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(54) Title: IMPROVED WAX HYDROISOMERIZATION PROCESS
(57} Abstract

Waxy feeds arc treated under hydroisomerization conditions to produce good yields of an isomerate product of high VI by using a
silica—alumina based catalyst in which the silica~alumina has a pore volume less of 0.99 ml/gm (H:0), an alumina conteat in the range of
35 to 55 wt.% and an isoclectric point in the range of 4.5 to 6.5. A lube fraction of the isomerate is dewaxed to provide a lube basestock of
high VI. The silica—alumina may be modified with a rare earth oxide or yttria or boria or magnesia in which instance the modified catalyst
has an isoelectric point greater than but no more than 2 points greater than the base silica alumina.




| sonmeri zati on of wax and waxy feeds to |liquid products boiling in the |ube
boiling range is a practice well-nown in the art. Catalysts useful in such
processes CONRyd s1s37oup VI netals on refractory oxide suppectusisnboias
silica- alumna and acidic refractory netal-oxi de supports such as
fluorided aluma. Catalysts using silica-alum na supports are known to
produce isonerates with good vi sc03|t |ndex hovvever these materials
traditionally exhibit IMEROVED d ROISEMERILATON PR A20 i sonerate
product with the result that t he yi el ds of the |sorrerate Iube are low.. In
the case of catal yst supported by hal ogenated al um nas

-2- such as FEDDIOETHE INVENTION VI isonerates are produced; however,
the activity of these catalysts is |ow thereby requiring higher
tenperatures and pressures to process the feed which is generally
undesirable. As a cons nd
processes which wll pr g%@g%ﬁéﬁs%ﬁY%BQ%Mocgg (lﬁgh VI .

SUMVARY OF THindhd{kp Elackiwax, Fischer-Tropsch wWakSwhiy edffingtes rﬁidaﬁv@ﬁy &Quﬂat@?thd
of producing a lube oil feedstock froma waxy feed whi ch conpri ses:

contacting t hgmdmymesaomqldadubwﬂrbas@mktqr&knﬂawstygk havingm high al ytic
i someri zati on_condi t erein the isonerization catalyst conprises a
net al hydroge?f%?f’?% ht and a silica-al unmina support, said
silica-al um na having a pore volune of less than 0.99 ml/gm (Herr]O, an

BACKGROUND OF THE INVENTION

The performance criteria for lubricants such as those used in auto-
matic transmission fluids and passenger car engine oils has become increasingly
more severe and is expected to become even more so in the future. Indeed, itis
expected that additive technology will be insufficient to meet future lubricant
performance criteria. Thus, improved base oils will be needed.

It is generally accepted that formulators of automatic transmission
fluids and passenger car engine oils will need lube oil basestocks that have a high
viscosity index (VI) and a low paraffinic wax content.

Isomerization of wax and waxy feeds to liquid products boiling in the
Iube boiling range is a practice well-known in the art. Catalysts useful in such
processes comprise Group VIII metals on refractory oxide support such as silica-
alumina and acidic refractory metal oxide supports such as fluorided alumina.
Catalysts using silica-alumina supports are known to produce isomerates with good
viscosity index; however, these materials traditionally exhibit poor selectivity for
wax disappearance into isomerate product with the result that the yields of the
isomerate lube are low. In the case of catalyst supported by halogenated aluminas




al um na content of between about 35 to 55 wt % based on silica-alum na and
an isoelectric point of from4.5 to 6.5 to provide a | ube feedstock; and

t hereafter SO'&éﬁéﬁt)@?y\’aXi ng at | east a portion of the feedstoglrruseosnzolo

Thi s and ot her iments of the invention will be discussed bel ow.

BRI EF DESCRI PTI ON OF THE DRAW NGS _2. Figure 1 is a plot of IEP
versus % Y203 in Y[err]Jerr]/Sigerr]-Aferr]Jerr]. Fi gure
2 is a plot of IEP versus alum na content. Figure 3 is a

schemati ¢ repggpedd Midrded dluhivadgh VO Rmidrhied arepridubed; ihdgvever]ithé sdtivity ot ee
Carbon Index (for A FCl=8, B FCl =4, C FC :.Zgl‘. "
- 3- DESCRI Pihiesticalystsis laweerelnrequiring higher temperatures and pressures to
process the feed which is generally undesirable. As a consequence, there remains a
need for catalysts and processes which will produce good yields of lube basestocks

with high VI.
SUMMARY OF THE INVENTION

This invention relates to a method of producing a lube oil feedstock
from a waxy feed which comprises: contacting the waxy feed with an isomeriza-
tion catalyst under catalytic isomerization conditions wherein the isomerization
catalyst comprises a metal hydrogenation component and a silica-alumina support,
said silica-alumina having a pore volume of less than 0.99 ml/gm (H70), an
alumina content of between about 35 to 55 wt% based on silica-alumina and an
isoelectric point of from 4.5 to 6.5 to provide a lube feedstock; and thereafter
solvent dewaxing at least a portion of the feedstock.

This and other embodiments of the invention will be discussed below.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a plot of IEP versus % Y203 in Y203/8i02-A1,03.

Figure 2 is a plot of IEP versus alumina content.

Figure 3 is a schematic representation of three isoparaffins each
having a different Free Carbon Index (for A FCI=8; B FCI=4; C FCI=2).



The feed suitable in the practice of the present invention includes waxy
hydr ocarbon oils such as slack wax, Fischer-Tropsch wax, waxy raffinates

and waxy di sti l\{régﬁﬁ 4pypi cally, such feeds will have wax cont@iirssesbaoid
wt % or nore. The pre?erred feed will have a nitrogen and sul fur content

each bel ow about 20 ppm by wei ght. | ndeed, .i3f. the feed contains higher
anmounts of sulfur and nitrogen, the feed can be first subjected to
hydrotreati ng under typical hydrotreating conditions to reduce the sul fur

and nitrogen cquESORIPTION OF THEINVIENFIONonal hydrotreating catal ysts can
be enmpl oyed like NI/M>o on alumna, Ni/Won alumna and Co/Mb on alumna In
ot her words any of the Goup VIBto Goup VIII netals of the Periodic Table
of El ements (Sargent- Wl cl ent-i 4 .G I | de: d

supports may be enpl Oyed_clli'ﬂf;?‘,%,ﬁ%ﬁaﬁe%@%ﬁ@@cﬁféﬁgﬁéﬁlﬁ | E—f\él?’lf#?ie ®3s
HDN- 30 and KF- 8¢#ky hydrocarbon oils suchhisblakvabd, Fiches Tespsoh Wakfwary adffinates over

the sul fur and nitrogen contents to |evels of 20 ppmor |ess nitrogen or 20

ppm or | ess sulandrwaspdistillates; Typigally, sachsfegds MEGEV%WGX contspi ofrl5| wtHs or

| f d far abl Ls, bel i |
e or" T omBle T et o5 PG iSaBR Bl SeB ARG Bac B R
sources cont ai R byiwéaghtoIndsdd ifthe féedontAaehighBacits of bilfdt ange known

to deactivate wax "hydfoi sonerization catal ysts. To prevent this

deact i vat i on i tnitrege, dliefecd ¢an bafirstissbjected to bidesitreating noder typisal Indirpteating
ref efably. | oo oRAPnE 4 Fifiiee RO and nitfogen Sonfets” R fefomyersionaf T ¢
p gg t fe e teé' s pr afyrétlatingedtaly S Eintk dfiplofeld fife NIAMS bh atimBAINDW bR Yhfinina
and Co/Mo on alumina. In other words any of the Group VIB to Group VIII metals
of the Periodic Table of Elements (Sargent-Welch Scientific Co.) on metal oxide
refractory supports may be employed. Commercial examples of such are identified
as HDN-30 and KF-840.

Hydrotreating is conducted so as to lower the sulfur and nitrogen
contents to levels of 20 ppm or less nitrogen or 20 ppm or less sulfur especially
10 ppm less nitrogen and 10 ppm or less sulfur and most preferably to levels below
5 ppm for nitrogen and 5 ppm or less for sulfur.

Waxy feeds secured from natural petroleum sources contain
quantities of sulfur and nitrogen compounds which are known to deactivate wax
hydroisomerization catalysts. To prevent this deactivation it is preferred that the
feed contain no more than 10 ppm sulfur, preferably less than 2 ppm sulfur and no
more than 2 ppm nitrogen, preferably less than 1 ppm nitrogen.

To achieve these limits the feed is preferably hydrotreated to reduce
the sulfur and nitrogen content. "




-4- Hydrotreating can be conducted using any typical
hydrotreating catal yst such as Ni/M on alumna, Co/M on alumna, Co/N /M
on al um na, ew%.gmlgg.f 840, KF-843, HDN-30, HDN-60, Criteria GcdldsssSiote
Simlarly, bu catal ysts conprising Ni/M/ M or C/N /M sulfides as
described in U S. Patent 5,122,258 can be 4ised.

Hydrotreating is perfornmed at tenperatures in the range 280[err]Cto

400[ err] C, preferably 340[err]C to 380C at pressures in the range 500 to
3000 psi hydrogen treat gas rate in the range of 500 to 5000 SCF/bbl and a
flow velocity in the range 0.1 to 5 LHSV, preferably 1 to 2 LHSV.

The hydrotreated waxy dilydrotreating qapche conducted ysing any typicalhydrotesating t hen i s
subj ected to t hydr oi s i zation. prQcgss of . the pre t. i nvention.

The catal yst SpvSYihiaR Nilo 48 ahiniog, COMG of alprmypa, CoMNIMa 8 SRR, 5 8rance
Wi th the presgHg40) KB HDN-30, HDNCGD, Critid €-49BS &6k, Sihal sumaeawg?@
pore volune less than 0.99 nml/gm (Herr]O preferdbly less than 0.8 /gm
(H err] O andcomptisipg NidvoMg of CoNiNesulfides ad deyoribed v U]SOPatess 5i 22268\ i n
the art, the term"pqre volune (Herr]O" refers to pore vol une neasured by
drying the cafaaqg]%?p‘ﬁo about 500[err]C, weighing the dried catalyst,
imrersing it in water for 15 mnutes; renoving the material fromthe water

and centrifuging to renove surface water. Then the material is weighed and
the pore vol ume is det diydmtreatingdspetfermid dtdempereturesin the range 280°C to

400°C, preferably 340°C to 380°C at pressures in the range 500 to 3000 psi,
hydrogen treat gas rate in the range of 500 to 5000 SCF/bbl and a flow velocity in
the range 0.1 to S LHSV, preferably 1 to 2 LHSV.

The hydrotreated waxy oil is stripped to remove ammonia and H,S

and then is subjected to the hydroisomerization process of the present invention.

The catalyst employed in the hydroisomerization of waxy feeds in
accordance with the present invention is a silica-alumina based catalysts having a
pore volume less than 0.99 ml/gm (H,O) preferably less than 0.8 ml/gm (H;0) and
most preferably less than 0.6 ml/gm (Hy0). As is known in the art, the term "pore
volume (H,0)" refers to pore volume measured by drying the catalyst to about
500°C; weighing the dried catalyst; immersing it in water for 15 minutes; removing
the material from the water and centrifuging to remove surface water. Then the
material is weighed and the pore volume is determined from the differences in
weight between the dried catalyst and the latter material.

In addition to its pore volume, the silica-alumina support of the
catalyst is further characterized as having an alumina content in the range of 35 to

: J*,,s_ i



wei ght between the dried catalyst -and the latter material.

In addition to its pore volune, the silicaalum na support of the catalyst
is further cha&ag;,ﬁg'.,zed having an alum na content in the ranggoodid O
-5- 55 wt% preferably from35 to 50 wt% and nost preferably 38 to 45

w % based on silica-al um na. -.s. Another criteria of the
silica-alumna used in the catalyst of the present invention is that it has
an isoelectric point equal to or greater than 4.5 and equal to or |l ess than
6.5 as il ust 55iwath, preferablyrfeork 35Th SOV kaadatostipreferalily B8Ith 4Sav84 tHased t he
boxed area exenplify. catalysts of the invention. The bYackened box,

bl ackened tri mgiicahningo” endpoi nt bl ackened di anonds i ndicate material s
falling outside the present invention. As is known in the art the

i soel ectric point of a material depends upon the relative concentration and
the acidity (pK[err]/pkiihdrcritérief theSRich G dsed ik the Gtalst of HEM
Review, 177-198 (1965)). The catal yst of the”present

i nventi on al spresenttisyention isbatit hay an isgeleatrici paint aquap temgreater tiani 45 ahd| east

one of a Goup VLB a oup VIl netal.apd preferably a Goup VILII netal,
more prefer ab?‘i’”_h Eﬁ?ﬁnﬂﬁ%glq IHWtﬁ‘Lﬂlaﬁgﬂ&JﬁeﬂF RMS‘P‘?“ 3‘!45‘0&#5 falling f
metal  conponegjthirSthk boRedarta eRerdflifi crAIFStE HF B ifiLrtlofS 'The blackened box,
blackened triangle and two endpoint blackened diamonds indicate materials falling
outside the present invention. As is known in the art the isoelectric point of a
material depends upon the relative concentration and the acidity (pKa/pKp) of
surface species (Parks, G. A., Chem. Review, 177-198 (1965)).

The catalyst of the present invention also contains a metal hydrogena-
tion component which is at least one of a Group VIB and Group VIII metal and
preferably a Group VIII metal, more preferably platinum, palladium, and mixtures
thereof. The amount of metal component is from 0.1 to 30 wt% based on catalyst,

preferably 0.3 to 10 wt%. If the metal is Pt or Pd, the preferred amount is from 0.1
to 5 wt%.

Optionally the silica-alumina based catalyst material can be promoted
or doped with, e.g., yttria or with a rare earth oxide, e.g., La, Ce, etc., or with, eg.,
boria, magnesia. In this particular embodiment, the isoelectric point will increase
depending on the dopant and dopant level as shown in Figure 2.

In the present invention hydroisomerization is conducted in the
- presence of the catalyst at a temperature between about 250°C to 400°C, preferably
at 300°C to about 380°C, at pressure between about 500 to 3000 psig (3.55 to 20.8
mPa) and preferably about 1000 to 1500 psig (7.0 to 10.4 mPa), a hydrogen gas




preferably 0.3 to 10 % If the netal is Pt or Pd, the preferred anmount is
from0.1to 5 w% Optionally the silica-alum na based
catal yst materi al /4&%9 be pronoted or doped with, e.g., yttiaporusvbkoia rare
earth oxide, ¥OP”"¥L cCe, etc., or with, e.g., boria, nmagnesia. In this
particul ar enbodi ment, the isoelectric paigt wll increase depending on the
dopant and dopant |evel as shown in Figure 2. In the present
i nventi on hydroi sonerization is conducted in the presence of the catal yst
at a tenper at wéft rietof000 ab 40,002 SURH/BC178 tet 008 N163) audgirefeadtily ahout
300[err]C to about 380[err]C at pressur et wee ut . .500 to 3000 psig
(3.55 to 20. slmpmﬁﬁﬁéﬁ%@l@t‘a&éémﬁwgbaﬁ ag{!‘g%{?ﬁgpé to A0V 10, 4
nPa), a hydroge S . . o, - 6-
treat rate of nggggglyol tf02 HBG’@&E?P&‘F&%“E‘P?Q %ogveﬁ §bleﬁte1r0 r/]’ ? %{l\g rfFT"} tOand
preferably abgpieclidffhetdte.2500 SCFH2/ B (178 to 445 nferr]/nferr]) and a LHSV
of 0.1 to 10 v/v/hr preferably 1 to 2 v/v/hr for atinm sufficient to
convert at least 10% of the feed to 370[err]C i sonerate.

Fol I ow ng isonerization.the.isonerate.is  fr.actionat l.nt .l.ubes, cut ahd

fuel s cut. The |ubes CLrEO °§“Pﬁé§°“f%??%¢°d5?ﬂ’ﬁ§e *s?qchgn%ggrrgppﬁ@esr%ge

and prefer- aBlyalei€cut>qhR Tibdscut &8t RactionBbilthgliPthe 330°C+ range and prefer-
ably the 350°C+ range or even higher.

After separating the lubes.ﬁ'action, the lube fraction is then subjected
to a dewaxing step. Dewaxing can be achieved under solvent dewaxing conditions.
The lube fraction is dewaxed, preferably to a pour point of about -20°C or lower.
Preferably the unconverted wax is recovered and is recycled. Thus a separate

stripper can be used to remove entrained dewaxing solvent or other containinants.

Solvent dewaxing utilizes typical dewaxing solvents such as C3-Cg
ketones (e.g., methyl ethyl ketone, methyl isobutyl ketone and mixtures thereof).
Cg-C10 aromatic hydrocarbons (e.g., toluene), mixtures of ketones and aromatics
(e.g., MEK/toluene), autorefrigerative solvents such as liquefied, normally gaseous
C3-C4 hydrocarbons such as propane, propylene, butane, butylene, etc., at filter
temperature of -25°C to -30°C. It has been discovered that the preferred solvent to
dewax the isomerate under miscible conditions and thereby produce the highest
yield of dewaxed oil at a high filter rate is a mixture of MEK/MIBK (v/v) used at a
temperature in the range of -25° to -30°C. Pour points lower than -21°C can be
achieved using lower filter temperatures and other ratios of said solvent. Further,

- when dewaxing isomerate made from a microwax, e.g., Bright Stock slack wax, it
has been found to be preferred that the fraction of the isomerate which is dewaxed
is the "broad heart cut” identified as the fraction boiling between about 330°C to




After séparating the lubes fraction, the lube fraction is then subjected to
a dewaxi ng step. Dewaxing can be achi eved under sol vent dewaxi ng
conditions. The lube fraction is dewaxed, preferably to a pour

about -20[ err]¥O8¥413%er. Preferably the unconverted wax is rePco(q)@}esr%e%ﬁgond
is recycled. Thus a separate stripper can be used to renpve entrained
dewaxi ng sol vent or other contam nants. Sol vent dewaxi ng
utilizes typi caI deV\/aX| ng sol vents such as C3-C6 ketones (e.g., nethyl

et hyl ket one, {A&e‘;, C k: t ]
aromatic hydro ons %&P&ggs ueng!)aeﬂgn%gﬁéhﬁ? 193?‘3?@65 ¢ (}f)h%itll &g
(e.g., MK/t 0|Hd>&6ﬁ1)s fravitiof (cohtaisedpprécisble @nveriiested iedx e@tueywaafueaﬂcydm twal ly

gaseous C2-C4 hydrocarbons such as propane, propylene, butane, butyl ene, '

etc., at filtdhehydnotreatingwnibf-25[err]C to -30[err]C. It has been
di scovered that the preferred solvent to dewax the isonerate under m scible
condi tions and thereby produce the highest yield of dewaxed oil at a high

filter rate is a m xtur g s AdPddhBSund that ﬁ%ﬁ%ﬁacﬁoﬁm%ammem&h&o

range of -25[err] to -30[err]C Pour poi nts | ower than -21[err]C can
achi eved usi ngfah-muecutfslahddcmmgaaai ente,sthamtabhmd praduat P) fromitheol vent
Furt her, when . dewaxin |sorrer def rLowax, e Bri Et St ock
sl ack wax, it 1FQM@ ‘lﬁg’gﬂ Heﬁtﬁétmlaﬁ "Bg t he

i somerate whi c& u@leg,gmenga L B W&R?%apé%faﬁ%le GRRPIVITE Sﬂlrél‘fa&&?

fraction boili
-7- metal oxide catalyst to reduce PNA and other contaminants in the isomerate and

thus yield an oil of improved daylight stability.

In that embodiment, the total liquid product is passed over a charge of
the isomerization catalyst or over noble Group VIII on, e.g., a temperature in the
range of about 170°C to 270°C, preferably about 180°C to 220°C at a pressure of
about 300 to 1500 psig Hy (2.17 to 10.4 mPa) preferably about 500 to 1000 psig Hy
(3.55 to 7.0 mPa), a hydrogen gas rate of about 500 to 10,000 SCF/B (89 to
1780 m3/m3), preferably 1000 to 5000 SCF/B (178 to 890 m3/m3) and a flow
velocity of about 0.25 to 10 v/v/hr preferably about 1 to 4 v/v/hr.

The total liquid product can be treated under these mild conditions in
a scparate, dedicated unit or the TLP from the isomerization reactor can be stored in
tankage and subsequently passed through the isomerization reactor under said mild
conditions. It has been found to be unnecessary to fractionate the total Liquid
product prior to this mild second stage treatment. Subjecting the whole TLP to this
mild second stage treatment produces an oil product, which upon subsequent
fractionation and dewaxing yields a base oil exhibiting a high level of daylight
stability and oxidation stability.




600[ err] C. Wien processing wax fractions higher than 1050[err] F+
(565.56[err]C) the heavy bottons fraction contains appreciable unconverted
wax so they c B? [geycled to the hydrotreating unit PCT/US99/03010
has al so been Y bURA Y hat prior to fractionation of the isonerate into
various cuts and dewaxing said cuts, the tptal liquid product (TLP) from
the isonerization unit can be advant ageously treated in a second stage at
mld conditions using the isonerization catalyst or a noble Goup VIII on

refractory netal oxideThetredultaht badestosk 6£tHR\ Mo &&K@sregﬁﬁtmﬁts in the
i somerate and thus yield an oil of inproved daylight s ability.

In that enmbodiomprises aﬁeast@baut 15 wiobfisapanaffins bupbasa dnigque stractoredr ge of t he
i soneri zati on,cat al y '

Lhe rango. of SHBOE PPBRIYCEE BRSSicltas & Fire.Carbamiplen dor FLlbppicale ho
22
or of or abl y. althiFEs %’E‘??%o@ms. bS] Bad 409 T oSk Gl %%é‘ﬁ Fhe rate

of about 500 mmsmmﬁeﬁtﬁb&éﬁ&rbms]ﬁ%mmmﬂ&mr&elowﬁfme&w 1000 to

5000 SCF/B (178 to0., 890 nferr]/nmerr]), and a flow velocity of about 0.25 to
10 v/ v/ hr pr SAER0RSPmYA &S Mﬂtmﬁnﬂ/mmﬂm%mms away froma side ghaini qui d

nit or tne 7ot ACTH UOAEe G Uk EriRRY by cfbhfonsfe B SRRRER of e
subsequent | y geegssddl ahlisepagifiinhempiousing 12CINNMR @00!HEgdhefs); ﬁ:ﬁltﬁ) g

conditions. It has been found to be unnecessary to fratlonate t
liquid produdesyliantpercentagasdyrthe calculatediaveragpcarbemomber Gﬂlh,eesam;)leg the

1poLe TLP 1O el ASTAR G880 350 TRE BRI TOE s Bon S,

exhi bi ting a viieh differentistés Mesd maRkiak!shRichirhlly fath Py IApNLNeRhETE tid V-
branch length. Interestingly, in the basestocks of this invention, at least 75% of the
branches, as determined by NMR, are methyl's and the population of ethyl, propy!
and butyls, etc., fall sharply with increasing molecular weight to the point where no
more than 5% are butyls. Typically the ratio of “free carbons” to end methyl is in
the range of 2.5 to 4.0. Additionally, the basestocks of this invention typically
have, on average, from 2.5 to 4.5 side chains per molecule.

In contrast, polyalpha-olefin (PAO) basestocks have fewer (about
one) and longer branches or side-chains. Indeed the ratio of “free carbons” to end
methyl ranges from 1.1to 1.7.

The FCI is further explained as follows. The basestock is analyzed
by 13C NMR using a 400 MHz spectrometer. All normal paraffins with carbon
numbers greater than Cg have only five non-equivalent NMR adsorptions
corresponding to the terminal methyl carbons () methylenes from the second, third
and forth positions from the molecular ends (B, y and & respectively), and the other
carbon atoms along the backbone which have a common chemical shift (). The




- 8- ' The resul tant basestock of the process of the present

I nvention conprises at | east about 75 wt % of i sopar affi ns but has a uni que
structural chyyqsdgssr Basically, the basestock has a "Free Cadyaisovesdux”

(or FCI) typically in the range of 4 to 12, preferably | ess than 10. The
term"Free Carbon Index” is a measure of 4the number of carbons in an

I so-paraffin that are located at | east 3 carbons froma term nal carbon and
nore than 3 carbons away froma side chain. The FCI of an isoparaffin can
be det er mi nedntensities efitheng, B, heamleﬁamﬁqual andbtheihtensityjofthp e dependsioadhar f fin
sanpl e using 13C NMR (400 rregahert rruI tiplying the resul tanf percentages
by the cal cullsngth offhs me m@%ﬁ’bmé@ig?%?ﬁ 1 HQ- ASTM

0 11 erenti ar R “W ﬁgﬂﬁﬁﬂ?’ ¢ Pisein gty Sl paMicihess (¢ (e

branch | engt hmqﬁaﬁﬁﬁ%&tuegdema:yam%a@menpeﬁiegoﬁfmébadcbbﬁuwwhmmtest | east

75% of the branches, as determ ned NVR, "are nmethyl's and the popul ation
of ethyl, pr mphomdd Further, 4t alse pcxtmrbalthe chemigal sites mthmﬂtreaganbgnsvﬁbmcﬂuhr

wei ght to th oi_nt where no noye than, 5°oa.re (It p| cally the ratio

of "free car ﬁﬂﬁg PWEW%{‘EH“‘F‘E" fmy g@'(ﬁ o 4.0.

Addi tionally, the basestocks of this invention typlcally have, on aver age,
from2.5 to 4.5 side chains per nolecule. In contrast,

pol yal pha-ol efin (PAO TaFaeé Caktson Erdex (FODs fhizhdhé pardent ofiime

branches or side-chains. Indeed the ratio of free carbons to end nethyl
ranges from imeasugedifram the overall carbon spegies inthe 13€ WMR spectraxgfithe aed as

oo I o S B B o ke o Bl oo fouated
from ASTM method 2502, divided by 100. This is further illustrated in Figure 3
which shows the FCI for three compounds having FCT's ranging from 8 to 2 (A=8;
B=4; C=2). In Figure 3, O = carbon atox;ns near branches/ends; 1-8 = free carbon
atoms. Thus, e.g., the FCI of A is calculated as ((8/26) x 100) x (26/100) = 8.

Even after very low conversion levels (<10%), the value of ¢ falls by
nearly 50% and there is a large increase in the side chain fraction, larger in fact
than that observed in a product that has been severely isomerized (>70% conversion
to 370°C-) and solvent dewaxed. The increase in sidechains is almost exclusively
in methyl sidechains. There is a much larger percentage of terminal end groups and
the distinction between a methyl at the second or third carbons from the end drops
significantly. Roughly 35% of the added sidechains have been added to the last
four terminal carbons,

The following exzﬁhples serve to illustrate, but not limit this

invention,




nunbers greater than Cferr] have only five non-equival ent NVR adsorptions
corresponding to the term nal nethyl carbons ([err]) nethylenes fromthe

second, third th positions fromthe nol ecul ar ends ([ and
\@(2?%11957 chused/Giofd )

[err] respecti and the other carbon atons al ong the backboné I C
have a conmon chemical shift ([err]). The 5. _
-9- intensities of the [err], [err], [errl] and [err] are equal and the

intensity of the [err] depends on the length of the nolecule. Simlarly the
si de branches @OIMPER ATEVREICANIPIES | SO- paraffin have unique chem cal
shifts and theé presence of a sl de chain causes a unique shift at the
tertiary carbon (branch point ) on the backbone to which it is anchored.

Further, it also pertur chemical, sites within three garbans fromthis
branch point inparting Bﬁ?g&g’@ﬂgﬁ?‘%ﬂ%ﬁ?‘f’?@ ‘EFPﬁa‘{‘ﬁqqt](i‘,m‘éﬁHs[err]).
The Free Car qu didgx (FCl) is then the percent of E methyl enes neasured
fromthe overaY carbon species in the [err]C NVR spectra of the a

basest ock, divided by the average carbon Nunber of the basestock as
calculated fr ASTM et hod 2502, divided by 100. This is further

il lustrated i 3 which shows the FCI for three conpounds having
FCl's ranging from8 to 2 (A=8; B=4; C=2). In Figure 3, O = carbon atons
near branches/ends; 1-8 = free carbon atons. Thus, e.g., the FCl of Ais
cal cul ated as ((8/26) xIdfe¢ries of2eis]@@hatalysB(Catalyst A) comprising 3 ant%Pd en

2nd thore Ts. dliaramAUER £5.93) ived abites A4 huRoa R (1ot P PR
equals 40.5 wt%) was evaluated for the conversion of 600N slack wax which
contained an 85 wt% wax. The slack wax was first hydrotreated over KF-840 at
345°C, 1000 psig hydrogen, 1500 scf/B and 0.7 v/v/hr. The hydrotreated feed was
then contacted with Catalyst A at 1000 psig Hp, 2500 scf/bbl at the temperature and
space velocity shown in Table 1.

Following this treatment, the waxy hydroisomerized product was
solvent dewaxed using a blend of MEK/MIBK (25/75 v/v) at a ratio of 4:1 solvent
" to isomerate at a filter temperature of -24°C and the dewaxed oil was found to have
the properties also shown in Table 1. The residual wax content of the waxy
isomerate had been reduced from 85 wt% to 50 - 30 wt% for the 16-31%
conversion. The VI of the dewaxed oil product was very good, ranging from about
145 to about 146.



than that observed in a product that has been severely isonerized (>70%

conversion to 370[err] C) and sol vent dewaxed. The increase in sidechains

is al nost exclusively in nethyl sidechains. There is a much | ar $99/03010

per cent age of té’?’?r?%éi”’end groups and the distinction between gg'?réutﬁy? at

t he second or third carbons fromthe end dr_qﬁs_ significantly. Roughly 35%
t

of the added sidechai ns have been added to e last four term nal carbons.

The foll owi ng exanples serve to illustrate, but not limt this invention.
- 10 - COVPARATI VE EXAMPLES TABLE'¢ fol |l ow ng exanpl es serve
toillustrate and not limt this invention. Exanple 1
FEED WAX CONTENT 85%
370°C+
Residual Dewaxed
Isomerization Condition Wax Qil Properties
Temp.,, LHSV Conversion Content, Viscosity cSt at
Run °C vivihr  to 370°C- wt¥o at 40°C 100°C VI
1 310 1.0 30.9 29.9 25.75 5310 1446
2 300 1.0 17.7 50.4 28.14 5640 1455
3 306 1.5 164 53.2 28.36 5680 1457
4 310 1.5 17.8 477 27.23 5520 1456

Comparative Example 2

In this Comparative Example, a catalyst (Catalyst B) consisting of
15.2 wt% CoMoQ3 on silica alumina (alumina content 84.5 wi%, IEP = 6.9) was
evaluated in a series of runs for the conversion of a 600N slack wax which
contained 83 wit% wax. The slack wax was hydrotreated over KF-840 at 345°C,
1,000 psig Hy, 1500 scf/bbl, and 0.7 v/v/hr as in Example 1. The hydrotreated feed
was then contacted with Catalyst B with 1,000 psig Hp, 2500 scf/bbl, and at the
temperature and space velocity shown in Table 2.

The 370°C + DWO product was solvent dewaxed as in Example 1,
analyzed and found to have the properties also shown in Table 2.




In a series of runs, a catalyst (Catalyst A conprising 0.3 w% Pd on
silica-allumna (I EP = 6.95) m xed about 20% al um na bi nder (total alum na
content equals 40.5 wt/o0) was evaluated for the conversion of d%g&}lw o?oCk
wax which contPA¥#33h 85 wt % wax. The slack wax was first hyk eat ed
over KF-840 at 345[err]C, 1000 psig hydro_\%ﬁn 1500 scf/B and 0.7 v/v/hr.
The hydrotreated feed was then contacted Catal yst A at 1000 psig Hz,
2500 scf/bbl at the tenperature and space velocity shown in Table 1.
Following this treatnent, the waxy hydrei pi zed product was sol vent
dewaxed using a blend of MEK/M BK (25/ 7%& a ratio of 4:1 solvent to
I sonerate at a filter tenperat uﬁﬁ%@éﬁﬂ@—&g dewaxed oil was found
to have the properties al so sho . % dual wax content of
the waxy isonerate had been reduced from85 w%to 50 - 30 wt% for the
16-31% conversi on. The VI of the dewaxed o0ii7%¥6duct was very good, ranging

from about 145 to about 146. Residual Dewaxed -

11 - Isomerization Condition = TABLWag Qil Properties

FEED WAX CONTENT 83émp., LHSV Conversion Content,  Viscosity 37¢8tht

Resi dual Run _ €Vex&gvhr  to370°C- wt%e at40°C  100°C VI
5 355 1.0 12.7 60.13 27.722 5.638 148.3
6 355 238 56.31 25.321 5.284 147.4
7 365 319 46.10 32.798 5.015 1453
8 370 39.5 41.44 21.697 4,740 145.7

As can be seen, although the product VI was excellent the yield of

product was very poor.

Example 3

A catalyst (Catalyst C) comprising 0.3 wt% Pd on silica-alumina
(alumina content of the silica-alumina was 39.2 wt%, IEP=5.3 1, pore volume
(H,0) of 0.54 and a surface area of 416m2/gms) was evaluated in a series of runs
for the conversion of 2 600N slack wax which contained 85 wt% wax. The slack
wax was hydrotreated over KF-849 at 345°C, 1000 psig Hj, 1500 scf/bbl and
0.7 v/v/hr as in Example 1. |

The hydrotreated feed was then contacted with Catalyst C at
1000 psig Hp, 2500 scf/bbl, and the temperature and space velocity shown in
Table 3. Following such treatment the product solvent was dewaxed as in
Example 1 and analyzed and the DWO had the properties shown in Table 3. The
residual wax content of the isomerate was good at 30-37 for the 24.6-31.4%
conversion achieved. The VI of the DWO product was excellent at 146-147.




| someri zati on Condition Wax Q| Properties Tenp. ,
LHSV  Conversi on Cont ent, Vi scosity cSt at Run C vivihr to

370C (_’%,41337 at 40C 100C Vi 1 310 1. 0 pecTrusoBidi®
29.9 25. 5. 310 144.6 2 300 1.0 17.7 50.4
28. 14 5. 640 145.5 3 306 1.513- 16. 4 53.2 28. 36
5. 680 145.7 4 310 1.5 17.8 47.7 27. 23 5.520
145. 6 Conpar ati ve Exanple 2 In this Conparative Exanple, a

catal yst (Catalyst B) consisting of 15.PABLB®IoMO3 on silica alum na
(alumna content 84.5 wt% | EP Mﬁﬁ%n a series of runs for
t he conversion of a 600N sl ack wt % wax. The sl ack
wax was hydrotreated over KF-840 at 345C, 1,000 psig Herr], 1500 scf/bbl,

and 0.7 v/v/hr as in Exanple 1. The hydrot 28t feed was then contacted
with Catalyst B with 1,000 psig Herr], 25Residudl/ bbl, and Bewaked

t enperat ure and spacé@sonsdrieaiiényCodtition i N TabNéa. Oil Propeities 370C +
DWO product was SOTYRRT GEMSYed CafiverSion<2NChfitedt, 2NAfi¥ckRily andeSt@tnd to have
t he properti eﬁmql S0 ogNOWN Ay T2RL & 7600 wit% at 40°C 100°C Vi
12 7 310 1.3 31.4 29.8 242 5117 146

8 310 13 294 318 24.4 5.137 146

9 310 13 282 33.2 24.7 5.186 146

10 310 13 294 32.2 25.0 5.231 146

11 307 13 - 249 37.1 25.7 5.327 147

12 310 1.3 246 37.7 26.0 5.376 147

Example 4

A catalyst (Catalyst D) comprising 0.3 wt% Pt. on silica-alumina
(alumina content of the silica alumina was 45 wt%) which was modified with
4 wt% yttria and having an isoelectric point of 6.08 before Pt loading, was
evaluated for the conversion of a 600N slack wax which contained 85 wt% wax.
The slack wax was first hydrotreated over Ni/Mo on alumina KF-840 at 345°C,
1000 psig Hp, 1500 scf/bbl and 0.7 v/v/hr.

The hydrotreated feed was then contacted in a series of runs with
Catalyst D at 1000 psig Hp, 2500 scf/bbl, and the temperature and space velocity
shown in Table 4. Following such treatment the product was analyzed and the
DWO led the properties shown in Table 4. The residual wax content of the 370°C+
isomerate was good at 46-31 for the 18-34.5% conversion achieved. The VI of the
DWO product was outstanding at about 149.




TABLE 2 FEED WAX CONTENT 83%

370[err] C+ Resi dual

Dewaxed meri zation Condition WX ' ties
Tenp., LHSV w%%bggy on Cont ent, Vi scosity cSt at Rungimé[ag}r@fb?%
vivihr to 370[err] C wt % at 40/ ?r 41C 100[err]C VI 5 355
1.0 17.7 60. 13 27.722 638 148.3 6 355

23.8 56. 31 25. 321 5.284 147.4 7 365

31.9 46. 10 32.798 5. 015TARBI4943 8 370

39.5 41. 44 21. 697 4. 740 I45.7 As can be
seen, although the product VI weEEERWIAX GQONTFENT 85% of product was very
poor . Exanpl e 3 A catalyst (Catalyst C) conprising 0.3 w%

Pd on silica-alum na (alum na content of tisgos€C+i ca-alum na was 39.2 W%
EP 5.3 1, pore volune (H20) of 0.54 and a Rgkidagle area of HiGrked r]/ gns)

was eval uated in a sqgies:ok -k sdkio the c I’SI on of P &tegck wax
whi ch contained 8 3 1o§|n Xﬁi‘ " t.
345[err] C, 10Q0 psigggz,j s¢ :gﬂi d WHAL: xSt e 1.

The hydr otrea.&lf A/AL 1 w—t—‘K‘-‘-Ca—t—al-yﬁiO&a-t -1-8&—9 +-9&I—

Herr], 2500 sk /bbPB4%and die tenp@dture anttdpace verdtity 48N i1#3.9
14 340 1.0 345 31.0 25.24 5.300 1492

15 330 1.0 184 46.3 27.57 5630 1492




Tabl e 3. Fol | owi ng such treatnent the product solvent was dewaxed as in
Exanple 1 and anal yzed and the DWO had the properties shown in Table 3. The

residual wax content_ of the isonerate was good at 30-37 for t%% 4%
conver si on achi@%&wﬁhe VI of the DWO product was excel |l ent at g@ﬁ%"

- 13 - - JRABLE 3

FEED WAX CONTENT 85% 370[ err] C+
Resi dual Dewaxed | sonerization Conditi

G| PropertiesCcLAIMS:Tenp., LHSV Conversion Cont ent, Iﬂll"lg%'mlu""uut
at Run [err]C vivihr to 370[err] C wt % at *A0Fere] C 3
100[err]C VI 7 310 1.3 31. 4 29.8 24. 2

5.117 146 8 310

1. 29. 4 3 24. 4 . 137
469 310 13 1 ABighodofprodiginga lube oifbgbestock froa puaxy feed 45”1
310 1.3 whi&gcé?,}n?rises: coﬁ@c%né t%xe wm&gfeg% yith ah ﬁ%cnzati&ﬁca"tﬁlyst \m%?

1.3 24.9 147 12

24.6 37. catalytic isoriéxization cofditiofs wherely the ifomarization catalyst compnses a
metal hydrogenation component and a silica-alumina support, said silica-alumina
having a pore volume of less than 0.99 ml/gm (H,0), an alumina content of
between about 35 to 55 wt% based on silica-alumina and an isoelectric point of
from 4.5 to 6.5 to provide a lube basestock; and thereafter solvent dewaxing the

basestock.

2. A method for producing a lube basestock of high VI from a waxy
feed comprising: contacting the waxy feed under catalytic isomerization conditions
with a catalyst comprising a metal hydrogenation component and a silica-alumina
support, the silica-alumina support having from about 35 to 55 wt% alumina based
on silica-alumina, an isoelectric point of from 4.5 to 6.5 and a pore volume of from
less than 0.99 mg/gm (H>0) to produce an isomerate; separating the isomerate into
at least a lube fraction; and solvent dewaxing the lube fraction to provide a lube

basestock.

3. The method of claims 1 or 2 wherein the metal component is at
least one of a Group VIB and Group VIII metal.

4. The method of claims 1 or 2 wherein the pore volume is between
" 0.40 ml/gm (H,0) and 0.99 ml/gm (H50).

5. The method of claims 1 or 2 wherein the metal component is
platinum or palladium.




A catalyst (Catalyst D) conprising 0.3 w% Pt. on silica-alumna (alumna
content of the silica alumna was 45 wt% which was nodified with 4 wt%
yttria and having an_isoelectric point of 6.08 before Pt |oadin

eval uat ed for Wé“&gﬁver sion of a 600N slack wax which cont a?ﬁ@g’%%ako%
wex. The slack wax was first hydrotreated guver Ni/M on alum na KF-840 at
345[err] C, 1000 psig Herr], 1500 scf/bbl and 0.7 v/v/hr. The
hydrotreated feed was then contacted in a series of runs with Catalyst D at
100ﬂmmmlmu"m”ﬂ 00 scf/bbl, and the tenperature and space velocity
shows v |l owi ng such treatnent the product was anal yzed and the
DWO ['ed” t he pfoper ti es6.slTheméthod eptlainds 1 he, firthiet cainpyisiogdsslatig a &faxt he
370[ err] C+ isgnerate was good .at 46-31 for the 18-34.5% conversion

achi eved. Theﬁ?@ﬂ?ef'%‘@nbgﬂ"ﬁ%&é@l’- was out standi ng at about 149.

-14- TABLE 4 FEED
WAX CONTENT 85% 370[err] C+
Relsi dual Deva i@ method of clains 6farthé&ndoniptising fhick/clg the wad/¥ito
G| Propertie
pert! ?he waxy feed.

8. A method of producing a lube oil basestock from a waxy feed
which comprises contacting the waxy feed with an isomerization catalyst under
catalytic isomerization conditions wherein the isomerization catalyst comprises a
metal hydrogenation component and a silica-alumina support, said silica-alumina
having a pore volume of less than 0.99 ml/gm (H,0), an alumina content of
between about 35 to 55 wt% based on silica-aluming wherein the silica-alumina is
modified with a rare earth oxide or yttria or boria or magnesia and has an isoelectric
point greater than but no more than 2 points greater than that of the base silica-
alumina, to provide a lube basestock; and thereafter solvent dewaxing the
basestock.

9. A method for producing a lube basestock of high VI comprising:
contacting a waxy feed under hydroisomerization conditions with a catalyst
comprising at least one of a Group VIB and Group VIII metal and a silica-alumina
support, the silica-alumina support having from about 35 to 55 wt% alumina,
wherein the silica-alumina is modified with a rare earth oxide or yttria or boria or
magnesia and has an isoclectric point greater than but no more than 2 point greater
that of the base silica-alumina, to provide a lube basestock; and thereafter solvent
dewaxing the basestock.




Tenp., "LHSV  Conversion Cont ent , Vi scosity cSt at Run [err]C

vivihr to 370[err] G wt % at 40C 100[err] C VI 13 340
1.0 24. 7 34.4 25. 83 5. 380 148.9 %T,Usgﬁéljam
1 o 34, YOMAIIBT 39 ¢ 25. 24 5.300  149.2 15
18.4 46. 3 27.57 5.630 149. 2
o’f produci ng a | ube oil basestock

1. A nethod
fr, "” l H mlch conprises: contacting the waxy feed with an
a

i sonert zati en catal ystigindge mecthed ¥f Llainh$® 6P 9iwiitrtiflthe figtil componedtds at n t he
i sonerization catal yst conprises a netal hydrogenation conmponent and a

silica-al um ndestippoofa Gaoup VB and GroupiVilH metel. ng a pore vol une of |ess
than 0.99 m/gm (Herr] O, an alum na content of between about 35 to 55 wt %
based on silica-alumna and an isoelectric point of from4.5to0 6.5 to

provi de a | ube basesto i volemP ISEs{vesk -
2. A nethod for produc?ﬁg m%%ﬂ%ggélgﬁiﬁg}?%m%ﬁﬁ\\%ﬁé?%m a vvgzs; feegif
conprising: c@X¥eeiligny(HIC) arddpssithen 0.99dal/gmqHa0)1 i ¢ i soneri zation

conditions with a catal yst conprising a netal hydrogenati on conponent and a
silica-alum na support, the silica-alum na support having from about 35 to

55 _wt % al uri na based ofl sigheGciib BF Bikimé s of §30her6ihthé el EonPonkal 4 5 0
" from

6.5 and a pore volunme 0O
platinum or palladium.

13. The method of claims 8 or 9 wherein a wax is isolated from the

solvent dewaxing step.

14. The method of claim 13 wherein the wax is recycled in the feed.




| ess than 0.99 ng/gm (H err]O to produce an isonerate; separating the
I sonerate into at |east a lube fraction; and sol vent dewaxing the | ube

fraction to provide a | ube basestock. 3. The ne ai s
1 or 2 wherei "YPAEREL al conponent is at |east one of a Goué’%%zﬁ??glo@ oup
VIl netal . 4. The method of/Zlains 1 or 2 wherein the pore

volunme is between 0.40 mM/gm (Herr]O and 0.99 mM/gm (Herr]O.
5. The nmethod of clains 1 or 2 wherein the netal conponent is platinumor

pal | adi um - 16 - 6.
The method of clainms 1 or 2, further conprising isolating a wax from
t he sol vent dewaxi ng step. 7. The nethod of claim®6

further conprising recycling the wax into
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t he waxy feed. 8. A nmethod of producing a | ube oi
basestock froma waxy feed whi ch conprises contacting the waxy feed
with an isoner&%ﬂﬁkgg catal yst under catal ytic isonerizat ipgRasesesoid ons
wherein the isonerization catalyst conprises a met al hydrogenati on
conponent and a silica-alum na support, 2g@gd silica-alum na hagépg a
pore vol une of |ess than 0.99 i i

bet ween about 35 to 55 wt % bas
silica-alumna is nmodi fi ed
or magnesi a and has an isoel ec
2 points greater than that of

| ube basestock; and thereafter
9. A nethod for producing a lu
contacting a waxy feed under h

d on.silica-alum na. wherein the
with: a rare earth oxide or yttriador boria
ric poi nt greater than but no jnore than
he -gase-si-li-ca= - - - ---al-um-na, -to.-pHOvVvode a

sol vgnt dewaxi ng the - basest ocH.
e basestock of - high- VI conprising:
droi sqneri zation conditions with g catal yst
.and . G.pup VLLL .netal. .and .4

conprising at |east one of a ©
silica-al um na support @t h¢ silica-al um na support having frgm about 35
to 55 wt % al um na, whe§i nfthe silNca-alumina is nodified witjh a rare

or gnesi a and- has an isoel edtric point

poi nt gneater. that of the bage
................................. .ht'\

earth oxide or yttria or b&} a
greater than but no nore tEn
silica-alum na, to provide
dewaxi ng the basest ock
- 17-
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10. The nmethod of clains 8 or 9 wherein the netal conponent is at
| east one of a Goup VIB and G oup VIII netal. 11. The

met hod of cl ai 9 wherein the pore volune is between /gm
(Herr]O andw@?z“?#an 0.99 mM/gm (H er r)ao) . Pmmé;ié&l?he

met hod of clainms 8 or 9 wherein the meta¥/3conponent is pl ati num or
pal I adi um 13. The nmethod of clains 8 or 9 wherein a
wax is isolated fromthe sol vent dewaxi ng step.

14. The method of claim 13 wherein the wax is recycled in the feed.
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