%pr AFULPR- general | y

simlar to those A number of dewaxing processes are known in the

petroleum refining industry and of'these, solvent
dewaxing with solvents such as methylethylketone

10 (MEK) and liquid propane, has been the one which has
achieved the widest use in the industry. Recently,
however, proposals have been made for using catalytic
dewaxing processes for the production of lubricating
0il stocks and these processes possess a number of

15 advantages over the conventional solvent dewaxing
procedures. The catalytic dewaxing processes which
have been proposed are generally similar to those
which have been proposed for dewaxing the middle
distillate fractions such as heating oils, jet fuels

20 and kerosenes, of which a number have been disclosed
in the literature, for example, in 0il and Gas
Journal, January 6, 1975, pp. 69-73 and U.S. Patents
Nos. RE 28,398, 3,956,102 and 4,100,056. Generally,
these processes operate by selectively cracking the

25 longer chain end paraffins to produce lower molecular
weight products which may then be removed by
distillation from the higher boiling lube stock. The
catalysts which have been proposed for this purpose
have usually been zeolites which have a pore size

30 which admits the straight chain, waxy n-paraffins
either alone or with only slightly branched chain
paraffins but which exclude more highly branched
materials and cycloaliphatics. 2eolites such as 2SM-
5, ZSM-11, ZsM-12, ZSM-22, ZSM-23, ZSM~35 and ZSM-38

35 have been proposed for this purpose in dewaxing
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whi ch have been proposed for dewaxing the mddle distillate fractions
such as heating oils, jet fuels 20 and kerosenes, of which a nunber have

been di scl osed inthe literature, for exanple, in Gl and Gas
Journal , January 6, 1975, pp. 69-73 and U. S. Patents Nos. RE 28, 398,
3,956,102 and 4, 100, 056. GCenerally, t hese processes operate by

sel ectively cracking the 25 | onger chain end paraffins to produce | ower
nmol ecul ar wei ght products which ﬁﬁ? t hen be renoved by

distillation fromthe higher boiling |ube stock. The catal ysts which
have ‘been proposed for this purpose have usual |y been zeolites which

have a pore size 30 which admts the straight chain, waxy n-paraffins

ei ther alone or Brobessds, i descnibedahnHed cPattent Nosparaffins but which
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such as , an

have been proposgaéf65524¥%éBﬁur%ﬁéﬁfﬁxﬁnaeﬁé%ﬁ%ﬁé emgl°ylng

- 3- pr o8¥9thatiqoffretiteds dgseribedincHrSNPRatent Nog 894, 938,

4,176, 050, 4518145989, %7422, 855, 4,229, 282 and 4, 247, 388. A dewaxi ng

process enpl oyi ng etq hebkLesd CLl ' . Patent No.

5 4,259, 174. Méy‘%qﬂhtghg hggt‘,{?é";%%% a?jﬁﬁ’%%%e&gﬁ?%gée%r gggsses are
commercially attractive because they do not produce

quantities of solid paréffin wax which presently is
regarded as an undesirable, low value product, they

10 do have certain disadvantages and because of this,
certain proposals have been made for combining the
catalytic dewaxing processes with other processes in
order to produce lube stocks of satisfactory
properties. For example, U.S. Patent No. 4,181,598

15 discloses a method for producing a high quality lube
base stock by subjecting a waxy fraction to solvent
refining, followed by catalytic dewaxing over ZSM-§
with subsequent hydrotreatment of the product. U.S.
Patent No. 4,428,819 discloses a process for

20 improving the quality of catalytically dewaxed lube
stocks by subjecting the catalytically dewaxed oil to
a hydroisomerization process which removes residual
quanﬁities of petrolatum wax which contribute to poor
performance in the Overnight Cloud Point test (ASTM

25 D2500-66). This process is intended to overcome one
disadvantage of the intermediate pore dewaxing
catalysts such as ZSM-5 which is that the normal
paraffins are cracked much faster than the slightly
branched chain paraffins and cycloparaffins so that,

30 although a satisfactory pour point is attained
{(because the straight chain paraffins are removed)
residual quantities of branched chain paraffins and
cycloparaffins may be left in the oil, to contribute
to a poor performancé in the Overnight Cloud Point

35 test when the oil is subjected to a relatively low



commercially attractive because they do not produce guantities of .

salid paraffin wax which presently is regarded as an undesirable, |ow
val ue product, they 10 do have certain di sadvantages and because of this,
certain proposals have been made for conbining the catal yti c dewaxi ng
processes with other processes in order to produce |ube stocks of
satisfactory properties. For exanpie, U S. Patent No. 4,181,598 15

di scl oses a nethod for producing a high quality |ube base stock by
subjecting a waxy fraction to sol vent -refining, followed by catal ytic
dewaxi ng over ZSM 5 W th subsequent hydrotreatnent of the product.
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quality of catalyflca C by t he
catal ytically dewsktt tdme. the petrglatum saxowhirh ais mader upcet thiei ch
renoves residual less.splablétskightiypetamihaduenaby pdvadtifondgd bute to poor
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process is ingende t 0 _qQvercone gnhe vantage o . medi at e
pore dewaxi ng Of & SHEgirient, §428st9 ARG B HPeECeptdble NRazfor nal
paraffins are crabkehbuahclitfweulsl behpossibdeskbghemgve the branched chain
par aI fins ?{ld, Cygbﬂﬁﬁﬁ’l&fthhnﬁa:‘écbft Era‘!?ﬁ'ng tﬁatht Bﬁ&%xﬁ; §§F%§£§qtogy pour Q)
poi nt i's attaine e,stral chain paraffins are renove
residual quantiti Bloher grggﬁ%ﬁ%%%cﬁgi ﬁg%%raté‘%sfng"%?f‘e%%s WexScl opar af fi ns
may be left in thESRRYed tggebhry withethe straighf chaim peradfimece in the
Overni ght C 30d Pthetyiid lbestwhichnwodil Giesul8, Shdy enedal Dy dedl ati vely

| ow considered unacceptable.

As mentioned aboﬁe, the conventional catalytic
dewaxing processes using intermediate pore size
zeolites such as ZSM-5 operate by selectively

15 cracking the waxy components of the feed. This
results in a loss in yield since the components which
are in the desired boiling range undergo a bulk
conversion to lower boiling fractions which, although
they may be useful in other products, must be removed

20 from the lube stock. A notable advance in the
processing of lube stocks is described in U.S.
Patents Nos. 4,419,220 and 4,518,485, in which the
waxy components of the feed, comprising straight
chain and slightly branched chain paraffins, are

25 removed by isomerization over a catalyst based on
zeolite beta.

During the isomerization, the waxy components
are converted to relatively less waxy isoparaffins
and at the same time, the slightly branched chain

30 paraffins undergo isomerization to more highly
branched aliphatics. A measure of cracking does take
place during the operation so that not only is the
pour point reduced by reason of the isomerization
but, in addition, the heavy ends undergo some '

35 cracking or hydrocracking to form liquid range



tenperature for an extended period of time. During this tinme, the
petrol atum wax which is made up of the | ess soluble slightly branched
chain paraffins and cycl oparaffins, nucleates and grows into wax
crystals 5 of a sufficient size to produce a perceptible haze.

Al t hough it woul d be possible to renove the petrol at um wax by
operating the dewaxi ng process at a =5= higher conversion so that these
conmponents were renoved together with the straight chain paraffins, 10
the yield | oss which would result, has generally been consi dered
unaccept abl e. ~As nentioned above, the conventional catalytic
dewaxi ng processpateridlg whiéh EsHtaibuPdlth 9 16w viscosdelli tes such as ZSM 5

operate by sel ecf 15 C Qghin t of ,.the feed. This
results in a Iosg’i‘%‘%&%'el 8‘}&‘%; %gfcgﬁ%@éﬁt (sig\'/\nlﬁr%lﬁ ek, E‘é’?’&? t he
desired boiling Fan¥® thaaipkain AR puch of dhe, £pedskrdo asower boil i ng
fracti ons whi ch, paksitsiigglin the ddyredojoilrings ehngel n i hehtpoweiCt S, nMust

b d 2 t . |
Focossing of | ubsomtdas REOSe ees’s \HAVECWNAIERS Babffon | 410 5

processi ng of |ube sjocks iS descri ) .S, at ent's
and 4,518, 485, i ARkt beta, together wibth ) fitable hydrogepatienmpri sing
straight . chdehydrmyeniacjgbn | gonpomenhevhictmiis pypiddlilysa hase 25 renoved
Bl v oot g ekt st ot oiele
rel at igvel y less \?\’éx?‘? g%&?ﬁf?y\ﬁ@“ °gp§?|%lrkgtemfﬁgssme ﬁeﬁ\éf’df‘ﬁe slightly
branched chd®n 3%ableased insthisianesifieatian, isi thettahdere highly
branched al i phat iapproved®3sUUPACY, Guehkascdbadt,t AéEybdenump! ace during the
operation so thatniegél,oné&ﬁggg hN&a11aai B0 Wr AR &xﬁ‘?‘“ﬁ&d by reason of the
i soneri zation ui, In-a drtifon 2the hea _enas undergo sone 35
cracki ng or hydr GeFSEXRey 10Ut Br nf 419%GurB5 ¢ a"r{’gfg isomerization
dewaxing step may be preceded by a hydrotreating step
1s in order to remove heterocatom-containing impurities,
which may be separated in an interstage separation
process similar to that employed in two-stage
hydrotreating-hydrocracking processes.
The zeolite beta dewaxing process has
20 significant advantages for dewaxing extremely waxy
feeds, for example, Pacific and South-East Asian gas
oils which may have upwards of 50 percent paraffins.
Enhanced utilization of the properties of zeolite
beta may, however, be secured by utilizing it in
25 combination with other processing steps. For
example, Europeah Patent Application Publication No.
225,053 (corresponding to U.S. Application Serial No.
793,937, filed 1 November 1985 and U.S. Pat. No.
4,919,788) utilizes an initial hydroisomerization
30 step using a zeolite beta catalyst followed by a
selective dewaxing over ZsSM-5 or ZSM-23 or even
solvent dewaxing to produce a product of high V.I.
and low pour point. The initial hydroisomerization
effectively removes waxy components from the back end
35 of the feeds by isomerizing them to high V.I.



materials which contribute to a | ow viscosity product. The degree of

cracking is,- however, limted so as to maintain as nmuch of the

f eedst ock as possible in the desired boiling range. As nentioned 5
above, this process uses a catalyst which is based on zeolite beta,
together with a suitable hydrogenati on- dehydr ogenati on conponent
which is typically a base nmetal or a noble netal, usually of group VIA
or VIII1A of the Periodic Tabl e of-¢he Elenents (the periodic 10

table used in this specification is the table approved by 1 UPAC), such
as cobal t, nol ybdenum ni ckel, tungsten, palladiumor platinum As
described in U S. 4,518,485, the isonerization dewaxi ng step may be

preceded by a hydigsgraifitifs Siep the subdedUeitt séDedtiiRY @ewaxing
ot ooy cont 21 B0 JIMELLL £y romoflll FRGHRVSRE SRR Bh bl gl

i nterstage separat|
hydr ot r eat i ng- hde’b%rtéé'HFﬁgP?)‘F’b&?é@Es Extremely wapfp 5286 $t¥e@8 dewaxi ng

process has 20 slapk Waxaahd atbcdledgesx faxre d€vwpartigudskr ete] itwaxy
feeds, for exgnpl g, fad E&Scéﬁi §Q%Qs§:?:‘.—‘ded”§.haﬁ .$2Patent gbls which may

have upmards of 50 perc paraf fi1ns. hanced util1zation of the
properties of zeo$f§) 1 157, b%?’é"%mﬂ%m prﬁﬁs‘é‘é%ured by utilizing it in
25  conbi nati on hyd¥pistomeripaticys pragessespusedFin the preduetian Eur opean

Pat ent Applicati ogs Reddy ®a5h0N. NO-1ubes (120-145 V.I.) typically
employ pressures over 1500 psig (about 10,440 kPa).

10 See, for example, Developments in Lubrication
PD19(2), 221-228 (Bull). Unlike these, the zeolite
beta isomerization process operates well at low to
moderate hydrogen pressures e.g. 300-1250 psig (about
2170-8720 kPa) and is therefore readily accommodated

15 in existing low pressure refinery units e.q.
Catalytic Hydrodesulfurization (CHD) units. 1In
addition, the feed for the zeolite beta isomerization
process may be obtained from various refinery streams
including slack waxes and deoiled waxes as mentioned

20 above as well as straight run gas oil (VGO) and
deasphalted'oil (DAO). The conventional high
pressure process, however, usually employs wax feeds
of specific character derived from aromatics
extraction or hydrocracking of a crude prior to

25 dewaxing.

Regardless of the nature of the feed, certain
problems may arise. One is that a certain degree of
cracking takes place during the isomerization process
at the acidic sites on the zeolite beta catalyst.

30 This cracking will cause dealkylation of some of the
long chain alkyl substituted aromatic components so
that cracking products including polycyclic aromatics
within the lube boiling range but of extremely poor
V.I. and oxidation stability are obtéined. These

35 components may adversely affect the properties of the



225,053 (corresponding to U.S. Application Serial No. 793,937, filed 1

Novenber 1985 and U. S. Pat. No. 4,919,788) utilizes an initial

hydr oi someri zati on 30 step using a zeolite beta catalyst followed by a
sel ective dewaxing over ZSM5 or ZSM 23 or even solvent dewaxing to
produce a product of high V.I. and | ow pour point. The initial

hydr oi soneri zati on effectively removes waxy conponents fromthe back
end 35 of the feeds by isonerizing themto high V.I

i soparaffins and the subsequent sel ective dewaxing step preferentially
renoves front end waxes to obtain the target pour point. Extrenely

waxy stocks such slac X d ticular
utility 5 in tﬁﬁ?al rlgggsgro&&gesg‘[rg%&g%ng %la&gﬁ%ta %1?{' I\ﬁﬂ een

4,975, 177. Oonveﬁ??d??allr BPENE (ASTY P97 or egyivaiemnmethad i d-processes
used in the pr odnatopur) and 0éloudr poimty (ASTM. Di28005-66) 2flag 45 V. | .)

typically  —  eqgpol rsﬁsaésén%ar%ﬂ&m)agsagrémtoflgzﬁé%%) 10

See, for exa opnments | ricatiqn 1-228 (Bull).

Unli ke these; thEa’E%%rI iprdmarily |95 3 PRRIHEISNIG: FRAFIEEEERJPG es wel | at
| ow to rmdeiatﬁxdnyxirlogeheprmsmswazgtleﬂed@mnpssgeﬁabout

2170-8720 kPa) and i SpdrdpeshOpdrRaflpbYicttaenn0dpé£GaySaisélbdad Sting | ow

pressure reflner¥hur%£eparaglon of high VI lubricants by treating a
waxy feed which is hydrocracked to remove aromatic

10 components followed by hydroisomerization over a low
acidity zeolite beta catalyst, e.g. Pt/zeolite beta
which contains boron as a framework component to give
a low alphé value. The removal of aromatics in the
first step permits use of lower hydroisomerization

15 temperatures in the second step which limits 343°cC+
{(650°F+) conversion and enhances paraffin
isomerization selectivity. However, it is necessary
to further treat the hydroisomerized product by
dewaxing, e.g., solvent dewaxing with

20 methylethylketone.

We have now devised a process for producing a
high viscosity index (VI) lubricant from a
hydrocarbon feed of mineral oil content having a
paraffin content of at least 30 wt%, a nitrdgen

25 content of at least 50 ppm, and an aromatics content
of at least 10 wt% which comprises:

i) extracting the feed with a solvent which is
selective for aromatics to provide an extracted feed
containing greater than 40 wt% paraffins, less than

30 15 wtt aromatics, and less than 30 ppm nitrogen
content, and .

ii) hydroisomerizing the extracted feed with a
low acidity zeolite beta catalyst having an alpha
value of less than 15 and an inorganic oxide mat;ix
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Catal ytic Hydrodesul furization (CHD) units. In addition, the feed for

the zeolite beta isonerization process may be obtai ned fron1var|ous
refinery streans i ncludi ng sl ack waxes and deoi |l ed waxes as menti oned
20 above as well as straight run gas oil (VG and deasphal t ed oi
(DAO). The conventional high pressure process, however, usually

enpl oys wax feeds of specific chatgcter derived fromaromatics
extraction or hydrocracking of a crude prior to 25 dewaxi ng.

Regardl ess of the nature of the feed, certain probl enms nay arise. one
Is that a certain degree of cracking takes place during the

| soneri zation pr ty c .sites n the zeolite beta

catal yst. 30 Tﬁleg%}roa(]:' ?n% W r}‘iméﬁ %vd@gl EyY FFHLTY L08R F athe

l ong chain al kyl ¢a#% 1d@sed aronmatic conponents so that cracking .
products including poltheypresery dnReh€fon is ofi baitidilar HEGahQgel NY range

but of extremely Bodas s¢ Nelat@Un@hoaldA8 skl hidoh gre DUl ned. These

35 conponen% r?“% verse e properties
-7- i na tVacupR gaR|iqilge, Such feedst gamet ween t he
pour point (ASTM :D:dear neqtu‘ahlgalst olrks had ge, gthose haiiihgpaur) and cl oud

poi nt (ASTM D- 2506b{3Ghg"B¥int rar@%vgkoﬂls D 999¢€¢1 harh aBoySs @‘%Ra resul t of
certain 5 waxes, HrlIBL! Yo@lef s88POT Y €aCl8E6 S %Igircrym\?alcuum
gas oils which are treated by the extracting step i)

10 exhibit characteristics similar to those of a heavy
neutral slack wax feedstock, but with reduced
aromatics content.

Figure 1 is a plot of 343°C+ (650°F+) lube yield
(wt%) versus pour point (°F).
15 Feedstock
The feedstock for the present process may
generally be characterized as a lube fraction
prepared from a crude stock of suitable
characteristics, e.g., by distillation in atmospheric

20 and vacuum towers. Such feedstocks have a paraffin
content of at least 30 wti, preferably at least 45
wt}, a nitrogen content of at least 50 ppm,
preferably at least 100 ppm, and an aromatics content
of at least 10 wt%, preferably at least 15 wtg.

25 Examples of such feedstocks include waxy gas oils,
e.g., those having a boiling point range of 343 to
377°'C (650 to 1250°F), preferably 399 TO 565°'C (750
to 1050°F). Lubricant distillate fractions,
generally referred to as the neutrals, e.g. heavy

30 neutral, light neutral, etc., contain aromatics which
are extracted by solvent extraction hsing a solvent
which is selective for the extraction of the aromatic
components such as furfural, phencl or NMP. Other
suitable feedstocks include fractionated visbreaker

35 343°C (650°F+) fraction from waxy resids, unconverted



in the oil after the isonerization-dewaxing step. Eur opean Pat ent
Application O 464 547 di scl oses the preparation of high VI lubricants
by treating a waxy feed which is hydrocracked to renove aromatic 10
conponents foll owed by hydroi sonmeri zation over a | ow acidity zeolite
beta catal yst, e.g. Pt/zeolite beta whi ch contains boron as a
framewor k conponent to give a | owgal pha value. The renoval of
aromatics in the first step permts use of | ower hydroi sonerization 15
tenperatures in the second step which limts 343[err] C+ (650[ err] F+)
conversi on and enhances paraffin i somerization selectivity. However,

It IS necessary to further treat the h oi soneri zed product by
dewaxing, e.g., st Eht (SRAFHInGoTFMP SHom L% g‘ls ﬁﬁé‘ Ve
have now devi sed waxXyr ¥6e ser fakmopgpheitis rgsids. h| gh VI scosity index (V)

| ubricant froma cBxer L0y, befe fieaftral Sto@salwioll n&patent having a
paraffin content of at.least .30 oge 5 t | east 50
ppm and an arona :‘lsc?gs Sht ent £nd V‘Q,{%ﬁ °fn5'f)5 g?n,fg) 7% g%lsc 3‘§hpr| ses:

i) extractifig tME/skbaat Wo'R 69%dvend imithe rase of adrdghtve for
aromatics to provstlkgntR&tiviaiosdty eeill generslllyaibei hf tHe atamget han 40 W %
paraffins, |ess than 38 to d@ %gr |tgsabg@|ﬂ doq,sami 3§09§)p5n ni trogen

cont ent, and ydrol someri zing the extract'ed feed with a
1 ow aci di ty zeoli f’emogt’a cat al yst having an al pha val ue of less than
15 and an inorgani c oShdedisttililate (neutral) base stocks may - 8-

10 generally be characterized as paraffinic in
character, although they also contain naphthenes and
aromatics and because of their paraffinic character,
they are generally of fairly low viscosity and high
viscosity index. The residual stocks such as bright

15 stock will be more aromatic in character and for this
reason will generally have higher viscosities and
lower viscosity indices. In general, the aromatic
content of the stock will be in the range of 10 to 70
weight percent, usually 15 to 60 weight percent with

20 the residual stocks having the relatively higher
aromatic contents, typically 20 to 70 weight percent,
more commonly 30 to 60 weight percent and the
distillate stocks having lower aromatic contents, for
instance, 10 to 30 weight percent. Fractions in the

25 gas oil boiling range (315°C+(600°F+)) with an end
point usually below about 565°C (about 1050°F) are a
convenient feed because they can generally be treated
by the present process to produce high quality lubes.

A typical highly paraffinic gas oil fraction

30 which may be treated by the present process to form a
high quality, high VI lube is a 345°-540°C (650°-
1000°F) Minas gas oil. Highly paraffinic feeds such
as this will generally have a pour point of at least
40°C; wax feeds such as slack wax will usually be

35 solid at ambient conditions.



to provide a lubricant having a viscosity index of at | east 110.

The present invention is of particular advantage in that it permts
the preparation of high VI 5 | ubricant fromvacuumgas oils. Such feeds
can i ncl ude neutral gas oils, e.g., those having a boi i ng poi nt
range of 343 to 377[err]C (650 to 1250[err]F), preferably 399 to 565 C
(750 to 1050F). Waxy vacuum gas 0ij$¢s which are treated by the
extracting step i) 10 exhibit characteristics simlar to those of a heavy
neutral slack wax feedstock, but with reduced aromati cs content.

Figure 1 is a plot of 343[err]C+ (650[err]F+) |ube yield (W% versus

pour point ([err]F). 15 Fee eedst qck for. the present
process may genePERe%, *ﬁ@gcﬁﬁi‘};&gelfﬁ’éﬁi%&s é'%l"ﬁbemTYeﬁﬁ U5ed

prepared from a @audeeds ok thespresdrite process lincduder syntietice. g., by
distillation in @Idﬂi*ie‘&'ﬂé|ﬁra%@ion@rﬁér\i%uvnﬁ@w&rle;su%ﬁ @pd3kocks have a

D ons S by bl 830k 0 e lial Loy Ay 8L bt 45 %

a nitrogen conte ef eTa Dast 100 ppm
and an aronat? cs %PPEn?"“rces-of at Ieast 10 wt % pr ef erably at |east 15

wt% 25 Exanpl es of Theokaxye€dad atdys benhydriecruntedgbefeid the e.g.,

those having a bgi t fo £ 3 650 to
1250[err]F), pref rdg%?y&%:giz?%igggj ’g é%g 8 remove éé%ﬁégr . Lubri cant
distillate fractitinsaining ippyrities %@Pr%@?‘iﬁ’%‘é Ehet nkRAstal s, e. g.
heavy 30 neut raatqmel pghthe\eaxtomat;cstwh:.,chcmayahm presenti ts fdrimch are

extracted byigol idlintBhaC! 'I%rlj&ﬁﬂg tteh¥RNna su1 kbl Sl sel ective for
the extraction of éh N ngﬁ eg su% ? furfural, phenol or
NVP. O her TR %I ?3@'{95?5‘5?3 % M3 PP 5SS aPE R vi sbr eaker 35
343[ err] C (650[ ereqrventienalk iseparabiampriorete dthe gagatyeie ed

dewaxing. Conventional hydrotreating catalysts and

conditions are suitably used as described in U.s.

15 4,919,788.
Aromatics Extraction
In the first step of the present process, the
feed is subhjected to extraction with a solvent which

dissolves aromatics such as phenol, furfural or N-

20 methylpyrrolidone (NMP), with furfural being
especially preferred. = Such extraction can be carried
out in an extraction unit under suitable extraction
conditions. Suitable extraction units include
rotating disc contactors and packed beds.

25 Preferably, the extraction is carried out in a
continuous extraction unit having multiple stages,
e.g. 3 to 10 stages, using 100 to 300 vol% of
solvent, at temperatures ranging from 52 to 135°C '
(125 to 275°F), preferably 52 to 107°C (125 to

30 225°F).

The extraction may be carried out in a
conventional manner with solvent:oil ratios and
extraction temperatufes and durations adjusted to
achieve the desired degree of aromatics removal which

35 is itself determined by the characteristics desired



-9- 343[err] C+ (650[err]F+) bottonms from FCC units processing
waxy VQO or .at nospheric resids. Cenerally, the neutral stocks
will have a viscosity in the range of 100 to 750 SUS (20 to 160 5
merr]/s) at 40[err]C (99[err]F) and in the case of a bright st ock,
the viscosity will generally be in the range of 1000 to 3000 SUS (210
to about 600 mmjerr]/s) at 99[err]C ~31-(210[err]F). The
distillate (neutral) base stocks may 10 generally be characterized as
paraffinic in character, although they also contain naphthenes and
aromatics and because of their paraffinic character, they are

general |y of fair | scaQsit c05|t i.nde The

resi dual stocks §sf ??’gﬁt“bfél’”‘g ffl%]éiys %/’C)%ﬁn

character and for°’tliﬂa§i°n stakdddEH- wi | I gener ally have hi gher vi scosi ties
and | ower vi scosirthg tmb&aturénamm@abe bPcextr@@Ribs solvengOnt ent of

h kK will b Iy .15
o 60 vl ght aﬁperieﬂn{’m‘ﬂe#%"ﬁ Srnbolidte erorfl MGhHE I ot vely

hi gher omeRFAUSH At en?%l"e("}‘prhl’TasFi?G P8 liot%\é'gﬁfeﬁ%'f%ﬂ , nor e
commonly 30 to 6(LseitphR.pe(emeightl) { hsing furifwital last thet ocks havi ng

| ower aromatiC COfd1R/dnt 395 typ 1ca!LnSt‘ﬁﬂé3%xti'Qcﬁ§ &%vwabg&]t gent.
Fractions in the 25

an end poi nt SRR P% Jr%‘W':fEISg?”S els?("?%f'%e” C+§6g5'%%'ﬁr+g;) ;r\g ;h

which can be recovered from the solvent by
10 conventional processing techniques such as
distillation.

The solvent-free raffinate is thereafter passed
to the isomerization step of the present invention.
Isomerization

15 In the second step of the present process, the
raffinate of the first step is subjected to
isomerization over zeolite beta, a large pore,
siliceous zeolite catalyst. Although isomerization
does not require hydrogen for stoichiometric balance,

20 the presence of hydrogen is desirable in order to
promote certain steps in the isomerization mechanism
and also to maintain catalyst activity. Also,
because the isomerization steps entail hydrogenation
and dehydrogenation, the catalyst will contain a

25 hydrogenation~dehydrogenation component in addition
to the zeolite. A noble metal, preferably platinum
or palladium, is used to provide hydrogenation-
dehydrogenation functionality in the isomerization '
catalyst in order to promote the desired

30 hydroisomerization reactions.

The isomerization can be carried out in the
presence of hydrogen at a total pressure of at least
100 psig (740 kpPa), preferably 200 to 1000 psig (1479
to 6991 kPa), at a temperature of 400 to 850°'F (204

35  to 454°C), preferably 600 to 800°F (316 to 427°C).



conveni ent feed because they can generally be treated by the present

‘process to produce high quality | ubes. A typical highly
paraffinic gas oil fraction 30 which may be treated by the present
process to forma high quality, high VI lube is a 345[err]-540[err]C
(650- 1000[err]F) Mnas gas oil. Hghly paraffinic feeds such as
this will generally have a pour point of at |east 40[ err] C, wax feeds
such as slack wax will usually be 35 "%y id at anmbient conditions.

-10- O her high boiling fractions which may be used as
feeds for the present process include synthetic | ubricant fractions
derived, for exanple, fromshale oil by synthesis fromnatural gas,

coal or other 5 Theactwersdonces.650°F- (343°CHlepwasiyct dad nay be
hydrotreated bef gefetdELy not BYE cunsarr%wﬁtgmn bPcoOREler ﬁe‘fei' e

het er oat om Sela] taini @ﬁ? Qﬁr¥dgg enat gas sone
of the aronmatics Releahits aBe gr"é? P%r‘f%‘r 8 n%'bh r“rgg tq nor gani c
nitrogen and sul the ispmaxization dihepag the hydrotreating may be renoved by
a convest i onal separidomesifdtidn tatilystcombyisés a nobdewaxi ng.

COMMEnL onal P HRRAEAAILAThg SRatle conssRU sl g5 201 useo
framework component of the zeolite, having an alpha
value not greater than 15, preferably not greater
than 10, and more preferably not greater than 5, said

10 alpha value being measured prior to incorporation of
noble metal. The noble metal content ranges from 0.1
to S5 wt%, preferably from 0.5 to 2.0 weight percent
based on the total weight of the catalyst.

Alpha value, or alpha number, of a zeolite is a

15 measure of zeolite acidic functionality and is more

' fully described together with details of its
measurement in U.S. Patent No. 4,016,218, J.
Catalysis, 6, pp. 278-287 (1966) and J._ Catalysis,
61, pp. 390-396 (1980). The experimental conditions

20 cited in the latter reference are used for
characterizing the catalysts described herein. For
present purposes, alpha is measured prior to
incorporation of the hydrogenation/dehydrogenation
component, of the zeolite, e.g., noble metal.

25 Noble metals, such as platinum and palladium,
are employed in order to maximize the isomerization
activity of the catalyst due to their strong
hydrogenation function. Platinum may be incorporated
into the catalyst by conventional techniques

30 . including ion exchange with complex platinum cations
such as platinum tetraammine or by impregnation with
solutions of soluble platinum compounds, for example,
with platinum tetraammine salts such as platinum
tetraamminechloride. The catalyst may be subjected

35 to a final calcination under conventional conditions
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In the first step of the present process, the feed is subjected to

extraction with a sol vent which di ssol ves aromatics such as phenol,
furfural or N~ 20 met hyl pyrrolidone (NWP), with furfural being
especially preferred. Such extraction can be carried out in an
extraction unit under suitable extraction conditions. Suitable
extraction units include rotatingi3kt sc contactors and packed beds. 25
Preferably, the extraction is carried out in a conti nuous extraction
unit having multiple stages, e.g. 3 to 10 stages, using 100 to 300
vol % of solvent, at tenperatures ranging from52 to 135 err]C

(125 to 275F), pref grabl Yoo 2ohPedf Al hbl1é letd10 t380the 2Raldd! EhEa -

The extraction

sol vent: oi |

rati

R
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final |ube prgoduct, egget
The tenperature and ddSa
controlled to prdﬂ#ﬂ@lﬁﬁg

preferably

10

15

20

25

30

35

in the
i al,l J Ty .Qxidation stability.
€ rombt Ty B8, sqnaitibhE AR, 127 Y
Hop hydrojsoperdeatiomys, &he: r¥astimsodnof 1 to 5,

ltie rafifatedy WOr OiNis purpasge fairlfour abidity he
catalyst with high isomerization selectivity is

employed,

and for this purpose, a low acidity zeolite

beta catalyst in which boron is present as a

framework

component of the zeolite beta has been

found to give excellent results, particularly with
respect to pour point and viscosity index. The boron
is substituted for aluminum, preferably during

synthesis

and thereby eliminates the acidity which

would be associated with the tetrahedral aluminum.
In addition to the hydrogenation component the
hydroisomerization catalyst includes zeolite beta as

an acidic

(cracking) component. The pore structure

of zeolite beta gives it highly desirable selective
properties. Zeolite beta is a known zeolite which is

described

in U.s. Patents Nos. 3,308,069 and RE

28,341, to which referencg is made for further

details of this zeolite, its preparation and

properties. The preferred forms of zeolite beta for

use in the present process are the high silica forms,
having a silica:alumina ratio of at least 30:1 and it
has been found that ratios of at least 50:1 or even
higher, for example, 100:1, 250:1, 500:1, may be used
to advantage because these forms of the zeolite are
less active for cracking than the less highly
siliceous forms so that the desired isomerization
reactions are favored at the expénse of cracking
reactions which tend to effect a bulk conversion of
the feed, forming cracked products which are outside



solvent, are typical. The extracts provide a useful source of

sulfur-free or low sul fur aromatic products whi ch can be recovered
fromthe solvent by 10 - conventional processing techniques such as
distillation. The solvent-free raffinate is thereafter passed
to the isonerization step of the present invention. | someri zation 15
In the second step of the present procggs, the . raffinate of the first
step is subjected to i someri zation over zeolite beta, a |arge pore,
siliceous zeolite catal yst. Although isonerization does not require

hydr ogen for stoichionetric bal ance, 20 t he presence of hydrogen is

desirable in ordq e“f%‘iﬁﬁiqg?ée c%gﬁt alfrarsi&'g% rﬁp%p‘g‘l\ somerl zation
i

mechani sm e °58 because

the isonerizati orﬁ@aéﬁé gpekite P?E?dg%ﬁ bigher s‘éﬁ-ﬁaamfﬁgenat i on, the
catalyst will contatiid qfrémewdnk)r ensm ailieo sydehyst e farn ot caEoonent in

adaition . L0 QA ARCLL e %:ge&' e é{ﬁtamepeeéﬁae%yoflahgwm or

pal | adi um i-s_used to praqvi enat | on- genat i on
functionality®in t¥Re ussfein z"é’ﬁ present RroCepHsre r‘lieéFHéP 4 ot%hronot e the
desired 30 hy dridiSorrateats iNos.r ¢3419 (220 and 4,518,485hend sElver i zati on can

be carried out ina3digyss top&mneefeéer{w&egﬁsd@tf@: wOhate pressure of at
| east 100 ps % efer 200 t % gng %}479 to
6991 kPa), at a t 8 t8 R pets Pased s54lerr] Q)
preferably 600 toCM[S@ﬂ'-F]-F Q%I‘@“ﬁ'—é"ﬂ%’i[ier rt}'le) tWO patents, the
10 silicatalumina ratios referred to in this
specification are the structural or framework ratios
and the zeolite, whatever its type, may be
incorporated into a matrix material such as clay,
silica or a metal oxide such as alumina or silica
15 alumina.
Zeolite beta is the preferred support since this
zeolite has been shown to possess outstanding
activity for paraffin isomerization, as disclosed in
_ U.S. Patent 4,419,220, even in the presence of
20 aromatics. The low acidity forms of zeolite beta may
be obtained by synthesis of a highly siliceous form
of the zeolite, e.g., with a silica-alumina ratio
above 50:1, or, more readily, by steaming zeolites of
lower silica-alumina ratio to the requisite acidity
25 level. Another method is by replacement of a portion
of the framework aluminum of the zeolite with another
trivalent element such as boron which results in a
lower intrinsic level of acid activity in the
zeolite. The preferred zeolites of this type are
30 those which contain framework boron, and normally at
least 0.1 weight percent, preferably at least 0.5
weight percent, of framework boron is preferred in
the zeolite. In zeolites of this type, the framework
consists principally of silicon tetrahedrally
35 coordinated and interconnected with oxygen bridges.



-12- The conversion to 650[err]F- (343[err]C) product is
generally not nore than 70 wei ght percent, preferably not nore than 50
wei ght percent, based on the feed to the isonerization step. 5

The isonerization catal yst conprises a noble netal /zeolite beta

catal yst containing boron as a framewor k conponent of the zeolite,

havi ng an al pha val ue not greaté&®3rhan 15, preferably not greater

than 10, and nore preferably not greater than 5, said 10 al pha val ue

bei ng nmeasured prior to incorporation of noble metal. The nobl e netal
content ranges fromO0.1 to 5 w% preferably fromO0.5 to 2.0 wei ght
pelrcent I Easxdnmrt afodet Af wlalet':ghtal@fntt bes@itl (aAumina in I1:he A pga

val ue, or al pha gigbels ite acidic
functionality and |se(\Jrf aﬁmﬁﬂﬁ?’ %@e cf%ggrj'ﬂ:geﬁe?%)géﬁgfgéﬁ"ﬁ 38Pai s of its
measur enent i n (FTdnatad apd f&"E&GPaZ’I_tB fiythe frameyorkysiThe s pp. 278-287
(1966) and J. Catedlitiesalso com;nppna&aaa%n(ﬁm%reihefem&r| ment al -

conditions 28  gGih&durd hiehdudhl Eﬁeé@fd%f A0EC oL pa¥20okOfne
sent purposes,

characterizing the cata

al pha is neasure 7"6’1‘&(2/8""5&%%%58&%6 §ha5ﬁ°5?r’tsnté‘° stPicture
hydr ogenat i on/ deﬁ?d‘?’lﬁgéﬁa@-i‘tm The teymdifaameverk't thorpaoistusede. g., noble
metal . 25 hébdlt AREelsguisiChetitedt @atayiatnth pakl- aﬁlaﬁbmcrk are

CParYer gt o Bpch BTNES i SRR by ronc AR i 1

catal yst due to t Pon Y (SR HI% A% um nay be
i ncor por at ed®  exehange ﬁéP%‘a’etéll ¥t E?/ Wﬁtﬂ EFen Mmagerharuasicho

i ncludi ng ion extésamgesentt bn cengipexepl arid wrcnahwrrm effecBUsh as platinum
tetraamm ne or bypkh f.%ﬁi”%ho&éﬁa%e capaci% bleOfe %ai?l:{éb' e platinum

conpounds, for exanple g g}xg etr amm ne salts such as
pl ati num t et r aartfASHELRI 5’?’1' d’ére Fhin h‘éﬁ/ petenbj ected 35 to a
final cal ci nati oreohtkas conbainingnfranewnik I'DOFTQH are known and are

15 described, for example, in U.S. Patent Nos. 4,269,813
and 4,672,049. As noted therein, the amount of boron
contained in the zeclite may be varied by
incorporating different amounts of borate ion in the
Zeolite forming solution, e.g., by the use of varying

20 amounts of boric acid relative to the forces of

silica and alumina. Reference is made to these
disclosures for a description of the methods by which
these zeolites may be made.

The zeolite framework will normally include some

25 alumina and the silica:alumina ratio will usually be
at least 30:1, in the as-synthesized conditions of
the zeolite. A preferred zeolite beta catalyst is
made by steaming an initial boron-containing zeolite

_ containing at least 1 weight percent boron (as B 3)

30 to result in an ultimate alpha value no greater than
about 10 and preferably no greater than 5.

The steaming conditions should be adjusted in
order to attain the desired alpha value in the final
catalyst and typically utilize atmospheres of 100

35 percent steam, at temperatures of from 800 to 1100°F



-13- ' in order to convert the noble netal to the oxide form

and to confer the required nmechanical strength on the catalyst. Prior
to use the catal yst may be subjected to presul fiding, by established
techni ques. 5 In the isonerization step, conditions are

optim zed for hydroi sonerization of the paraffins in the raffinate.
For this purpose a low acidity catétyst with high isonerization
selectivity is enpl oyed, and for this purpose, a low acidity zeolite
10 bet a- catal yst in which boron is present as a f ramewor k conponent
of the zeoli.te beta has been found to give excellent results,

parti EU![ @[' %’ \C’;ﬂ ]E rU.zvl to! SEPRGT, tﬁoﬂi&ilrlyggi:ﬂé ﬁ%gn\ihécﬂﬁt.i%é: ndexa me bgron
is substituted for _alum num_prefera ur syn i s.an er eby
elimnates the acqa&?rli?g]v\ﬂ%cﬁ"% aL"%gﬁ%tBéélgg%ﬁseﬁ gﬂxé\ﬁ ¥ APOUE: r ahedr al
al um num 24 hpursgddin iogderote mbtajnr the dasiyedcveduskivn the
?ydroikjsorr;eri zati citiedtgl ysind mehude%@a&izﬁ;ewamu@a _t?e %@{a acidic :

cracki ng) cagypo e h 0 eta gives
hi ghly desi r%?e ?elltigég?v%éj%% i%ég%{eéjthlsgs?e%%ol‘@g ll'o:lgt gei s a known zeolite
which'is desSPesdaliy, ajvantpgenit s Ii¥dng remd tocyhiely a¥e not  2g 341,
to which referencehievaadsy fille isetdiera zeolitetwhich hbstthe sl ite, its

preparation and %idigyop,grﬂsegs_sﬁl;&gigggré%{ﬁu.ﬁg ofrzpolite beta for

believed that these results may be attributable to

10 the presence of trivalent metals removed from the
framework during the steaming operation which enhance
the functioning of the zeolite in a manner which is
not fully understocd. '

The zZeolite will usually be composited with a

15 matrix material to form the finished catalyst and for
this purpose conventional non-acidic matrix materials
such as alumina, silica-alumina and silica are
suitable with preference given to silica as a non-
acidic binder, although non-acidic aluminas such as

20 alpha boehmite (alpha alumina monohydrate) may also
be used, provided that they do not confer any
substantial degree of acidic activity on the matrixed
catalyst. The use of silica as a binder is preferred
since alumina, even if non-acidic in character, may

25 tend to react with the zeolite undef hydrothermal
reaction conditions to enhance its acidity. The
zZzeolite is usually composited with the matrix in
amounts from 80:20 to 20:80 by weight, typically from
80:20 to 50:50 zeolite:matrix. Compositing may be

30 done by conventional means including mulling the
materials together followed by extrusion or
pelletizing into the desired finished catalyst
particles. A preferred method for extruding the
zeolite with silica as a binder is disclosed in U.S.

35 Pat. 4,582,815. If the catalyst is to be steamed in



£
use in the present process are the high silica forns, havi ng a
silica:alumna ratio of at least 30:1 and it - has been found that
ratios of at |east 50:1 or even hi gher, for exanple, 100:1, 250:1,
500:1, may be used 30 to advant age because these forns of the zeolite are
| ess active for cracking than the less highly siliceous forns so that
t he desired isonerization reactiops- are favored at the expense of
cracki ng reactions which tend to effect a bul k conver5|on of 35 t he
feed, form ng cracked products which are outside

-14- the desi red boi I'i ng range for | ube conponents. St eaned

zeolite beta MAth?e sgbécqfalun1na aEl%{l(framework) t han t he

synt hesi zed for ach:. Yig éiesg'r °ewr Pe 1 t2b*& cat al ysts of

this 5 type usé’&rﬁﬁ@% ajtescthe ma(?ééﬁtdﬁ,s dpeepr forammnlated withy S
Pat ent's Nos. 4, 41X%e2BindeX] 4s5iS, ctiiventiond) . 225,053, to which

reference is.made forpgy Woferizat il ggb@gsg%gmgw{ , 1Bgge zeolite
bet a based éﬁPalysts {Llon ten

silica:al uni fa r SRR Ya¥% PRZALEiNg in fhe ratfinate. ?l?ﬂﬂﬂ(&ﬁ°are the
structural or frasradfing athiich are lemsdwake Deolatuee Mitatwnieh its type, may
be Incorporfyeggesat@ &t%i&'%zdfﬁ%&b@él@'qlﬁdéﬁ Cl@Y the samg!!ica or a
metal oxide such q? al Eg; f%icsk éion of Ehe zeoilte will promote

a certain degree of cracking or hydrocracking so that

10 some conversion to products ocutside the lube boiling
range will take place. This is not, however, totally
undesirable, because any aromatics still present
after the extraction step will tend to be removed by
hydrocracking, with consequent improvements in the

15 viscosity and VI of the product. The extent to which
cracking reactions and isomerization reactions will
predominate will depend on a number of factors,
principally the nature of the zeolite, its inherent
acidity, the severity of the reaction (temperature,

20 contact time) and, of course, the composition of the
feedstock. 1In general, cracking will be favored over
isomerization at higher severities (higher
temperature, longer'contact time) and with more
highly acidic forms of the zeolite. Thus, a higher

25 Zeolite silica:alumina ratio will generally favor
isomerization and therefore will normally be
preferred, except possibly to handle more aromatic or
nitrogen-rich feeds. The acidity of the zeolite may
also be controlled by exchange with alkali metal

30 cations, especially monovalent cations such as sodium
and divalent cations such as magnesiﬁm or éalcium, in
order to control the extent to which isomerization
occurs relative to cracking. The extent to which
isomerization will be favored over cracking will also

35 depend upon the total conversion, itself a factor



Zeolite beta is the preferred support since this zeolite has been
shown to possess outstandi ng activity for paraffin isonerization, as
di sclosed in U S. Patent 4,419,220, even in the presence of 20
aromatics. The low acidity fornms of zeolite beta may be obtai ned by
synthesis of a highly siliceous form of the zeolite, e.g., with a
silica-alumna ratio above 50: 1, =887 nore readily, by steam ng

zeol ites of | ower silica-alumna ratio to the requisite acidity 25

| evel .  Anmother nmethod is by replacenent of a portion of the framework .
al um num of the zeolite wi th another trival ent el enment such as boron

whi fh resulTL S in dep endeni: Is&béfmﬁqc |AQVﬁk.ngfc&ﬁ#eQ's§5h$)“ ty Inht he
zeolite e pre I e I 0Se 1 C contain
f ramewor k bor on, é?%l g'flyraﬂelt aa?:o vsolw’gop%&n f“soJR eI Br ef erably
at least 0.5 n3p decrepae cféﬂrlYo?alﬁdé-ﬂbﬂ&rkh%cﬁmnis?r pfef erred in

the zeolite. |In zepddNifg;Oin tddnerhypethdreForeqnen®rdotal cofdrdivhs

brincipal |y of sijyca) Lehplhil dbdesthe <HOALE"ARLAT19 el L cONNECt ed

wi th oxygen brid
m nor. amount of aPt}IW APERE &1 FPdHRe (RANGANTa2PR YFHRlly below akgut
al um nosi li cat e zeolvdlimmeepedycant.usual |y al so coordi nated and forns

part of the fra”EVW”‘<TﬁEh%elatxonéﬁQbétﬁhﬁﬂe&ﬂ ELREIRINY raBEIbAY dnd the pores
of the 5 structyre a1LARYSN LN%R%e59 A «h3LD PalYs+2E LIS

10 described in some greater detail in U.S. Application
Serial No. 379,423 and its counterpart EP 94,826, to
which reference is made for such a description.

The selection of the metal hydrogenation-
dehydrogenation component will also have a bearing on

15 the relative balance of reactions. The more highly
active noble metals, especially platinum, promote
hydrogenation-dehydrogenation reactions very readily
and therefore tend to promote iscmerization at the
expense of cracking because paraffin isomerization by

20 a mechanism involving dehydrogenation to olefinic
intermediates followed by hydrogenation to the isomer
products. The less active base metals, by contrast,
will tend to favor hydrocracking and therefore may
commend themselves when it is known that cracking

25 reactions may be required to produce a product of the
desired properties. Base metal combinations such as
nickel-tungsten, cobalt-molybdenum or nickel-
tungsten-molybdenum may be especially useful in these
instances.

30 The hydroisomerization is carried out under
conditions which promote the isomerization of the
long chain, waxy paraffinic components to iso-
paraffins to increase the V.I. of the product.
Generally, the conditions may be described as being

35 of elevated temperature and pressure. Temperatures



framework constituting the characteristic structure of the zeolite.

The term "framewor k™ boron is used here to distinguish between
material in the framework of the zeolite which is evidenced by
contributing ion 10 exchange capacity to the zeolite, frommterial which
I's present in the pores and which has no effect on the total ion
exchange capacity of the zeolite. Met hods for preparing high
silica content zeol i tes contai ni M3 ranmework boron are known and are
15 described, for exanple, in U S. Patent Nos. 4,269, 813 . and
4,672,049. As noted therein, the anount of boron contained in the
zeolite may be varied by I ncorporating different anmounts of borate ion
in the zeol i are frvriially Sitdi 400, t&.g50° FOY20hec use 46k *gp) yi ng 20

anmounts of boric Bféﬁ?{?g’égt EU@ éﬁiaggf}%;{j{%gifghrc . siéecggsg al um na.

i
Ref erence is nmade to r a_description the
net hods by whi ch 4se of Jewer tepneratures {sndsyfie favor the degigedieolite
framewor k wi | | noiseuduizakibndeartiond Soveralthei azacikihg lreastidmn: al um na

ratio will ussall¥ndeower tahpdfatresOniil igankbal s -1 Prl@siz&fl conditions
of t he zeoli tfﬂb@}g&:}egerre ol ite het adc%a ysi IS, made by -
steaming an initi% 1EFRANS RE TEBITReFed that Finge the 4t |east 1

wei ght percent bofegrsenofB20a3¢k 3@ whigh ekl toj gone eptentat e al pha val ue no
o carm g condi ti o eren o b ey Ly L adp AR B i n the desired
st eam ng condi tiops, shqu usted Jn rde attain the desire
al pha value in thgé‘ﬁ'%y' a ga@aa -1 %/'gY %encfs[t?p?}gg\qfé blﬁqzlw *2e at nospher es of
100 35 perd@nt ZFeaghdonyteppayriuneypid rerggnresbiensel tdppein | F

order to achieve an adequate rate of isomerization
while minimizing cracking. Pressures may range up to
high values, e.g. up to 25,000 kPa (3,600 psig), more
usually in the range 4,000 to 10,000 kPa (565 to

15 1,435 psig). The possibility of using low hydrogen
pressures, e.g., below about 1000 psig (about 7000
kPa) is a pafticularly advantagecus feature of the
present process. Space velocity (LHSV) is generally
in the range of 0.1 to 10 hr.-l, more usually 0.2 to

20 5 hr. %, say, 0.5 to 1.5 hr-r. The hydrogen: feed
ratio is generally from S0 to 1,000 n.l.l.-1 {about
280 to 5617 SCF/Bbl), preferably 200 to 400 n.1.1.”t
(about 1125 to 2250 SCF/Bbl). Net hydrogen
consumption will depend upon the course of the

25 reaction, increasing with increasing hydrocracking
and decreasing as isomerization (which is hydrogen-
balanced) predominates. The net hydrogen consumption
will typically be under 90 n.l.1.”% (500 SCF/Bbl) and
about 40 n.l.1. ' (about 224 SCF/Bbl) with the feeds

30 of relatively low aromatic content such as the
paraffinic neutral (distillate) feeds and slack wax
and frequently will be less, typically below 35
n.1.1.”} (about 197 SCF/Bbl); with feeds which
contain higher amounts of aromatics higher net

35 hydrogen consumptions should be anticipated,



-16- (427 to 595[err]C). Normally, the steamng wll be

carried out for about 12 to 48 hours, typically about 24 hours, in
order to obtain the desired reduction in acidity. The use of steaning
to reduce the acid 5 activity of the zeolite has been found to be
especi al | y advant ageous, giving results which are not achi eved by the
use of a zeolite which has the sanme -z¢-acidity in its as-synthesized
condition. It is believed that these results may be attri butable to 10
the presence of trivalent netals renoved fromthe framewor k during the
st eam ng operation which enhance - the functioning of the zeolite in a
manner which is understg eolite wll

||
usual ly be conp osﬁ%’tfﬂ%t‘ly b1\ r?igﬁafg?lx?ﬂ "t (o] fo?ﬁé?‘h% %303 shed
cat al yst and for 560 Sq?dﬁblburﬁ)asefem\ﬁéﬁpoﬁaboﬂbriﬂii’cﬁépc matrix materials
such as alum na, sci/BK1)al upkddesandofifiquiatdon will bellabaBésciveld

preference given id | Q’Z‘E.@ n- | ghi al hough
non- aci di ¢ al m ngg ffchsg‘é N%g gﬁaub 228 g?(alg%é“g Omina nonohydr at e)
may al so be BBy, WS%?ﬂeﬁfitcﬁé heth PrgE2H “&ﬂ?‘f"@r PRAferred.

substanti al degree of mhdhtgbm paragfinic feedsitef X¥lesk aromatidt al yst. The

use of silica as éoﬂéiﬂ:er J.i:swﬂlefb%r &Sglrable Ebnﬁé‘xﬁh‘é@ na, even if
non-acidic i n character, zeol i te under

non- aci di e I n Cha oot Slisalii Sher b EtbaskiaN otk theraiafE0 Lo
zeolite is usuall yetaggwediyt dow emperhturas, exgi nfrom 258otiAt 406 oM 80: 20 to
20: 80 by wei gbt, ftypowdldsg feomsor) BLLQet gréﬁerf&&eek;etﬁemlrﬂnx

Composi {19 Moy, beeflhivsdynehiedARER 012 MERDS, GladgLag, il 1 no the

material s together I'ZIng into the
desired finished éEEEY)&f ah°“t patei & eand Raﬁﬁuﬁﬁéﬁ ﬁéﬁﬁéa"?kw ext rudi ng
t he zeol ite Wwvhacidittga ais @ bendeal ignides ctlvs anilikn confersifon Pat .

4,582,815. If theoCatiduetk bﬁt§iﬁeb@h§pﬁﬁﬂﬁgo&ﬂ1ng range will be at

15 - least 10 weight percent and usually in the range 10
to 50 weight percent, depending upon the
characteristics of the feed, the properties desired
for the product and the desired product yield. With
most feeds it will be found that there is an optimum

20 conversion for VI efficiency, or yield efficiency,
that is, for maximum VI relative to yield or maximum
yield and in most cases, this will be in the range of
10-50 weight percent conversion, more commonly 15-40
weight percent conversion.

25 - Selection of the severity of the
hydroisomefization step is an important part of the
present process because it is not possible to remove
the straight chain and slightly branched chain waxy .
components in a ccmpletely'selective manner, while

30 retaining the desirable more highly branched chain
components which contribute to high VI in the
product. For this reason, the degree of dewaxing by
isomerization which is achieved in the first step, is
preferably limited so as to leave a residual quantity



-17- order to achieve the desired low acidity, it is

performed after the catalyst has been fornmulated with t he bi nder, as

i s conventional . The isonerization process isonerizes the long 5
chain waxy paraffins in the raffinate to formi so- paraffins which are
| ess waxy in nature but which possess a notably high viscosity index.
At the sane time, the acidic function of the zeolite will pronote

a certain degree of cracking or hydrocrgcklng so that 10 some conver si on
to products outside the |ube boiling range will take place. This is
not, however, totally undesi rabl e, because any aromatics still present
after t he extraction step will tend to be renoved by hydr ocr acki ng,

wi th consequent inprovenents in the 15 viscosity and VI of the product.
The extent to whiehwaxy comparientg visich meysthen hesommeveditirortheeact i ons

will pr edom f@dsaqikht 4&}&@:&9 O(baaearwe‘pero@fsch%hes Sste rRei ncipal |y
the nature of thektz?(reollte Ie everlty of the

reaction (tenperalthesti’g o @Eﬁ?ﬁéf{TQIﬁgf A% aﬁﬁ %?éafs% ¢ C8nposi ti on
of the f eedskhs lefflnenfe rfxion the r%m.lmgiw 4¢Wﬁ¥é-nga$'e¢kcsm\a§r

[ sorr;ar [ th [ Onshat to Prtaifiewsd iHighast WIhar the fidaAnpebatet. analeﬁager ﬁnt ﬁCt
t1me and wt m) t (0] us a | er.
55 iéhieved. ﬁ%%ﬁs@gbﬁ J g@%rﬁ& clf'l:‘etﬁg kﬁ}.t.eial g

zeolite silica:alumn enera
dewaxlng operation until e optimum conditions are

reached for this ocbjective. Further details of the
hydroisomerization dre found in Serial No. 793,937

10 and EP 225,053 to which reference is made for this
purpose.

For upgrading a very waxy feedstock such a Minas
VGO, the upstream furfural extraction and subsequent
hydroisomerization with boron-containing zeolite beta

15 isomerization catalyst results in high yields of a
product of high viscosity index and adequate pour
point without subsequent dewaxing and/or
hydrofinishing. The use of low acidity zeolite beta
results in a product of significantly higher

20 viscosity index than a zeolite beta catalyst of
higher acidity.

Although the product resulting from
hydroisomerization can exhibit sufficiently low pour
point and high viscosity index so that further

25 processing is not required, subsequent dewaxing and
hydrofinishing steps may be carried out as an option,
depending on desired product specifications.

Dewaxing 'y

Following the hydroisomerization the lube can be :

30  subjected to a dewaxing step which has two principal
objectives. First, it will further reduce the pour
point. Second, if a selective solvent dewaxing is
used, a divergence between product pour point and
cloud point can be avoided. Solvent dewaxing is

35 therefore preferred for this step of the process and



I sonmeri zation and therefore will normally be preferred, except
peossibly to handle nore aromatic or nitrogen-rich feeds. The acidity
of the zeolite may al so be controlled by exchange with alkali netal 30
cations, especially nonoval ent cations such as sodi um and di val ent
cations such as magnesiumor calcium in order to control the extent
to which isonerization occurs relative to cracking. The extent to

whi ch i sonerization will be favored over cracking will also 35

depend upon the total conversion, itself a factor :

dependent upon severity. At high conversions, typically over about 80
vol ume percent, isonerization may decrease fairl rapl dly at the
expense of c PRE KPS Farrhed oty &F“F‘ﬁ%ﬂ%f"ﬁr §°“‘(ﬁ%t¥ conversion 5

by all conpeting peest¢riptionkofivr achisviny the Kepired prohabaV\pcﬁh.Out 80

vol ume percent andgygtiad lgy, Qsix?&h%%t ratio, 28] Qlﬁ'gﬁ‘pé}‘aa'%ﬁggtetc.

The rel ationshi ps_between crackjng.reactions an i_.soneri zation

reactions for theSEPYRRHioNal splvenys shek A9 gesoyh <YW §PEaRRr detail in
U. S. ApplicatiSon (MEK)SmlusheNsixt3izesif8y el used ovunterpart EP 94, 826, to

whi ch reference I%u&aﬁefzfiereraﬂeb swkeasrlbfaga% It is, howzbersel ection of
the netal hydrogenati ogen tlon conp onent vm a'i so have a
bearing on 15 t F8 s?@?n]ﬁ |t\7eu33%§% YoPe e i%o RS ve'ﬁfe i ghly
_ those having at least 80 vol} MEK, e.g., 100% MEK, in :
the present process because with the highly
10 paraffinic streams produced by the use of waxy feeds,
the phase separations observed with less highly
paraffinic materials have not been found to occur.
This phenomenon may be occasioned by the relative
_ absence of aromatics coupled with the relatively high
1s proportion of iso-paraffins. The use of such highly
selective solvent dewaxing procedures is desirable
because of the highly favorable separation of the
waxy components, which it achieves while, at the sanme
time, leaving the high V.I. iso-paraffins in the oil.
20 However, less selective solvent mixtures may be used
if desired, for example, MEK/toluene with 60 to 80
percent (v/v) MEK. The wax separated in the solvent
dewaxing may be recycled to the initial isomerization
step for further improvement in product quality and
25 process efficiency. Catalytic dewaxing may alsoc be
employed at this stage of the process, for example,
using an intermediate pore size dewaxing catalyst
such as 2ZSM-5, 2SM-11, 2SM-23, or ZSM-35 in any of
' the catalytic dewaxing processes disclosed in the
30 patents identified above, to which reference is made
. for a description of such pfocesses. Catalytic’
dewaxing over zeolite ZSM-23 or ZSM-35 is especially
preferred, particularly for light lube stocks e.g. up
to 43 mm?’/s (200 SUS) light neutral because of the
35 highly selective nature of the dewaxing with this



active noble netals, especially platinum pronote

hydr ogenat i on- dehydr ogenati on reactions very readily and therefore
tend to pronote isonerization at the expense of cracking because
paraffin isomerization by 20 a mechani sminvol ving dehydrogenation to
olefinic I nternmedi ates foll owed by hydrogenation to the isoner
products. The |ess active base netal s.afy contrast, wll tend to favor
hydr ocracki ng and therefore may comend t hensel ves when it is known

t hat cracking 25 reactions may. be required to produce a product of the
desired properties. Base netal conbinations such as ni ckel -t ungst en,

cobal t - nnlybdenunlor I cke ungsten en y, be especially
useful in these 29 %fa;q %véabxmgom&g ZS%'?HD;{%jgeﬁﬂ g‘bggr‘?"}:}f “Son is carried
out under cohR23,8565 bhiwiich cefrrenceeis smade ifoxt acdisdlasure | ong
chain, waxy parafés Rite pesBesENt @ataly@p: dewaximflidf brBgetfed RWhefase the

E)/ell .ngo1;5t he produv,h‘fm_!ale%g ner%l I ¥61 Fe)( ngdf,.)t 'f&r;@%)‘tbe dﬁg&” bed as

of ele FUre an reSsure
-19- 5areaﬁ%FK§PF9dfron1400 to 850[err]F (204[err]C to 454[err] C),
preferably 600 to 800[paiakind Btd thisdstdqger il Garfahivae tdereduce USe Of

ower herher at ur cend Sl baukee chiCadlAteicdalue, ¢RURELF YR Teactions

over the cracklng re ctl
(ahout -12°C) and usually lower e.g. S°F (-

. 15°C). Dewaxing severity will be adjusted according

10 to the desired pour point or other fluidity
characteristic (cloud point, freeze point etc).
Although increasing low pour points will result in
lower yields as progressively more of the waxy
paraffin content is removed in the processing.

15 However, the iso-paraffinic character of the oil
produced by the initial hydroisomerization step
results in higher yields at higher VI levels than
would otherwise be achieved.

dro shin :

20 After dewaxing, the oil can be hydrofinished to
improve its lubricant quality by saturating residual
lube boiling range olefins and removing color bodies
and other sources of instability. 1If the
hydrofinishing pressure is high enocugh, saturation of

25 residual aromatics wmay also take place.
Hydrofinishing conditions may be conventional for
lube hydrofinishing, typically at 400°-700°F (about
205°-370°C), 400-5000 psig (about 2860-20,800 kPa),
0.1-5 LHSV, 500-10,000 SCF/Bbl H,:o0il (about 90-1780

30 n.1.1.7% H,:oil). Catalysts typically comprise a
metal hydrogenation component on an essentially non-
acidic porous support such as alumina, silica or
silica-alumina. The metal component is usually a
base metal of Group VIA or VIIIA, or a combination of

35 such metals, such as nickel, cobalt, molybdenum,



5 the |l ower tenperatures will generally be preferred al t hough it
shoul d be renenbered that since the degree of cracking which wll to
sonme extent i nevitably take place will be dependent upon _
severity, a balance may be established between 10 reaction tenperature
and average residence tine in order to achieve an adequate rate of

i soneri zation while mnimzing crggklng Pressures may range up to

hi gh values, e.g. up to 25,000 kPa (3,600 psig), nore usually in the
range 4,000 to 10,000 kPa (565 to 15 1,435 psig). The possibility of
usi ng | ow hydfogen pressures, e.g., below about 1000 psig (about 7000
kPa) is a partlcularI¥ advant ageous feature of the resent. process.
Space veIOC|ty ( L$battryo [ nlckeﬂn°?¥ﬁiﬁﬂan&EdBPf£;3§hi9910 hr .

Eo(r]I e usua:c I yd . 2 ¢atad@stsSohrtHisr tirpesaf&se cOneritichal lan{iell‘éddl[l ] (Tge

ydr ogen: f ee i K 0Q.n err about
280 to 5617 SCF/Bb| ﬁtabrggf‘?ar“gﬁa tel %{)‘yt Hgg}éégi'& H:ggg (about 1125 to
2250 SCF/Bbl). NeR® es"rEB}%LﬁFﬁFFoﬁaW]tylt cPeRaxXiRHPYt Be course of

the 25 reac®i orﬁha'plac-semq:tngtemcrhcxmg @roress v.dr.odewakimy over and
decreasing as | SOZE{Jszabéeéhéé/\ﬁHfCEhéSpé&é@hege@: lube rhﬁigélrl&

predom nates. The,n drogen consu wi | | i C be under 90
n.1.1.[err] (500" ’S&“Bé x84, Pr°a“°gp<t§’lh°ﬂ Bowe thefgﬁf j(a%ﬁ%&f’ 224

SCF/ Bbl ) with t heP¥edugt chtah)iflhtw-atl vely |low aromatic content such as the
paraffinic neutral (dirhei b}_-ea‘fetg‘ ogdehdiptesbAt kprdess areand frequently |

will be | esakotypiwllc\énlg %‘% VI anl llo'w PL‘FltafJ q,'bg% 197 SCF/ Bbl);

with feeds anount onmat I cs hi gher net 35
hydr ogen consunpt P%%u?ﬁl‘lﬁﬂé’ﬁf’?‘cﬁ’iﬁhjé&ty' a combination of

properties conferred by the presence of significant
quantities of iso-paraffins coupled with relative
freedom from aromatics. The use of the solvent

15 extraction in combination with the subsequent
isomerization dewaxing enables high VI to be coupled
with low product pour point, as together with high
efficiency in the process, either as to VI efficiency
or yield efficiency.

20 EXAMPLES

The following examples are given in order to

illustrate various aspects of the present process.

Example 1
A premium quality lube base stock was prepared
25 from a waxy Minas vacuum gas oil whose composition is
set out in Table 1 below.



- 20- typically in the range of 50-100 n.l.l.[err] (about 280-

560 SCF/Bbl), e.g. from 55-80 (about 310-450 SCF/ Bbl). Process
configuration will be as described in US Patents Nos. 4,419,220 and
4,518,485, i.e. 5 wth dowmflow trickle bed operation being preferred.
Wth highly paraffinic feeds of |ow aromatic content, it wll be
desirable to nmaxi m ze i soneriizat [ over hydrocracking and therefore
relatively |low tenperatures, e.g. from250[err] to 400[err]C 10 (about
480[err] to-758[err]F) will be preferred together with relatively | ow
severities, e.g. space velocities (LHSV) of about 1 to 5, and

catal ysts of relatively |OW/aCidit&. As a general guide, the bul k
conver si on to products outside t boiling range will be at 15

| east 10 wei ght percent and usually in the rangeﬂigggﬁgﬁ?g§&§o wei ght
percent, dependi ng upon the characteristics 0 - , the
properties desiretbminal ﬁﬁlﬂn@erﬁﬁfi, uct and the desi veo4aopbuet yield. Wth
nmost feeds it wil(39%esBeueyd that there is an opti num 20 conversion for VI

efficiency, oF vyield efficiency, that is, for maximumVl relative to
yield or maxi mum®PI GXraV&Fy and in nost cases, this #*t¥% be in the range of

10- 50 wei ght perqﬁﬁ&.%pnY@43|o nor e connDnIy 15-40 11 wei ght per cent
conversion. 25  yitroge n of the severity of tBgp

hydroi someri zati on step (s an i nportant part of the present process
because it is notcogesiblienf ortitenove the straight chain and slightly
branched chai n waxy conponents in a conpletely selective manner, while
30 retainih®y the é@§?ﬁ§b¥ more hi ghly branched chaP# conponent s

whi ch contribute t()Ar at??e?n t he product. For £Ris reason, the
degree of dewaxi ng by ¥ somerization which is achféved in the first
step, is preferably limted so as to | eave a residual quantity

Minas 750-1050°F (399-566°C) boiling range VGO,
having a pour point of +110°F (43°C) and containing

15 about 52% wt. total paraffins (mainly n-paraffins),
was treated in a continuocus
furfural extraction unit (7 stages, 200 vol%, 255°F
(124°C)). Under these furfural extraction '
conditions, this feedstock yielded about 69 vol$

20 Minas raffinate containing about 39.8 wt% entrained
oil and very low heteroatom level (4 ppm N, 0.03 wt%

-8). The properties of the Minas raffinate resembled
those of a typical Heavy Neutral slack wax feedstock
(35 wt% oil, 59 ppm N, 0.12 wt$ S).

25 Table 2 below sets out the product properties of
Minas VGO feedstock after furfural extraction with
those of a conventional Heavy Neutral slack wax
feedstock.



-21- of waxy conponents which may then be renoved in the
subsequent dewaxing (catalytic or solvent) step. The obj ective of
maxi m zing the isoparaffinic content of the effluent fromthe

catal ytic dewaxing step so as 5 to obtain the highest VI in the final
product may be achi eved by adjusting the severity of the initial
dewaxi ng operation until the optinum cggditions are reached for this
obj ective. Further details of the hydr oi someri zati on are found in
Serial No.” 793,937 10 and EP 225,053 to which reference is made for this
pur pose. For upgrading a very waxy feedstock such a M nas

VGO, the upstream furfural extraction sybsequent

hydr oi soneri zation with boron-containii%ﬁiﬁa% ite beta 15 i someri zation

catalyst results in high yields of ginas gal'8ffict oOf hhﬁngééggﬁagty i ndex

and adequat e pour poi nt wi t hougastiiseguent dewaxi g an ,

hydr of i ni shing. The use of |ow acidity zeolite beta results in a
product of si gni f Neminaly bpiing raoge, vi S99sP6§ Endex t RAB-36& '@l ite beta
cat al yst of hi gher acidity. © (750-APBRTIgh t KESHTIRARSF)resul ti ng

from hydroisgggﬁéfgagkgn can exhibit, syfficiently Low pour

Sulfur, wt% . 0.03 0.13
Nitrogen, ppmw 4 59
0il Content, wt% . 39 36

10 Composition, wt%

Paraffins 62 55
Naphthenes 32 26
Aromatics "6 19

A comparison of the Minas Gas 0il of Table 1 and
15 its raffinate in Table 2 indicates that the furfural
extraction step reduces significantly the heteroatom
levels in the Minas VGO, concentrates the wax content
and produces a Minas raffinate with product
_ properties similar to those of a typical slack wax.
20 This Minas raffinate has higher paraffin content and
- much lower aromatic content even when compared with a
slack wax (62 v. 55 wt% paraffins and 6 vs. 19 wt%
aromatics).

Example 2(cOmparative)
25 The Minas raffinate obtained from Example 1 was
processed over a Pt/zeolite beta catalyst. The
catalyst was an extrudate comprised of 65 wt% zeolite 4
beta, 35 wt% alumina binder. Prior to 0.6 wt% Pt
addition, the extrudate was steamed to lower its
30 acidity to about 55 alpha. Further properties of
this catalyst as well as those of the Pt boron
zeolite beta caﬁalyst of Example 3 are set out below
in Table 3.



poi nt and hi gh viscosity index so that further 25

processing i s not

requi red, subsequent dewaxi ng and hydr of i ni shing steps may be carried
out as an option, dependi ng on desired product specifications.
Dewaxi ng Fol | ow ng t he :hydroi someri zation the | ube can be 30

subj ected to a dewaxing step which has two principa

First, it will further reduce the pour-27- point.

cl oud poi nt-can be avoi ded. Sol vént dewaxing is 35

Second,

obj ecti ves.

I f a selective
sol vent dewaxing is used, a‘divergence between product pour point and
.therefore preferred

for this step of the process and -22-
may be carried out according to conventional prescriptions for
achi eving the desired product pour point e.g. solvent/oil ratio, chill
tenperature etc. Convent i onal sokéggi§§§§§§§%%igg§$hyl ethyl ketone 5
(MEK)/toluene m xtures may be used or ants such as
propane. It is, however, possiplBatfyadse_hi ghlpe 4Lk8EL J&§ SOl vent s
such as those having at |east 8 Vo0 MER, e.qg. ,/%iOO%{VE%z in t he
present process becaushetai,twt¥he highly 1065 paraffiniceéstreans produced by
t he use of waxy feeds, t he phase separati ons observed wth | ess highly
paraffinic maPerials Hhe®amo¥tbeen found t 3%ccur. =

Sioz, wt$ - 35

Density, g/cc 0.53 0.55

Packed
Pt, wtg 0.66 0.87
10 Alpha (w/o Pt) 55 4

The hydroisomerization evaluation was carried
out in a fixed-bed unit under 2760 kPa (400 psig), 1
LHSV, 356 n.l.1"* (2000 SCF/Bbl) H, circulation and in
the temperature range of 740-77Q0°'F (393-410°C).

15 Under these process conditions, the 343°C+ (650°F+)
boiling point conversion was in the range of 0-67
wt$. After vacuum distillation at 343°C (650°F) to
remove converted products, certain portions of the
343°C+ (650°F+) fraction were subjected to a

20 conventional methyl ethyl ketone (MEK) dewaxing step
to produce a lube fraction using 100% MEK at -25°F (-
32°C) to cobtain a +20°F (-6°C) pour point product in

28-56% yield.

~ Table 4 shows the relationship of 343°C+
25 (650*F+) conversion with lube production from the :
waxy Minas raffinate. The results show that this
waxy Minas raffinate provides about 51.1 wt% lube
yield with a maximum 111 VI at 32.8 wt% 343°C+
(650°*F+) conversion by upgrading over Pt zeolite

30 beta/MEK dewaxing combination.
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Thi s phenonenon may be occasi oned by the rel ative absence of aromatics
coupled with the relatively high 15 proportion of iso-paraffins. The use

of such_ highly sel ective sol vent dewaxi ng procedures is desirable
because of the highly favorable separation of the waxy conponents,
which it achieves while, at the sane ti-me, leaving the high V.I.
iso-paraffins in the oil. 20 However, | ess selective solvent m xtures may
be used . if desired, for exanple, MEK/toluene with 60 to 80
percent (v/v) MEK. The wax separated in the sol vent dewaxi ng may be
recycled to the initial isonergzation step for further inprovenent in
product quality and 25 prccegs effl ci ency. aCa.t,g ytic dewaxing may al so
be enpl oyed at this stdgegof 2 he pkocesy fﬁ)t,’;‘ exanmpl e, usi ng an
i ntermedi ate pore size dewaxi ng caf al ys? = syth as®ZSM 5 ZSM 11,
ZSM 23, or ZSM 35 in any of the catal ytic dewaxi ng processes discl osed
in the 30 patents (dentifi ed,.above to whigh reference is made for a
description of such g ocessqgs. \oCat alytic - deyaxi ng over zeolite ZSM 23
or ZSM 35 is especial@y pm:,ef red,= part ﬁﬁy Lor light lube stocks
e.g. up to 43 nﬁerr]/% (200 ¥sUS) $| ght'*neu'ol"bl Eecau& of the 35
hi ghly sel ective naty e of tjhe dewaxing with this
- 23- zeolit@® Dewajying with ZSM 23 s described in U S.
4,222,855 to which rg‘erence |$ made for a d.?.sclos.ure
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of the process. Catalytic dewaxing is preferred when extrenely | ow
pour point (<-20F) l|ubricant products 5 are desired. Dewaxi ng
at this stage is carried out to reduce t he pour point to the desired
val ue, typically bel ow |O[err]F (about -12[err]C) and usual ly | ower
e.g. S[err]F (- 15[ err] C). Dewaxing severity wll be adjusted
according 10 to the desired pour poinear other fluidity

characteristic (cloud point, freeze point etc). Al t hough i ncreasi ng

| ow pour points will result in | ower yields as progressively nore of
t he waxy paraffin content is renoved in the processing. 15 However ,
the iso-paraffinic character of the oil produced by the initial

hydr oi soneri zat i m)e%i results in higher yields at higher VI |evels
t han woul d ot herhisseobd pattiionedf the Mikindr vdffimatengbfdined Af ter

dvel_Xit ngb thet oi 'ffﬁﬂ%%dlﬁdioqﬁéﬁﬁhlégﬁiéa o_vle_r hNPE Q:\H‘a‘roinlt-s l'ubri cgnt _
qual 1ty y saturatl . Fesl du upe Ol | 1N range I NS an renovi ng
col or bodi es °°ﬁﬂ%"5ﬁﬁe?e§%ﬁ?¢é’§tﬁf °?’r£‘t1_’a‘3i i1, Bragy o Ehe

hydr of i ni shi fg prenveatidnalhreplitifobgha amtim Zxpoplef2.25Ther esi dual
aromatics nay al satabfex RladCen extrudblydradnpriskbdngs cameitsi pas1i®wy be

conventional for h of J.u SR .04 i gall 400[ err]-700[err] F
(about 205 853 é:J Q’S’ﬁoﬁgg%bod’%s?gh Zindd) 8,83 5f‘o:ciztécdo kPa) , 0.1-5
LHSV, 500- 10, 000 PEepeEies o the caladi¥s®nrergetaput ip Fablped H err]
roil). Catal yst sbbyei cailey catalystséad very lowt abiditdr agenation conponent
on an essentioal | ¥nBPBated by 8CLOW G1IPRROHSasuHRRRht §#G) (@akdhUM na, silica

or silica-alumna. Thé tal conponent is usually a base netal of
Group VIA or VI Pﬂ,g]"’o'?t% P@oﬁg?h'é’ﬁ'én of 35 such netals, such as nickel,

cobal t, nol ybdenum The hydroisomerization evaluation was carried

out in a fixed-bed unit at 2760 kPa (400 psig), 0.5-
1.0 LHSV, 356 n.l.1™' (2000 SCF/Bbl) H, circulation

15 and in the temperature range of 765-780°F (407-
416°C). Under these process conditions, with the
343°C+ (650°F+) boiling point conversion at 27.3 wts,
the Pt boron zeolite beta produced directly a 20°F (-
G'C) pour lube base stock without subsequent MEK

20 dewaxing as shown in the Figure. Samples of the
hydroisomerization product were subsequently treated
by MEK dewaxing under the same conditions set out in
Example 2. The combination with MEK dewaxing further
increases the VI potential to at least 130 VI, as

25 shown in Table 5 below, at very low conversion of
343°C (650°F+) producﬁ (10.1 wt%).



- 24- cobal t - rol ybdenum or ni ckel -cobal t. Hydrofi ni shing

catalysts of this type are conventional and readily - avai |l abl e
comercially. Hydrofinishing is particularly desirable after catal ytic
dewaxing by a 5 shape-sel ective cracking process e.g. dewaxi ng over
ZSM 5, because of the presence of |ube range ol efins in the dewaxed
product which would otherwise lead to product instability.
The products of the present process are 10 | ubricants of high VI and | ow
pour point and excel l ent oxidational stability, a conbination of
properties conferred by the presence of significant gquantities of
i so-paraffins coupled with jrelative freedomfrom aromati cs. The use of
t he sol vent 15 extractionl in conbination with the subsequent
i sonerization dewaxi ng enall e& high VI to bgs coupl ed wi th | ow product
pour point, as togethgr witlh & gh ° gh aen:sg;ln the process, either as
to VI efficiency Bor vyile IFf.affvblenggom < 5
EXAMPLES TH8 f ol [Jowfng exanples ahe d?ven ~n order to
illustrate various asfects |of the present process.
Exanmple 1 A:preniunrquallty | ube ﬁ%se stock was prepared 25
froma waxy M nas vacum ggs pl mhose ngpg§|uhgp i's set out in Table
1 bel ow. N fd 2 2
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-25- . Table 1

M:nas Gas QO | Nom nal boiling range,

750[ err]-1050[err] F (399-566 O APl Gavity _
31.5 Sul fur, W% 0.11 Ni t rogen, ppnw
550 Conposi tion, w% 10 - Par &P%Tns

52 Napht henes 25 Aromatics

23 M nas 750-1050[err] F (399-566[err]C) boiling range VGO

havi ng a pour point of +110[err]F (43[err]C) and containing 15 about 52%
wt. total paraffins (rmablleyéneqmpaxksi tisd performance tofedbwdaciditycont i nuous

furfural extractigg pilidy Géofitdaca20fy ¥ niGRELTddiRIty (124[err] Q).
Under these furf uEgI %é_r aCF on E cogdl ti ogg thl‘é&f egaét ock vyi el ded
about 69 vol % 20 © ARG ERPPTR A% E¥BRRLS fi-ng Boﬂ?? g 1RPEEATR 1 ai ned
oil and very | ow heaterthet dav| asidity1Ppmun-goptaiming zeolffe bgha
properties of st hendt n@fiy dahtréadds taecvditential by at least 20 VI

numbers from 111 to 130 VI, but also improves

significantly the lube yield from 56.1 to 89.9 wt% as

compared to the higher acidity Pt/zeolite beta. The

higher paraffin content (64-66 wt%) in the lube

10 produced from the Pt boron zeolite beta reflects its
improved hydroisomerization selectivity.



those of a typical Heavy Neutral slack wax feedstock (35 % oil, 59

ppmN, 0.12 % S). 25 : Tabl e 2 bel ow sets out the product properties
of - M nas VGO feedstock after furfural extraction with t hose of a
conventi onal Heavy Neutral slack wax f eedst ock.
- 26- Table 2
Mnas Gas QG | HN Sl ack \Wax Raffinate-
Nom nal boiling range, 399-566[err] C 343-566[err]C5 .
(750-1050[err]F) (650-1050[err] F) APl Gavity 36.0
36.0 Sul fur, w% 0.08 w~@ 0.13 Ni t r ogen,
ppmw 4 D % Rildntent, VR 39
36 10 Conposition, w % o NPftafffnss™ 8 0 0 90 55
Napht henes 32 8 = 26 ~ Aromatics 6
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A conparison of the Mnas Gas G| of Table 1 and 15 its raffinate in

Table 2 indicates that the furfural extraction step reduces
significantly the heteroatom | evel s in the Mnas VGO concentrates the
wax cont ent and produces a Mnas raffinate with pr nri-mf

properties simlar to those of a typical slack wax

raffinate has higher paraffin content a !' m 1“ content
even when conpared with a . slack wax ('62 V. nd 6 vs.
19 wt % aromatics). Exarrpl (Oorrpar ative) 25

- The M nas raffinate obtained from Exanple 1 was processed over a
Pt/ zeolite beta catal yst. The catal yst was an extrudate conprised of
65 Wt % zeolite Claima8ia 35 wt % alunina binder. Prior to 0.6 w % Pt

addition, the extrudate V\mp&beas@ctdxopkeawmgta Rilgh wwiGadisiyyt 0 about 55
al pha. Further Qr g Q:}:n an t%?i Qaﬂe@%tarﬁén"‘ﬂé 3% those of the Pt
bor on zeol i te cata f are set o bel ow I n
Tabl e 3. m neral oil content hav1ng a paraff127content of at
Table 3 5 least 30 wt%, an aromatics content of at least 10
wt%, and a nitrogen content of at least 50 ppm, which
process comprises:
i) extracting the feed with a solvent which is
selective for aromatics to provide an extracted feed
10 containing greater than 40 wt% paraffins, less than
15 wt% aromatics, and less than 30 ppm nitrogen
content, and
ii) hydroisomerizing the extracted feed with a
low acidity zeolite beta catalyst having an alpha
15 value less than 15 and an inorganic oxide matrix to
provide a lubricant having a viscosity index of at
least 110. |

2. The process according to claim 1 in which
the hydroisomerizing is carried out at a temperature
20 from 204 to 454°C, a total pressure of at least 690
kPa gauge and a space velocity of 0.1 to 10 ILHSV, and
the catalyst has an alpha value of less than 10.

3. The process according to claim 2 in which
the zeolite beta catalyst comprises ncble metal on
25 zeolite beta.

4. The process according to claim 3 in which
the noble metal is selected from palladium and
platinum.



Catélyst Properties Pt/Beta/Al[err]Jerr] Pt/ B
Beta/ SiJerr] Beta, W % 65 - 65 5

Al[err]O[err], w% 35 \SLL], w %
35 Density, g/cc : 0. 53 ”ﬁ

Packed Pt, w% 0. 66 m

Al pha (w o Pt) 55 : _a.ﬁ_. u ”mg Im””m

hydr oi someri zati on eval uati on was carrie out in a fixed-bed unit
under 2760 kPa (400 psig), 1 . LHSV, 356 n.1.1[err] (2000 SCF/ Bbl) H2
circulation and in the tenperature range of 740-770[err]F’
(393-410[err] Q. 15 Under these process_conditi Oni’é the 343 C+

(650[ err] F+) boi | $ng TH6 BFocRiR 8csPEdinmsa flamm I dmyahdrho- 67

w % After vacuumtheshydiaitsomerizimyl dsecatrfidd wiftcat]&)temperature enove
converted product sfmﬁeﬁ@'ea naw: o teftaihsressure34§8£riia%+&ﬁé&&@rr] F+)
fraction were subjk%ct ed to nvegt | onaqére li q\\//I%Iéketone ( MEK)
dewaxi ng step 3‘?‘%@5‘@1 a ?Qﬂféa VPLeeBh si®ng 1B0% %t - 25F (-
32[err]C) to &bt alandasam)[cata]lﬁst -lasCrnpaiphpoialueppfdirgs ithan 5. 28-56%
yi el d. Tabl e 4 shows the relationship of 343[err]C+ 25 (650

F+) conversion with | upe prﬁ%uc%%kg a%%%_&fnr% to c‘f’gﬁf lr})a%h ?.Lfl nate. The

results show that this te provides abodt 51.1 w %
| ube yield withe EEMWH*Filia”\ﬂlY&F gompriges, 5431Pé?ar magrix.
(650[ err] F+) conversion by upgrading over Pt zeolite 30 bet a/ MEK dewaxi ng

combi nati on. 7. The process according to claim 1 in which
the solvent selective for aromatics is selected from
10 the group consisting of furfural, N-methyl-
' pyrrolidone, and phenol.

8. The process of claim 1 which further
comprises:
iii) solvent dewaxing the hydroisomerized
15 lubricant to reduce its pour point.

9. The process according to claim 8 in which
the dewaxing solvent comprises at least 80 vol.
percent methyl ethyl ketone.

10. . The process of claim 1 which further
20 comprises:
iii) catalytic dewaxing the hydroisomerized
lubricant by paraffin cracking to reduce its pour
point.

_ 11. The process according to claim 1 in which
25 the product lubricant has a VI of at least 110 and a
pour point not higher than -7°C.



_28- [err] - 20-
Exanpl e. 3 A second portion of the Mnas raffinate obtained
from Exanpl.e 1 was processed overja Pt boron- containing zeolite beta

catalyst in place of the 5 conventional zeolite betlmmuﬂlntlﬂ"e"mlumﬁ
The catal yst was an extrudate conprised of 65 wt ta,
35 % Siderr] and contained 0.87 wt % Pt. Properti és 6&f the®catal yst
are set out in Table 3 : =35~

12. The process according to claim 1 in which
the hydrocarbon feed is a neutral lubricant
distillate.

13. A process for producing a high viscosity
5 index -(VI) lubricant from a hydrocarbon feed of
mineral oil content'having a paraffin content of at
least 30 wt%, a nitrogen content of at least 50 ppm,
and an aromatics content of at least 10 wt% which
consists essentially of:

10 i) extracting said feed with a solvent which
is selective for aromatics to provide an extracted
feed containing greater than 40 wt% paraffins, less
than 15 wt% aromatics, and less than 30 ppm nitrogen
content, and

15 ii) hydroisomerizing the extracted feed with a
low acidity zeolite beta catalyst containing zeolite
beta comprising boron as a framework component and an
inorganic oxide matrix to provide a lubricant having
a viscosity index of at-least 110.

20 14. The process according to claim 13 in which
the hydroisomerizing is carried out at a temperature
" from 204°C to 454°C, a pressure from 1380 to 10340
kPa and a space velocity of 0.1 to 10 LHSV, and said
zeolite beta catalyst comprises platinum on zeolite
25 beta and said catalyst has an alpha value of less
than 10.

15. The process according to claim 13 in which
the solvent selective for aromatics is selected from
furfural, N-methyl-pyrrolidone, and phenocl.



above. The catal yst had very low acidity as 10 i ndi cated by a | ow al pha
measur enent of 5 (taken prior to Pt additi_)\ﬂlihe—

hydr oi soneri zati on eval uati on was carried unit at
2760 kPa (400 psig), O.5- /1.0 LHSV, 356 n.1, mmm " Bbl )

Herr] circulation 15 and |nlthe tenperature rangeco rr]F (407-
416[err] C). Under these process conditi ons with the 343[err]C+
(650[err] F+) boiling point conver5| on at3%7.3 wt % the Pt boron
zeolite beta produced directlyl a 20[err]F (- 6[err] C) pour | ube base
stock wi thout subsequent MEK 20 dewaxing as shown in the Figure. Sanples
of the hydr oi soneri zati on product were subsequently treated by

MEK dewaxi ng under t h&6sarhec prdcessrscordingitta elaim 13 dmphdcR. The

combi nation wi t h Wldﬁ%xﬂg 1§ Hﬂﬁ{ced with N HyAT8geh GondumpRispt i @l to at
| east 130 VI, 2ﬁ5 sh ovvn élg bel, Qw., at M485Yo %%onver si on of
343[err]C (650[err POF ‘b?'c')?j 'll\Ml in step [err]

process.

5 17. The process according to claim 13 in which
the zeolite beta catalyst comprises platinum on
zeolite beta. -

18. The process according to claim 13 in which
the zeoclite beta catalyst comprises palladium on
10 zeolite beta.

~ 19. The process according to claim 13 in which
the zeolite beta catalyst comprises a silica matrix.

20. The process according to claim 13 in which
the hydrocarbon feed is a neutral lubricant
15 distillate.



¢

-31- . Tabl e 6 conpares the performance of |low acidity Pt

bofon zeolite beta with the hi gher acidity Pt/ zeolite beta of Exanple
2. The results indicate that the low acidity Pt boron-containing
zeolite beta 5 not only increases the VI potential. by at |east 20 VI
nunbers from 111 to 130 VI, but also inproves significantly the | ube
yield from56.1 to 89.9 wt % as conpared to the higher acidity
Pt/ zeolite beta. The hi gher paraffin content (64-66 w% in the | ube
10 produced fromthe Pt boron zeolite beta reflects its I nproved
hydr oi soneri zation selectivity. -32- [err]
e
This Sheet Has Been Replaced o
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. . . | Aviadi- 210
-33- . d ai ns: 1. A process for__producing.a high viscosilty..

i ndex (V1)1 ubricant froma hydrocarbon feed of REPhAGEMENTOSHEETSt erBG
having a paraffin content of at 5 | east 30 wt %&!’Efﬁsvﬁpﬁmtp@dwﬂ&emged Sl
at least 10 W% and a nitrogen content off EfClatag) SOpgyed.~. ol paged ...
process conpri ses: i) extracting thd WEpehwihi®) apsRivent pagedh:..
S sel ective for aromatics to provide an éxty AsiRsdt f €efaghd ..... to paged .....
containing greater than 40 wt % paraf fi28s, | ess |t han 15 wt % aromati cs, |
and | ess than 30 ppm nitrogen content, ang D B | ] sl
hydr oi sonmeri zing the extracted Leed with a
catal yst having an al pha 15 { \@I ue | ess thanﬁlSNand an inorgani c oxide
matrix to providealubi(gntghavi@a\&scsqslﬁyindex of at
| east 110. 2. Th¢ pFocwss aecordig el &8m 1 gn which
the hydroisonerizing is carrfjed out at a tenperature 20 from204[err] to
454[err]C, a total prgssure of at least 690 kPa gauge and a space
velocity of 0.1 to 108LHSV, in(ﬁ - the cat &yst fhas an al pha val ue of
| ess than 10. 3 3. | Th& processs acctdi @t o claim2 in which
the zeolite beta catagyst cofpr@ se® nobe netthl” w253 zeogite beta.
4. The process accorgi ng tojclaim3 in which' thé nobl® netal is
sel ected from pall adigjm and
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plati num | o - 34- 5. The

- process according to claim1 in which 't he hydroi sonerizing is carried
out at a tenperature from316 ‘to 427[err]C, a total pressure from 1380
to 6900 kPa gauge and a space velocity of 0.5 to 1.5 LHSV, 5 and said
catal yst has an al pha value of |less than 5. 6. The process
according to claim1 in which thgyzeolite beta catal yst conprises a
silica matri x. 7. The prectess according to claim1 in which
the solvent selective for aromatics is selected from 10 t he group
-consi sting of furfural, N nmethyl- pyrrolidone, and phenol.

8. The process of claim1jwhich further . conpri ses: 1)
sol vent dewaxi ng the hydroijsoneri zed 15 | ubricant to reduce its pour
poi nt . 9. The grogess according_to claim8 in which
o : N -
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t he dewaxi ng solvent conprises at |east 80 vol. percent nethyl ethyl

ket one. . - 10. The process of claim1l which further 20

conpri ses: . iii) catalytic dewaxi ng the hydroisonerized

| ubricant by paraffin cracking to reduce its pour poi nt .

11. The process according to claiml in which 25 the product |ubricant
has a VI of at |least 110 and a ped2= _point not higher than -7 C.

12. The process according to claim1l in which t he hydrocarbon feed is
a neutral |ubricant . distillate. ' 13. A process-for

produci ng a high viscosity 5 i ndex (Vg MI cant from a hydrocarbon feed
of’ mneral oil content havinyg a;paré&ffifrcont entn ofa at -~ least 30

wt% a nitrogen content of at tLearst &0 pgm < oand uaa sarvomat i cs content
of at |east 10 wt % which ~
o]

-
[79] ("}
- e
< + - + e~ -t
& L3 . A . * ® s e
Q ] © v o M o~ <
a O (] ] N N hgﬂ
° > -4
43
-{ —
¢ 0 Q -t
[+ Y N M
9 Q N -+ - L") NN
Na 3 . S . a e s & &
) [/} Q [+)] [ d - < Qo O~~~
uo M .-} ) ~ ™
8 > -
@
3v
nu
“0
g M
-
h
@ 5
o %
9
o =&
-l
EE: g =
(-]
L Bt N
g2 0§ =2t Sa el
o B I N ~ N’ o~ 1@ o
u 2 3 o « T RS B e -
o5 > ~
ﬂl'c 3
Ug o~
ﬂ.m Q o
o & [V < - ‘-: :‘i; [y K~]
e~ o)) aANY
g4 & 0 & 0 I . o cd ey
Sa > -
ol L4
: 2z
g‘ 3
8 g B,
.
£~ ~ Q«\
g § 3 4° 3F g8 ‘
L]
& ™ 0 g y 22 )
— - - mq’
o+ (V] 4+ ~Q r-¥-]
s = Q M < [$ X3 BL LG
oref . : m'ﬂ e O :n‘n‘u
- T - B | 0 oo ol @@ 1) ot
[ ;] Ol =t Pz =g
= 0 r~ e A |
Q ~ M @ ‘WS QCNE
a [ 4] « =3 OIE~0
% o o S48 & 52 RE8ggon
m * 3 g = A
e = O Q
0 Q 7,
~ p

REPLACEMENT SHEET |

19 JUN 1996




copsists essentially of: 10 i) extracting said feed with a sol vent

whi ch ."is selective for aromatics to provide an extracted feed
containing greater than 40 wt % paraffins, |ess - than 15 wt % aromati cs,
and | ess than 30 ppm nitrogen content, and ‘15 i)

hydr oi somerizing the extracted feed with a | ow acidity zeolite beta
catal yst containing zeolite beta qonprising boron as a framework
conponent and an i norganic oxide—matrix to provide a |ubricant having
a viscosity index of at-least 110. 20 14. The process according
to claim13 in which the hydroi sonerizing is carried out at a
tenperature from204[err]C to 454[err]C, a pressure from 1380 to 10340
kPa and a space velocity of 0.1 to 10 LHSV, and said "~ zeolite beta
catal yst conprises platinumon zeolite 25 beta and said catal yst has an
al pha val ue of I|ess t han 10. 15. The process accgyding to
claim 13 in which the solvent selective for aromatics is sel@ted from
furfural, N-nethyl-pyrrolidone, and phenol.

- 36- 16. The process according to claim 13 in which

FIG. |
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N

8E,éflubrlcant i § produced with a hydrogen consunption of n®emsich ™ t han

1Jerr] in step (ii) of the process. 5 17. The process. . -
according to claim13 in which the zeolite beta catal yst conprises
plafinun1on zeol i te bet a. 18. . The process according to
claim13 in which the zeolite beta catalyst conprises palladiumon 10
zeolite beta. 19. The process according to claim 13 in which
the zeolite beta catalyst conprises a silica matrix. 20. The
process according to claim13 in which t he hydrocarbon feed is a

neut r al Iubrlcant 15 distillate.

LUBRICANT PRODUCTION BY HYDROISOMERIZATION OF
SOLVENT EXTRACTED FEEDSTOCKS

Abstract

Hydrocarbon lubricants having a high viscosity
5 index (V.I.) and low pour point are produced by
hydroisomerizing, over zeolite beta} a waxy lube feed
such as a waxy vacuum gas oil whose aromatic
components are removed by extraction, e.g. with
furfural. The zeolite beta catalyst comprises noble
10 metal, e.g., Pt, and a low acidity zeolite beta,
e.g., framework boron-containing zeolite beta.

FIGURE 1 IS SUGGESTED FOR PUBLICATION.

REPLACED SHEETS SG

] Claim(s) paged ........ to paged ..........
[\Zj{ Drawing(s) : paged .M. to paged ..T....
[7] Abstract  :paged ....... to paged .........

DATE OF RECEIPT .ot




