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at high pressures. The instant application is a
continuation-in-part of Serial No. 08/017,955. The instant
application is also a continuation-in-part of Serial No.
08/017,949. Serial No. 08/017,955 is incorporated by
reference in the instant application. Corresponding
European Patent No. 464,5473A1, (a2 patent which specifies
the use of low acidity zeolite beta for wax isomerization)
is also incorporated by reference. The instant appl;cation
is related to co-pending application 08/303,091 in which
two dewaxing catalysts operate synergistically to produce a
lubricant of high Viscosity Index. It is also related to
08/329,914, which is concerned with isomerizing petroleum
waxes using large pore zeolites of small crystallite size.

FIELD OF ON _

This invention relates to the production of high
Viscosity Index lubricants by isomerizing petroleum waxes
using boron-free zeolites with high si0,/A1,0, ratios. The '
waxes may be hydrocracked prior to isomerization. The
isomerization product may be further dewaxed by either
solvent or catalytic means in order to achieve a target
pour point.



- 2- BACKGROUND OF THE | NVENTI ON M neral oil based lubricants are
conventional |y produced by a separative sequence carried out in the

petrol eum refinery which conprises fractionation of a paraffinic crude oil
under atnospheric pressure followed by fractionation under vacuumto
produce distillate fractions (neutral=cd Is) and a residual fraction which,
after deasphalting and severe solvent treatnent may al so be used as a
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remove color bodies. Viscosity Index (V.I.) is a
reflection of the amount of viscosity decrease a lubricant
undergoes with an increase in temperature. The products of
solvent dewaxing are dewaxed lube o0il and slack wax. Slack
wax typically contains 60% to 90% wax with the balance
being entrained oil. In some instances it is desirable to
purify the slack wax of entrained oil by subjecting the
slack wax to a deoiling step in which the slack wax is
diluted with dewaxing solvents and filtered at a
temperature higher than that used in the filtering step
used to produce the slack wax. The purified wax is termed
deociled wax; and contains greater than 95% wax. The
byproduct of the second filtration typically contains 50%
wax and is termed foots oil. _
Catalytic dewaxing of lube stocks is accomplished by
converting waxy molecules to light products by cracking, or
by isomerizing waxy molecules to form species which remain
in the dewaxed lube. Dewaxing catalysts preserve high
yield primarily by having pore structures which inhibit
cracking of cyclic and highly branched species, those
generally associated with dewaxed lube, while permitting
easier access to catalytically active sites to near-linear
molecules, of which wax is generally composed.”.Catalysts



.easier access to catalytically active sites to near-linear nolecul es, of
whi ch wax is generally conposed. - Catal ysts
- 3- whi ch significantly reduce the accessibility of species on the basis
of nol ecul ar size are'terned shape sel ective. Increasing the shape
selectivity of a dewaxing catalyst w I+ 3 requently increase the yield of
dewaxed oil. The shape selectivity of a dewaxing catalyst is limted
practically %?lts ability to_convert waxy nol ecules which have ,a slightly
u
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lube hydrocracking process which is capable of utilizing
crude stocks of marginal or poor quality, usually with a
higher aromatic content than the better pafaffinic crudes.
The lube hydrocracking process, which is well established
in the petroleum refining industry, generally comprises an
initial hydrocracking step carried out under high pressure,
at high temperature, and in the presence of a bifunctional
catalyst which effects partial saturation and ring opening
of the aromatic components which are present in the feed.
The hydrocracked product -is then subjected to dewaxing in
order to reach the target pour point since the hydrocracked
product usually contains species with relatively high pour
points. Frequently the liquid product from the dewaxing
step is subjected to a low temperature, high pressure
hydrotreating step to reduce the aromatic content of the
lube to the desired level.

Current trends in the design of automotive engines are
associated with higher operating temperatures as the
efficiency of the engines increases. These higher
operating temperatures require successively higher quality
lubricants. One of the requirements is for higher



-efficiency of the engines increases. These higher operating tenperatures
requi re successively higher quality lubricants. One of the requirenents is
for higher : -4- vi scosity indices
(V.1.) in order to reduce the effects of jhe higher operating tenperatures
on the viscosity of the engine lubricants. High V.I. val ues have
conventionally been attained by the use of V.I. inprovers e.g.
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for the production of high V.I. lubricants from mineral oil

stocks which may be produced by techniques comparable to
those presently employed in petroleum refineries.

U.S. Patent No. 4,975,177 discloses a two-stage
dewaxing process for producing lube stocks of high V.I.
from waxy feedstocks. In the first stage of this process,
the waxy feed is catalytically dewaxed by isomerization
over zeolite beta. The product of the isomerization step
still contains waxy species and requires further dewaxing
to meet target pour point. The second-stage dewaxing _
employs either solvent dewaxing, in which case the rejected
wax may be recycled to the isomerization stage to maximize
yield, or catalytic dewaxing. Catalysts which may be used
in the second stage are 2SM-5, 2SM-22, ZSM-23, and ZSM-35.
To preserve yield and V.I., the second stage dewaxing
catalyst should have selectivity similar to solvent
dewaxing. U.S. Patent 4,919,788 also teaches a two-stage
dewaxing process in which a waxy feed is partially dewaxed
by isomerization over a siliceous Y or beta catalyst with
the product subsequently dewaxed to desired pour point



- dewaxi ng process in which a waxy feed is partially dewaxed by isonerization
over a siliceous Y or beta catalyst with the product subsequently dewaxed
to desired pour point usi ng either solvent dewaxing or catalytic
dewaxi ng. Dewaxi ng catal ysts with high shape selectivity, such as ZSM 22
and ZSM 23, are preferred catal ysts. Thése exanpl es, however, do not teach
synergistic effects involving nore than one dewaxi ng catal yst. Seria
No. 08/ 017, ouing sithess salveptsdegaxing rox eatidlyfigndewpdibgsoneri zati on

process. Thepddd:ding (AHa199R50NStR RiJN A delcricalitl, CadBhI 85NY a netal
hydrogenatlowo%one t on gn armrBho s_acidi lifbfg'—ort' Ehg second st age,
t he hydroi soffer1Zatdth &SM553 /i 8XRPFPREY D ?ﬁ%ﬁi 51 t 8%68Ba. Subsequent
dewaxi ng i s exanpied, hdveveroniondel. t&chesyigistticdefdechg or catal ytic
dewaxi ng myﬁgvmgs%ﬁ?%qtﬁg | YnkNaQiseind Y@t target V. 1. and pour

|

point. There 1s no teaching of catal t_|f sgnergl smin this invention.
In S.N. 08/017, 93Tk N9-c 98y Q&% PARAIZCIINR @ V% SYAF8r 0i someri zat i on
over a nobl ehy@tetrackim niang hgdroisomaritysiomfpdonesaci dithe. £ikst

oL LTS DR i (Rl Abeaher! el e uaRAL g, otanal e o
vi sconet ri c PYdpegenaikion qomponend QP AR ARPIRIANS ReiEE SPPPEESequent
dewaxi ng. Theh@roeesnd sMigyd) aher aydroisdeerizatiqn etey,e.is caweliedsuited
than about TG YR CERTHITVSERs: ¢ Jopradueft AL ERtiERRY, BUge e
si ngl e pass yeermmended/ | Bither sgdveskefevasing ron ratadatds fgwaxing
2 oS R et Ry oot o e s 1
SZ\NZXP(r)\;SIt hes°§5d33fg%‘f t ezi.esdﬁeplg z% F%%gggaag ?%%%aq{i%gm%ﬁ'ﬁeﬁ?‘g}ﬁe&%ed and
can be recychﬂsténYﬁetbsbnerization catalyst to inprove the yield of high
V. 1. lube. Howevetn §p@! ajd nal, 9865t peteblethvesk fluwhxidGudijedtiedheo t han
for catalytig dewexing:; 00 1 QA W nbiiRePREta LML An il AR

catalyst of low acidity. The paraffins present in the feed

are selectively converted to iso-paraffins of high V.I. but

lower pour point so that a final lube product of good

viscometric properties is produced with a minimal degree of

subsequent dewaxing. The process, which operates under

high pressure, is well suited for upgrading waxy feeds such

as slack wax with aromatic contents greater than about 15

wt.% to high Viscosity Index lﬁbricating oils with high

single pass yields and limited requirement for product

dewaxing. '

Related cases primarily emphasize solvent dewaxing

with Catalytic dewaxing as a possible alternative or

secondary step. The advantage of solvent dewaxing the

product of the isomerization stage in that wax is rejected

and can be recycled to the isomerization catalyst to

improve the yield. of high V.I. lube. However, operational

costsqfor solvent dewaxing are higher than for catalytic

dewaxing. Additionally, the pour point of the solvent

dewaxed lube stock is restricted by solvent refrigeration

capability to approximately -5 to O°F (-20.56 to -17.78°C).

Catalytic dewaxing enables production of high V.I. lubes



dewaxed | ube stock is restricted by solvent refrigeration capability to
approximately -5 to O[err]F (-20.56 to -17.78[err]C). Catalytic dewaxing
enabl es production of high V.I1. |ubes

6- having pour points significantly | ower than those possible for solvent
dewaxi ng. An unexpected devel opment of tHe-total catal ytic dewaxi ng process
Is that it can produce lubricants with equivalent or higher V.I. at
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| ndex | ess than 1dl e 2¥8PP1®Sbeta, Y and nordenites along with
MCM 22. Large pore zeolites have accessi ble pore structures for formng

hi ghly branch&@hﬁ%gﬁﬁéﬁ[ﬁgﬁ'fﬁﬁdﬁ%iﬁnfeed stocks. Such branched paraffins |
have a high VI an OW pour point, If the zeolite possesses a high
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The formation east one Group VIII metal without the use of boron. The
Group VIII metal is preferably a noble metal such as Pt or
Pd. A high silica 1afgé pore zeolite which has been
synthesized to possess a Si0,/A1,0, ratio of 200 or greater
and preferably, 400 or greater, is used in this invention.
This zeolite is prepared in the absence of boron. Large
pore zeolites applicable to this invention are defined as
having a Constraint Index less than one and include zeolite
beta, Y and mordenites along with MCM-22. Large pore
zeolites have accessible pore structures for forming highly
branched paraffins from waxy feed stocks. Such branched
paraffins have a high VI and low pour point. If the
zeolite possesses a high silica/alumina ratio as described
in this invention, yield and VI are improved, because
undesirable cracking is reduced.

The instant invention involves processing a waxy
hydrocarbon feedstock over an isomerization catalyst which
converts waxy species to branched paraffins. The formation
of these branched paraffins which have high VI and low pour
points, results in a lubricant base stock having superior
quality.



. of these branched paraffins which have high VI and | ow pour points, results
I n a lubricant base stock having superior quality.

-7- The feedstocks used in this invention preferably contain nore
than 40% wax. The feedstock may be prgtreated, preferably by mid
hydrocracking, prior to the isonerization step to renove nitrogen and
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effluent from the isomerization step may be hydrotreated to
remove residual aromatics.

DETAILED DESCR ION OF THE INVENTION

In the present process feeds with a relatively high
wax content are converted to high V.I. lubricants in a
hydroisomierzation process using a boron-free, low acidity
zeolite hydroisomerization catalyst with a silica/alumina
ratio greater than 200 and preferably greater than 400.
The products are characterized by good viscometric
properties including high Viscosity Index, typically at
least 140 and usually in the range 143 to 147. Products of
this invention maybe further dewaxed or hydrotreated.

Fee

| The present process is capable of operating with a
wide range of feeds of mineral oil origin to produce a
range of lubricant products with good performance
characteristics. Such characteristics include low pour
point, low cloud point, and high Viscosity Index. The
quality of the product and the yield in which it is
obtalned is dependent upon the quality of the feed and 1ts
amenability to processing by the catalysts of the instant
invention. Products of the highest V.I. are obtained by



-point, low cloud point, and high Viscosity Index. The quality of the
product and the yield in which it is obtained is dependent upon the quality
of the feed and its anenability to processing by the catal ysts of the

i nstant invention. Products of the highest V.l. are obtai ned by
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Hydr ot r eat merfewaxiyg ot é‘étfﬁ@aﬁﬁét ?%thﬁ@ﬁ"cﬂ&a@ﬁatﬁért icularly at high

hydr ogen pressur esrndirdedamayekbgaity epfeyardivdoht iiasogabdredive e. g. 800

psfg (about 5té£§%ég%2aé¥éfactorily in hydroisomerization. The
preparation steps which are generally necessary are those
which remove low V.I. components such as aromatics and
polycyclic naphthenes. Removal of these materials will
result in a feed for the hydroisomerization step which
contains higher quantities of waxy paraffins which are then
converted to high V.I., low pour point iso-paraffins.
Catalytic synergy is most dramatically illustrated for
feedstocks having a wax content of over 50%; although feeds
with lower wax contents may be used effectively.

Suitable pre-treatment steps for preparing feeds for
the hydroisomerization are those which remove the aromatics
and other low V.I. components from the initial feed.
Hydrotreatment is an effective pretreatment step,
particularly at high hydrogen pressures which are effective
for aromatics saturation e.g. 800 psig (about 5,600 kPa) or
higher. Mild hydrocracking may also be employed as
pretreatment and is preferred in the instant invention, if
pretreatment is required. Example 1, infra, discusses the
hydrocracking conditions employed in the instant invention
in order to prepare a feed for the dewaxing process.
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. hirgher. M Id hydrocracking may al so be enployed as pretreatnent and is
preferred in the instant invention, if pretreatnent is required. Exanple 1,
i nfra, discusses the hydrocracking conditions enployed in the instant
i nvention in order to prepare a feed for the dewaxi ng process.
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As stated previously, the wax content of the preferred
feeds is high, generally at least 50 wt% (as determined by
ASTM Test D-3235) prior to pretreatment. The wax content
before pretreatment is more usually at least 60 to 80
weight percent with the balance being occluded oil
comprising iso-paraffins, aromatics and naphthenics. These
waxy, highly paraffinic wax stocks usually have low

0

viscosities because of their relatively low content of
aromatics and naphthenes although the high content of waxy
paraffins gives them melting points and pour points which
render them unacceptable as lubricants without further
processing. Wax feeds are discussed further in S.N.
07/017,955.

The most preferred type of wax feeds are the slack
waxes, (see Table 2, infra). These are the waxy products
obtained‘directly from a solvent dewaxing process, e.g. an
MEK or propane dewaxing process. The slack wax, which is a
solid to semi-solid product, comprising primarily highly
waxy paraffins (mostly n- and mono-methyl paraffins)
together with occluded oil, may be used as such or it may



obtained directly froma sol vent dewaxing process, e.g. an MEK or propane
dewaxi ng process. The slack wax, which is a solid to sem -solid product,
conprising primarily highly waxy paraffins (nostly n- and nono-net hyl

paraffins) together with occluded oil, be used as such or it may
- 10 - be subjected to an initial dediffnyg step of a conventional
character in order to renove the occluded oil. Renoval of the oil results:
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0, . .
(’Ci:g(r)rgf)siS?i E)ﬁ ?K%} g%gﬁ\bﬁutxe C?E O%STM D721 may be requirx@gc; efolr A B
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Mono- napht hegefids\Weo BElless redi@blelatOoil SoRtentd Below about 15

PoIy-naphthngigthpeggéﬁt‘ Aélé%l co%tgnts géfow aégéé 10 percent,
however, the advantage of the present catalysts may not be
as marked as with oil contents of from. about 10 to S50
weight percent and for this reason, wax feeds conforming to
this requirement will normally be employed.

The compositions of some typical waxes are given in

Table 1 beélow. The letters A, B, C and D represent
different feeds, with wax compositions varying from about
50 to over 90%. '

Table 1
Wax Composition - Arab Light Crude
A B c D
Paraffins, wt. pct. 94.2 81.8 70.5 51.4
Mono-naphthgnes, wt. pct. 2.6 11.0 6.3 16.5
Poly-naphthenes, wt. pct. 2.2 3.2 7.9 9.9
Aromatics, wt. pct. 1.0 4.0 15.3 22.2

A typical slack wax feed has the composition shown in
Table 2 below. This slack wax is obtained from the solvent
(MEK) dewaxing of a 300 SUS (65 cSt at 40°C) neutral oil
obtained from an Arab Light crude.
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sl ack wax feed has the conposition shown in Table 2 below This slack wax

is obtained fromthe solvent (MEK) dewaxing of a 300 SUS (65 cSt at
40[err]C) neutral oil obtained from an Arab Li ght crude.

wt. pct. 1.0 4.0 15.3 22.2 A typica

Table 2 Sl ack Wax PropdrTies AP

39 Hydrogen, wt. pct. 15. 14 Sul fur, w. pct.

0.18 Ni t rogen, ppnmw 1 Melting point, [err]C
([err]F) 57 (135) KV At ckomeg@ 5.168

PHA, wt pct: Par af f . Napht henes
13.6 Aro I cs 16. 3 Simul ated Distillation:
% [err]C ([err] dro en, 31753 14 (710) 10

413  (775) sSulfd geﬁ 0.18 50 460 (860)
70 482 (900) Nitrogen, ppﬂﬁ 500 1232 95 507
(945) Anot Med tdingc podak, sOCt @k f or5TUsEldS) the present process

has the properties s& @it 109° ¢abP§t6 (Exarrpl & .Mes

PNA, wt pct
Parafflns . 70.3
Naphthenes 13.6
Aromatics 16.3

Simulated Distillation:

3 ~c LF)
5 375  (710)
10 413 (775)
30 440  (825)
50 460 (860)
70 482  (900)
90 500 (932)
95 " 507 (945)

Ancther slack wax suitable for use in the present
process has the properties set out in Table 6 (Example 1)
infra as part of Example 3. This wax is prepared by the
solvent dewaxing of a heavy neutral furfural raffinate. As
discussed previously, hydrocracking may be employed to
prepare the slack wax for hydroisomerization.

Hydrocracking Process (Optional)

If hydrocracking is employed as a pretreatment step an
amorphous bifunctional catalyst is preferably used to
promote the saturation and ring opening of the low quality
aromatic components in the feed to produce hydrocracked
products which are relatively more paraffinic.
Hydrocracking is carried out under high pressure to favor
aromatics saturation but the boiling range conversion is
maintained at a relatively low level in order to minimize

cracking of the saturated components of the feed and of the

products obtained from the saturation and ring opening of
the aromatic materials. Consistent with these process



infra as part of Exanple 3. This wax is prepared by the sol vent dewaxi ng of
a heavy neutral furfural raffinate. As discussed previously, hydrocracking
may be enpl oyed to prepare the slack max for hydroi sonerization.

Hydr ocracki ng Process (Optional) - wydrocracking is enployed as a
pretreatment step an anorphous blfunctlbné] catalyst is preferably used to
pronote the saturation and rlng openlng of the Iom/quality aromatic
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The act ual |on I.,s depend the quality of the feed with slack
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requiring a lower conversion than petrolatum where it is

necessary to remove more low quality polycyclic components.
For slack wax feeds derived from the dewaxing of neutral
stocks, tHe conversion to 650°F~ (about 345°C) products
will, for all practical purposes not be greater than 10 to
20 weight percent, with 5-15 weight percent being typical
for most slack waxes. Higher conversions may be
encountered with petrolatum feeds because they typically
contain more low quality components. With petrolatum
feeds, the hydrocracking conversion will typically be in
the range of 15 to 25 weight percent to produce high.VI
products. The conversion may be maintained at the desired
value by control of the temperature in the hydrocracking
stage which will normally be in the range 600° to 800°F
(about 315° to 430°C) and more usually in the range of
about' 650° to 750°F (about 345° to 400°C). Space velocity
variations may also be used to control severity although
this will be less common in practice in view of mechanical
constraints on the system. Generally, the space velocity
will be in the range of 0.25 to 2 LHSV, hr.” !
in the range of 0.5 to 1.5 LHSV.

and usually



-stocks, the conversion to 650[err]F- (about 345[err]C) products wll, for
all practical purposes not be greater than 10 to 20 wei ght percent, wth
5-15 wei ght percent being typical for nost slack waxes. Hi gher conversions
may be encountered with petrol atum feeds jhecause they typically contain
more | ow quality components. Wth petrolalum feeds, the hydrocracking
conversion will typically be in the range of 15 to 25 wei ght percent to
produce high VI products. The conversion may be mai ntained at the desired
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nmetal and 10 to ercent o on“the tota
wei ght of t he°§aF5F§sFYP?fa%d r&ﬁﬂ%rar%yal"’l&&n’ﬁéﬁﬁﬁt LEQRH £0 FH0aweightor
percent of the Group VIII metal and 10 to 30 weight percent

of the Group VI metal, based on the total weight of the
catalyst. If a noble metal component such as platinum or .
palladium is used instead of a base metal such as nickel or
cobalt, relatively lower amounts are in order in view of
the higher hydrogenation activities of these noble metals,
typically from about 0.5 to 5 weight percent being
sufficient. The metals may be incorporated by any suitable
method including impregnation onto the porous support after
it is formed into particles of the desired size or by
addition to-a gel of the support materials prior to
calcination. Addition to the gel is a preferred technique
when relatively high amounts of the metal components are to
be added e.g. above 10 weight percent of the Group VIII
metal and above 20 weight percent of the Group VI metal.
These techniques are conventional in character and are
employed for the production of lube hydrocracking
catalysts.

The metal component of the catalyst is generally
supported on a porous, amorphous metal oxide support and
alumina is preferred for this purpose although silica-
alumina may also be employed. Other metal oxide components
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-in Table 3 bel ow Tabl e 3

LHDC Cat al yst Properties Form 1.5mmecyl. 1.5 mm tri.
1.5 mmcyl. Pore Volune, cc/gm 0. 331 0. 453 0. 426 Surface
Area, nferr]/gm 131 170 116 Nickel, wt. pct.

4.8 4.6 5.6 Tungsten, wt15 pct. 22.3 23.8

17.25 Fluorine, wt. pct. - ' - 3.35
Sigerr]/A[err]derr] binder - 62.3 Real
Density, gm cc 4.229 4,238 4. 023 Particle Density, gnlcc
1.744 . 1.451 1. 483 Packi pgpiengity, gm cc 1.2 0. 85

0.94 I f necessary in ord%ggtocﬁﬂgt t&%ii@@d conversion, the
catal yst may be pronoted with uorine, either by Incorporating fluorine
into the cataFgst during its prepanasmmncm& byl Gpemmat itng..t ha.Bysmocyhcki ng .

in the presenferefveluymaiorddfgrconpould3dhich i 9.48ded to the0i42&. Fluorine
cont ai ni ng cofPeireEs bémuﬂﬂbrporatéallnto t heltt al yst by i#8regnati on

during its pr %*%&4(%F sui t abl fguorlne gpound such_RAs2 ammoni um
fluoride (NH g b|qu e (NH[ “rTF[ err] HF) - i ch the
| atter is pre T of flyorine used_in catalysts h contain
this el enent |s re e?a y on1about 1to 10 melght percent, ased on the

total weight anihﬁeﬁgiﬁysém/wual | y ,bhem about, 23gt 0 6 wei ghg, gggcent. The
fluorine may partDeDéPOERS ey ng 74ke fl uqr.iasa conpound 1o4gagel of
the metal oxi Dackmmoménsiﬂtyng;nlur. prepaeat i on @f.8Bhe cat al ystoog4 by

| npregnation after the particles of the catal yst have been forned by drying

or calcining the g If the catal yst contains a relatlvelg gh anount of
fluorine as wel| &% RAPGASEABYNIB SFdemEqnobsadn fhedegire °°“Ver51°n'

the catalyst may be promoted with fluorine, either by
incorporating fluorine into the catalyst during its
preparation or by operating the hydrocracking in the
presence of a fluorine compound which is added to the feed.
Fluorine containing compounds may be incorporated into the
catalyst by imﬁregnation during its preparation with a
suitable fluorine compound such as ammonium fluoride (NH4F)
or ammoniqm bifluoride (NH4F-HF) of which the latter is
preferred. The amount of fluorine used in catalysts which
contain this element is preferably from about 1 to 10
weight percent, based on the total weight of the catalyst,
usually from about 2 to 6 weight percent. The fluorine may
be incorporated by adding the fluorine compound to a gel of
the metal oxide support during the preparation of the
catalyst or by impregnation after the particles of the
catalyst have been formed by drying or calcining the gel.
If the catalyst contains a relatively high amount of
fluorine as well as high amounts of the metals, as noted
above, it is preferred to incorporate the metals and the
fluorine compound into the metal oxide gel prior to-dfying
and calcining the gel to form the finished catalyst
particles.

The catalyst activity méy also be maintained at the
desired level by in situ fluoriding in which a fluorine
compound is added to the stream which passes over the
catélyst in this stage of the operation. The fluorine
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t he catalyst_grlor tqQ Initiat]on of ég: drocracklng %n situ

fluoriding of *HhFaERLYSFsdn; ﬁh?h?gs%‘f/el r#@f 861 §-8ar e BHYSB hduce

a fluorine cchydrngeﬁ imartietr to ificpeaserithd |flworiaepconteht ofetlati on, .

after which the b O | e cient to
LY R R e S At Ee Rty

mai ntai n the deS| S|tu uo i di ng
are orthofluol%ti&&kﬂﬁiQQﬁ§ddpﬁlGSrBB?H%ﬁﬁﬁ yst Im&hist RY pFesent on the
cat al yst are prefersdlly dazedednotbets Hnddcalen ffuudrdnd tentBhe e8I pose

pre-sul fiding u . Il pflation of
t he hydrocracillg%lgé rbgu 134 *%trlcéngnkg‘sz? Jb'?gs‘#i}% lAnog’ l!'j-gltégﬁ ?H:é?
typically catht@hcﬁhetﬁ}&ﬁﬁﬁﬂ&c??hgbﬁh§3%%ﬁ%ﬂ)ER mmlmﬁeaa§GPf&ﬁYébﬂtalnlng
gas, usually sﬂffi&@{@wcﬁﬁmftahndtnee@esfm rAotiwieyQf Budtapgea and

nydr ogen sl {4 Qe SR Db B L® e Pho B AFAS ALY S 03 BUE LT S8 20

i s conventiona BHagh al 50 el
contacting thélﬁhMqu@ﬂhQMQI1 hydrogen and a sulfur cont ai ni ng hydrocarbon

0i | such as a SOUfhKEhOELIE ettt Ohl the ElEADySONEId :gﬁtéf&ably xT;Bed

parar i copponetis Bieaet S inancl ol JE L Rouie el
the catalyst should be carried out prior to initiation of
the hydrocracking. Sulfiding is an established technique
and it is typically carried out by contaéfing the catalyst
with a sulfur-containing gas, usually in the presence of
hydrogen. The mixture of hydrogen and hydrogen sulfide,
carbon disulfide or a mercaptan such as butol mercaptan is
conventional for this purpose. Presulfiding may also be
carried out by contacting the catalyst with hydrogen and a
sulfur-containing hydrocarbon o0il such as a sour kerosene
or gas oil.

Hydroisomerization

The paraffinic components present in the original wax
feed possess good V.I. characteristics but have relatively
high pour points as a result of their paraffinic nature.
The objective of this invention is, therefore, to effect a
selective conversion of waxy species while minimizing '
conversion of more branched species characteristic of lube
components. The conversion of wax occurs preferentially by
isomerization to form more branched species which have
lower pour points and cloud points. Some degree of
cracking accompanies isomerization and cracking is required
to produce very low pour point lube oils.



. high pour points as a result of their paraffinic nature. The objective of
this invention is, therefore, to effect a selective conversion of waxy
species while mnimzing conversion of nore branched species characteristic
of | ube conponents. The conversion of wax occurs preferentially by

i someri zation to form nore branched spect’es which have | ower pour points
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hydroi somerization inventron |$ ectivit for t he
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i sopar af fi ni cf pwam}ucﬂ.ineﬁatdﬁ yeas lindalr pargpeiny ¢obllésamctaxgnal in

character, x%'f'?ﬂn?c ’Fﬁdﬂu EQWPCEH%?}Iy%QsaoEa{ﬁ% ROpE S-£€, Pporous
support of ieﬁﬂ'lt"\é%\? 0 3 g The aci,d g I S mal nt al ned % a low | evel
in order to P AYetR | BRTES f)’?bcﬁ?d“tp§156f‘ i Pt s FARPIRRY 8Be boi | i ng
range duri ngat¥axgesirage @izq,h@ocpw aurmert| pfogrekatdivelgrbew t he cat al yst
sho]yl d hgve asidigiha \taéuecmltgwls%ﬁd&rmteﬁ aetTa;]lll%waddvaoﬁ otakh
preferred v ow e e i,S an
appr oxi mat e | n cglt 10110 e’féé%cggxﬁf%)%c %5338 lmg a %ISE;IQ? M?% Liigﬁe cat al yst
conpared to €°§3f%&'|aﬂ‘36a@‘hﬂ'ﬁf§t th?ﬁes%ﬁ‘%?n&ft §§?- ‘gﬁei}féé:l?ﬁe B ative rate
const ant (r agenaxfalndexnk, ha:@matamysrersmcmldpaavddmmmﬁ wutuad yst per unit
Lime) Of inephest LALRLYS S HetbhyCaddidith, Siap aggf%@ gyl oh s taken
er he aI

as an al pha nst ant sec atest is

descri bed |ngﬁ1§" Pt edfes, %’?E‘P&% };md in J. Catalysis, 4, 527 (1965); 6,
278 (1966); and Bie Haha( Y@B@ is @nuhPRFORigfahec hodicat iondet feire a
description ehtihgriceTracking @&Qﬁiﬁ?rﬁﬁtﬁ‘eo&di:&i% c@fnp&f&i t’cﬁﬁh used to
determ ne thg, g]l“?;&ad ﬁkggg i eﬁrhr egl 'tﬂas@ vgg \d r%i% Q:I ude a

€ as

constant tenperalure a vari w ra escrl bed in
detail in J.CeBFLARK(Fatgo 3!237"“(-" 9 e’;ane °°"Yﬁé's¥®‘tir3ﬁrsl§ﬁ%‘|‘q‘°zé’cﬁ on cat al yst
conprises a k:atgbys,iorperzanitttameet akf. thHdectdsr gatplyst rebhtive ito® supported

by a the standard catalyst which is taken as an alpha of 1 (Rate
Constant = 0.016 sec -1). The alpha test is described in
U.S. Patent 3,354,078 and in J. Catalysis, 4, 527 (1965);
6, 278 (1966); and 61, 395 (1980), to which reference is
made for a description of the test. The experimental
conditions of the test used to determine the alpha values
referred to in this specification include a constant
temperature of 538°C and a variable flow rate as described
in detail inh J. catalysis, 61, 395 (1980).

The hydroisomerization catalyst comprises a large pore
zeolite metal. The large pore zeolite is supported by a
porous binder. Large pore zeolites usually have at least
one pore channel consisting of twelve-membered oxygen
rings. Large pore zeolites usually have at least one pore
channel with a major dimension greater than 7A and a
Constraint Index of less than 1. Zeolites suitable for use
in the.instant invention are listed below:
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Constraint Index of less than 1. Zeolites suitable for use in the instant

i nvention are |isted bel ow 1§SM 4 -
18 - MCM 22 . O 6-1. 5399[err]F 454[err]C3_“_”IE§~_;”.._m”

Mordenite %“ﬁ;f ;::.-:w-ﬁ

(538[err] Q) ..o Deal
6
hydr0|soner|za,;0§2gg'

Bet a

been shown to. pos&%g ceukake RS _
t he presence’ ;a@@ﬂatics -as’’ o 44 e Zeot 11 :
possesses a centrmphadgxs@ﬂageﬂﬂnﬁ& and @ g) @gggﬂemaer:at LH’ a5 hetnse
316[ err] C and 399 péadpfminkitzBdugh - Cbnstrajntodeemﬁ&cbess-thﬂ' 14
preferred. The.l (g;;l}gi;el Betq ]‘.Q{;

may be obt ai-iied tResi ;
e.g with a silicaMiraend&er :
i nvention are. prepared e the.abseﬂ
simplifies preparat|on ‘of the~ cataLys nd. fie
phosphorus. St e%ﬁeng,geh salikasoh; o _éa&% ca |
requisite acidity lev as’ beeh USEt n -hewpri-of-ar: SETte:
sil'i ca-al um n&4Cat s, bﬁﬁﬂe§éﬂcesf i&&b&ﬁfsp§e§r§hﬁﬁﬂ E@fﬁg§§§ﬁ§ n

such as

-2 -0 at temperatures between 316° C and 399 C although: L"
:cOnstralnt Indexes less.than. 1 are preferred.. The iow
acldlty forms of zeollte beta used in this invention may be

- obtained by synthesrs of a highly siliceous form of the
Zeolite e.g with a 5111ca-alum1na ratlo above abcut 500 1.
The catalets of " thls 1nvention are prepared In the absence .
of boron. The absence of boron simplifies preparatlon of
the catalyst and facigitates later addition of phosphorus.
Steaming zeolites of lower silica-alumina ratio to the
requisite acidity level has been used in the prior art to

_increase the silica-alumina ratio, however, steamed
catalysts are not effective in the instant invention. - They
‘may also be obtdined by extraction with acids such as
dicarboxyllc acid, as dlsclosed in U.s. Ppatent No.

5,200,168. This patent’ dlscloses the synthesis of
dealuminated zeolite beta by oxallc acid extraction. U.S.
Patent No. 5,238, 677 discloses the synthesis of
dealuminated mordenlte by oxalic acid extracting. U.s.
Patent No. 5, 164 169 discloses the preparation of highly
siliceous zeolite beta employing a chelating agent such as =
tertiary alkenolamines in the synthesis mixture.

The zeolites of this invention possess a framework
silica-alumina ratio above 200:1. Preferably the silica-



.dicarboxylic acid., as disclosed in U S. Patent No. 5,200, 168. This
patent di scloses the synthesis of deal um nated zeolite beta by oxalic
acid extraction. U S Pat ent No. 5,238,677 discloses the synthesis of
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Cat al yst aci GREgLYSY By Lﬁ@&hﬁf"ﬁﬁg Y’ﬁ?’f‘o%ld&q}bﬁ%f SR aconpounds,
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feed shoul d %g%iggc %% B pm a Yf%RrhouFd %géﬁoe eff%%%q{% g%;%t tl:eg%ﬁ&ppm
The catalystcﬁﬁ?1§§§oﬂ%dﬁﬁ%ﬁriqﬁﬁni%9“wh|ch reduce the nunber of strong acid
sites of the catalyst and inprove the selectivity of isomerization
reactions tog EQ £ . Metals which are preferred for this

pur pose are class of Group 1A and Group I A netals such
as potassium caIC|uﬁP§ﬁaYﬁﬁgﬂ§§¢%ﬁN may thEEQBSPﬁtBYwﬁﬁ? teQssidione s

Wi th a matri»fnaierogéntCompsunddie d.igni NHe b airgjaydic addrbgent hi s pur pose

conventi onal c‘6§\£>¥ul18¥v,' a&iéﬁ t‘é’hgeféé&( ‘Esartﬁéi ﬂ{rérgfg&n@zsization
catalyst. However, the total nitrogen content of the feed
should not exceed 100 ppm and should be preferably less
than 20 ppm. The catalyst may also contain metals which
reduce the number of strong acid sites of the catalyst and
improve the selectivity of isomerization reactions to
cracking reactions. Metals which are preferred for this
purpose are those belong to the class of Group 1A and Group
IIA metals such as potassium, calcium and magnesium.

The zeolite will be composites with a matrix material
to form the finished catalyst and for this purpose
conventional very low-acidity matrix materials such as
-alumina, silica-alumina and silica are suitable although
aluminas such as alpha boehmite (alpha alumina monochydrate)
may also be used, provided that they do not confer any
substantial degree of acidic activity on the matrixed
catalyst. The zeolite is usually composites with the
matrix in amounts from 80:20 to 20:80 by weight, typically
from 80:20 to 50:50 zeolite:matrix. Compositing may be
done by conventional means including mulling the materials
together followed by extrusion into the desired finished
catalyst particles. A preferred method for extruding the
zeolite with silica as a binder is disclosed in U.S.
4,582,815. If the catalyst is to be steamed in order to
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platinum cations such as platinum tetraamine or by

impregnation with solutions of soluble platinum compounds,

for example, with platinum tetraammine salts such as

platinum tetraamminechloride. The catalyst may be

subjected to a final calcination under conventional

conditions in order to convert the noble metal to its

reduced form and to confer the required mechanical strength

on the catalyst. Prior to use the catalyst may be

subjected to presulfiding as described above for the

hydrocracking pretreatment catalyst.

Hydroisomerization Conditions

The conditions for the hydroisomerization step (also
called the isomerization step) are adjusted to achieve the
objective of isomerizing the waxy, linear and near-linear
paraffinic components in the waxy feed to less waxy but
high V.I. isoparaffinic materials of relatively lower pour
point. This end is achieved while minimizing conversion to
non-lube boiling range products (usually 650°F-(345°C-)
materials). Since the catalyst used for the
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The conditions for the hydroi sonerization step (also called the
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43.33[err] ), “pref BPABYYiBCY e P&ﬁ%% FPANFADCE CERBO Wil be( assaciated
37.78[err] C).with a lower isomerization selectivity and the production
of less stable lube products as a result of the
hydrogenation reactions being thermodynamically less
favored at progressively higher operating temperatures.
Space veldcities will typically be in the range of 0.5 to 2
LHSV (hr.”}). fThe pour point of the effluent from the
hydroisomerization step is in the range from 30 to 110°F
(-1.11 to 43.33°C), preferably in the range from 40 to
100°F (4.44 to 37.78°C).
The hydroisomerization is operated at hydrogen partial
pressures (reactor inlet) of at least 800 psig (about 5516
KPa), usually 800 to 3000 psig (5516 to 20785 kPa) and in
most cases 800-2500 psig (5516 to 17340 kPa). Hydrogen
circulation rates are usually in the range of about 500 to
5000 SCF/Bbl (about 90 to 900 n.1.1.”Y). since some
saturation of aromatic components present in the original
feed takes place in the presence of the noble metal
hydrogenation component on the catalyst, hydrogen is
consumed in the hydroiscomerization even though the desired
isomerization reactions are in hydrogen balance; for this
reason, hydrogen circulation rates may need to be adjusted

in accordance with the aromatic content of the feed and



-The hydroi soneri zation is operated at hydrogen partial pressures (reactor
inlet) of at |east 800 psig (about 5516 KPa), usually 800 to 3000 psig
(5516 to 20785 kPa) and in nobst cases 800-2500 psig (5516 to 17340 kPa).
Hydrogen circulation rates are usually in the range of about 500 to 5000
SCF/ Bbl (about 90 to 900 n.1.1. [err])~ %43 nrce sone saturation of aromatic
conponents present in the original feed takes place in the presence of the

nobl e metal Lyds GPAURI (RAARNEORsLACHE X Yiard1diehat sofi ONSUMTEd

in the hydroisonerization even ough the desired’j songeri,zation,reactions
are in hydro§tRceigher tempanytures Wikl B AIRpGLabed Wity anhighes nay
need to be allevel eslf | craxsitidiglags vohbedhentlyraiith eomighieroiieve: é£ed and

- 22 - alsowyith the er at used, i \Es i i jon since

hi gher terrpe?y?%f%spﬁ%‘fggle&gsg?%eat%gdwb\nﬂ?%mgj_‘%/%erﬁfg{e ag%écr acking and,
consequent | ybodl ing aramggeso |thall perdurtf skabibitie tWidd neesetsf Pehich wil |
be in Ej hg Iuhtgsaﬁ'téaiﬂ;@ éﬂtﬁ%@j&ﬁ.ha!{yateguﬁtcﬁt-ﬁmd%idt}[ \aﬁdﬂesneegsgostégl -
assured by satur en, circu I on, rates, of, e

(about 180 n.T?FE[%&8?)ggf%éghuﬁéhﬁuﬁyagbosrbéfkuf*i%ﬂé;upqﬁﬁéﬁé en to
conpensat e f provihdeespEfictenty hydrogenohcunprbensate kot the expestede a | ow
rate of catahyatogdhNSonsumpéibn HsLhiad g5eBshehsurlesd rahkl &ate BRi ntain
tenperature in tEe grocess. Col d hydrogen is generally used as the guench,
but a |iqui dG&BH¥RT BEMPty recycl ed product, may al so be used. Dewaxi ng
Al t hough a fi nal Anedakenbedt gpench | is\clesdrableetaoenaistain i tempedature

achi eve the desikhedpppds! PEM4 RfjdHogeh! ikSgendra Y ud&flay @nalf the
present process tha? t he extent of “de Xlnﬁ nglred is relati elé smal | .
Typical |y, ¢ REeRSBs BHFi A iReid | FANGendRPAs ¥ ERCYFled (REQRSHer Ba¥han
15- 20 wei ght ajeocket usédt he dewaxer feed and may be |l ower. Either catalytic

dewaxi ng or solvent dewaxing may be used at this point and if a sol vent
dewaxer

Dewaxing

Although a final dewaxing step will normally be
necessary in order to achieve the desired product pour
point, it is a notable feature of the present process that
the extent of dewaxing required is relatively small.
Typicaily/ the loss during the final dewaxing step will be
no more than 15-20 weight percent of the dewaxer feed and
may be lower. Either catalytic dewaxing or solvent
dewvaxing may be used at this point and if a solvent dewaxer
is used, the removed wax may be recycled to the
hydroisomerization for a second pass through the
isomerization step. The demands on the dewaxer unit for
the product are relatively low and in this respect the
present process provides a significant improvement over the
process employing solely amorphous catalysts where a
significant degree of dewaxing is required. The high
isomerization selectivity of the zeolite catalysts enables
high single pass wax conversions to be achieved, typically
about 80% as compared to 50% for the amorphous catalyst
process so that unit throughput is significantly enhanced.

A shape-selective dewaxing catalyst maybe alternately
employed rather than a solvent dewaxing approach. This
catalyst removes the n-paraffins together with the waxy,
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relatively cgnEFPEF fied F+ﬂ?§rmxﬁ§ﬂ7¥3pdﬁethe preferred zeolite for this
purpose although other highly shape-selective zeolites such
as ZSM-22 or the synthetic ferrierite ZSM-35 may also be
used, especially with lighter stocks.
Silicoaluminophosphates such as SAPO-11 and SAPO-41 maybe
used as selective dewaxing catalysts.

- The preferred catalysts for use as the dewaxing
catalysts are the relatively constrained intermediate pore
size zeolites. Such preferred zeolites have a Constraint
Index in the range of 1-12, as determined by the method
described in U.S. Patent No. 4,016,218. These preferred
zeolites are also characterized by specific sorption
properties related to their relatively constrained
diffusion characteristics. These sorption characteristics
are those which are set out in U.S. Patent No. 4,810,357
for the zeolites such as zeolite ZSM-22, 2ZSM-23, 2ZSM-35 and
ferrierite. These zeolites have pore openings which result
in a specific combination of sorption properties, namely,
(1) a ratio of sorptioh of n-hexane to o~xylene, on a
volume percent basis, of greater than about 3, wherein
sorption is determined at a P/P, of 0.1 and at a
temperature of 50°C for n-hexane and 80°C for o-xylene and

(2) by the ability of selectively cracking 3-methylpentane
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where k is the rate constant for each component, T. is the
contact time and € is the fractional conversion of each
component.

Zeolites conforming to these sorption requirements
include tHe naturally occurring zeolite ferrierite as well
as the synthetic zeolites 2SM-22, ZSM-23 and ZSM-35. These
zeolites are at least partly in the acid or hydrogen form
when they are used in the present process.

The preparation and properties of zeolite ZSM-22 are
described in U.S. Patent No. 4,810,357 (Chester) to which
reference is made for such a description.

The synthetic zeolite ZSM-23 is described in U.S.
Patent Nos. 4,076,842 and 4,104,151 to which reference is
made for a description of this zeolite, its preparation and
prcperties;

The intermediate pore-size synthetic crystalline
material designated ZSM-35 ("zeolite 2ZSM~35" or simply
"ZSM-35"), is described in U.S. patent No. 4,016,245, to
which reference is made for a description of this zeolite
and its preparation. The synthesis of SAPO-11 is described
in U.s. Patent Nos. 4,943,424 and 4,440,871. The synthesis
of SAPO-41 is described in U.S. Patent No. 4,440,871.
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5 illustrates the properties of a 2SM-23 catalyst

containing Pt.

Shape selective dewaxing uszng the highly constrained,
highly shape-selective catalysts may be carried out in the
same general manner as other catalytic dewaxing processes,
such as those described above for the initial isomerization
phase. Conditions will therefore be of elevated
temperature and pressure with hydrogen, typicaily at
temperatures from 250° to 500°C (about 580°F to 930°F),
more usually 300° to 450°C (about 570°F to 840°F) and in
most cases not higher than about 370°C (about 700°F).
Pressures extend up to 3,000 psig (20785.63 kPa abs), and
more usually up to 2500 psig (17338.25 kPa abs). Space
velocities extend from 0.1 to 10 hr™ (LHSV), more usually
0.2 to 5 hr. Hydrogen circulation rates range from 500 to
1000 n.1.1.7!, and more usually 200 to 400 n.1l.1.-l.

Reference is made to U.S. Patent 4,919,788 for a more
extended discussion of the shape-selective catalytic
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about 30 welght percent being necessary only to achieve the
lowest pour points with catalysts of the required

selectivity. Boiling range conversion on a 650°F+ (343°C+)
basis will usually be in the range of 10-25 weight percent.

After the pour point of the o0il has been reduced to the
desired value by selective dewaxing, the dewaxed oil may be
subjected to treatments such as hydrotreating, in order to
remove color bodies and produce a lube product of the
desired characteristics. Fractionation may be employed to
remove light ends and to meet volatility specifications.

It is apparent that the highly advantageous results
achieved with the present process in terms of lube vield,
V.I., and other product properties can be ascribed to the
synergistic functioning of the two catalytic phases,
isomerization and catalytic dewaxing. 1In the first phase
the large pore zeolite acts more preferentially than
conventional dewaxing catalysts on the high molecular
weight waxy species in the feed, i.e. the back end of the
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removing the waxes in the front end (low beoiling
components) of the feed. As Example 6 and Figure 4 infra
illustratd, intermediate pore size molecular sieves such as
Pt/2SM-23 possesses incremental isomerization capabilities
in addition to shape-selective dewaxing capabilities.

Thus, by applying these properties of the intermediate pore
size molecular sieves in combination with the properties of
a large pore zeolites as described above, it has become
possible to ‘evolve a synergistic catalytic dewaxing process
which makes the most effective use of the two types of
zeolites. A large pore zeolite is used in an initial stage
to convert waxy paraffins to less waxy iso-paraffins by
isomerization, acting preferentially on the waxy components
in the back end of the feed. The partly dewaxed feed is
then processed over an intermediate pore size zeolite to
convert the residual waxy components so that the final
product has a low pour point and low cloud point.
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Examples

Example 1

A slack wax having properties summarized in the Table
infra was processed over a NiW/fluorided alumina catalyst
at the following conditions:

LHSV, hr-? 1
Pressure, psig 2000 (13890.87 kPa abs)
H, circulation, SCF/B 7500 (1335 n.l.1.71)

Conversion of material in the feed boiling above 650°F
was 11 wt%.
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A low acidity Beta catal yst was prepared by first extruding a 65% 600: 1
Siqerr]/Al[err](Jerr] Beta on 35% Si Jerr] sg1a1¥ aPakdchadidd ndri cal
extrudate. The nethod used to prepare the 600c$rgtg1e45b/ﬂg@r]Qerr] Bet a

zeolite is described in U S. Patent No. 5, 232Ned%ral s1dfk Wi al yst was
then steaned to an al pha I ess than 15. This catal yst was subsequently

exchanged with a 0ilfecorterstt) wt & of platinumtetranBi#ne chloride to a
target |evel of ONBtymegemw; .ppmw ability of the catal y82 to hydrogenate

benzene was neasuPBHEe®, Welf cate the metal activity9ahd di spersion. The
activity was about 400 nol es of benzene per nole of platinumper hour at

100[err]C and a Hggaozpe&i@ec][ a&ég gfd 622.p!g8egeié\;yst was sized and
| oaded in a fixe '

KV @ 100°C cst 10.53

vI ' 96

Pour Point, °F 0 (-17.78°C)
Lube Yield, wt% on fresh feed 34
mple

A low acidity Beta catalyst was prepared by first
extruding a 65% 600:1 Si0,/Al,0, Beta on 35% Si0, as a 1/16
inch cylindrical extrudate. The method used to prepare the
600:1 SiO,/Al,0, Beta zeolite is described in U.S. Patent
No. 5,232,579.

The catalyst was then steamed to an alpha less than 15.
This catalyst was subsequently exchanged with a buffered
solution of platinum tetrammine chloride to a target level
of 0.6 wty Pt. The ability of the catalyst to hydrogenate
benzene was measured to indicate the metal activity and
dispersion.. The activity was about 400 moles of benzene
per mole of platinum per hour at 100°C and a H, to benzene
ratio of 100. The catalyst was sized and loaded in a fixed:
bed reactor. Prior to this introduction of hydrocarbon . ot
feeds, the catalyst was sulfided at 500 psi with a 2% H,S/H,
gas mixture.



bed reactor. Prior to this introduction of hydrocarbon feeds, the catalyst
was sulfided at 500 psi with a 2% H err]S/Herr] gas m xture.

- 30 - Exanple 3 The hydrocracked wax described in Exanple 1 was
processed over the catal yst described in Exanple 2 at the foll ow ng
conditions and was subsequently sol veB@ -dewaxed: LHSV, hr[err]
1 Pressure, psig 2000 (13890.87 kPa abs) Avai | abl e
performance dikamplee3 dewaxing is summari zed bel ow. Tenp. [err]C _

\1('42| d KV @Oo[erlg]l‘g?rﬂ%drocra&@é’d walx de[s%'i'&iagd anfﬁfample 1 o g 47
(-17.78[err] cPT g ver és% cata1y§t4 escribed (in;, Example; 2 (atgtgg[ err] C
Exanpl e 4 fnllawpﬂl@ obéndibti ores amdd wasr acksdquéntndidlivart igWalked:t o
those in Exanple 1. The Iﬁég Chpaked wax was prlocessed over a 0.6 wm%

Pt/silica-alumna catalyst. Rin conditions are Summarized bel ow.
LHSV, hr[err] 1 Pressure, psigpress@090 §43§90.87 kPa absp -
(12167 18 kPa abs) H2 Circulation, SCF/ B 3500 (623
err n | S zed . bel ow. err]C
Y| eI d A ]) 00[Avgféggi%ggfg%ﬁaarxc%d%%mgffﬁr dewa:\g%g is sunmjar [zegg
4. 25 13 elowg (-15[err] Q) 315 4.41
140 5 (-15gempldc  $49@1d Kv e100°c 40 _vI P<§1107Pt, .p 139 -5
(-20.56[err] C Note that both yreld and VI of the lubricant product
are bel ow t hat éﬂﬁal nabl e W4t h theé4i7gh Sige46]/ Al [e8r]Gx¥51d) Beta.
50 5.47 146 0 (-17.78°C)
350 58 5.45 145 15 (~9.44°'C)
E_xamgle 4

A sample of wax was hydrocracked at conditions similar
to those in Example 1. The hydrocracked wax was processed =
over a 0.6 wt} Pt/silica-alumina catalyst. Run conditions
are summarized below:

LHSV, hr 1 g
Pressure, psig 1750 (12167.18 kPa abs)
H, Circulation, SCF/B 3500 (623 n.1l.1.71)

~e

Performance data is summarized below.

Temp, °C Yield KV @il00°C vI Pour Pt, °F
323 39 4.25 136 5 (-15°0C)
315 - 46 4.41 140 5 (-15°C)
300 - 40 5.07 139 -5 (-20.56°C)

Note that both yield and VI of the lubricant product
are below that attainable with the high si0,/Al1,0, Beta
catalyst.



catal yst . | . 31 - VHAT I'S CLAIMED I S:
1. A process for producing a high Viscosity Index (VI) lubricant having a
VI of at least 125 from a waxy hydrocarbon feed hawvirtag—a—wax-content—of at

| east 40% which conprises catal ytically dewaxi ng wa ' nt in
the feed primarily by isomerization, if 3the presenceTmlmuﬂﬂmwman t he
presence of a low acidity large pore zeolite isonerizati én katfl ysst *havi ng
a ratio of Si@FéEFFﬁA&%Qiﬁ?E}i%?], as synthesized, of at |east 200:1,
wherein the catalyst is prepared in the absence of boron. 2. The process
of claiml1, er eipn LSO [ | a L $ r pore
zeolite has \z,iwr%"al %hgi.gg?%%g?{. n%’taé dnlg‘%igqfltﬁan&%%& gg??%%‘f%g%ﬁ%%’?meﬁges a
nobl e netal hy4PE&EARE baviegppnehtof a3 lepsd BR8cEEIMoR Y% m 1 wherein

t he | arge- por aiyagekhtBo08664 Sikdv tig | £afix eohteatcochabnbéast 46% renber ed

oxygen rings. 4. 1h Qce ' , ' h r eolite is

zeolite beta.w£l§; $ﬁ§£5$%%%s%g%éif%égé%%?wa%%gkgpﬁ ?ﬁ%§;g%¥$€éﬁgéta has an

al pha val ue ofPTesengr dat thet feed primamilyrhy dsomerizatienaiim itheherein

tlhe_ ratio \Mgf S_rgs'éﬁhla/ék[ﬁfal- éﬁr%&'lxdsirﬁttﬂee%i"eséggélof a oW Ncipgess of

claim 6, wher g} JeMBobd beoPles LA SIIIE daralydl h808hg 0% ks0 o
$i0,/A1,0,, as synthesized, of at least 200:1, wherein the
catalyst is prepared in the absence of boron.

2. The process of claim 1, wherein the isomerization

- catalyst comprising a large pore zeolite has an alpha value
of not more than 30 and further comprises a noble metal
hydrogenation component.

3. The process of claim 1 wherein the large-pore zeolite
possesses at least one pore channel of 12-membered oxygen
rings.

4. The process of claim 1, wherein the large pore zeolite :
is zeolite beta.

5. The process of claim 3, wherein the zeclite beta has an
alpha value of not greater than 20.

6. The process of claim 1, wherein the ratio of Si0,/Al1,0,
is at least 400:1.

7. The process of claim 6, wherein the ratio of Sio/al,0,
is at least 600:1.

8. The process of claim 1, in which the noble metal of the
isomerization catalyst is Pt or Pd.

9. The process of claim 1, in which the noble metal

content of the catalyst is in the range from about 0.1 to 2
wt%.



-8. The process of claim11, in which the noble netal of _the isonerization

catalyst is Pt or Pd. 9. The process of claim1, in whi al
content of the catalyst is in the range fromabout 0.1 t . iﬂm l/{mil
- 32 - 10. The process of claim1l in | ch the feed co L .

hydrocar bon feed having a wax content of at |least 50 wt % and an aronatic
content of l|least than 25 wt% . 11. The process of claim1l wherein the

feedstock i's 5l oot Lol e G10YR £OIS AN Ble ZetkthnpBisodogi | ed

wax, wax from Fi scher opsch process, petrolatum vacuum(tg s oll, or a
raf fi nate frdfﬁ’%lhh@ﬁ“@?&@cﬁ?éﬁ RAVING & AKX FiontentapE at keastR0 process

of claimil, iweywand drhardnatesScortent vfdadst ithahhespwtsence of

hydr ogen. 13. The process of claim12, in which the wax conversion is
from40 to 90 wt. % of the wax contained in the feed. 14. The process of
claim 11, in ¥hi cthe erogsss @fvcAsinnli wherein Sthe £fe@gskeskbased on t he

fegd. 15. T&) S0sE S t@x'eabﬂ‘bﬁp 268 Betind o efdf Isuask Wag, aa@eiled Ol Nt

whi ch ranges féom abou 30—51.0 %bou& 100 errJ é-l. 11.to0.,about 37. 7&31Lerr]C).
wax, wax from Fischer-Tropsch process, petrolatum, vacu _
gas oil, or a raffinate from solvent extraction of a.vacuum
distillate.

12. The process of claim 1, in which the process is carried
out in the presence of hydrogen.

13. The process of claim 12, in which the wax conversion
is from 40 to 90 wt.% of the wax contained in the feed.

14. The process of claim 11, in which the wax conversion is
from 50 to 80 wt% based on the feed.

15. The process of claim 1, wherein the effluent has a pour
point which ranges from about 30 to about 100°F (-1.11 to
about 37.78°C).

16. The process of claim 1, wherein conditions include a
hydrogen partial pressure ranging from 600 to 3000 psig
(4238.2 to 20785.6 kPa abs) and a temperature from 550 to
800 °F (287.78 to 426.67°C).

17. The process of claim 1, wherein the preferred range of
VI is from 130 to 150.

18. The'process of claim 1 in which the effluent is
subjected to further dewaxing to achieve target pour point,
with a yield loss during dewaxing of not more than 15 wt$.

19. The process of claim 18, in which dewaxing is
accomplished by either solvent or catalytic means.



16. The process of claim1, wherein conditions include a’ hydrogen partial
pressure ranging from600 to 3000 psig (4238.2 to 20785.6 kPa abs) amnd =
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21. A process for producing a high Viscosity Index (VI)
lubricant having a VI of a least 125 from a waxy
hydrocarbon feed having a wax content of at least 40 wt%,
the process comprising the following steps:

(a) hydrocracking of the feed in order to reduce its
nitrogen as well as to remove napthenic and aromatic
components, thereby improving VI, the hydrocracking process
comprising contacting the feed with a catalyst composed of
a metal hydrogenation component on an acidic support;

(b) -catalytically dewaxing waxy paraffins present in
the feed primarily by isomerization, in the presence of
hydrogen and in the presence of a low acidity large pore
zeolite isomerization catalyst having a ratio of sio,/al,0,,
as synthesized, of at least 200:1, wherein the catalyst is
pPrepared in the absence of boron.

22. The process of claim 21, wherein the isomerization
catalyst comprising a large pore zeolite has an alpha valﬁe
of not more than 30 and further comprises a noble metal
hydrogenation component.

23. The process of claim 21 wherein the large-pore zeolite

possesses at least one pore channel of 12-membered oxygen
rings.

ng a
t eps:
as to



‘conprising contacting the feed with a catal yst conposed of a netal

hydr ogenati on conponent on an acidic support; (b) catlillﬂmmgm“m””“L
dewaxi ng waxy paraffins present in the feed primarily by li i
t he presence of hydrogen and in the presence of a'IOM/aciditf | &r g pdré’
zeolite isonerization catalyst having @3satio of SiJerr]/A[err]Jerr], as
synt hesi zed, of at |east 200:1, wherein the catalyst is prepared in the
absence of b@dQnThe PZocéBe prockatm Al Clwheneih, thbelargetpere szeokitrat i on
catal yst conmgrd Si I pore zeolite has an al pha val ue of not nore

t han 30 andnpﬁr? g?iggngéggés a nobl e netal hydrogenation conponent. 23.
The process of claim 21 wherein the |arge-pore zeolite possesses at | east

one pore charsl Thle pForeskebedcDaiferl,) ivi@ein the ratio of Si0,/Al,0,
- 34 - 24, Eﬁ?a%%i%%%g g&SEQain121, wherein the |large pore zeolite is

zeol ite beta. §s of claim?21, wherein the ratio of
Sigerr]/AJerr]dJerr] is at |east 400: 1. 26. The process of claim 24,

wherein the radi any pldde@s’ beAkl 81h] £1 ervitereimicnee2ati608f 1sio,/A1,0,The
process of cla|n12é wg&;eln_ he feedstock is selected fromthe group

consi sting of+% ah 2eRSkaf0%d0i | ed wax, wax from Fi scher-Tropsch process,
petrolatum vacuumgas oil, and a raffinate from solvent extraction of a

vacuum di stiljAt éhe process of claim 21 wherein the feedstock is
selected from the group consisting of a slack wax, deoiled
wax, wax from Fischer-Tropsch process, petrolatum, vacuum
gas oil, and a raffinate from solvent extraction of a
vacuum distillate.

28. The process of claim 21 wherein conditions include a
hydrogen partial pressure ranging from 600 to 3000 psig
(4238.2 to 20785.6 kPa abs) and a temperature from 550 to
800°F (287.78 to 426.67°C). |

29. The piocess of claim 21, wherein the preferred range of
VI is from 130 to 150. )

30. The process of claim 21 in which the effluent of step
(b) is subjected to further dewaxing to achieve target pour
point, with a loss during dewaxing of not more than 15 wt%.

31. The process of claim 21, in which the effluent of step
(b) is hydrotreated by contacting it with a catalyst
comprising a metal hydrogenation component on an amorphous
porous support material at a pressure in the range from
about 500 to about 3000 psig (3548.7 to 20944.9 XPa abs), a
reaction temperature in the range from about 500°F to about
800°F (260°C to about 426.67°C), a space velocity which is
in a range from about 0.1 to about 10 LHSV, and a once-
through hydrogen circulation rate which extends from about
1000 SCF/B (178 n.l.1l."') to about 10,000 SCF/B (1780



. 28. The process of claim21 wherein conditions include a hydrogen parti al
pressure ranging from600 to 3000 psig (4238.2 tH mmmﬂmm,ﬁu ) and a
tenperature from 550 to 800[err]F (287.78 to 47%! The

process of claim 21, wherein the prejsrred range..df VI is™rém 130 to 150.

30. The process of cI aim21 in which the effluent’ of step (b) is subject ed
to further dewaxing to_ achieve tarlgmet J&?Q’our point, with a |oss dur| ng

dewaxi ng of ﬁo?--?‘m%é't hancrder by erfbenFheEral And| xidatiive n yhich:

the effluent sehbilepy (b tise Mubrmiicandt.ed by contacting it with a catal yst.
conprising a metal hydrogenation conponent on an anor phous porous support*
material at a pressure in the range from about 500 to about 3000 SI g
(3548.7 to 26844. B nrrecess)fonr prasudisag pchighaViseosity Hendesh &I om about

50|0[ er {] FWLO 1abeuitaROOh&Vidd a( 200 [ ra]tclbasabmub #26m & [wdkt C©) . @ space
vel ocity whi

hout 1 v, -

through hydrglé'gﬁ'c’gFFBﬂPa?g%g rf'%‘?@%og'ﬁ gﬁﬁg ‘Sg %glofﬁl_‘%l(ﬁﬁ a/ gm(:(1378
.[err]) the pboaess OemPLOYSORS B‘-V{OlmalYStS operawing 1.[err]), in ordef

to Irrpr ove t%?nhbstgatcaﬂﬂyoxamtdd@ﬁ | ichd eb1id@ingbstgant. 32 Ax

process for prod ci.n \/Lsc 1) _l.ubr] cant havi a Vvl of
at |east 120 fro %H%Wi ﬂ?’éﬁﬁ?b eﬁﬁ/(*ﬁ o 'l:Boﬁ?%‘h? ojfr!g%t | east
30 wt% the mi(tceseneaphbqnhgas vmelc'lataai e xeupeeanapgtlsqm cgamtically, and
conpri sing t hgch@leh@WeBEpShERes, tnex(éﬂy viAgkyRg @ﬁethe feed in ordes

to reduce it I trogen Content as ore nap I c, and aronatlc
conmponent s, gF' FKBPEVPRECSAS ?9ﬂ?qﬁ5;n8bF885Pﬁ ipgo %sg%ﬁﬁnﬁ
contacti ng tluathégétwcbhpased of a metal hydrogenation component on an o
acidic support:
(b) catalytically dewaxing waxy paraffins present in
the feed primarily by isomerization, in the presence of
hydrogen and in the presence of a low acidity large pore
Zeolite isomerization catalyst having a ratio of Ssio,/Al,0,,
as synthesized, of at least 200:1, wherein the catalyst is
prepared in the absence of boron.
(c) subjecting the effluent of the initial catalytic
dewaxing step to a second catalytic dewaxing step in which
the effluent is contacted with a constrained intermediate
pore crystalline material, which contains a metal
hydrogenation dehydrogenation component.




-cat al yst conposed of a netal hydrogenation conmponent on an acidic support;
(b) catalytically dewaxing waxy par affi ns present in the feed primarily by
i someri zation, in the presence of hydrogen and in the presence of a | ow
acidity large pore zeolite isonerizati*én-catalyst havi'ng a ratio of

Sigerr]/A[err]Jerr], as synthesizedg of at |east 200:1, wherein the
catalyst is prepared in the absence of boron. (c) subjecting the

effluent of the initial catal y{mxcﬂm bmmﬁmi grecEsscond catal ytic
dewaxi ng step in which the effluent is contacted with a constrained

Internedi ate pore crystalline material, which contains a netal

hydr ogenati on dehydrogenatloAE§EB§§E€QE,EEE_QL§§LQ§§BE

This invention discloses a process for producing a high
Viscosity Index lubricant having a VI of at least 125 from
a waxy hydrocarbon feed having a wax content of at least 40
wt$. The process comprises catalytically dewaxing waxy
paraffins present in the feed by isomerization in the
presence of hydrogen and in the presence of a low acidity .
large pore zeolite isomerization catalyst. This catalyst é?
has a ratio of sio,/Al,0,, as synthesized, of at least -
'200:1, wherein the catalySt is prepared in the absence of
boron. The feed may be hydrocracked prior to dewaxing with
the large pore zeolite. The effluent of the process may L
also be further dewaxed by either solvent or catalytic i

R
ol

means in order to achieve target pour point.



