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(57) Abstract

A process for preparing a lubricating oil basestock (43) having good low temperature properties is disclosed. The process includes
contacting a feed (15) with a first amorphous isomerization catalyst (21) having a pore volume less than 0.99 ml/gm (H20), an alumina
content in the range of 30-50 % based on the isomerization catalyst and an isoelectric point in the range of 4.5 to 6.5. The isomerization
step is followed by a catalytic dewaxing step using an intermediate pore crystalline molecular sieve (39) to produce a product (43). A
further embodiment includes a first amorphous isomerization catalyst having a pore volume less than 0.99 mU/gm (Hz20), an alumina content
in the range of 30-50 % based on the isomerization catalyst wherein the silica is modified with a rare earth oxide, yttria, boria or magnesia
and an isoelectric point greater than but no more than 2 points greater than that of the base silica alumina.




Conventional nethods for dewaxing include solvent dewaxing and catalytic
dewaxi ng It H 5 icult to economcally produce a base oil WyiGhsosfiBROS
t he Iom/tenpera?ure properties required py present and future standards
for engine oils. ie., a high viscosity index (V) and | ow pour point, from
a conventi onal crude f eedst ock by sol vent demaxing al one, particularly as
the VI and pour point demands are nade increasin strlngent

Alternatives to sol vent JdBERODBETIENN QE LIBRIGA; by sel ective
hydrocracki ng and/ or caB¥Y\A CONBRNATION MALYSMY n. Both
alternatives typically enploy shape selective crystalline nol ecul ar sieves.
-2 - U.S. 5,149,421 discloses a process for catalytically
dewaxi ng a hyo ; ng. the feed in the presence of

hydr ogen wi 28\ GEGE SElaye *3“!"5-9 an internedi ate pore size
S|I|coalun1nophosphate nDIecuIar si eve and a hydrogenati on conponent, and
an i nternedj . ud nosilicate zeolite. U S.
4,919, 788 dBEelkDYIE LHEINMENIIYIN hr oducing a | ubricating oi

This invention relates to a process for preparing lubricating oil
basestocks. More particularly, a hydrocarbon feedstock is dewaxed by contact-
ing the feedstock with an amorphous isomerization catalyst followed by a

crystalline molecular sieve dewaxing catalyst.
BACKGROUND OF THE DISCLOSURE

In order to achieve the low temperature properties required for
modern lubricating oil basestocks, it is usually necessary to dewax lubricating
base oil feeds to remove waxy paraffins. It is well known that removal of waxy
paraffins is needed to produce a base oil having the low pour points needed for
acceptable cold flow properties.

Conventional methods for dewaxing include solvent dewaxing and
catalytic dewaxing. It is difficult to economically produce a base oil which
meets the low temperature properéies required by present and future standards
for engine oils. i.e., a high viscosity index (VI) and low pour point, from a
conventional crude feedstock by solvent dewaxing alone, particularly as the V1

“and! pour point demands are made increasingly stringent. Alternatives to solvent

dewaxmg include catalytic dewaxing by selective hydrocracking and/or catalytic
dewaxing by wax isomerization. Both alternatives typically employ shape
selective crystalline molecular sieves.




basestock with a target pour point and high VI by dewaxing a feed wth a
cat al yst cont“éf??ﬁ’ﬂ&’ t least one large pore zeolite having a h)ara§eaRd0dbn-
dehydr ogenati on conponent to isonerize waxy paraffinic conponents and

sel ectively dewaxi ng the effluent by prefer®ntial renoval of straight

chai n, waxy conponents. The sel ective dewaxi ng conponent can be sol vent or
sel ective cat dewaxing. Selective cat dewaxing can be acconplished by a

zeolite such as ZSM 22gj0¢ 57-%/9,?;4%1 discloses a rocesstﬁg'c%azégﬁgmﬁ%)ﬁacﬁ%?eas to a

process for dewaxing a feedstock by contacting a crysStalline
zeol i tes havi Rgdrachition! feadty doigotidgemhe febd in thedpresency éthydrbperwith a

hydr ogenat i on/dehydr ogenati on conponent in a first stage foll owed by

cont acti ng t hiayefdd catallyst comtairting an istermedipte potersize sicoaimsinaphosphatd yst
containing a crystalline zeglite having a Constraint I ndex grgater than 2
al S0 associ at MlegulaF saevﬁjamggéwémmagenmgmmi a5 anintermagdiate pore size
WO 96/ 07715 descr.i be aﬁpre‘?ﬁ%ss for producing a high VI lubricant froma
waxy feed by "b pRyyLae £ %h the waxy feed is catalytically dewaxed
primarily by isonerization using a low acidity |arge pore zeolite

| sonmeri zation catal yst containing a noble netal hydrogenati on conponent
fol I owed by a second cHLS\4,919,788Westribessi pPodess fier prodasilg Alubeitating oil

i ntermedi ate pore crystalline nol ecular sieve contalning a netal

hydr ogenat i onbasestodkowith attarget pouppaintiand high VI by dewaxing a feed with a

-
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catalyst containing at least one large pore zeolite having a hydrogenation-
dehydrogenation component to isomerize waxy paraffinic components and
selectively dewaxing the effluent by preferential removal of straight chain, waxy
components. The selective dewaxing component can be solvent or selective cat
dewaxing. Selective cat dewaxing can be accomplished by a zeolite such as
ZSM-22 or ZSM-23.

EP 188,898 B1 relates to a process for dewaxing a feedstock by
contacting the feed with a crystalline zeolites having a Constraint Index less than
2 associated with a hydrogenation/dehydrogenation component in a first stage
followed by contacting the effluent from the first stage with a second stage
catalyst containing a crystalline zeolite having a Constraint Index greater than 2
also associated with a hydrogenation/dehydrogenation component.

WO 96/07715 describes a process for producing a high VI lubricant
from a waxy feed by a process in which the waxy feed is catalytically dewaxed
primarily by isomerization using a low acidity large pore zeolite isomerization
catalyst containing a noble metal hydrogenation component followed by a
second catalytic dewaxing step using a constrained intermediate pore crystalline

molecular sieve containing a metal hydrogenation/dehydrogenation component.




- 3- WO 99/41335 744,452 relates to a process for produci ”&:T/US99/03009
| ubricating base oils by cont acting hydrocracker bottons with a catalyst

conprising Pt and/or Pd on a refractory oxige carrier in the presence of
hydr ogen, separating the effluent fromstep | into a |ight and heavy
distillate fraction and catal ytically dewaxing the heavy distillate
fraction. It would be desirable to have an econom c process
for selectively producing a high VI, |ow pour point |ubricating base oil
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dewaxi ng catal yst. The process for producing ricati ng base oil having
good | ow t enpstept Liinto v liglstranddseavyrdistiliste fradtion amh¢atalyiticglly dewdixieg theon

feedstock with an anorphous silica-alum na based i sonerization
catal yst havih gawétsﬂéip teofrap@omess than 0.99 ni/gm (Herr]O, an
al um na content in the range of 35-55 wt % based on silica- al um na and

an isoelectric point in the range of 4.5 to 6.5, and a netal

hydrogenation conponeny y,8,id'e BLETABIE Fo Bavh Ul eQBRBmE O pfices € Rt setived | ¥
producing a high VI, low pour point lubricating base oil under mild conditions to

maximize yield and low temperature properties.

SUMMARY OF THE INVENTION

The present invention relates to a process for economically produc-
ing a lubricating oil basestock with excellent low temperature properties by
dewaxing a feedstock using a first amorphous isomerization catalyst followed by
a crystalline molecular sieve dewaxing catalyst. The process for producing a

lubricating base oil having good low temperature properties comprises:

(1) contacting a hydrocarbon _%feedstock with an amorphous silica-alumina
based isomerization catalyst having a pore volume less than 0.99 ml/gm
(H20), an alumina content in the range of 35-55 wt% based on silica-
alumina and an isoelectric point in the range of 4.5 to 6.5, and a metal
hydrogenation component in the presence of hydrogen to at least partially
isomerize waxy paraffins in the hydrocarbon feedstock, and

(2) contacting at least a portion of the at least partially isomerized feedstock
with a 10 or 12 ring shape selective intermediate pore crystalline molecular

sieve containing a metal hydrogenation component in the presence of




| someri ze wa}?/ S{)araffi ns in the hydrocarbon feedstock, and (2) contacting
at least a p¥PEBSf the at least partially isomerized feeds®P&EIRUSII0O3004 ¢ h
a 10 or 12 ring shape selective internediate pore crystalline nol ecul ar

si eve containing a netal hydrogenati on corgenent in the presence of

-4 - hydrogen to at least partially catalytically dewax the
feedstock from step (D). The isonerization catalyst and

the dewaxi ng cat J chfalyicallydesvaxethetfeeddtociafilony stepd
configuration pr gﬁ\xcggﬁe?ﬁba?ﬁfﬁgrﬁag%ﬂ?’dstoc%fi ?st contacts the P

i somerization cat@d)yst. Alternatively, the isomerization catalyst and
dewaxi ng catalyst may be in separate reactors provided that the feedstock
first contacts the isonerization catalyst. BRI EF DESCRI PTI ON OF THE

PRAWNGS The isomerization catalyst and the dewaxing catalyst can be
contained in a single reactor in a layered configuration provided that the feed-
stock first contacts the isomerization catalyst. Alternatively, the isomerization
catalyst and dewaxing catalyst may be in separate reactors provided that the

feedstock first contacts the isomerization catalyst.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a partial diagrammatic view showing a layered catalyst in

a single reactor in a process scheme for making lubricating oils.

Figure 2 is a schematic flow diagram showing a two reactor system

for making lubricating oils.

Figure 3 is a graph showing VI as a function of pour point for a
Catalyst A/Catalyst B stacked bed configuration vs. Catalyst B alone.

Figure 4 is a graph showing yield as a function of pour point for a
Catalyst A/Catalyst B stacked bed configuration vs. Catalyst B alone.

Figure 5 is a graph showing VI as a function of pour point for a
Catalyst A/Catalyst C stacked bed configuration vs. Catalyst A/Catalyst C

- composite vs. Catalyst C/alumina.




Figure 1 is aypawisyfak di agrammatic view show ng a | ayered cat alP)ésl%§99/ofno9
single reactor in a process schene for nmaking lubricating oils.

Figure 2 is a schematic flow di agram showing a two reactor system for

maki ng | ubricating oils. Figure 3 is a graph showing VI as a
function of pour point for a Catalyst A/ Catal yst B stacked bed
configuration vs. Catal yst B al one. Figure 4 is a graph

showi ng yi el d as a funcFigmme 6fis pgraplp showirfg:350Caayiald/as a Anttion gEpow point

stacked bed configuration vs. Cat

| . 5
graph showi ng fﬂraaga@lY&irNQaéﬂYGﬁgﬁ ef bed conguration; vy. yGatalyst4y/ ragfﬂys

st B, al one Fi g [

st acked bed COé]OfIIn ggi et\';s‘?'bé’&ys?&?ﬁ' XSta.A/ Catal yst C corrpf)gl_te VS. Cat al yst

C/ al um na.

Figure 7 is a graph showing V1 as a function of pour point for a
Catalyst A first, Catalyst C second stacked bed configuration vs. a Catalyst A
second, Catalyst C first stacked bed configuration.

Figure 8 is a graph showing 350°C+ yield as a function of pour point
for a Catalyst A first, Catalyst C second stacked bed configuration vs. a Catalyst
A second, Catalyst C first stacked bed configuration.

Figure 9 is a graph of VI versus Pour Point (°C) for three feeds for
Catalyst C.

Figure 10 is a graph of VI versus Pour Point (°C) for three feeds for
Catlayst E.

DETAILED DESCRIPTION OF THE INVENTION

In the process of the invention, a hydrocarbon feedstock is dewaxed
by first contacting the feedstock with an isomerization catalyst and the effluent
from this step contacted with a catalytic dewaxing catalyst to produce a lubricat-
ing oil basestock having good low temperature properties. While the waxy
paraffinic components of a typical hydrocarbon feedstock possess good VI
characteristics, it is necessary to remove or isomerize most of the waxy paraffins
in order to achieve a basestock having good low temperature properties, e.g., a

low pour point and a low Brookfield viscosity. Multi-ring aromatics and poly-

a



Figure 6 is a graph showi ng 350[err]C+ yield as a function of pour point
for a Catal yWoay@asal yst C stacked bed configuration vs. Cat apgrtise9/03009
Al Cat al yst C conposite vs. Catal yst C al um na. Figure 7 is a
graph showing VI as a function of pour poi-f-for a Catalyst A first,
Cat al yst C second stacked bed configuration vs. a Catal yst A second,
Catal yst C first stacked bed configuration. Figure 8 is a
graph show ng i a f ' . I Ot t A
i ror, " Cat al yo o Gigithends fisbedpdbe VI BBt BoiBEFodtRick ahdfs SLEXS
Catal yst C fi sélectivedy s8shobe dhasetpesies fdm fhe lubricating basestodk oilig Fange. a
graph of VI versus Pour Point ([err]C) for three feeds for Catalyst C
Figure 10 i s Thgpaedent prodess sipimizes the Snount ¢f enackidy tb dight praghictserots f or
Cat |l ayst E. DETAI LED DESCRI PT] ON OF THE | NVENTI ON
¥
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process of t hsuifahleashahricatingoil bassstasks bycselecsivel @ra@ms&apsmwgﬂle ©
tacti the feedstock w.th ' i zat i t al d.th ffl t
from thi s st oVXY FACRITIS tyiserparacting Aod complets PRy RS retioton by camlvES,

lubri cat - dewaxing by selective hydrocracking. By controlling the amount of cracking to

light products, the yield of lube oil basestock is maximized.

The process according to the invention can process a wide variety of
wax-containing feedstocks including feeds derived from crude oils, shale oils
and tar sands as well as synthetic feeds such as those derived from the Fischer-
Tropsch process. Typical wax-containing feedstocks for the preparation of
lubricating base oils have initial boiling points of about 315°C or higher, and
include feeds such as reduced crudes, hydrocrackates, raffinates, hydrotreated
oils, atmospheric gas oils, vacuum gas oils, coker gas oils, atmospheric and
vacuum resids, deasphalted oils, slack waxes and Fischer-Tropsch wax. Such
feeds may be derived from distillation towers (atmospheric and vacuum),
hydrocrackers, hydrotreaters and solvent extraction units, and may have wax
contents of up to 50% or more. Optionally, such feeds may be solvent dewaxed

prior to the process of the invention.

Hydrocracking, hydrotreating and solvent extraction are well known
in the art. Typical hydrocracking catalysts have a large pore size, and contain an
acidic functionality as well as a hydrogenation component. Examples include

- amorphous materials such as alumina and silica-alumina and crystalline alumino-
silicate materials such as zeolite X, zeolite Y, and ZSM-20. Hydrocracking
accomplishes ring opening as well as saturation of aromatic compounds to yield

hydrocracked products of a more paraffinic character. Typical hydrocracking




ing oil basesygesfagyi Ng good | ow tenperature properties. Wil S trgﬁgwg
paraffinic conponents of a typical hydrocarbon feedstock possesg 00

characteristics, it is necessary to renove Or isonerize nost of the waxy
paraffins in order to achi eve a basestock having good | ow tenperature
properties, e.g., a |low pour point and a | ow Brookfield viscosity.
Multi-ring aromati cs and poly- :

-6 - cycl i c conditionsrinclude dydsagenquressuresiofifroon10,3351t0 15, @38kRacl, 58Mto i t
desirable to sel ectively renove these shecies fromthe lubricating .

basest ock boi 12,39 psia) é¢nmﬁ@t%ﬁ°é§¢sfﬁ?mﬁ4%c@s§2% Gi ﬁﬁwggnqmg' g?ﬁFGrHE?Qﬁlty of
cracking to light products not suitable as_|ubricati I ] bases ks by
sel ectively c@rﬁ/tqgiaﬁé hydsegen Beatgasapte Qé}(-(!ﬁ 289 Fﬂ?gm?c&r@@ai(gﬁpéns and
conpl et es pour i) t reduction by catal ytic dewaxi ng by sel ective

hydr ocr acki ng.sc% ontrolling the amobunt of cracking to |ight products, the

yield of lube oil basestock is maxi m zed. _ The process
according to the invention can process a w de variety of wax-containing

f eedst ocks incl uding f?ﬂﬂﬁo&@iﬁﬂﬁ@fféeﬂ?‘i&ﬂﬁé@teﬁitbhetébﬁioﬁl gdrthsvang wall as
sands as well as synthetiic feeds such as those derived fromthe Fischer-

Tropsch procesaturdtyon ofihromaticsorSincenitepgencairt sulRe domtaining ¢ompenmds may dfe

| ubricating base oils have initial boiling points of about 315[err]C or

hi gher, and i dcuimaﬁ&wdewaxhgmtalﬁmge ergbydrotreatesktoderer adtrogen- and

r éf finates, hyc Ot-rcgg’}a?%ng species to less than about 20 ppmw, preferably less than 10
ppmw. The nitrogen- and sulfur-containing species are converted under hydro-
treating conditions to hydrogen sulfide and ammonia, which are typically
removed by, e.g., stripping prior to the dewaxing steps. Typical hydrotreating
catalysts are non-noble metal Group VIII and/or Group VIB metals on a weakly
acidic inorganic support such as alumina. Examples of hydrotreating catalysts
include Co/Mo, Ni/Mo or Co/Ni/Mo all on alumina. Hydrotreating reaction

conditions are described in EP 225,053 B1.

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.

Hydrotreating can be conducted using any typical hydrotreating
catalyst such as Ni/Mo on alumina, Co/Mo on alumina, Co/Ni/Mo on alumina,




oils, atnospheric gas oils, vacuumgas oils, coker gas oils, atnospheric
and vacuum ré%?%gé“,l :bﬁeasphal ted oils, slack waxes and Fi scher - TPEPIISPI/ X8O
Such feeds may be derived fromdistillation towers (atnospheric and
vacuun), hydrocrackers, hydrotreaters and s®btvent extraction units, and may
have wax contents of up to 50% or nore. Optionally, such feeds may be

sol vent dewaxed prior to the process of the invention.

Hydrocracki ngp VRGP EAAIAUHROIY GIHONKL! EFLAICUPLIBL! SEARHy! Bulkhe

art. Typical r_oc? acking catalysts’have a ’I arge pore size, ’n_t ain an
acidic functi QMYsiyc&ﬁﬁﬁﬁiﬂg NMn/M6 of C/NiYMUsulfides As describednipl €S, iPacdnitde

anor phous materials such as alumna and silica-alumna and crystalline

al um no- sili 64122,268 ean he wsedich as zeolite X zeolite Y, and ZSM 20.

Hydr ocracki ng acconplishes ring opening as well as saturation of aromatic
conpounds to yield hydrocracked products of a nore paraffinic character.
Typi cal hydrocracki ng

condi tions include hydF@é‘éﬂuﬁ%&ﬁrpeegf%}mflr%ﬁ?fgfﬁgrqsénﬁ? Tengs %ﬁ%’({? 500
to 2,500 psi ahgo?%,’@%gﬂ%ﬁhﬁa%@ {9986 at Preébafresin'e 80U 10/3 60064,

vel ocity of O. ydrogen treat gas rate o %5 o 1780
nferr]/nferr] hidsdpe tieat s pate ivehé Rhige of 500 to 5000 SCF/bbl and a flow velocity

in the range 0.1 to 5 LHSV, preferably 1 to 2 LHSV.

Solvent extraction is used to separate aromatics including
heteroatom-containing species from paraffinic hydrocarbons. Typical solvents
include phenol, N-methyl-2-pyrrolidone and furfural. The raffinate from solvent
extraction which may be hydrotreated if desired to lower nitrogen and sulfur

content can be used as a feedstock in the present invention.

If it is desired to remove wax as a valuable product the feedstock can
be solvent dewaxed prior to catalytic dewaxing by using typical solvent
dewaxers such as propane, butane, methyl ethyl ketone, methyl isobutyl ketone
and mixtures thereof. The ketones can be combined with other solvents such as

benzene, toluene and xylene.

Solvent dewaxing typically involves mixing the feed with chilled
dewaxing solvent to form an oil-solvent solution and precipitated wax is there-
- after separated by, for example filtration. The temperature and solvent are
selected so that the oil is dissolved by the chilled solvent while the wax is
precipitated.




Hydrotreati ngy@bodifggls is directed to heteroatomrenoval as weld~3Sco0/03009
saturation of aromatics. Since nitrogen and sul fur containing corrpounc?s may
be detrimental to dewaxing catalysts, feedsgare hydrotreated to | ower
nitrogen- and sul fur-containing species to 'ess than about 20 ppnw,
preferably | ess than 10 ppmw. The nitrogen- and sul fur-containing species
are converted under hydro--treating conditions to hydrogen sulfide_ and

ammoni a, which are typiApargcHaiy suitablg, sobvent dewaxingppragess Isiolyes thaaise of
V1T andl o - GRGAPUREEIONEF SFEETS 10 eRt Sk Pip-i i and A5 T eTRsBRY BLeHFTs
al um na. Exanpl e r . | cat I.n ' . .

Co/ N/ Nb al | SR %ﬁﬁ%ﬁ‘ﬁ?@‘éﬁ@{ R %&%ﬁ%ﬁ%’n Gﬂé’%ﬁ"g}?%%t Méﬁ%%%di n
EP 225, 053 Bl .3yn hillin ?éﬁﬂ{i fatif fﬂs% %{ﬁﬁ I -
sour ces cont aidnmé]l§atkteict|esgo%t¥i§ﬁ/ ur a%gﬁmtrggén corrtg%éudni{'?s i%r??a;lt‘éjeﬂ}kenom
to deacti vat e chilledysiventswidharthe aill GDhG?i'é%bhﬁleﬂ' .sofvenplie¥dddd irltrémentally along

deactivation it is preferred that the feed contain no nore than 10 ppm
sul fur, prefethdlength of thé:cpolingtowensa as toamdintainan avarage chillingratetat og§en,

Phe feod |s pRElSy 0T RS, HomiBrbeyeea hout e ARt Sandor: foogRel
Pydr ot  eat | ng taprae SAE ULV RRrGAI e WA Rk B B8 BRYRR ST kil
on alumna,  ysually be between 0 and 50°F (-17.8°C to 10°C). The mixture may then be sent

to a scraped surface chiller to separate precipitated wax from the mixture.

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

In the process according to the invention, the hydrocarbon feedstock
is passed sequentially through a catalyst system containing a first amorphous
hydroisomerization catalyst followed by a shape selective catalytic dewaxing
catalyst. While both isomeﬁzaﬁon and catalytic dewaxing can be used to dewax
a waxy feed, they accomplish dewaxing by differing reaction routes. In the case
of bifunctional catalysts (molecular sieve plus active metal component), the
nature of the dewaxing results for waxy paraffins is dependent on several factors
including the reaction temperature and pressure, the nature of the metal and the
nature and number of available acidic sites, especially the density and strengths
of acidic sites. While not wishing to be bound to any particular theory or
reaction mechanism, it appears that the initial step with either mode of dewaxing

. is the formation of olefins at the active metal sites followed by the formation of




-8 - e.g., KF-840, KF-843, HDN-30, HDN-60, Criteria C 411, etc.

Simlarly, blYR%483¢ ysts conmprising Ni/Mi/ M or C/N /M sul f POBES2203009
described in U S. Patent 5,122,258 can be used. Hydrotreating
is perforned at tenperatures in the range-280[err]C to 400[err]C,
preferably 340[err]C to 380[err]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 fl ow

velocity int r . t raf )
Sol vent extr agﬁb_gﬁi_ll&g 1%%%%}_ Sggfgﬁo%%{g?sg gﬁ@%@ﬁ%@.‘%’%ﬁg& fion ?fthese
het er oat om cogy digiteioRg ie o 68, 3heh The hpdbiQsnéaiprolubisorill be

sol vents i nclude phenol, hyl - 2-pyrrolidone and furfural. The raffinate

from sol vent bxdnched iparaffihs,cive.isy-pataffindravid moleedlssf stilkasefebas cothpoments of
nitrogen and sul fur content can be used as a feedstock in the present

i nvention.  lubricating base pilsj Orn theciher kand, of therprimanemeans ef reactign|af the
product the feedstogk can be gol vent dewaxed prior to catalytic dewaxi ng by
using typi cal e atedemmejefswﬁw@dgogas theg aﬁ@%%%ﬁwc@@tﬁ@?
ketone, et hylpafaiﬁx%j toihh B85 R1¥Ved from the lubricating basestock boiling point range.

Most catalytic dewaxing catalysts perform in a combination of these two modes

to some degree. Selective hydrocracking also known as catalytic dewaxing is
distinguished from hydrocracking in that the former shows significant preference
for reaction of paraffinic molecules. In general, catalytic dewaxing by selective
hydrocracking or paraffin hydroisomerization takes place under milder reaction
conditions than those conditions for hydrocracking.

The isomerization catalyst in the present process is an amorphous
(non-crystalline) material. In the case of crystalline materials such as alumino-
silicates, aluminophosphates and silicoalumino phosphates, selectivity for
isomerization is achieved in part by controlling the nature of pore openings.
Large pore zeolites having pore ‘diameters greater than 7.0A and high silica to

alumina ratios (low acidities) are employed for isomerization.

In the case of amorphous isomerization catalysts according to the
invention, isomerization selectivity is controlled by a combination of acidity,

pore volume, alumina content and isoelectric point.

A useful scale of acidity for catalysts is based on the isomerization
-. of 2-methyl-2-pentene as described by Kramer and McVicker, J. Catalysis, 92,
355 (1985). In this scale of acidity, 2-methyl-2-pentene is subjected to the
catalyst to be evaluated at a fixed temperature, typically 200°C. In the presence




and m xtures {Re§eise The ketones can be combined with other solvents such
as benzene, tol uene and xyl ene. Sol vent dewaxi ng R&§HPRR(03009

i nvol ves mxing the feed with chilled dewaxi ng solvent to form an

oi | -sol vent solution and precipitated wax i~3lt-here- after separated by, for
exanple filtration. The tenperature and solvent are selected so that the

oil is dissolved by the chilled solvent while the wax is precipitated.
-9 - of cataly’t BRES, | 2t e#iy]y2-pehical! formo h\afberigiish THY R6@%ization
i nvol ves the use of "a cooling tower where solvent is pre-chilled and added

increnental |y phathweayeofithepmarbémium iongs thdichtive bf thef adidity of attivey sitesmertheThe
oil-solvent mxture is _agitated during the chilli an step to permt
substanti al |y catalystt Jhasveakly ppidicositestorpy 4-methy. -BGRPHSQHGNE‘FTW swongly

il. Th -chilled sol t i di tal l I t he, | h of th
ool  ng-t ower - SEUESES Tesptin arskfrtE rep T REGHER! tor ARG PR aT ey
10 F/m s by <) 5 L AHt &
Final t erper at Speodly A r TBfte 2P dimenh R otbitehe, TSbote Taflief, 3 Hethyl-
cool ing tower mr#éntéﬁéw lxnaﬁyp:‘.{?&%heocaiﬁge eSirlatddtoa Wﬂ@hﬁhéi}iﬁrﬁ OT'his
10[err]C). The rm xture may then be sent to a scraped surface chiller to
separate preci peidityetalevanes foold6.0Mox4.0r Very weakly acidic sites will have values

near 0.0 whereas very strongly acidic sites will have values approaching 4.0.

The isomerization catalysts useful in the present process have acidity values of
from about 0.5 to 2.5, preferably 0.5 t0 2.0. The acidity of metal oxide supports
can be controlled by adding promoters and/or dopants, or by controlling the
nature of the metal oxide support, e.g., by controlling the amount of silica
incorporated into a silica-alumina support. Examples of promoters and/or
dopants include halogen, especially fluorine, phosphorus, boron, yttria, rare-
earth oxides and magnesia. Promoters such as halogens generally increase the
acidity of metal oxide supports while mildly basic dopants such as yttria or

magnesia tend to decrease the acidity of such supports.

The amorphous isomerization catalyst is a silica-alumina based
catalyst having a pore volume less than 0.99 ml/gm (H,0), preferably less than
0.8 ml/gm (H50), and most preferably less than 0.6 ml/gm (H70). As is known
in the art, the term "pore volume (H,O) 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 general, the amount of solvent added will be sufficient to provide a

| i qui d/ sol i dW@EI%¥MB36r ati o between the range of 5/1 and 20/ 1 afGTASYEHAR%I ng
tenperature and a solvent/oil volune ratio -between 1.5/1 to 5/ 1. The

sol vent dewaxed oil is typically dewaxed ¢+b2a pour point |ess than about
+10[err] C In the process according to the invention, the
hydr ocarbon feedstock is passed sequentially through a catal yst system

rocal eedst . al ly. .
containing a first amppy aoﬂwlielp%?gef,%}ﬁﬁé,lt%isﬂﬁ%gdé@néefﬂ@vmalpyna

shape sel ective cata ewax! ng “cat al yst . |l e h isomerization and
catal ytic deWﬂ%&'ﬁ[&i chafaddérizEaedt Ravine whshmitaontetdn thrangecf@ipto Fhwt%,
dewaxi ng by ditffering reaction routes. In the case of bifunctional )
catal ysts ( nDmeatably 35 ¢o S0pii%6, most preferably 38 topd wetho,)based enthe isameizarne
dewaxi ng results for waxy paraffins is dependent on several factors

I ncl udi ng theﬁpéézétail)ﬁﬁ’&-terrperature and pressure, the nature of the netal
and the nature and nunber of available acidic sites, especially the density
and strengths of acidic sites. Wiile not wi shing to be bound to any

particul ar theory or r%%&ﬁ&wﬂgfﬁpmha_aﬁaﬁﬁﬁrﬁeahﬁ&hé henmedrzatiah Step

with either node of dewaxing Is t mation of olefins at the active

metal sites fghlabykees that itlasia igoélecticofoint from 4.5 to 6.5. As is known in the art,
-10-

the isoelectric point of a material depends on the relative concentration and the

acidity (pKa/pKyp) of surface species (G. A. Parks, Chem. Review, 177-198

(1965)).

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 e.g., boria, magnesia. In this particular embodiment, the isoelectric point
will increase depending on the dopant and dopant level to a level not more than 2

points higher than that of the base silica-alumina.

The isomerization catalyst also contains a metal hydrogenation
component which may be at least one of a Group VIB and Group VIII metal,
preferably a Group VIII metal, more preferably a Group VIII noble metal,
especially Pt, Pd, or mixtures thereof. The amount of metal hydrogenation
component is from 0.1 to 30 wt%, based on isomerization catalyst, preferably
from 0.3 to 20 wt%.

The hydroisomerization process utilizing the catalyst of the present
invention is conducted at temperatures between about 200°C to 400°C, prefer-
ably 250°C to 380°C, and most preferably 300°C to 350°C at hydrogen partial
pressure between about 350 to 5000 psig (2.41 to 34.6 mPa), preferably 1000 to



carbeniumio acidic sites. If the primary neans of reaction of

t hese inter rrenbgiogtbguiagns is isonmerization, then the hydroi somerit58dU*0aMe: s
will be branched paraffins, i.e., iso-paraffins and nol ecules still useful
as conponents of lubricating base oils. or ¥ve other hand, if the primary
means of reaction of the internediate ions is selective hydrocracking, then
a portion of the reacted paraffins will be renoved fromthe |ubricating
basest ock boi 12509 pk (7.0rteridk2 nifes)| a bytirgtin gasdrearxatiq of 500ltyJ0500EECH m i n
a conbi nation of these two no es,to sone degree. Sel ective hydrocracking

al so known as Habbl (89 to 2@’ fy’); prefexahily 3,000tod,000 ST 148i66rtg &9
that the fornmer_shows significant preference for reaction of paraffinic

mol ecul es. | n m¥ne) ahd adzHSWof 0. 1devidv/iviharh ). Sstel viv/he preftratlyacta 2 g/ ohr.
paraffin hydroi sonerization takes place under mlder reaction conditions

t han those conditions for hydrocracking. The isonerization

'n the case of cryat al BRERNERas FPEvS IRID SonRis RO OB atipR T Wy ° ' °
al um nophosph A ' t LV . .
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openi ngs. Lar qanft scofipllished with 4 dsinRafth of é&‘”a”@kiﬁ@stogfo%ah%"ef(g?ﬁihg bé6wand

high silica to alumna ratios (low acidities) are enpl oye

i sorrer i zat i on.343°C) products. While these isoparaffinimaterials maydvavel 2 highoWl, some
catal ysts accaording to the invention, i1sonerization selectivity is
control l ed by mdw%tnl [FRe¢ies may alse mayhaveopeur\peingsdoo dightnmeebthelow and
i soel ectric paqint

. A f,ul | f i di. f | ysts i
based on t he. ((EBWERME: FegpiTsmeats o RpHem BatrBrks Al dt fs 1 deifbl ey and
MV cker, J. Gedfkpi2d 81 of the waxy components in the feed. Thus there is a need to

catalytically dewax the products from this first stage to lower the pour point to

desired target range.

Catalysts useful in the catalytic dewaxing step include crystalline 10
and 12 ring molecular sieves and a metal hydrogenation component. Crystalline
molecular sieves include metallo-, e.g., alumino silicates, alumino phosphates
and silicoaluminophosphates. Examples of crystalline alumino silicates include
zeolites such as ZSM-5, ZSM-11, ZSM-12, Theta-1 (ZSM-22), ZSM-23,
ZSM-35, ZSM-48 natural and synthetic ferrierites, ZSM-57, Beta Mordenite
and Offretite. Examples of crystalline alumino and silicoalumino-phosphates
include SAPO-11, SAPO-41, SAPO-31, MAPO-11 and MAPO-31. Preferred
include ZSM-5, ZSM-22, ZSM-23, ferrierites, and SAPO-11.

The dewaxing catalyst may also contain an amorphous component.
The acidity of the amorphous component is preferably from 0.5 to 2.5 on the
Kramer/McVicker acidity scale described above. Examples of amorphous
materials include silica-alumina, halogenated alumina, acidic clays, silica-




355 (1985). In this scale of acidity, 2-methyl-2-pentene is subjected to
the catal yst W3*¥#3&&al uated at a fixed tenperature, typicallyP2UGS89/63009
In the presence - 11 - of
catal yst sites, 2-nethyl-2-pentene forns a lda beniumion. The isonerization
pat hway of the carbeniumion is indicative of the acidity of active sites
In the catal yst. Thus weakly acidic sites form 4-nethyl -2-pentene whereas

strongly aci di i tes e 1 . t ar FQred is silica-

3 ety - 2- pefasests ViR Sied fit oo g HIER KARARTE Prefired is silic

2, 3-di net hyl - 2t 4Hiane. The nole ratio of 3-nmethyl- 2-pentene to

4- met hyl - 2- pentene can be correlated to a scale of acidity. This acidity
scale ranges from0.0 to 4.0. Very weakly acidic sites will have val ues
near 0.0 whereas very strongly acidi¢ sites will have val ues proachi.n
4.0. The isonerization Ihetdewaxing catalyst may alse %F@érﬁmﬂﬁb@% ml‘i‘&\'/@’%é‘éhgﬁ ty

retaloxi de dpaerel EesisthRt Oiptopis csmdigots e it irowbrBagAly iontealvie
or by control L ng, }&%{iﬂﬁtdﬁhﬁff?&nst atfot ﬁiat&fédlg‘in@@@?gﬁ@cﬁc Or nafifally
of "SI ed I nto a si

control ling the anoun ca i ncorpora _ I ca-al um na
support. Exa”l@céﬁrrﬁ{g PafTPile sectraditiays dihed hid mthledides| Mirix matedalsal |y
fluorine, phosphorus, boron, yttria, rare- earth oxides and nmagnesi a.
Pronot er s suclwhish hed agtalsoxidecinchide singlecmddes buctnas aluminaf bimetyatoroposie
supports while mldly basic dopants such as yttria, or maglrl\esi atend to
decr ease the &ongisugh@es silicanmegpesia and ternary compositions such as silica-alumina-

zirconia.

If the dewaxing catalyst contains an active amorphous component,
the crystalline molecular sieve/metal hydrogenation component/amorphous
component may be composited together. In the alternative disclosed herein, the
crystalline molecular sieve and amorphous component can be in a layered
configuration wherein it is preferred the top layer in the reaction vessel is the
amorphous component and the lower layer is the crystalline molecular sieve. In
this alternative configuration it is preferred that the metal hydrogenation

component be present on both components.

The metal hydrogenation component of the dewaxing catalyst may
be at least one metal from the Group VIB and Group VIII of the Periodic Table
(published by Sargent-Welch Scientific Company). Preferred metals are Group
VIII noble metals, especially palladium and platinum. Metals may be added to

‘the catalyst by means well known in the art such as metal impregnation with a
soluble salt.




The anor phousyh s6§mEs zation catalyst is a silica-alum na based
having a pore volune less than 0.99 mM/gm (H err] O, preferabl fﬁé@@%@ﬁ

0.8 Mm/gm(Herr]O, and nost preferably Iels than 0.6 mM/gm(Herr]O. As
is knowmm in the art, the term "pore vol une %—I[err]O) refers to pore vol une
measured by drying the catalyst to about 500[err]C, weighing the dried
catalyst, imersing it in water for 15 mnutes, renoving the material from
the water and centri f ufilgd¢ewaxiagwatalystrrhay eontaimrbaséden theaveightof titali s
wei ghed and the pore volune is determned fromthe differences in V\Bl/g

ht
bet ween the dcatalystafreny SttoB5awteeof| caystellingmelecaiar sieve, from 0 to 90 wt% of
- 12 - In addition I ts pore. vol ung, I |i ca-al um na of
the catal yst ASQrphousFOmMponSRt %‘F‘* g@@ ésl Waﬁ? H'g‘l/ %&EQ%%}EWW in the
range of 35 tq 9 eher . A0t 9 t preferably 38 to 45
w % based on cpﬁlgno\ﬁfgéwfhzgfé @%cei’%xég ;IIIZMD{ atelfat

Process conditions in the catalytic dewaxing zone include a tempera-
ture of from 260 to 420°C, preferably 270 to 400° C, a hydrogen partial pressure
of from 2.41 to 34.5 mPa (350 to 5000 psi), preferably 5.52 to 20.7 mPa, a liquid
hourly space velocity of from 0.1 to 10 v/v/hr, preferably 0.5 to 3.0, and a
hydrogen circulation rate of from 89 to 1780 m*/m® (500 to 10000 scf/bbl),
preferably 178 to 890 m*/m’.

The amount of dewaxing by selective hydrocracking to lower boiling
materials will be a function of the nature of the isomerate from the isomerization
zone, the dewaxing properties of the molecular sieve chosen and the desired
target pour point. In general, the lower the pour point chosen, the greater the
conversion to lower boiling point non-lube products because more severe

selective hydrocracking conditions will be required.

The process of the invention may occur by using a single reactor
containing two separated beds of isomerization and dewaxing catalyst, or make
take place in separate reactors, e.g., a cascade reactor system in which the first
reactor contains the isomerization catalyst and the second reactor the dewaxing
catalyst optionally with inter-reactor separation of the liquid and gaseous

" products with the liquid products being further processed in the dewaxing
reactor. Either configurations offers advantages over a single catalyst system,
including those in which the two respective dewaxing functions are combined

~ into a single or composite catalyst.




Anot her crit§;i9§4?$3the silica-alumna used in the isonerization catal

is that it hAQ B 1 ¥%oel ectric point from4.5to 6.5. As is knVrT V§7 {08 9
art, the isoelectric point of a material de ends on the relative
concentratlon and the acidity (pKa/pKb) ofl&urface species (G A. Parks,
Chem Review, 177-198 (1965)). Optionally the silica-alumna
based catal yst material can be pronoted or doped with e.g., yttria or with

a rare earth oxide, e.Jach bdalySepha¥ecmay O used at its ddeal beddter comdjtions o | n
this particul ar enbodi nent, the I soel ec¥r| c point will increase_ dependi ng

on the dopant ol@taﬁlethalﬂ‘esire&ﬁhat basestoekgiropertiesnif thmmget poipertiestarg hagh
than that of the base silica-alum na. |soger|zat|on .
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I nvention is con at tenperatures between about 200[err]Cto

400[ err] C, pr @ik resuldinyloRe? [V andhighesoi3kositibC, and nost preferably
300[err]C to 350[err] C at hydrogen partial pressure between about 350 to
5000 psig (2.41 to 34.6 nPa), preferably 1000 to

As normal catalyst deactivation occurs, it is expected that the two
catalyst will deactivate at different rates. The separate temperature control
possible for the individual catalyst beds will allow maintenance of the desired
conversion rates over each respective catalyst. Also, separate temperature
control allows the operator to rapidly and efficiently adjust operation of the
separate beds to meet product quality/quantity objectives. The layered or

- stacked bed configuration permits much greater feed flexibility over traditional
dewaxing. For example, feeds may have widely varying wax contents. Finally,
the first isomerization bed increases the relative pour point reduction activity of
the second dewaxing bed. This may occur due to the cracking out and saturation
of some fraction of the aromaticﬁs present in the feedstock as well as by the
isomerization of a fraction of ﬂaé wax present in the feedstock, particularly those
higher carbon number wax molecules which may be more difficult for a

molecular sieve catalyst to isomerize or crack from the feedstock.

The process is further exemplified in Figures 1 and 2. Figure 1is a
schematic flow diagram showing a layered catalyst configuration. In Figures 1,
hydrogen gas enters reactor 10 through line 12. Heated feedstock is added to
reactor 10 through line 14 where it is distributed over the reactor diameter by
plate 16. After passing through distributor 16, feed contacts catalyst bed 18

vo PR



- 13 - 250 ' .0 to 17.2 nPa), a hydrogen gas treat rati o]
10, 000 SCF Hﬁ%@??’%&? (89 to 1780 nferr]/n{err]), preferably 2?&6815?2’9%?%00

SCF H2/bbl (356 to 890 njerr]/nferr]) and a LHSV of 0.1 to 10 v/v/hr, 0.5
to 5 v/v/ihr, preferably 1 to 2 v/v/hr. -17- By choosing relatively
mld conditions, isonerization of waxy conponents (n-paraffins and slightly
branched paraffins) to isoparaffinic materials can be acconplished with a

m ni mum of cr gelitaitingGanierphbub opisrization datdlyst. Batabyst beld 18ris deated. to\the | e

these isoparaffinic materials nay have a high VI, sone individual species

may al so nay kdasicedtemperature byt bot gassuchassteamarotherheatinganeans entering

i1 of the walecPhiohRatoe coil 24 and extiiefiionghbe 265 Erodsbply phic R ar"®

catalyti ol ¥ \ SN LIG RRRMGLE i Lo ha 18 Sortd God bl BB PO

and o motal hyAPASIOLEP A Sl il ypegs BE ich, 526 o fo B LR ARG Todt oo

netal | o-, e.gbutabt/GAtalysti ISopdiried febd i@ thendvariabfddetd a second distribution plate
28 through conduit 30. Upon passing through distributor 28, isomerized feed
contacts catalytic dewaxing bed 32. Catalyst bed 32 is also heated to the desired
temperature by circulating hot gas entering through line 34 to heating coil 36 and
exit line 38. The temperature in bed 32 may be different from bed 18 to achieve
the desired conversion level and product quality. Dewaxed product then exits
bed 32 by passing through separator 40 where it is collected in collector 42.

Hydrogen gas exits reactor 10 by line 44,

Figure 2 is a schematic flow diagram showing another embodiment
of the invention. Heated feedstock enters reactor 11 through line 15. Hydrogen
gas is admitted to reactor 11 via line 17. Feedstock passes through distributor 19
to catalyst bed 21 containing amorphous isomerization catalyst. Reactor 11 is
heated to maintain the desired temperature in catalyst bed 21 by heating coils
(not shown). The at least partially isomerized feedstock is separated from
catalyst via separator and is conducted through line 25 to heat exchanger 27.
After being heated to the desired temperature, isomerized feedstock is passed to
pump 29 and on to reactor 31 via line 35. Hydrogen gas from reactor 11 is
conducted to reactor 31 by line 33. Make-up hydrogen can be added to line 33 if
desired. Upon entering reactor 31, isomerized feedstock passes through
distributor 37 where it is then contacted with catalyst bed 39 containing dewax-
ing catalyst. Reactor 31 is heated to maintain the desired temperature in catalyst
bed 39 by heating coils (not shown). The temperature in reactor 31 may be




and silicoal um nophosphates. Exanples of crystalline alumno silicates

i ncl ude zeol (WR8Y8F4h as zSM 5, ZSM 11, ZSM 12, Theta-1 (ZSM ZRGT/USHSNECRS
ZSM 35, ZSM 48 natural and synthetic ferrierites, ZSM57, Beta Mrdenite
and Ofretite. Exanples of crystalline alwiBro and silicoal um no-phosphat es
I ncl ude SAPO 11, SAPG 41, SAPO 31, MAPO- 11 and MAPO 31. Preferred include
ZSM 5, ZSM 22, ZSM 23, ferrierites, and SAPO 11. The dewaxi ng

catal yst may g§: ' : ki :

aror phous compuereat BBk B beTERABE2Y and ARARSHI, s HOARE 1ot ¥calred
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- 14 - magneatalystyhyt separator 4t and lisiwithdraswm viating.i Kydrégamegasak withgdrawar r ed
is silica- alum na. ) The dewaxi ng catal yst may al so include a
matrix or bindeomypactar 35 by ing43.i al resistant to process conditions and
which is substantially non-catal ytic under reaction conditions. Mtrix
materials may be synthetic or naturally

The total liquid product from either the layered catalyst system of
Figure 1 or the two reactor system of Figure 2 may require post-treatment to
adjust product quality parameters such as color, toxicity, or haze. Hydrofinish-
ing is commonly employed to adjust such product quality parameters. Process
conditions for hydrofinishing are mild to minimize product loss through crack-
ing. Conventional hydrofinishing catalysts include non-noble metal Gréup Vil
and/or Group VI metals such as Ni/Mo, Co/Mo, NYW, Ni/Co/Mo and the like on
non-acidic or weakly acidic supports such as silica or alumina. The catalyst may

be activated prior to use by sulfiding or other conventional method.

Reaction conditions in the hydrofinishing unit are mild and include a
temperature of from 260°C to 360°C, preferably 290°C to 350°C, more prefer-
ably 290°C to 330°C, a hydrogen partial pressure of from 1000 to 2500 psig (7.0
to 17.3 mPa), preferably 1000 to 2000 psig (7.0 to 13.9 mPa), a space velocity of
from 0.2 to 5.0 LHSV, preferably 0.7 to 3.0 LHSV, and a hydrogen to feed ratio
of from 500 to 5000 SCF/bbl (89 to 890 m*/m®), preferably 2000 to 4000 Scf/bbl
(356 to 712 m*/m®). The catalyst in the cold hydrofinishing unit may be the
same as in the first hydroconversion unit. However, more acidic catalyst
supports such as silica-alumina, zirconia and the like may be used in the cold
hydrofinishing wnit. |

The invention is further illustrated by the following non-limiting

examples.




occurring mat %P]bgﬁl ﬁéCh as clays, silica and netal oxides. Matrix

mat eri al s whic 3%tal oxides include single oxides such as BFEMSA%E3009
bi nary conposi- tions such as silica-magnesia and ternary conpositions such
as silica-alumna- zirconia. -1}3¥ 1t he dewaxi ng cat al yst
contains an active anorphous conponent, the crystalline nol ecul ar

si eve/ netal hydrogenati on conponent/anor phous conponent nmay be conposited

together. In t%}gﬁti ve di scl osed herein, the crystalline nol ecul ar
si eve and anor pnous conponent can be in a | ayered configuration wherein it

is preferred tfm@@el]ayer in the reaction vessel is the anorphous
conponent and the lTower layer is the crystalline nolecular sieve. In this

alternative configuration it is preferred that the netal hydrogenation

conponent be present on Ihahis exampd¢)enivaxy hydrocracker bottohiseferdstack designated
hydr ogenati on cor£%o:nent of the dewaxi ng cat aloyst may be at | east one netal
I

from the G oup as/HCE:war bydrovonvertsd over P8 3%dPté 40k yétrizpom pilicheaiumyna
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catal yst by meqpse yeh k00l iRa b8 oRikodlbERcToMESPE 0B RESBRRELY ChehlysP
D), over a Pd/Pt on ferrierite based catalyst (designated as Catalyst B), and over
both catalysts in a cascaded reactor sequence. In all cases the reactor pressure

was 1000 psig of hydrogen at a flow rate of 2500 scf/bbl.

Catalyst D Alone

The following data was obtained for hydroconversion using only
0.5% Pt on silica-alumina (Catalyst A), which does not reduce pour points to the
desired levels, follow by solvent dewaxing (SDW).




The dewaxi ng catal yst may contain, based on the weight of total catalyst,
from5 to 95YREYBPScrystal line nol ecul ar sieve, fromO0 to 90PGIESgy/03009
anor phous conponent and fromO0.1 to 30 wt % of metal hydrogenati on conponent
wi th the bal ance being matrix material . Process conditions in
the catal ytic dewaxi ng zone include a t'erﬁ:?er‘a- ture of from 260 to

420[ err] C, preferably 270 to 400 C, a hydrogen partial pressure of from

2.41 to 34.5 nPa (350 to 5000 psi), preferably 5.52 to 20.7 nPa, a liquid
hourly space velocity of from#& Rjto 10 v/v/hr, preferably 0.5 to 3.0, and
a hydrogen circulation rate of & %dm 89 to 1780 nB/nBJ_S«QONto 10000
scf/bbl), preferably 178 to 89 err;]/rr[errri)'g-\q v~ O ng nmount of
dewaxi ng by sel ective hydrocra g to | ower o'i'l\‘i’ng Taterials wll be a
function of the nature of the @s@erate fromthe isonerization zone, the
dewaxi ng properties of the nol €c®llar sieve chosen and the desired target
pour point. In general, the | ower the pour point chosen, the greater the
conversion to | ower boiling, point |non-lube products because nore severe
sel ective hydrocracking co®@ig &ng will be required. The
process of the invention @] b using & T 1191 e Ge3ctor Lagt @i ning two
separ at ed beds of isoneriz igom: Sf|d Hewaxi ng &t aPyst? ‘Brmake Pake pl ace
in separate reactors, e.g.p@@ascade reactor systemin which the first
reactor contains the isomerization catalyst and the second reactor the
dewaxi ng catal yst optionally withjinter-reactor separation of the liquid
and gaseous 5.8
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SDW -
Waxy
Product

Hydro-




products w t‘bobml3|3.§.ql]i d products being further processed in &rﬁrgﬂé‘g'@ééo@g

reactor. Either configurations offers advantages over a singl

system including those in which the two rgspective dewaxi ng functions are
conbined into a single or conposite cat al'y@[S'.

-16- Each catal yst phase nmay be used at its ideal reactor
conditions to obtained the desired final basestock properties. If the
target properties are Ihimly bé/seeartiiat dusing hydroronversson owemCatabystdca or
condi tions can he nade nore _severe in first bed of isonerjzation catalyst.
This will resignificant iggrease imd/Iis obtained as gpmpated tothemondhydrocpawerted 1~ a

[ )k PR Bl s o S o Y el
e vi ; . N . '
deact | vat i on SsebLBed SrEBFAORY of dry wex. biained difing BbFEhy E¥ribdting,
at different spRient dewaRinpe RRdted &l t pericatapeufltht walosSitlally presdrten

i ndi vi dual catalyst beds Wi ll allTow rmai nt enance of the desired” “conversion

rates over eakdfestisprkiis\eithentohverted W “uil" eregrackédtd ¥30°C-giradactsdynt r ol

allows the operator to rapidly and efficiently adjust operation of the

separ at e bed€atalystBthydrodonversioal i The qbsarvation that ¢he percentafieeonagrsiani obr
wax is significantly greater than the percentage loss of dewaxed oil, coupled
with the observed VI increase strongly indicates that significant wax

isomerization took place.

Catalyst B Alone

The same waxy feedstock was also hydroconverted/dewaxed using a
Pd/Pt on ferrierite catalyst (Catalyst B) and in a cascaded reactor sequence of
Catalyst A followed by Catalyst B. Identical reactor pressure and hydrogen flow

conditions were used as above. The following 350° C+ product yields and VI's

were obtained.
TABLE 2
Reactor Pour Point Yield
Temperature (°C) (%) V1
SDW -- -22 68 112
~ Catalyst B 310 -20 67 113
' 320 -26 66 112
330 -32 59 112

340 -38 58 111




stacked bed conf| uration permts much greater feed flexibility over
traditional ¥Agé For exanpl e, feeds may have w dely varyi RGTA&29/03009
contents. Fi naI ly, the first isomerization bed increases the relative pour
poi nt reduction activity of the second dew&2i-ng bed. This nmay occur due to
t he cracking out and saturation of some fraction of the aromatics present
in the feedstock as well as by the isonerization of a fraction of the wax
present in the feedstock, particularly t gher carbon nunber wax

nmol ecul es which may be nore difficult fojlj"a—rgl;%ecul ar sieve catalyst to

| somerize or crack fromthe f eedst ock. The_pr

further exenplifi edat@ys Howed hy Cataly & g ataldheldurbe g

di agram showi ng a | ayered cat al yst confi gurat i on. I n Fi gures 1 hydrogen
gas enters reactor 10 through I|ne 12. Heated feedgiqugk is added to

reactor 10 through lin YWhRIE Hut ed r the ctor

di aneter by plate 16?%’?3{ pE;.ISSI ng tﬁ@eﬁ&ﬁé di strll(%g?or 16eraed congpcts
catal yst bed 18 -

cont ai ni ng anor phous i sonerization catal yst. Catal yst bed 18 is heat ed to
the desired teny®@Mture by -hot gas such as steam or-22her heé8i ng neddg
entering line 20 to heating4@oil 22 and34®iting thro2gh |ines5Z4. Feeddtock,
which is at |east partiallygfsonerized iggcatal yst bpd 18, flkgws thrqygh

separat or 26. 340 310 -23 56 114
340 340 -35 48 113
340 340 -38 51 113
340 3340 -38 49 113

Here it may be seen that the stacked bed configuration (cascaded
reactor configuration) gives dewaxed product with higher VI than that obtained
using the Catalyst B dewaxing catalyst alone.

The 350°C+ product yields (Figure 3) and VI's (Figure 4) as a
function of pour point are compared graphically for the Catalyst B alone and the
Catalyst A/Catalyst B stacked bed configuration.

EXAMPLE 2

This exainple is dmrected to a comparison of a 0.5% Pt/silica-
alumina catalyst with a pore volume of 0.54 ml/gm (H.0), and alumina content
of 45 wt% based on silica-alumina and an isoelectric point of 5.41 (designated
Catalyst A) with a 0.5% Pt/Theta-1 based catalyst (Catalyst C). The feedis a
waxy lubes hydrocracker distillate which was processed at a reactor pressure of
1000 psig hydrogen and a hydrogen flow rate of 2500 scf/bbl.




Separ at or 26 ides with openings of such size as to admt hydrogen and
feed but not Q'gf%f?{}g:[% | someri zed feed is then conducted to a sé‘é’HH 99/03009
distribution plate 28 through conduit 30. Ugon passi ng through distributor
28, isomerized feed contacts catalytic dewa%¥ng bed 32. Catalyst bed 32 is
al so heated to the desired tenperature by circulating hot gas entering
through line 34 to heating coil 36 and exit |line 38. The tenperature in bed
32 may be different fronThedoll gaphived présentitivn efi3 3090 etopped yieldelandnd
product quality. Dewaxed product then exits bed 32 by passing through
separat or 40 vMEs EFiguré § and) Figutee)) show aldompasisoaXf: Hydr ogen gas exits
reactor 10 by line 44. Figure 2 is a schematic flow diagram
showi ng anot her enbodi nent of the invention. Heated feedstock enters

5 b N R B APl kS T biRBSAb
oo phous | SOTer | gF NP 04Blys ORgh il Ll APCURASL BTURIAUIS,

least partially i osiRd With 942 PYalviniiRin’21.9% HtRTbEf CadlyiCdhinina.
separator and is conducted through line 25 to heat exchanger™ 27. After

being heated to the desired tenperature, isonerized feedstock is passed to

punp 29 and on to reactor 31 via line 35. Hydrogen gas fromreactor 11 is
conducted to rdactACatalysy C/Catalyss A mgosnpemgatabge&.édnram efidatalyss |ine

Ui ough di St 1 but ok GRRIBk £ WHETFE the B Ay B ERTAY RISIREIATS Bae 3o

cont ai ni ng dewax- 4 ol ed: t Qf- ' ed. Lo frai ntain the
desired tenper aturlbe%gn ca g‘ﬁ?t*ﬁ@%@*‘&%h%"z? ng M %nriot shown). The

tenperature in reactor 31 may be

3. An alumina/Catalyst C composited catalyst (3:1 ratio of alumina:Catalyst
C) wherein Catalyst C contained 0.5% Pt and the alumina contained 0.6%
Pt.

In Figure S it may be seen that the highest VI's (as a function of
pour point are produced by the Catalyst A first stacked bed configuration.
Yields for the stacked bed are higher than for a composite catalyst, albeit lower
than for a zeolite only single catalyst (Figure 6).

Example 3

The following example shows a comparison of the 350°C+ yields
and VI's produced by a Catalyst A first, Catalyst C second, stacked bed
configuration as compared to a "reversed stacked bed" with Catalyst A second
and Catalyst C first.




- 18 - different_fromthat of reactor 21 and is adjusted as_needed to
mai ntain thew(ﬁ)eggf‘?@a conversion |evel and product quality. DeRGX&§99/03009
feedstock is then separated from catal yst by separator 41 and is w thdrawn
via line. Hydrogen gas is withdrawn from-R8actor 31 by |ine 45.

The total liquid product fromeither the | ayered catal yst system of Figure
1 or the two reactor systemof Figure 2 may require post-treatnent to

adj ust product qual ity k¢ daftifFigateCh(VBve Pour pointyind Figureod (380°C+ yield
Hydrofinish- ing is commonly enployed to adjust such product quality
par amet ers. Rrsopesspaint)dshiowsthat the Gatalyst i copfiguration| giveschigher d¢wax-

roduct | oss .through grack- j.n nyent | on hydr.ofi ni shi ng catal ysts
Pncl ude non- iB§ Iaﬁg}%éy pbtamedin F(Eaééﬁ?tdé%Gai)ﬁbngvﬂlﬁpgeéc?gé?magmﬁi“/eﬁ/b,
Co/ Mo, Ni/W N j i ¢ or weakly acidic supports
such as sili c‘gla‘/b&é%aﬁge}sgﬁéufgggﬁggggﬁrg%gogct| vated prior to use by
sul fiding or other conventional nethod. Reaction conditions
in the hydrofinishing unit are mld and include a tenperature of from

260[err] C to 360[ err] C The Catilpétl A fd@ionfighfation BasOireadvattagednehat ledeping
ably 290[err]C to 330[err]C, a hydrogen partial pressure of from 1000 to
2500 psi g (7.0lower z2oltebed temperature will extmd usefud oo lengths q7allbw @ design
nPa), a space velqgity of from0.2 to 5.0 LHSV, preferagbly 0.7 to 3.0 LHSV,
and a hydr ogéﬁlﬂ{ié(i’il&]&‘f zeplite,bed spacsrvelerityt andshenresosmalier, dess expenyye
n{err]/n{err]rkact&[ ef erably 2000 to 4000 Scf/ bbl

Example 4

In this example, a waxy hydrocracker bottoms feedstock
designated as LVIS, was hydroconverted over Catalyst A at a reactor pressure of
1000 psig of hydrogen at a flow rate of 2500 scf/bbl.

The following data was obtained for hydroconversion using only

Catalyst A, which does not reduce pour points to the desired levels, follow by
solvent dewaxing (SDW). '



(356 to 712 ik bduaREerr]). The catalyst in the cold hydrofinishing unit
may be the sanme as 1n the first hydroconversion unit.
catal yst supports such as silica-al unm na,
in the cold hydrofinishing unit
illustrated by the followng non-limting exangl es.
EXAMPLES Exanple 1

hydr ocr acker bottons feedstock

- 19-

0.54 mM/gm(Herr]O,

and al ug

and an isoelectric point of 6

However, BfH/BSWBON9C
zirconia and the |like may be used
The invention is further

In this exanple,
signated as HCI'S, was hydroconverted over
a 0.5% Pt/ 4.0%yttria on sil E:g‘ial um na catalyst with a pore vol une of

cont ent

g (desi gnat qug

of

catal ysts in a cascaded react

on ferrierite based catal yst é%i ghat ed as “Cat'al yst—B),

was 1000 psig of hydrogen at a
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Cat al yst D Al one The follow ng data was obtai ned for
hydr oconver si ovooas#13g6 only 0.5% Pt on silica-alumna (Catal yst A¢raebd/s38o9

does not

BRI AU
R R

reduce pour points to the desired levels, follow by sol vent
dewaxi ng (SDW .

- 20 -_96. [err]

It may again be seen that during hydroconversion over Catalyst A,
a significant increase in VI is obtained as compared to the non-hydroconverted
feedstock where both are solvent dewaxed to similar pour points. It may further
be seen, based on the amount of dry wax obtained during post-hydroprocessing
solvent dewaxing, that generally a significant percentage of the wax originally
present in the feedstock is either converted to "oil" or cracked to 350°C-
products by Catalyst A hydroconversion. The observation that the percentage
conversion of wax is generally greater than the percentage loss of dewaxed oil,
coupled with the observed VI increase strongly indicates that significant wax

isomerization took place.

Example 5

In this example, individual balances of hydroconversion reaction
products generated in Example 4, prior to solvent dewaxing, were consolidated
to generate two feeds (designated Feed-10 indicated with solid square and
Feed-25 indicated with solid triangles) in sufficient quantity for a second
hydroprocessing reaction over dewaxing Catalyst C and a 0.5% Pt/high silica
ferrierite catalyst (designated Catalyét E), as well as the non-hydroprocessed
waxy product whose solvent dewaxed properties are given in Table 5 (designated
as Feed-0 indicated by solid diamonds) (the waxy product was used as a feed
without prior solvent dewaxing). The properties of the two consolidated feeds

and their designations are:



-21 - |t may be seen that during hydroconversion st
D a signifigﬁﬂﬁamﬁﬁ%rease in VI is obtained as conpared to theﬂ&ﬁbg&ﬁ&ﬁ$&
non- hydroconverted feedstock where both arﬁ sol vent dewaxed to simlar pour
points. It may further be seen, based on 1 & amount  of dry wax obtai ned
during post-hydroprocessi ng sol vent dewaxi ng, that a significant percentage
of the wax originally present in the feedstock is either converted to "oil"
or cracked to 350[err] G products by CaflABEE 3 hydroconversion. The
observation that the percentage conversion of wax is significantly greater

than the percentage | oss of de [ I M e observed VI
I ncrease strongly indicates th% rtics B 136si £ﬁblwzation t ook pl ace.

Cat al yst B Al one The sane waxy feedstock s al so
hydr oconvert ed/ dewaxed using a Pd/Pt on ferrierite cat\:i\l_ﬁ1 (Cate%’?ﬂ%x

t
and in a cascaded reactor sequence of Catal yReaCHOF o I%%ﬁgfﬁﬁf Cat a!nﬁép"-@‘."
| dentical reactor pressure and hydrogen fl owTempditi onSIW e usedomposited/e.

The fol |l owi ng 350F&ed Designationyi el ds &MD*VI's @a@)e obt ai (°€)). Product
TABLE 2
Feed-10 110 295 -19 15.6
(~10% Pre-Converted Feed)
Feed-25 115 310 -19 14.7

(~25% Pre-Converted Feed)

* VI following feed solvent dewaxing to -19°C pour point. Feed was not solvent
dewaxed prior to use as a feed for catalytic dewaxing

The VI as a function of pour point for the conversion of the three
feeds over Catalyst C and Catalyst E are shown graphically in Figures 9 and 10,
respectively. In both Figures 9 and 10 solid diamonds represent Feed-0, solid
squares represent Feed-10, and solid triangles represent Feed-25.

It may be seen that the combination of pre-isomerization using the
specified class of acidic isomerization catalyst followed by catalytic dewaxing
leads to significantly higher VI's than for catalytic dewaxing alone. This
remains true for process sequences which include separation of the vapor
products from the liquid products before catalytic dewaxing as well as for
process sequences which catalytically dewax the entire product from the

~ isomerization reaction step.




React or Pour Poi nt Yield Tenperature
([err]C WO 99/41336 VI SDW -~ PCT/US99/03009

68 112 Catal yst B 310 - 20
67 113 32028 - - 26 66
112 330 - 32 9 112

- it A

fol |l oned by CatLalf]y!sK?: B Cascaded Reactor Configuration * ¢ M

Pour Tenper ature Tenper ature Poi nt Yield

1 2 ([err] O (% \ SDW

- - 1. A proces&¥or productifg a lubricatihg base oil having good lowd40
310 -23 57 115

temperature properties comprises:

(a) contacting a hydrocarbon feedstock with an amorphous silica-alumina
based isomerization catalyst having a pore volume less than 0.99 ml/gm
(H;0), an alumina content in the range of 35-55 wt% based on silica-
alumina and an isoelectric point in the range of 4.5 to 6.5, and a metal
hydrogenation component in the presence of hydrogen to at least partially
isomerize waxy paraffins in the hydrocarbon feedstock, forming at least a
partially isomerized feedstock; and

(b) contacting at least a portion of the at least partially isomerized feedstock
with a 10 or 12 ring shape selective crystalline molecular sieve catalyst
containing a metal hydrogenation component in the presence of hydrogen to
at least partially catalytically dewax the feedstock from step (a).

2. A process for producing a lubricating base oil having good low

temperature properties comprises:

(a) contacting a hydrocarbon feedstock with an amorphous silica-alumina
based isomerization catalyst having a pore volume less than 0.99 ml/gm
(H20), an alumina content in the range of 35-55 wt% based on silica-
alumina 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, and a metal
hydrogenation component in the presence of hydrogen to at least partially




340 - 21 55 115 340
310 wo ;’91’%336 56 114 340 PCT/US99/03389)
- 35 48 113 340 340 -38
51 113 340 -293340 - 38 49
113 Here it may be seen that the stacked bed configuration

(cascaded reactor configuration) gives dewaxed product with higher VI than

t hat obtai ned usi eRizeal hraf6f ' t Sq&gs ;

The 350[err] C+ pr g%ﬁct yi eI%?/?Fi guriMggﬁe[al%'cfﬁ-\elf:iﬁg)ls Fflcg%re )foxggm§ ?tulﬁg%tiaon
of pour point are garialydsomeripéd feddstockorandre Catal yst B al one and the
Catal yst A/ Catal yst B stacked bed configuration. EXAVPLE 2

This exanple is directed to a conparison of a 0.5% Pt/silica- alum na

catalyst with a _pore volune of 0.54 m/gm (Herr]O, .and al un ng _content of
45 wt % based ofP)si contactingat leastaporion %@c@[ﬁ%sipﬂm EPH‘SMES&‘E‘S* t ed

Catalyst A) with Q.5% Pt / ta-1 b t al yst ..{ Cat C. The feed i

& vy | ubes. hydr oRREc LD o5 12 Shaphiniea T mE Rl thlar gl (RS 1 ©

pressure of 1000 pgifiaihify 9AaPR{RDBNAESY E0mbbAkht i3 the Presentl of bl aRiYlen to
at least partially catalytically dewax the feedstock from step (a).

3. The process of claims 1 or 2 wherein the at least partially

1somerized feedstock is stripped of gaseous components prior to step (b).

4. The process of claim 1 and 2 wherein the catalyst of step (b)

comprises 10 or 12 ring crystalline molecular sieves.

5. The process of claim 4 wherein the crystalline molecular sieve is
a metallo silicate or metallo phosphate.

6. The process of claim 5 wherein the crystalline molecular sieve is
selected from crystalline alumino silicates and crystalline silicoalumino-
phosphates.

7. The process of claim 6 wherein the alumino silicates are selected
from ZSM-5, ZSM-11, ZSM-22, ZSM-23, ZSM-35, ZSM-48, natural or

synthetic ferrierites, mordenite and offretite and ZSM-57.

8. The process of claim 6 wherein the crystalline molecular sieve is
selected from SAPO-11, SAPO-41, SAPO-31, MAPO-11 and MAPO-31.

g g




-23 - The follow ng graphical presentation of 350[err]C+

t opped yi el dVQPU4ING6 s (Figure 5 and Figure 6) show a conpari searafsss/o3ods A
Catalyst A first, Catalyst C second, stacked bed configuration (4.5:1 ratio
of Catalyst A Catalyst C) wherein Catal yst. 3g phase was additionally
conposited with 0.4%t/alumna in a 1:4.5 ratio of Catal yst C: alum na. 2.
A Catalyst C/ Catal yst A conposited catalyst (4.5:1 ratio of Cat al yst

A: Catal yst C) wherein ed was addit.i opald vy di)uted
Pt/alumina in a 3.85: 3515 SPTACESP O %%H&Bt“&hw éh”acxys exRRPechar sieve is

C

al um na/ Cat al Kiptsuigat al yst
C) wherein Ca%éllgyst al ne%ggﬁ?% gts 2? fﬁﬁbgt%‘?ﬁ%gcont a?ﬁed 0. 6%
Pt . In Fl gure 5 it may be seen that the highest VI's (as a

function of pour point are produced by the Catalyst A first stacked bed

configuration. Yields f6r The psoceskef chaithsal and 2gfaethet bampfismgehydroposi t e
catal yst, albeit |ower than for a zeolite onlg single catal yst (Figure 6).
finishing the at least partially catalytically dewaxed feedstock.

11. The process of claims 1 and 2 wherein the catalyst of step (b)

further comprises an amorphous component.

12. The process of claim 1 and 2 wherein the amorphous
component has an acidity defined by the Kramer/McVicker scale of from
0.5-2.5.

13. The process of claims 1 and 2 further comprising extracting the
at least partially catalytically dewaxed feedstock.

AR 0 O



Exanpl e 3 The foll ow ng exanpl e shows a conpari son of the
350[ err] C+ vyi QP i+ s produced by a Catalyst A first, Cat&GEYS8/03009
second, stacked bed configuration as conpared to a "reversed stacked bed"
with Catalyst A second and Catalyst Cflif&.

-24 - The data in Figure 7 (VI vs. pour point)and Figure 8
(350[err]C+ yield vs. pour point) shows that the Catalyst A first
configuration gives higher dewax- ing activity (g(s)bt ained in the Catal yst A
bed) at equival ent reactor tenperatures tha d the reversed stacked bed
configuration. The Cat al vy onfiguration has an
advantage in that keeping a | ower zeolit ed tenperature wll extent
useful run lengths or allow a de&gn W t hi gher zeolite bed space
velocity and hence a smaller e e reactor.

xpengl
L

5 Product

44

FIG. 1

iSUBSTITUTE SHEET (Rule 26)




Exanpl e 4 In this exanple, a waxy hydrocracker bottons
f eedst ock desw@yymdiazb as LVIS, was hydroconverted over Cat al ystPCA/E899/43009
react or pressure of 1000 psig of hydrogen at a flow rate of 2500 scf/bbl.

The foll owi ng data was obtai ned for conversion using only Catal yst A,
whi ch does not reduce pour points to ihe desired levels, follow by sol vent
dewaxi ng (SDW . -25 - [err]
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-26 - may again be seen that during hydroconver5|on over
Catal yst A, aWQQ?{ﬁWq‘cant increase in VI is obtained as conpar eBCTHSP33009
non- hydroconvert ed feedstock where both are sol vent dewaxed to simlar pour
points. It may further be seen, based @/the anount of dry wax obtai ned
during post-hydroprocessi ng sol vent dewaxi ng, that generally a significant
percentage of the wax originally present in the feedstock is either
converted to "oil" or cracked to 350[err]C products by Catalyst A

hydr oconver si on. The observation that the percentage conversion of wax is

generally greater than the percentage | oss of dewaxed oil, coupled with the
observed VI increase strongly indicates that significant wax isonerization
t ook pl ace. Exanpl e 5 In this exanple, individual balances

of hydroconversion reaction products generated in Exanple 4, prior to
sol vent dewa,

u4u;_AMu4L4:nEuﬂ4;Eu£mLLn.gene&a;e_Lun_Leeds-édes nat ed
Feed- 10 indifated with solid square and Feed-25 indicated wifh %olid
triangles) iph sufficient quantity for a second_
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hydr opr ocessi ng reacti on over dewaxing Catalyst C and a 0.5% Pt/ high silica
ferrierite cawa9mdizigdesi gnated Catalyst E), as well as the PCT/US99/03009
non- hydr opr ocessed waxy product whose sol vent dewaxed properties are given
in Table 5 (designated as Feed-O i ndi cat by solid dianonds) (the waxy
product was used as a feed without prior solvent dewaxing). The properties
of the two consolidated feeds and their designations are:

-27 - TABLE 5
Feed Properties and Desi gnations
Pour % Dry Wax React or
Poi nt after in 350[err] C+ Tenp
SDW Conposi t ed Feed Desi gnati on Y/ ([err] O
([err] O Product Feed-10 110 295
-19 156 (=100 Pre_Converted Eead) Feeod 25 :2
115 10 -19 14. 7 !
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(~25% Pr e- Copve Feed) * VI follow ng feed sol vent dewaxi 0
-19[err]C po@P%@?%ﬁ Feed was not sol vent dewaxed prior to uglg:'fégs?o ?agd

for catal ytic dewaxi ng. &ge VI as a function of pour point
for the conversion of the three feed§ 6 r Catalyst C and Catalyst E are
shown graphically in Figures 9 and 10, respectively. In both Figures 9 and
10 solid dianponds represent Feed-0, solid squares represent Feed-10, and
solid triangles represent Feed-25. It may be seen that the
conbi nati on of pre-isomerization using the specified class of acidic

| sonmeri zation catal yst followed by catalytic dewaxing | eads to
significantly higher VI's than for catal ytic dewaxing al one. Jhis renains
true for p TeTICES WHT CIT 1T 1t uae separation of _the japor products
fromthe lijgutd products befof% gatal ytic dewaxing as well ps for process
sequences I ch catalytically'ﬁeﬁ?x the entire product fronjthe

| soneri zat ijon reaction step. 2
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CLAI Ms: 1. A process for producing a lubricating base oi
havi ng good YORPVERPEr ature properties conprises: (a) cont ac®PCh{s89/03009
hydr ocar bon feedstock with an anorphous silica-al um na based

i somerization catal yst having a pore ¥l/Be | ess than 0.99 m/gm
(Herr]O, an alumna content in the range of 35-55 w % based on silica-
alum na and an isoelectric point in the range of 4.5 to 6.5, and a netal
hydr ogenati on conponent in the presence of hydrogen to at |east partially
i somerize waxy paraffins in the hydrocarbon feedstock, formng at |least a
partially isomerized feedstock; and (b) contacting at |east a portion of
the at least partially isonerized feedstock with a 10 or g2 ring shape
selective dqrystalline nolecular sieve catalyst contal nf ng*a netal
hydrogenatioﬁ conponent in the presence of hydrogen to at | east
partially datdlytically dewax the feedstock fromstep (a). 2.
A process fjor producing a |ubricating base oil having good jJow tenperature
properties fjconpyi ses: (a) contacting a hydrocarbon feedstEck with an
anor phous dilicg-alum na based i sonerization catalyst hhving a pore

vol une lesq than 0.99 m/gm (Herr]O an alum na contend k& the range
of 35-55 wt|% bas®d on silica-
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al um na wherein the silica-alumna is nodified with a rare eartcl}

yttria or bdY®8&/#¥33¢mgnesi a and has an isoel ectric point greatPer
no

a net al
partially

| sonerize waxy paraffins in the hydrocarbon feedstock, formng at |east a
partially isomerized feedstock; and (b) contacting at |east a portion of
the at least partially isonerized feedstock with a 10 or 12 ring shape
sel ective crystalline nolecular sieve catalyst contai ning a netal

hydr ogenati on conponent in the presence of hydrogen to ak, | east
partial ly galalyldead

, ] - 3.
The procesp of clainms 1 or 2 wherein the at |east partiaIIJ i soneri zed

feedstock |sas{ripped of gaseous conponents prior to step (p).

' r

bR

nore than 2 points greater than that of the base silica-alumna, and
hydr ogenati on conponent i7h/t9e presence of hydrogen to at |east
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4. The process of claim1l and 2 wherein the catalyst of step

co

10 or 12 ringooomussisal | i ne nol ecul ar si eves. g})
claim4 wherein the crystalline nolecular sieve is a metallo S|I|cate or
nmetal | o phosphat e. 6. T8 e/Process of claimb5 wherein the
crystalline nolecular sieve is selected fromcrystalline alumno silicates

and crystalline silicoalum no- phosphates. 7. The process of
claim6 wherein the alum no silicates are selected fromZSM 5, ZSM 11,

ZSM 22, ZSM 23, ZSM 35, ZSM 48, natural or synthetic ferrierites, nordenite
and offretite and ZSM 57. 8. The process of claim6 wherein

the crystalline nolecular sieve is selected from SAPO 11, SAPO 41, SAPO 31,
MAPO- 11 and_lVAPQ 31 2 .30 -
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9. The proces f Lm6 wherein the crystalline nolecular sieve is
sel ected froms\%él\al?@ﬂESM 22, ZSM 23, ferreirites and SAPO 11. FPCT/US99/03009
10. The process of clainms 1 and 2 further conprising hydro- finishing the

at least partially catalytically dewaxedl/f Bedst ock. 11. The
process of clains 1 and 2 wherein the catalyst of step (b) further

conpri ses an anor phous conponent 12. The process of claim1l
and 2 wherein the anorphous conponent has an acidity defined by the
Kramer/ McVi cker scale of fromO0.5-2.5. 13. The process of

claims 1 and 2 fuj44er—corprising—axtitactiRg-t-Ro—at—tsast—partahl y

catal ytically dewaxedijf eedst ock.
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