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EIELD OF THE INVENTION
20 This invention relates to the production of high
Viscosity Index lubricants by employing a process in which
two dewaxing catalysts operate synergistically. The feed
may be hydrocracked prior to the catalytic dewaxing
process. The effluent of the dewaxing process may also be
25 hydrotreated. '

G D _OF NTION
Mineral oil based lubricants are conventionally
produced by a separative sequence carried out in the
petroleum refinery which comprises fractionation of a
30 paraffinic crude oil under atmospheric pressure followed by
~ fractionation under vacuum to produce distillate fractions
{neutral oils) and a residual fraction which, after
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temperature higher than that used in the filtering step
used to produce the slack wax. The purified wax is termed
20 deoiled 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
25 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
30 easier access to catalytically active sites to near-linear
molecules, of which wax is generally composed. Catalysts
which significantly reduce the accessibility of species on
the basis of molecular size are termed shape selective.
Increasing the shape selectivity of a dewaxing catalyst
35 will frequently increase the yield of dewaxed oil.
The shape selectivity of a dewaxing catalyst is
limited practically by its ability to convert waxy
- molecules which have a slightly branched structure. These
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of the aromatic components which are present in the feed.

20 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

25 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

30 operating temperatures require successively higher quality
lubricants. One of the requirements is for higher
viscosity indices (V.I.) in order to reduce the effects of
the higher operating temperatures on the viscosity of the
engine lubricants. High V.I. values have conventionally

35 been attained by the use of V.I. improvers é.g.

polyacrylates and polystyrenes. V.I. improvers tend to
undergo degradation due to high temperatures and high shear
rates encountered in the engine. The more stressing
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fromwaxy feedsgogksindNptB8els’ EbrSh288utinghine 8888ks 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
20 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 récycled to the isomerization stage to maximize
yield, or catalytic dewaxing. Catalysts which may be used
25 in the second stage are ZSM-5, ZSM-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 vwhich a waxy feed is partially dewaxed
30 by isomerization over a siliceous Y or beta catalyst with
the product subsequently dewaxed to desired pour point
using either solvent dewaxing or catalytic dewaxing.
Dewaxing catalysts with high shape selectivity, such as
~ ZSM-22 and 2ZSM-23, are preferred catalysts. These
35 examples, however, do not teach synergistic effects
involving more than one dewaxing catalyst.
Serial No. 08/017,949 discloses a two stage
‘hydrocracking and hydroisomerization process. The first
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20 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

25 improve the yield of high V.I. lube. However, operational
costs for 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 -21 to -18°C. catalytic

30 dewaxing enables production of high V.I. lubes having pour
points significantly lower than those possible for solvent
dewaxing. An unexpected development of the total catalytic

dewaxing process is that it can produce lubricants with

equivalent or higher V.I. at equivalent or lower pour
35 peoints than lubricants produced by solvent dewaxing.
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aromatic content to the desired target point.

The catalysts used in the instant invention behave

20 synergistically. The yield and Viscosity Index (V.I.) of
the product of the integrated catalyst system exceed the
yield and V.I. of the product from either of the two
catalysts operating alone. This synergism requires the
reactor containing the large pore zeolite to be operated so

25 as to convert 40 to 90% of the wax species in the feed.
The conversion of the residual wax is accomplished in the
second dewaxing step. Both V.I. and yield are inversely
related to pour point below a pour point of approximately
27°C. The synergy of the process is illustrated by the

30 reduction in yield and V.I. with decreasing pour point
being significantly less than for either dewaxing catalyst
operating alone. The improvement of yield and V.I. is not
predictable by the study of each catalyst individually.
Additionally, product appearance and cloud point are

35 improved by the two-stage dewaxing system over those from

the selective dewaxing catalyst operating alone.
The process of the instant invention can be used to

upgrade feeds having.low wax content, such as those
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DETAILED DESCRIPTION
In the present process, feeds with a relatively high
20 wax content, such as slack wax, are converted to high V.I.
lubricants in an integrated process employing two catalysts
with synergistic properties. A hydroisomerization process
using a noble metal containing low acidity zeolite -
hydroisomerization catalyst is employed first. The
25 intermediate product of this process is then contacted with
a noble metal containing intermediate pore crystalline
material to accomplish further dewaxing. Product V.I. will
vary with pour point, wax content of the feed, and whether
the feed was subjected to a pretreatment step. For heavy
30 neutral slack waxes which have been hydrorefined to remove
nitrogen and sulfur containing species, product VI is
typically at least 140 at -18°C pour point and usually in
the range 143 to 147. The production of base stocks with
V.I. greater than that obtained from the synergistic
35 catalyst system is not possible with either catalyst
- | operating alone to effect complete dewaxing.
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conpl et e dewaxigag. may also be/awsed as feedstocks. Products with lower
15 V.I. values may also be obtained from other feeds which
contain a lower initial quantity of waxy components.

The feeds which may be used should have an initial
boiling point which is no lower than the initial boiling
point of the desired lubricant. A typical initial boiling

20 point of the feed exceeds 345°C. Feeds of this type which
may be used include vacuum gas oils as well as other high
boiling fractions such as distillates from the vacuum
distillation of atmospheric resids, raffinates from the
solvent extraction of such distillate fractions,

25 hydrocracked vacuum distillates and waxes from the solvent
dewaxing of raffinates and hydrocrackates.

The feed may require preparation in order to be.
treated satisfactorily in the hydroisomerization step. The
preparation steps which are generally necessary are those

30 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.

35 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.
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The preferred gas oil and vacuum distillate feeds are
those which have a high wax content, as determined by ASTM
D-3235, preferably over 50 weight percent. Feeds of this
type include certain South-East Asian and mainland China
25 oils. Minas Gas 0il, from Indonesia, is such a feed.
These feeds usually have a high paraffin content, as

determined by a conventional analysis for paraffins,
naphthenes, and aromatics. The properties of typical feeds
of this type are set out in S.N. 07/017,955.

30 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

35 comprising iso-paraffins, aromatics and naphthenics. These

waxy, highly paraffinic wax stocks usually have low

viscosities because of their relatively low content of

aromatics and naphthenes although the high content of waxy
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20 oil typically require pretreatment prior to catalytic
dewaxing. The oil content of deoiled waxes may be quite
low and for this purpose, measurement of the oil content by
the technique of ASTM D721 may be required for
reproducibility, since the D-3235 test referred to above
25 tends to be less reliable at oil contents below 15 weight
percént. At oil contents below 10 percent, however, the
advantage of the present catalysts may not be as marked as
with oil contents of from 10 to 50 weight percent and for
this reason, wax feeds conforming to this requirement will
30 normally be employed.
The compositions'of some typical waxes are given in
Table 1 below. '
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Tabl e 1 bel ow. p=7441 F-7441 Table 1
Wax Conposition - Arab Light Crude

A "B C 5 Paraffins, wt. peti2=- 94. 2 81.8 70.5
5t. 4 Mono- napht henes, wt. pct. 2.6 11.0 6.3 16.5

Pol y- napht henes, wt. pct. 2.2 3.2  _.7.9 9.9 10

Aromatics, w. pct. 1.0. _ 4.0 Iabke32 222 A

typi cal sl ack wax feed has the co Tabl e 2 bel ow.
This slack wax is obtalngﬁ fron1the solvent 15 gEK) dewaxi ng of 65 cSt

| Efzjggerr]c neutral oil talggg f p tflz?n Arq H4ght crude.
Table 2 5 Sulfur, Egg Wax Propert|f¥; _ API
Nitr gen
39 Fydrogeﬁel 1nt .o 15.14 57
RV at 100 c, cSt 5.168
PNA, wt pct:
10 Paraffins 70.3
Naphthenes 13.6
Aromatics 16.3

Simulated Distillation:

3 2c
15 5 375
10 413
30 440
50 460
70 482
20 90 500
95 507

Another slack wax suitable for use in the present
process has the properties set out in Table 6 infra as part
of Example 3. This wax is prepared by the solvent dewaxing

25 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
30 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
35 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
40—~ objectives, the hydrogen pressure in the hydrocracking



-

5. ° Supémagant . pcl! 0.18 - Nitrogen, ppnw

11 Melting point, [err]C 57 KV at

100[ err] C, cSt 5.168 -E8», wt pct: 10

Par af fi ns 70.3 " Napht hepnes , ., 13.6
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30 440 J B3enc0
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Table 6 infra r r | | t

solvent dggvvaxi %S g& rleg}s tazlafga\%&rr{g'ut'r %rﬁ%]%urgl j.'rrgfﬁ%%?‘g.ﬁfg %f | scu%%ed
previ ously, hyaBoér aski-dg n@rersuwkAkdgd to prepare the sl ack wax for
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ring opeRing otypEeaqu Qmabm?yc— prqmumusiﬂs(ﬁﬁﬁjﬁ&ﬂntnianMuré;tnhﬁ(so
produce rocr ag Lo I I L\ I; C.
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saturation but tham BO Meightapgrcent efsithe ifeed in mudemitedaintain the
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process quality of the feed with slack wax feeds requiring a lower
15 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 345°C- products will, for all practical
purposes not be greater than 10 to 20 weight percent, with
20 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
25 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
315° to 430°C and more usually in the range of 345° to
400°C). Space velocity variations may also be used to

30 control severity although this will be less common in

practice in view of mechanical constraints on the system.
Generally, theq;pace velocity will be in the range of 0.25
to 2 LHSV, hr. and usually in the range of 0.5 to 1.5
LHSV.

35 A characteristic feature of the hydrocracking operation
is the use of a bifunctional catalyst. 1In general terms,
these catalysts include a metal component for promoting the
- 'desired aromatics saturation reactions and usually a
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act 1t1es of these noble metals, typically from 0.5 to 5
20 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
25 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
30 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 althoﬁgh silica~-
alumina may also be employed. Other metal oxide components

35 may also be present in the support although their presence
- is less desirable. Consistent with the regquirements of a
lube hydrocracking catalyst, the support should have a pore
- size and distribution which is adequate to permit the
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i ncorporated by, Ci:‘r'di‘ énprmt on onto the
por ous support ter |t orrre nto part of the desired size
or by addition to a gel of t he support materl als prior to calcination.
Addition #8 the gel is a 25 prefrredt : en relatively high

anounts of the met al conpone= SeSao-She-—erardret =g~ above 10 wei ght
percent of the thulpmVI Il netal and albcg/ c e g_{ttsp‘c‘emcetél_ 1.5 mm.cyl.
Pore Volunme, ccégm 0.331 0.453 0.426

Surface Area, m"/gnm 131 170 116

20 Nickel, wt. pct. 4.8 4.6 5.6
Tungsten, wt. pct. 22.3 23.8 17.25

Fluorine, wt. pct. - - 3.35

$10,/A1,0, binder - - 62.3

25 Real Density, gm/cc 4.229 4,238 4,023
Particle Density, gm/cc 1.744 1.451 1.483

Packing Density, gm/cc 1.2 0.85 0.94

If necessary in order to obtain the desired conversion,
the catalyst may be promoted with fluorine, either by
30 incorporating fluorine into the catalyst during its
preparation or by opefating.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 impregnation during its preparation with a
35 suitable fluorine compound such as ammonium fluoride (NH,F)
or ammonium bifluoride (NH4F-HF) of which the latter is
- preferred. The amount of fluorine used in catalysts which
~ contain this element is preferably from 1 to 10 weight
percent, based on the total weight of the catalyst, usually
40—~ from 2 to 6 weight percent. The fluorine may be
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Surface AldSa, rfampqundnmay be adde contlnqu@ly or internmittently to the
feed or, alternatively, an initial activation step may be
carried out in which the fluorine compound is passed over
the catalyst in the absence of the feed e.g. in a stream of
hydrogen in order to increase the fluorine content of the

20 catalyst prior to initiation of the actuwal hydrocracking.
In situ fluoriding of the catalyst in this way is
preferably carried out to induce a fluorine content of 1 to
10 percent fluorine prior to operation, after which the
fluorine can be reduced to maintenance levels sufficient to

25 maintain the desired activity. Suitable compounds for in
situ fluoriding are orthofluorotoluene and difluorocethane.

The metals present on the catalyst are preferably used
in their sulfide form and to this purpose pre-sulfiding of
the catalyst should be carried out prior to initiation of

30 the hydrocracking. Sulfiding is an established technique
and it is typically carried out by contacting 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

35 conventional for this purpose. Presulfiding may also be

- carried out by contacting the catalyst with hydrogen and a
sulfur-containing hydrocarbon oil such as a sour kerosene
— or gas oil. '
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wax by isomerization and cracking. The pore structure of
the first catalyst is significantly less restricted than
that of the second allowing for the conversion of bulky wax

20 molecules and reducing cloud point and hazy appearance
below that which would be achieved with the use of the
second dewaxing catalyst alone.

Hydroisomerization Catalyst

The catalyst used in the hydroisomérization step is one
25 which has a high selectivity for the isomerization of waxy,
linear or near linear paraffins to less waxy, isoparaffinic
products. Catalysts of this type are bifunctional in
character, comprising a metal component on a large pore
size, porous support of relatively low acidity. The
30 acidity is maintained at a low level in order to reduce
' conversion to products boiling outside the lube boiling
range during this stage of the operation. In general
terms, the catalyst should have an alpha value below 30
prior to metals addition, with preferred values below 20.
35 (See Example 1)
The alpha value is an approximate indication of the
catalytic cracking activity of the catalyst compared to a
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channel w1th a major dimension greater than 7A. Zeolites
beta, Y and mordenites are exampies of large pore zeolites.
20 The preferred hydroisomerization catalyst employs
zeolite beta since this zeolite has been shown to possess
outstanding activity for paraffin isomerization in the
presence of aromatics, as disclosed in U.S. 4,419,220. The
low acidity forms of zeolite beta may be obtained by
25 synthesis of a highly siliceocus form of the zeclite e.g
with a silica-alumina ratio above 500:1 or, more readily,
by steaming zeolites of lower silica—-alumina ratio to the
requisite acidity level. They may also be obtained by
extraction with acids such as dicarboxylic acid, as
30 disclosed in U.S. Patent No. 5,200,168. 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 most preferred zeolites are severely steamed and
35 possess a framework silica-alumina ratio above 200:1.
- Preferably the silica-alumina ratio is above 400:1 and more
preferably the silica-alumina ratio is greater than 600:1.
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The al pha Va'UeetfaﬁédfaﬂrESbgaiﬁataé'Sﬂ&'Qﬁt@EcBBﬁectﬁatﬁiﬁh'6x9§@ﬁk'ng
activity of th gatalyst conpar e 744
idges. The minor amount of an element (alumina in the
case of alumino-silicate zeolite beta) is also coordinated
and forms part of the framework. The zeolite also contains
20 material in the pores of the structure although these do
not form part of the framework constituting the
characteristic structure of the zeolite. The term
"framework" boron is used here to distinguish between
material in the framework of the zeolite which is evidenced
25 by contributing ion exchange capacity to the zeolite, from
material which is present in the pores and which has no
effect on the total ion exchange capacity of the zeolite.
Zeolite beta possesses a constraint index between 0.60 and
2.0 at temperatures between 316°C and 399°C although
30 Constraint Indexes less than 1 are preferred. '
Methods for preparing high silica content zeolites
containing framework boron are known and are described, for
example, in U.S. Patents Nos. 4,269,813. A method for
preparing zeolite beta containing framework boron is
35  disclosed in U.S. Patent No. 4,672,049; As noted there,
- the amount of boron contained in the zeolite may be varied
by incorporating different amounts of borate ion in the
— . zeolite forming solution e.g. by the use of varying amounts
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zeolite beta enploying a c ati ng agen as tert
al kenol ani nes igredees HRaBs1Q. i xt ure. The nnst preferred
zeolites are severely steaned and 35 possess a framework silica-alum na

rati o above 200;1. . Preferably the silica-alumna ratio is above 400:1
and nore 3$E9%$55*%§the silica-alumina ratio is greater than 600: 1.
Acidity may be reduced by the introduction of

20 nitrogen compounds, e.g. NH, or organic nitrogen éompounds,
with the feed to the hydroisomerization 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

25 stron§ 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 IIA metals such as
calcium and magnesium.

30 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 monohydrate)

35_ 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
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percent steam at tenperatures of from427[err] to 595[err]C
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preparing high sil|jca content zeol| i n oron_ are
known and are deR¥+RHER, h%rlsomeré§gﬁﬁp§ aFFlKP 9%t§%?s°ﬂ%gEY§%26@e§f§s
A method for having a strong hydrogenation function are preferred and
for this reason, platinum and the other noble metals such
20 as rhenium, gold, and palladium are given a preference.
The amount of the noble metal hydrogenation component is
typically in the range 0.1 to 5 weight percent of the total
catalyst, usually from 0.1 to 2 weight percent. The
platinum may be incorporated into the catalyst by
25 conventional techniques including ion exchange with complex
platihum 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
30 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
35 hydrocracking pretreatment catalyst.
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i nprove the hydroisomerization will typically be in the range of 300°
to 415°C with conversion to 345°C- typically being from 5
to 30 weight percent, more usually 10 to 25 weight percent,
of the waxy feed. Approximately 40 to 90 percent of the

20 wax in the feed is converted in the isomerization step.
However, temperatures may be used outside this range, for
exanple, as low as 260°C and up to 425°C although the
higher temperatures will usually not be preferred since
they will be associated with a lower isomerization

25 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 velgeities will typically be

in the range of 0.5 to 2 LHSV (hr. ). The pour point of
30 the effluent from the hydroisomerization step is in the

range from -1 to 43°C, preferably in the range from 5 to

39°C. i

The hydroisomerization is operated at hydrogen partial

pressures (reactor inlet) of at least 5516 KPa,,, usually
35 5167 to 20786 kP,, and in most cases 5517 to 17339 KkPa,,.
Hydrogen circulation rates are usually in the range of 90
to 900 n.l.l.q. Since some saturation of aromatic
components present in the original feed takes place in the
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20 S e-s tive Cata i ewaxi Phase ,

The effluent from the isomerization phase still
contains quantities of the more waxy straight chain, n<
paraffins, together with the higher melting non-normal
paraffins. Because these contribute to unfavorable pour

25 points, and because the effluent will have a pour point
which is above the target pour point for the product, it is
necessary to remove these waxy components. To do this
without removing the desirable isoparaffinic components
which contribute to high V.I. in the product, a shape-

30 selective dewaxing catalyst is employed. This catalyst
removes the n-~paraffins together with the waxy, slightly
branched chain paraffins, while leaving the more branched .
chain iso-paraffins in the process stream. Shape-selective
catalytic dewaxing processes employ catalysts which are

35. more highly selective for removal of n-paraffins and
slightly branched chain paraffins than is the isomerization

- catalyst, zeolite beta. This phase of the synergistic



The anount  of tRey P! e netal hydr ogenati on conponent is typically in
the range 0.1 to 5 weight percent of the total catal yst, usually from
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catalyst by 25 conventional techniques including ion exchange with
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size zeolites. Such preferred zeolites have a Constraint
Index in the range of 1-12, as determined by the method

20 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

25 for the zeolites such as zeolite ZSM-22, ZSM-23, 2SM-35 and
ferrierite. These zeolites have pore openings which result
in a specific combination of sorption properties, namely,
(1) a ratio of sorption of n-hexane to o-xylene, on a
volume percent basis, of greater than 3, wherein sdrption

30 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 (3MP) in preference
to the doubly branched 2,3-dimethylbutane (DMB) at 538°C
and 1 atmosphere pressure from a 1/1/1 weight ratio mixture

35 of n-hexane/3-methyl-pentane/2,3-dimethylbutane, with the

- ratio of rate constants k,,/k,,; determined at a temperature

of 538°C being in excess of 2.



t.o 30 wei ght peLeqRly more usually 10 to 25 wei ght percent, of the
waxy feed. Approxinmately 40 to 90 percent of the 20 wax in the feed is
converted in the isomerization step. Hegever, tenperatures nay be used
outside this range, for exanple, as low as 260[err]C and up to
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| ube boiling range, so
g g lftes 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

20 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

25 properties.

The intermediate pore~-size synthetic crystalline
material designated 2SM-35 ("zeolite ZSM-35" or simply
WZSM-35"), is described in U.S. patent No. 4,016,245, to
which reference is made for a description of this zeolite

30 and its preparation. The synthesis of SAPO-11 is described
| in U.Ss. Patent Nos. 4,943,424 and 4,440,871. The synthesis
of SAPO-41 is described in U.S. Patent No. 4,440,871.
Ferrierite is a naturally-occurring mineral, described
in the literature, see, e.g., D.W. Breck, ZEOLITE MOLECULAR
35 SIEVES, John Wiley and Sons (1974), pages 125-127, 146, 219
- and 625, to which reference is made for a description of
this zeolite. |




product stabiligly g | need to be assured by saturation. Hydr ogen
circulation rates of at |east 180 n.1.1.[err] will normally provide
sufficient hydrogen to conpensat e for -blge expected hydrogen
consunption as well as 15 to ensure a low rate of catal yst aging.
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containing Pt.

Shape selective dewaxing using the highly constrained,
highly shape~selective catalysts may be carried out in the
20 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, typically at
temperatures from 250° to 500°C, more usually 300° to 450°C
25 and in most cases not higher than 370°C. Pressures extend
up to 20786 kPa,,., and more usually up to 17339 kPa,,-
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.1l.1.”!, and more usually 200 to 400
30 n.1.1.”'., Reference is made to U.S. Patent 4,919,788 for a
more extended discussion of the shape-selective catalytic
dewaxing step. As indicated previously, hydrogen may be
used as an interbed quench in order to provide maximum
temperature control in the reactor. Example 6 and Figure
35 4, infra illustrate the effectiveness of employing ZSM~23
~ in combination with zeolite beta in an integrated catalyst
system. Pt/ZSM-23, although primarily a shape selective
- catalyst, adds incremental isomerization capability.

-



the present preceggais carried out-wth a constrained, 5 shape selective

dewaxi ng catal yst based on a constrai ned I nt ermedi ate pore
crystallines material, such as an al ureme- phosphate. A constrained
i-nt ermedi ate crystalline material has at | east one channel of
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in excess of 2g4egjired valud 4y selective dewaxing, the dewaxed oil may be
20 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
25 achieved with the present process in terms of lube yield,
V.I.,'and other product properties can be ascribed to the
synergistic functioning of the two catalytic phases. In
the first phase the large pore zeolite acts more
preferentially than conventional dewaxing catalysts on the
30 high molecular weight waxy species in the feed, i.e. the
back end of the feed, isomerizing them with minimal
cracking. These high molecular weight waxy species, if not
removed nearly completely in the dewaxing process,
contribute to high cloud point and a hazy appearance at
35 near~ambient temperatures. Because access to the pore
. structure of the large pore zeolite is less restricted than
the pore structures of conventional dewaxing catalysts, a
— large pore zeolite is not able to dewax the feed to low



- 25~ iq?;49xpression, "P/IP[err]", is accorded its usual
significance as described in the literature, for exanple, In "The
Dynantcal Character of Adsorption” by J.H @gBoer, 2nd Edition, Oxford
University Press (1968) and is the 5 rel ative pressure defined as the
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preparation an%&%# % cﬁifeﬂét Seﬁsg/"éz ﬁ&esgoc deRgr ig’EQFthdyﬁ

Patent No. 4,81 reference is ma Such
descripti &®  pore smamecgpm Ystscaree| PY ccontrast; sngegceffegtiveyas,
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" this zeolite 30 repara €sis o
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(1974), pages 1la5idrde pdbe 2é8lites asddésbribedwhabekrer,efitr hase betomede

for a descriptiggsgible totgbalégogig§nergistic catalytic dewaxing process

20 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

25 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.

Products |
The products from the process are high V.I., low pour
30 point, and low cloud point materials which are obtained in
excellent yield. Besides having excellent viscometric
properties they are also highly stable, both oxidatively
and thermally. They are also stable when exposed to
ultraviolet light. V.I. values in the range of 130 to 150
35. are typically obtained with the preferred wax feeds to the
process. Values of at least 140 at-18°C pour point, are
— readily achievable, with product yields at -18°C pour point
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catal ysts used in ttau'e shape-sel ecti ve catal yti c dewaxi ng i nclude a

nmet al - hydr ogenat i on- dehydr ogenati on cegponent. Although it may not be
strictly necessary to pronote the selective cracking reactions, the 5
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contai ning Pt. point. Shape sel ective dewaxi ng using the hi ghly
constrai ned, hi ghly shape-sel ective catalysts nay be carried out in
the 20 sanme general manner as other catal ytic dewaxi ng processes,

such as those ®&uamplesi above for the initial isonerization phase.

Condi tiongow | | thefgd Of&wwﬂtg eé:eaﬁ;sfés are N@Sri‘ﬁuéﬁdéﬁdtérﬁiuéﬁr%éh

hydrogen, typically at ur es from err t 500 er re
usual l'y 300[err"]alt’t9‘lﬁ3@f§£?‘i*{§ ai'r"ﬁcplr'??%%tp’&% ] t[e’P"{:h £ be

370[err] C. Pr esongidered C-lnﬂutingup Examflés kRajdr2 J diarelctrbyefusmawhngup

to 17339 kPa[ergly, g RSERYS F}gvfg é’xeéﬁétl[fén ek I—é}gl&'; OﬁPdﬂC%%%}’zE&iE{:E] beta

(LHSV), nore rogen cir

range fromestmEtAzsn-m rqatelmsmreemti\yemo to 400 30
n.l.l.[err]. Reference is nade to U. S. Patent 4,919,788 for a nor e
extended di scussi on of the shape-selective catalytic dewaxi ng step. As
i ndi cat ed 1§r eviltamBLe L dr ogen may be used as an interbed quench in
order to provide negéedlite betaewpthahubalkosionial,n, thetieastoso wasnple 6

and Figure bound in a 65% zeolite formulation using Hisil 233
precipitated silica and LUDOX HS-40 sodium-stabilized
colloidal silica. The mixture was extruded using a 3% NaOH

20 solution to form 1/16" quadrulobe extrudates. The catalyst
was calcined in a nitrogen atmosphere at 482°C for 3 hours
and then in air at 538°C for an additional 6 hours.

| Following calcination, the extrudates were treated with 2M
oxalic acid for 6 hours at 71°C. After acid extraction,

25 the catalyst was calcined in air at 538°C Platinum was
added to the catalyst by ion exchange using Pt(NH,),Cl,.
Following platinum addition, the catalyst was dried and
calcined in air at 349°C for 3 hours. Properties of the
catalyst are given in Table 4.
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35 4, infra %.Ll,gg&_rate the effectiveness of enpl oyi ng ZSM 23 in

conbination with zeolite beta in an integrated catal yst system

Pt/ ZSM 23, although primarily a shape sel ec§pye catal yst, adds
incremental isonerization capability. F-7441

- 27- The degree of conversion to | ower boiling species in

t he dewaxi ng stage will vary according t& ;ge egtent of dewaxi ng
desired at this point, i.e. on the diffe bet ween the target pour
poi nt and the pour point Bfopér ef f LownAcidiotyt ieol $berBetkati on st age.
It will also depend Pl h lectivity of thegshape-selective

cat-al yst which i s ‘used. At' 'ower product pour points, and with
relfatively | ess sefedIUMe RRMaxi ng catal ysts, he#Ber conversions and

correspondg ngly hi ghef Aw@; ooges consunptions will bg, 40 encountered. In

general termnms conversiop t roduct s boi li ng outside the | ube range,
e.g. 315[err]C, nore té}]ﬁ‘%ﬁ? Ted, M/G orr]C, wiPrGe at | east 5 wei ght

percent, and in nost Poreasslansd, ey 10 wei ghtoyErgent, with

conversions of up to | c%ed‘g | necgssary only to achieve
the 15 | owest pour pol}lrﬁtgé)m‘l%ggﬁ ;tl%s S Jbé)ﬁ%rgg reaﬁi red

selectivity. Boiling range conversion on a 345[err]C basis w | |

usually be in gﬁlggﬁ!@@g of 10-25 wei ght percent. After the pour
poi nt of {he ol as been r_eduqc;gid to the desj red_val ue hy sel ective

devaxi ng,1%he dewafeFBMT2hEpdtR) With 5§ Kutldh §1P/Alfnadtdas ffh 10 was

hydrotreating, extrmdéer with Versadmalemioaonnterdilosendylimdrdeal | ube
product of the iJe ristics.  Fracti i e d
Fo ™ P empve sETREaEE T IR i, Yild Baterih Do TltBL
It is apparent ifhag nifageshinesphersyadu$38SSl|fior 35 hounshi dhah wadilede

present procesgd RAnbildit YenpeRatur@.d. It was/then dihdita d¥chided to
properties_can be ascribed tQ the sy.ne stjic functioni nq ofaﬁt;l_gotwo
t

catal yti c1Phas&educe the soddum levely,&dy %ll%i‘r‘ﬁ'é’ Bt 38K | Wk e

then steamed at 482°C for 4 hours. After steaming, the
catalyst was cooled down to ambient temperature and then
platinum was added to the catalyst by ion exchange with
Pt(NH,),Cl,. Following Pt addition, the catalyst was dried

20 and calcined in air at 349°C for 3 hours. Propeft:i.es of
the catalyst are given by Table 5.

Table 5
Properties of Pt/ZSM-23

Platinum, wt% 0.2
25 Sodium, ppm 92

Surface Area, m’/g . 242

Pore Volume, cc/g 1.119

Alpha (before Pt addition) 31

a e 3

30 A slack wax obtained by solvent dewaxing a heavy

neutral furfural raffinate (HNSW) was pretreated by
- hydrocracking at low boiling range conversion (9%

-



preferential | yplhgp conventional dewaxing catalysts on the 30 hi gh

nol ecul ar meid%t waxy species in the feed, i.e. the back end of the
feed,.-isomerizing themw th mninal ctgrki ng. These hi gh nol ecul ar
wei ght waxy species, if not removed nearly conpletely in the dewaxing

process, 66RVELrBIbA t6 bighccbeugepowniusitdgaaheoymerpdaddyce at 35

arge por o zeoRPRLLARLPCELupERRHERAR gy Chraliel? C pydddtadlin sidt

conventional dearssngerwzesl gst Ipwar ther pétpogenzeonteati ofnsheawiax amd

dewax the feed.fo ; 3

- 28- poutr"&p"(#)ﬁfy'va Fe%?etﬁgﬁl§§§ﬁefﬁfciwa?ﬁoﬁﬁﬁ ggh#ﬁﬁﬁgréyg%{ficant
yi &1 d and %. | . compenentge t GORAALIPRE SPThHERRC HYGroFEackdng weres, o JHSY,
zelol i tle bem | 598*ECCBRYE kih 36! ntii.;ekyl.* cgi%?m\lalttijdig b]tcrlriﬁpeml 5eso/of
nmol ecul es en operated to_convert, 0 to nor.e pr ra 0.t o
80% of the wakPPnStASk: wax and mildiy, 665981’75&?3&\5&%"3‘9%’&?‘08%5\4 'g:n%ﬁ_p
pour point of bgeTable @r.oduct exiting the isonerization step, on an:
appr oxi mat e 345[err] C+ basis, will depend on the nature of the

f eedst ock but is typically between 5[err]C and 32[err]C. The
internedi ate 10 pore size catalysts are, by contrast, nore effective at
renoving the waxes in the front end (I ow boiling conmponents) of the
feed. As Exanple 6 and Figure 4 infra illustrate, internediate pore
si ze nol ecul ar sieves such as Pt/ ZSM 23 possesses i ncrenent al

i sonerization capabilities 15 in addition to shape-sel ective dewaxi ng
capabilities. Thus, by applying these properties of the internedi ate
por e size nol ecul ar sieves in conbination with the properties of

a large pore zeolites as described above, it has becone possible to
evol ve a synergistic catal yti c dewaxi ng process 20 whi ch -nakes t he nost
effective use of the two types of zeolites. A large pore zeolite is
used in an initial stage to convert waxy paraffins to | ess waxy

i so-paraffins by



-

lL.someri zation, Fa? 39 preferentially on the waxy conponents in the
back end of the The partly dewaxed feed is 25 then processed over

an internedi ate pore size zeolite to cgpuert the residual waxy
conponents so that the final product has a | ow pour point and | ow
cl oud point. Product s ThegiﬁggL_ts fromthe process are

onthined in O oxcErrRREEIRE ¥ g il he %;; ﬁ %ﬂ%%ﬁ”e
Ive

properties they are also highly s OXI

thermal ly. They are also stable when exposed to uItraV| b&Phtx
V. 1. valueg in the range of 130 to 150 35 argdypPiwat!y obtg#ﬁgr%ﬁgtﬁaiﬁe
err|]C

préferred wax feeds to the process. Val ues of at least I
pour point, are aAPY agbdity@chi evable, with ppegdoct yields at -38[grr]C
pour poi nt Nittroddrd, ppm 20 - 295
of at |east 50 wei ghilfexrceppm usual |y at | east 1600owei ght petsent ,
based on the origi ¥ atxiéeed, dst i sonerizatidnl of the paraffins to
i so- par af lions wi t h Waxhcafitent uet at | ow pé&®r points permts5fhe
production of |ube (PRMASECH basish a uni que conbi nation of | ow pour point
and. VI. - Typlcally the current products have a VI in the range of
130- 150 at -18[err] 1 of 120-145 at --40[err] C pour
poi nt . %E@ﬁfﬂns The fol | owi ng e®&npl es are given ™n order
to |Ilustrate EEEBE?S of the preseis process and are~not to be
considereddinitin 8nd 2, direct!ly4ol | ow ng, ilustrate
t he preparation of %?dlty Pt/zeolite beta? -
Sim Dist, °C
IBP ' 382 186
5% Off 429 314
20 10% 442 391

50% 491 477

20% 544 535

FBP 586 _ 575

Example 4
25 Approximately 70 cc of the Pt/zeolite beta catalyst of

Example 1 and the Pt/ZSM~23 catalyst of Example 2 were
loaded into two separate reactors. 2Zeolite beta was loaded
into the first reactor and 2SM-23 was loaded in to the
second reactor. The mildly hydrocracked slack wax of

30 Example 3 was fed to the first reactor containing zeolite
beta with hydrogen in concurrent downward flow. The total
effluent from the first reactor was bypassed around the
second reactor. Conditions for the experiment were:

LHSV, hr: 1.0
35 H,, n.1l.1.7%: 712 n.1l.1.7?
Pressure: 13891 KkPa,,

The total liquid product from the reaction process was
- analyzed by simulated distillation and then distilled to a
nominal 345°C+ cutpoint. The distilled bottoms were
40 analyzed for viscosity, pour point. Figure 1 illustrates
how VI varies with pour point for Pt/zeolite beta, if used



catal yst and Hy;;ﬂ#ZS catal yst, respectively. 15 Exanmple 1

Zeolite beta wth a bulk Siferr]/Al[err]O[err] ratio of 40 was bound
in a 65% zeolite fornulation using Hsil 2333~ precipitated silica and
LUDOX HS-40 sodi um stabilized colloidal silica. The m xture was

extruded using aaciHé Na@:lqzﬁ'es lsHowd How foran Wikfld auarlied obe extrudates.

The cat al yst caIC|ned N ni trogen atnospher.e [ or 3
hour s .and rﬁ‘?@?q vaﬁ]'ry'a [‘gefcrl]'efﬁ aﬁ‘f’% cflrrb%acfaf Gé'h u‘?g?%ﬁieé
Fol | owi ng cal cibutitioms . t rmlma(tyrmjai dss \based ranttde HNSW 2(heavy meutralaci d

I:glrc?nggulrrsl th r 71]4&1{3%9& ﬁéﬁlf?ﬁ::%J%)ﬁmﬁg&tﬂmo%ecdﬁﬁyt%%%%?éﬁéby I on

exc¢hange u8ing S%e€RNH err])[err]Cl[err]. Fol | owi ng pl ati num addi ti on,
the catal yst was drs@éeﬁaﬂ of théal Ldied pﬁo@ﬁét@tpﬁd&ﬁ@éd]ﬁréﬁrtﬁehaurs
Properties of the st are given in ble 4 7441
-30- experlments re solv T%. gﬁito -18°C pour. Bﬁertles

of Low Aci di t y résidtiendlelm between solvent’déwaxed luBé yield and wax 0.6

gOdl um ppm conversion i A@ﬁ{ ¥]F1gure 4. A]ﬁfxé 1%%\%{-4101‘9‘ 15 defined

ace rea

vol ume, céOg by: 0.978 Al pha (before Pt addition) 8
Exanple 2 10 A ZSM 23 zeolite with a bulk SiO[err]/Al[err]O[err]
ratio of 120 was extruded with Versal alumna into 1/16" lendrlcal
Wax Content of Feed -~ Wax Content of Reaction
Product

Wax Conversion =
Wax Content of Feed

15 Low acidity Pt/zeolite beta is an effective
isomerization catalyst converting wax to lube with mineral
cracking to light products up to a wax conversion of 55~
60%. When wax conversion increases above 80%, isomerized
paraffins, which have ready access to the Pt/zeolite beta

20 pore structure crack more rapidly than they can be formed
by isomerizing the remaining wax. The result is that yield
decreases rapidly with further increases in conversion.

Example 5
The mildly hydrocracked slack wax of Example 3 was
25 bypassed around the first reactor and fed to the second
reactor containing Pt/ZSM—~23. Process conditions were
identical to those of Example 4. The total liquid product
was treated as in Example 4. Variation of V.I. and yield
with bottoms pour point are shown by Figures 1 and 3
30 respectively.
Figure 1 shows that for isomerization/dewaxing over
either Pt/zeolite beta or Pt/zZSM-23, V.I. drops sharply
~ with decreasing pour point. The slopes of the curves
depicting the variation of V.I. with pour point are similar
35_. at a given pour point when the reaction occurs over



extrudates. Fohlpyipg extrusion, the material was cal cined in a

nitrogen atnosphere at 538[err]C for 3 hours, then cool ed to anbi ent
tenperature. It was then amoni um exchangegg4o 15 reduce the sodium
l-evel , air calcined at 538C for 6 hours, then steaned at 482[err]C for

4 hours. Afterpgyeasiifie bBBa or PEAZSMYSS ¥@6neQol odspeve VoIanbedhy
tenperature and then, '

| at L num was ded to_the i 0
exchange with approﬁ%mﬁﬁﬁfgr?T#[EV??Eifgg??geEoFPSWF%Z&gngédgﬁFBn%°Fhe
catal yst was dptgdeBliteabdtaahti acgivenapousnt pddater ikCikonog possible
Properties of aLa : | b e.5
Tabl o & to prblific&ah iﬁﬁ%léé@%%%??é% %ﬁgggkzgwyzg. greater than 135
Pl &t i num S % with the use of eipher)Bt/zeolite beggdpgnptégﬁﬁ-z3 alone

8?| / to dguéﬁaﬁﬁeflgﬁe fbear FAg9°c pour o%ﬁ%.b Fhe prod&;}%@ﬂ*ﬁf
ol une, ccl/g . . . R ef or ition
31 ExiApteVslsobase sgﬁ9§Fa¥Rt%aﬁlﬁbF§iH@d%B§S§OF9§ﬁE§§ Xing a
heavy neubpekratilinfuadbneatbguires( bhevhtdion pfetheacatallyst to

hydr ocr acki n t. L.ow boiling.r o] ' % -

M OCr A0 on BhniSte fak, Binb BRIECRORYBI BTy Hdke than, sk, filth tne

avai | abl €L0 | uoresgddunl\waKk[ beihg[ zenpved: frpm thiey produstk byg solyent
dewaxing.

Exanple 6

The mildly hydrocracked slack wax of Example 3 was fed

to the Pt/zeolite beta reactor and the effluent from the
15 Pt/zeolite beta passed over the Pt/ZSM~-23. Both reactors

operated at the conditions of Example 4 (1 LHSV over each

reactor). The zeolite beta was operated at 322°C to

convert approkimately 70% of the wax in the mildly

hydrocrackéd waxy feed where wax conversion is defined by
20 the equation in Example 4.

A sample of the product from the first reactor was
distilled with the 345°C bottoms found to have a pour point
of 30°C. The total effluent from the first reactor was
cascaded to the Pt/ZSM-23 reactor and temperature varied in

25 the second reactor to effect changes in product pour point.
Variation of V.I. and yield with bottoms pour point are
compared to the variations obtained by operating the
catalysts individually by Figures 2 and 3 respectively.

Operating the Pt/zeolite beta to a distilled bottoms

30 pour point of 30°C and removing the residual wax with
Pt/ZSM-23 results in a lubricant having a VI which is less
sensitive to pour point variation than a lubricant produced
by either catalyst operating alone, as shown by Figure 2.

) The integrated, synergistic catalyst system allows

35- production of 135+ V.I. lubricants at -12°C pour for which

either catalyst operating alone does not.



waxes serves tql,Qugr the nitrogen content of the wax and to upgrade

the occluded oil in the wax to higher V.1. 5 conponents. Conditions for

t he hydrocracking were: 1 LHSV, 393[ er ks~ 8375 kPa[err], 712

R.l.l1.[err] circulation. Properties of the slack wax and mldly

hydrocracked sl ack v« BéPatiively shalVoWa@iépé also implies- ¥Hdt very low

$32- - i chieved Without incurrifhg’ ertieg O%:'Lal

Heavy Neutr al UK W‘éﬁm"ﬁl‘&?ya r%%l?% 7

Sl ack Wax - V.I. penalty. Hydr ocr acked

5 . |a X2 s o

AL Gravi ty The integrageq catdfyst®dysten g1s0 BtetSipigniticant

20 5 yield benefit owgrieithepgatalyst operatingi gbene ?Figure

ég Cent . o KV at, 10ﬁ{@réﬂé£63116§tslopes of 7tﬂe5 branch emanatig%gfrom tc::ht\!\ax
nt ent, L on, err] C+

basi s) ° Pt&iﬁﬁkﬁﬁ?igﬁyaggurve wherg%?55§§ﬂ%ite beéa is © eraL1ng5at

Monsepitheimplies that very Idw pour points can K& achieved

Pol ynapht henes . - ics

12 without substagg%%%dy%%}d[%ﬁ?T%Fy by the f¥ﬁﬁ¥8§§£i8

382 10 catalpst system.59 Of f 429

géé 20 10%  ghe synergxgof the systeﬂ4§e£%$cts the dif%?%ence in
5440 shag%5selectivit31.es of the two catalysts, and their ability

to isomerize waxes. The incremental isomerization
capability of Pt/ZsM-23 is illustrated by Figure 4 which

i5 shows solvent dewaxed oil lube as a function of wax
conversion for products generated by these experiments
having a pour point above -12°C. Above 75% wax conversion,
dewaxed oil yield decreases for Pt/zeolite beta operating
alone. However, using Pt/ZSM-23 to dewax the Pt/zeolite

20 beta effluent results in an increase in solvent dewaxed
lube yield implying that Pt/ZSM-23 adds incremental
isomerization ability. In addition to converting some waxy
species to lube, Pt/ZSM-23 has sufficient shape selectivity
to prevent most of the isoparaffins formed over Pt/zeolite

25 beta from cracking and reducing lube yield.

Example 7 _
The mildly hydrocracked slack wax of Example 3 was fed
to the Pt/zeolite beta reactor at the conditions of Example
4. The Pt/zeolite beta reactor was operated at 329°C to
30 achieve approximately 88% wax conversion with wax
conversion being defined in Example 4. A sample of the
product from the first reactor was distilled and the 345°C
bottoms found to have a pour point of 16°C. The total
_ effluent from the first reactor was fed to the Pt/ZSM-23
35. reactor and temperature varied in the second reactor to
effect changes in product pour point. Variation of V.I.
-~ and yield with bottoms pour point are shown by Figures 2



/ i
FBP F-7441 586 ' 575 Exanpl e 4 25

Approximately 70 cc of the Pt/zeolite beta catal yst of Exanple 1 and
the Pt/ ZSM 23 catal yst of Exanple 2 were =36=|o0aded into two separate
rreactors. Zeolite beta was | oaded into the first reactor and ZSM 23

was, | oaded i n and therespectingiy. r citheryidld s |kisedyomobea¥keneutuak wax
of 30" Exammplg) shpaed ofbd %d ' hpdroREdRIng Fdadtory Zeolite bet a

wi t h hydrogen i n concurrent downwar ot al ef fluent fromthe
first reactor was HiphkasdtarByapPines, thesglepes @ictBe. VEoand: 1yke for

}_'Pe ei<peri lrfelntyi/ﬁcﬁicurves with pour poihtiSkehé{gificantly shallBwéb
err], n..

JLerr]. < 712 n.l. 1l _[err : . Pressure:
15851 kpafer r {£H8R for either Calalyse ShEdating 2lone:  iERLE.EHAER ERocess
was anal yzed thatsithe symexiyytof | the ocduahdcatelysit ssystend eristsndornal
SSLer]C ol or B/ HSLEL el ORPRLEEE cdRateBORLIZRLER 3
for Pt/zeol i teslwq%,tlﬁqtdg:gqld at low poymmoint, e.g. less than -12°C,
- 33- al ofie. hfdKeE€ St Sr SHRESthevCatalyyt ehfistahl eSNeither! BaRETYEEE! Y,
W th decreasin oﬁ?. o] of the disti ngé ﬁs‘?ottog%:ngg{iFyi gl d§i S
based onlfhe M?%fiﬁﬁ?r%}ves a ¥iGth TERFFLRI t Wednf fhe two
hydr ocr acki ng exatples nefittlhe twdepatalyst systemeeachofaveeylieddsdat -
products pr odu‘{:fﬁi%gmtgfs 1easﬁ?(93%i ments were sol vent dewaxed to

| P

-18[err] C pour” relationshi étween sol vent dewaxed |ube yield
and wax conveTabdbe 7ssbawanabyiplgurpd4V.Paxcovnarisonn fior dFfampdes

4 through 7 for a lubricant of 10°F pour point.

15 Table 7

Comparison of Synergistic Catalyst System
Selectivity with Stand-alone Catalystst)

Conditions: 1 LHSV Over Each Reactor, 1389 kPa,,, 712

n.l.1.7?

20 At -12°C Pour Point

Pt/zeolite// Pt/zeolite/
Pt/zeolite beta beta
fbeta  Pt/ZSM-23 Pt/ZSM-23 Pt/ZSM-23

Example 4 5 6 7

25 Pt/ Temp,°C 341 - 322 329
Pt/ZSM-23 Temp,°’C - 350 329 332
345 °C+ Product
V.l 121 133 142 135
Yield, % HNSW 38 53 70 60

30 (1) Interpolated and extrapolated from Figures 1 and 2



10 ° by: P=7441 Wax Content of Feed - Wax Content of Reaction

Pr oduct Wax Conversion = Wax Content of

Feed -~ 15 Low acidity Pt/ zeolite bet€d7s an effective

rsonerization catal yst converting wax to | ube with n neral cracking to
| i ght product sExamphea8wax conversion of 55 60% When wax conversion

increases above 80fhel #9¥RAYZRYdrocrabied k1aTk W&b&@fh@:&%m{;ﬂ%db ¥de£SS 1o
the Pt/zeolite beta 20 ore struciure crack nore rapidly.than they can be
formed . byPFOBREFPS| AUEFHBE(ERALAFRGDRER. athEhecoaRALFiopRa ot ExamDle

?ﬁcr eaisgis rﬁphdl to\/\hil‘(:héévét agprbnimfee&my Bln%cgaxebahvarsion. T‘Ehalﬁdtﬁéﬁ )
e m y.. hydrocracke ac X_0 a Was assed around the
fifst reactor 5ﬁ8°?85 ?6§#H5n§2§8ﬁdprgéeggg(§cPXFrc8%? éﬁﬁﬁb’éa ﬁ%/ 2sm 23.
Process condi t tempeweture of BdénCi-_caII'haorehcsé.onf pEvdupite was distidlad
liquid produptﬁoba n¥BRal’ $45°6 AatpBik¥anm eéd&gﬁﬁiihhoﬂo%gogﬁ%gxa@%he

yield W t ottons pour point are shown Igures 1 an

respectively. followingrpygperti@féws that for isonerization/dewaxi ng over
either Pt/zeolite beta or Pt/ZSM 23, V.I. drops sharply with

decreasi ng pour point. The slopes of the curves depicting the
variation of V.I. with pour point are simlar 35 at a given pour point
when the reaction occurs over F-7441

-34-



Pt/zeolite betp=-pgePt/ ZSM 23 al one. Despite V.I. being appr oxi mat el y

5-6 nunbers higher for Pt/ ZSM 23 than for Pt/zeolite beta at a given
pour point, it is not possible to proeame a | ubricant stock having a
V.l. greater than 135 5 wth the use of either Pt/zeolite beta or

Pt/ ZSM 23 al one to dewax the |ube t@aklelB err]C pour point. The
production of 135+ V. I. 1 @K g £ ig it Hoaese catal ysts
operating al one requires, opera ion o ]}/ achi eve wax
conversion typically | &8 YBSMWQ%% oor&'l B wax beﬁg‘? emoved
fromthe product by sol% x Exanpl e 6 1 The

m l-dl y hycﬁocracked sI 'Ex Ie3vvas fed to the PtT%%olite
bef'a reactor and the ef t e 15 Pt/ zeolite beta passed”Over the

Pt/ZSM 23. Both reactq idd1e gonditions of Exanple 4 (1
LHSV over each .-u 'a1 . 1- ETa was operated at 33ggerr]Cto
convert approxi mately %X n The nil dl y hydrocr aglegd waxy

f eed whergy wax conversimls defined by 20 the equation in Examge 4.

A sanpl e of the productgsggomthe first reactor was distilledgyth the
345[err] C bottons founddg® have a pour point of 30[err]C. Thag otal
effluent fromthe firstriwsCtBoidiagy Pointcascaded to the Pt/ZSM k4 eact or
and tenperature varied in 25 the second reactor to effect changes in
product pour point. Aromat ixts ofbyfUWK) ) .$and yield with bottonslpour

poi nt are conpared to the variations obtained by operating the

catal yst sygndi vi dugiy s Ritedaii¥ @hotrs?that RERDeGitadt thea Pt/zeol:ﬁl@rat' ng
t he Pt/ze0|te beta to a distilled bottons 30 po oi nt_ of 30|er4&

renovi ng the r Pet@{ Rt/ GSM-33; gatalyss; systens %ﬁﬂ i¢h of RpRd
a VI whichis be&&ks w1t&£ﬁﬁ1§ddéﬁ.ﬂy0 imdiice@oigscaamtiRf 135 taharvéry Llhiwcant

The i nt egr at edBOBFnBRGRER-. (AEh S =Rrs S1evd Bt YL metigets,,

V.1. lubricant thet benﬁﬁirlr ]@ powcessinghithie feed mﬂé:erzaniuaiq/gzetq.)mzaiwng

al one doegonot o zgM-23. Zeolite beta, because of its less constrained
pore nature, has the ability to convert large waxy
molecules which often lead to high pour/cloud
differentials. Intermediate pore zeolites, such as ZSM-23,

have more difficulty converting high molecular weight waxes
25 frequently leading to low pour point base stocks with
relatively high cloud points.
UV absorptivity measurements show the benefit of high
pressure for producing high V.I., low aromatics base
'stocks.



F-7441 F-7441 - 35- The relatively

shal | ow sl ope also inplies that very | ow . pour points can be achieved
Wit haut incurring a substanti al V.. el ty. The integrated
catal yst systemal so offers signifi cant 5 vyield benefit over either

cat al yst oper aExamphdeofie (Figure The shal | ow sl opes of the branch

emanating fromthe éﬁﬁﬁy

operating at 92 e?&t cItx%es %‘ﬁg%%\gix\grﬁly (;gvtﬁl Jt?egg{ldrﬁ%&c)%&b

achj eved RFPHGEFlsﬁb éﬁU’HﬁsyﬂGWéxBénbwt?tﬁﬁ 23s ppergitdng: ajpne
catal yst systeghg b the Ptheedlitelbeth E/VGP%YSBWZBGUa%tl?th@ d@»fafﬁrr@ﬂce
in - shape sel$ ivities of the two catalysts, and their ability

i séheri ze haxeSYSFRBi ncrenental isomerization capability of Pt/ZSN$23
is illustrated by Figure 4 which 15 shows sol vent dewaxed oil |ube as a
function of wax APIc @Graoridiyon for products ged@sdated by these experinents
having a pour poi niVisieesd tyl,2[¥F GtC.108 e cB3v heX0 conver si on, dewaxed
oi | yield decreasePord BaimtsoliQ e beta operati ngd® al one. However

using Pt/ZSM 23 t o SPAMMT  RPWPt / zeolite 20  bet&@ffluent results in an

i ncrease 1 solvenﬁhiﬁﬂ%@ﬂi PP® | ybe yield inplyitg that Pt/ZSM 23 adds

i ncrenent al qaﬁﬁﬂﬂré%lllty In additid® to converting sonme waxy

species to | ube, % ﬁﬁs sufflckfnt shape selectivity to prevent
nost of the |sopar /zeoliteTg 8 beta from cracki ng and

reduci ng | ube vyield. Exanple 7 m | dl y -hydr ocracked

sl ack wax4g@f Exanple to the Pt/zeghgte beta reactor at the
condltlons of Exanple 4 The Pt/ zeol ite betgggeactor was operated at
329[err]C to 30 acMgageapprOX|nately 88% wax gggpversion wth wax
conversion being defined in Exanple 4. A sanple of the product from

the first reactor waghd ddtd cctabifldtel Iidw, showd I SNEGHEO UEhéPgYaFera
pour point  of %gLer%uglnggiéﬁﬁégtalyst system for low wax content feeds
20 in that yield is at least equivalent and sometimes slightly
higher at constant pour point. The less restrictive nature
of the Pt/zeolite beta catalyst enables some incremental
conversion of high boiling waxes leading to lower cloud
points for the combination catalyst system. This is an
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effluent from e feyrst reactor was fed to the Pt/ZSM 23 35 reactor and

tenperature varied in the second . reactor to ef fect changes in product
pour wpoint. Variation of V.I. and yi el-@d0owi t h bottons pour point are
shown by Figures 2 F- 7441 - 36-

and_f_ 3 respect i wapecially \Grmitical et in sicese ighlylshape selektinve fed
to the hydrocr | - . L N t t I of
m%&ggéﬁl&sts can g:ﬁ‘énﬂ%i&r ré’rm ewﬁ%l'lx Clgﬁ?ﬂ%yefgﬁd

the VI and |ube | ves W th” pour are signi
shal | oner 5 tAfimYsHwhen devaging \heavwphcfeRdsg al one. This suggests

that the synergy of the dual catal yst systemexists for a range of
Pt/zeolite beta operating conditions. Figure 3 shows that yield at | ow
podr point, e.g. less than -12[err]C, i s highest for the two-catal yst
system NeitherCatalyshl yst 10  @IESM-2%g al one gPVzolite bpladl d exceedi ng 55%
whil e the Bwo exanpl es of the two-catal yst sigSMLdach gave yiel ds at
- 12[err] C pour of at |east 60% Table 7 shows a yield and
V. 1. conparisorPoupPoialnpl es 4 through 7 for a lubricant of I Jerr]F
pour point. 15345°C+ Fraction ‘ Table 7
Conpari son of B c'g?Ee'Eat al yst System Selectivity with
St and- al 03% Cat A ufactfr] Condi tions: ¥ LHSv over Each React or,
é389 Epa[t r > Point,oc - L1 - bEr ik 5720 15 B WA Pt/At |-_1zc/
our Poin Cloud Point. °C 3 2 .9 3 lepfite zeolite
Pt/zeolite Diﬂ‘ereﬁ a bet a

Cloud/Pour, C° 24 24 28 16 15 20 23

15  Yield, mt% 94 92 88 94 92 91 90
vi 107 104 103 -104 104 103
Example 10

A 650 SUS heavy neutral slack wax was hydrocracked and
stripped to remove ammonia and H,S. A material having the

20 following properties was produced.

API Gravity 37.4
Sulfur, ppm 2
Nitrogen, ppm <2
0il Content on
25 650 F+ Fraction, °C >49
Sim Dist, °C
IBP/5% 125/255
10%/20% 330/434
50%/80% 497/527
30 90%/FBP 538/566

This hydrocracked material was dewaxed to very low pour
point over the Pt/ZSM-23 catalyst of Example 2. It was
also dewaxed to very low pour point with the Pt/zeolite
beta // Pt/ZSM-23 catalyst system where the Pt/zeolite beta

35 temperature was maintained to convert 65% of the wax in the
hydrocracked feed. Wax conversion is defined in Example 4.



/ beta Pt/ZSM 2§-HiggdSM 23 Pt/ ZSM 23 Exanpl e 4 5

6 7 25 Pt/[err] Tenmp,[err]C 341 - 322 329
Pt/ZSM 23 Temp,[err]C - 350 329 241~ 345 [err] C+ Product

V. 1. 121 133 142 135 Yield, % HNSW 38

53 70 Thed PtYZSM-23 Icalta‘lg@tanmbchrim ebtie ah@ lateatdlyst Systes das
and > o -37- . Exanple 8
The mildly hydrocr;gc cd °§ etl:c atvve%?eo xﬁméalse processed over

Pt/zeolite beta at The Refrralide Qgtmﬁ)mreparqi tRY R¥FEsdingpbekanat el y
82% wax conver gl itE&rith dlerfsal raFart eﬁ&ﬁd@fﬁlﬁ’@%]ﬁfmw Byeh

A e A O S ey e
foll ow ng properittresyen for 3 hdurbsi4it 482°C, then calc1ned in air at 1000
o? 8D| stilled BAFors hours. F°110Vn5%03|]§6§1%%%nn'atﬁ%e a?xﬁﬂ'b?a(‘a?gr@gstr:tslt =
5.20 steaqu 1n/m%|qtyea,mca§< 549 C for 96 hours. 13'Qat1num was
incorporated on the extrudate by ion exchange with an
10 aqueous solution of platinum tetraamine chloride to achieve
a loading of 0.6 wt%¥. The catalyst was then calcined in
air at 349°C for 3 hours.
The dewaxed products were distilled to a nominal 345°C+
cutpoint and the pour point and cloud points were measured
15 to be:



g

5 - Powpg-7 ¢nt, C -37

Coud Point, C -24 Si mul at ed
Distidlation, C Initial Boilirgadoint 304
5% O f _ 334 10 10%

356 50% — Pt/zeclite ieta//

90% ™ Dewaxing Catalysts 516 PY/ZSM-23 PIRESMI2R0i | i ng
Poi nt 564 Aromatics (by W), %

<1 1 Thi s ewsxConvérsitn Obet Pt/Beod ntegrated Pt/ zeolite g5
beta/' Pt/ ZSM 23 cat apyst pPoiitict8sgeFapabl e of producing base st ocks

w th vi scog’ ty indi iBHG i 135 at very | ow pour points. The
superior cloud poi ng@' - rr reflects t he benefit of pgQcessing
the feed over zeoli o] ‘prior 20 to ZSM23. "Zeolite beta, ggcause of
its less constrai negm ore nature, has the ability to convert |arge
waxy nol ecul es axgd | ead to high pour/cloud differentials.
I nternmedi ate pore zeolites, such as ZSM 23, have nmore difficulty
converting high nol Bour Boime?!@ht waxes 25 frequdhtly | eadi ng t 43 ow pour
poi nt base stocks wlldud Pointy 8 ati vel y hi gh cl oud-7poi nt s. 34 WV
absorptivity nmeasurenents show the benefit of high pressure for

produci ng 3fy gh V.| . Sirh@isgr@mti cs base st ocks. F-7441

- 39- Exanpl e 9 o, A heavy hydrocra gogesg/m di still id@i0
t he properties E)Bel?lc?\?vé/\}vgé dewaxed by Ptlzsﬁﬂ&g}?? operating al on?s?shweadr?d
by the Pt/zeolite beta // Pt/ZSM 23 catal yti c dewaxi ng

This example shows that the incremental conversion of
high pour point waxes over Pt/zeolite beta leads to low
product cloud point. Pt/ZSM-23, because of its less

15 accessible structure is not as effective at converting waxy
species throughout the feed boiling range thus leading to a
relatively high cloud points. '



5 ’system F~7441 APl Gavity 30.3 Vi scosity,

KV at 100[err]C, cSt 9.90 Pour Point, [err]C 49

Sul fur, ppm _ <20 10 ~AB+r ogen, ppm

2 Wax Content, % 15 SimDistillation,
[err]C : .. 368 5% O f

385 15 1.10% process for producing a3¥igh Viscosity IHdex (VI)

485 0% . 64 The data,

t abul at ed bel o%/,"‘g§l’r8®“§ havime & Y& sf P&rieaSt M0 SHMM R¥BY cat al yst
system for | owhydxrocarben fleeellhalfing ian wabkaicontent icf att |lessdt apiwtd ent
and soneti nes Lghtl | I 0 r L gsJhe | ess
reStrictive nat% r_ee%:o%es& et@el%nzifﬁ‘ﬁ e %&é's(%(a%]ﬁﬂ%gé)éelﬁa‘%l es sone
increnentaf  synesaustdically, rngh dsyipnisingtde (fsddiowing staps: cl oud
points for the Cogmd;)atdﬁhfcﬁffééffi¥ YSRng Wap) paFatfins presént 4

-40- . especi critjcal, benefit since highly shape selective
dewaxi ng cat al F9es fead FriParAY M ARAMEIFZAFIAYh 0 JRP PreseREtaf when
dewaxi ng heavy hydedyen and in @&Helptdsence of RI/IMaddidity lardd /peeeite

beta// 5 zeolite isomerization catalyst, thé%éggg&fg% having an
10 alpha value of not more than 30 and containing a noble
metal hydrogenation component:;

(b) 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

15 pore crystalline material, which contains a metal
hydrogenation dehydrogenation component.

2. The process of claim 1 wherein the large pore zeolite
of step (a) possesses at least one pore channel of 12~
membered oxygen rings.

3. The process of claim 1, wherein the large pore zeolite
of step (a) possesses a Constraint Index less than 1.

4. The process of claim 1, wherein the large pore zeolite
of step (a) is zeolite beta.

5. A process of claim 1 in which the isomerization
catalyst is a zeolite beta isomerization catalyst having an
alpha value of not greater than 20.

6. The process of claim 5, wherein in which the
isomerization catalyst is a low acidity zeolite beta which
has been severely steamed, having a framework
silica:alumina ratio of at least 200:1.

-
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Pour Point of p=744345[err]C+ Fraction After Pt/zeolite beta

Dewaxi ng,[err] C 18 10 345 C+ Fraction Pour
Point.,, [err]C -21 -26 -37 -15 -23 -2944% Cloud Point, [err]C 3
-2 -9 1-8-9-14 Difference Cl oud/ Pour, [err]C 24 24 28

16 15 20 23 15. Yhel grogems of clguim®ggn which thejssmenization v
107 104 103 tal c&é‘:ﬂ%s from O @‘q{g"zevﬂ& Pt on a suppdel SUS
slac wax

heavy neutr al hydrocracked stripped to renove
anmoni a and H &S ising zaqll QHﬁﬁﬁﬁrthe 20 fol | ow ng properties was
pr oduced. APl Gavity 37.4

Sul-fur, ppm <2

Ol Content on®s A procezss %%Oc Birf—'rjatt% fg?xiﬁr}%p&nstzﬁ'bned

Sim Dist, [err]idtermédiate pore dmtdline material of ISRPSEL)

10% 20% 4 _ 94,30% -
el of 10-memb d o iIn £
497/ 527 30 p°ssessesgg’8'£% Fppnes © 1Y 5’@%/ gs, with any

hydr ocr acked m&thanngl dntersaseing FheshanpebRf 10-menkered Q¥YIeRe

Pt/ ZSM 23 eat alpisigd oddtfTiciposdd €S8 membeéitad Geiwggery | ow pour
point with the Pt/zeollte beta // Pt/ ZSM 23 catal yst system where the

Pt/zeolite beta 35 tenperature was nai ntained to convert 65% of the wax
in the hydr.ocr artxe dofeeess M€ cbaimr3i in wbickfthedcataEyatpbé fhe

second catalytic dewaxing step is selected from the group
consisting of ZSM-22, ZSM-23, ZSM-35, SAPO-1l1l and SAPO-41.

10. The process of claim 1 in which the catalyst of the
second catalytic dewaxing step is an intermediate pore
crystalline material having specific characteristics
defined by:

5 (1) a ratio of sorption of n-hexane to o-xylene, on a
volume percent baéis, of greater than 3, which sorption is
determined at a P/Po 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 in preference to

10 2,3-dimethylbutane at 538°C and 1 atmosphere pressure from
a 1/1/1 weight ratio mixture of n-~hexane/3-
methylpentane/2,3~dimethylbutane mixture with the ratio of
rate constants K;o/Kone being in excess of 2.

11. The process of claim 1, in which the metal
hydrogenation-dehydrogenation component of the catalyst of
the second dewaxing step is either Pt or Pd.

12. A process of claim 1 in which the feed comprises a
waxy hydrocarbon feed having a wax content of at least 50
wt% and an aromatic content of less than 25 wt%.

13. The process of claim 1 wherein the feedstock is
_ selected from the group consisting of a slack wax, deoiled

* c L ] H *



F-7441 P~7441 -41- The Pt/ ZSM 23 cat al yst
used in the dual catalyst system was the sanme as that used in Exanple
2. . The Pt/ zeolite beta was prepar-etgsby extrudi ng beta zeolite

-wi th Versal

250 pseudoboehmite alumna to form5 1/ 16" extrudate. The

extrudat e was wax powaxdfremh cFhechéer-Tropsaoht pvgeasées, 3fthotssoils482[ err] C,

t hen-cal ci ned
extrudat e was

Pl at i num was

eankd st eant af err hour's

1 h ' h
ﬁékf%i?éﬁm OQch%ﬂogégroﬁl OHESZQFQEE?géggrEg%ﬁ'Bﬂibgﬂt the
extragbieporfit advaruwRedistiddate -by i on exchange with an 10

aqueous solution of platinumtetraam ne chloride to achieve a | oadi ng

of-0.6 Wt %
hdur s.

T P e BB RP CORCELaRBr L. il RiSH FBea ABRRRAF=S8For (] Cr

cut poi nt and t&kepoig parniedndut| bindthei presence pfahydrdgéh tot comvert

F- 7441

Pt/ zeolite bet ]f?m 40 to 90 Wt% x5 at%ﬁt F;:'S?:éhtained E’P/ Egﬁt fged Stol fgﬁl 23

Wax CbnversionlEP@¢rb¥#Bi°mbsteP- 65 Pour Poi nt of

650[err]F+ 5

10

Fraction After Pt/B Dewaxing, [err]C

29 Dewaxed_ Lybe
15. The process of clagm 14, in which the wax conversion

during the isomerization step is from 50 to 80 wt% based on
the feed to the isomerization step.

16. The process of claim 1, wherein the effluent from the
isomerization step has a pour point which ranges from -1°C
to 43°C.

17. The process of claim 1 in which the isomerization step
is carried out at hydrogen partial pressure ranging from a
temperature from 288° to 427°C.

18. A process of claim 1, wherein the preferred range of’
VI is from 130 to 150.

19. The process of claim 1, in which the dewaxed 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 3549 kPa,, to 20786 kPa,,, a reaction
temperature in the range from 260°C to 427°C, a space
velocity which is in a range from 0.1 to 10 LHSV, and a
once-through hydrogen circulation rate which extends from
178 n.1.1.” to 1780 n.l.1l.”?, in order to improve the
thermal and oxidative stability of the lubricant.

20. A process for producing a high Viscosity Index (VI)
lubricant having a VI of at least 120 from a waxy

~ hydrocarbon feed having a wax content of at least 30 wt%,

A



rd

Pour Point, [epLyges -37 -43 Cl oud Poi nt,

[err]C -7 -34 10 SmDist., [err]C
| BP/ 5% 10% 300/ 300/ 353 -46-313/ 341/ 361 Thi s
-exanpl e shows that the increnmental conversion of hi gh pour point waxes

over Pt/ zeol it &hieeprocesss emplloying twqmoangiysﬁSMRquﬁtﬁmgF%/ZSN@ZB,
because of it Ss&rﬁ%%g%.@tm%ﬁ“l‘iﬁ,s N c%tn(tdﬁhtéir s etgx ﬂ%vﬁfx{ge%ﬂéﬁ‘s at

converting waxy pecl es “t"hr.oughou |ng range thus Ieadlng
to a rel at.vel(wmtgﬁhaqmlﬁmmt%f the feed me er to'reduce its

- 43- VWHAT nli ergtin\Videritent as Weld RIsPARS Tdnvep rmcbmma: he g

Vi scosity | ndex gVI% Iubrlcan B&yln a.\vl_of at st 120 froma waxy
hydTocarboﬁ f e jﬁb e JRERV %ﬂg t he process
enpl oyi ng two hqﬂdqpﬂankﬂng%ﬁnaqub campnmqynglanﬂﬂqqtrngithnwféedrqpthea
fol | ow ng stepg, ytﬂ{ﬂ% esent
in the fee pr| “c[on&ﬁay |somer| zlﬁqj'léoln e presence %I’r;é@é h et

hydrogen and |RQM@§qMS¥RPﬂR¥(ﬁ alowacidity |arge pore zeolite
i someri zation cat al py ,cam i@ém} &wamgw&ﬁy ?@fﬂfhﬁ@ PBeSénBOinnoOr €
a

than 30 and containi ng, a nob met al en JOﬂ conponent
(b) subj eéPi ng th%e teed mmiﬁfﬂ%&x ri‘ﬁ‘fnéﬁr%’aﬁta’? %%3@%33 €p to

a second cat al Hyidrodsmdnd) i et;he préseaice of 4 h:eoveféd:idabtyi:samtpcfed

oL oo B e VAR AL RIS vl 68
alpha value of not more than 30 and containing a noble
metal hydrogenation component;

15 (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.

21. The process of claim 20 wherein the large pore zeolite
of step (a) possesses at least one pore channel of 12~
membered oxygen rings.

22. The process of claim 20, wherein the large pore zeolite
of step (a) possesses a Constraint Index less than 1.

23. The process of claim 20, wherein the large pore zeolite
of step (a) is zeolite beta.

24. A process of claim 20 in which the isomerization
catalyst is a zeolite beta isomerization catalyst having an
alpha value of not greater than 20.

25. The process of claim 24, wherein in which the
isomerization catalyst is a low acidity zeolite beta which
has been severely steamed, having a framework
silica:alumina ratio of at least 200:1.

—
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2. 'The process gafz4¢sai m1 wherein the |arge pore zeolite of step (a)
possesses at | east one pore channel of 12- menber ed oxygen rings.

3. The process of claim1l, wherein the |arga7pore zeolite of step (a)
possesses a Constraint Index |ess than 1. 4. The process of claim1,
wherein the | arafe pdhe zamcess of chdimt2), (&) whickotheeibenerization 5.

A process of Clé]&ﬁlﬂﬁ%%ﬁ%ﬁ f%%ﬁmdlia%ﬁﬁ: wts p€db Igsgu'gﬁggtzeol ite

beta isomerization cat; \ a val ue of not ater than
20. _ 6. comEiFinEaeRkite Hek&. wherein in which the
| somerization catalyst is a low acidity zeolite beta which has been

soverely steared, haying &l WE S Kin 20, hlsBis! HHL o bigiRhadt | o2t

process of cl aiinfermneédidite pohe crystalXine amaterizhtafystepob)i ses from
0.3 to 2 wt%Pt P k S4 | : 8. .2
? gé%%é%é%#kéﬁét?Panﬁgfpgf %ggméﬁﬁg#%fegﬁggen rings, wifh any

process of cl ai I e const rai rate
crystal | i ne matchannebiintepseeting theschannel (@t thzmembesed]oxygaber ed

oxygen rings, WidhfWeing SORPOSLdi Hf €8 SRehbéBed hExgganNLingk. 10- nenber ed
oxygen 5  rings being conposed of 8 nenbered oxygen rings.
28. The process of claim 20 in which the catalyst of the
second catalytic dewaxing step is selected from the group
consisting of ZsSM-22, ZSM-23, ZSM-35, SAPO-11 and SAPO-41l.

29. The process of claim 20 in which the catalyst of the
second catalytic dewaxing step is an intermediate pore
crystalline material having specific characteristics

- defined by: _

5 (1) a ratio of sorption of n-hexane to o-xylene, on a
volume percent basis, of greater than 3, which sorption is
determined at a P/Po 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 in preference to

10 2,3-dime-thylbutane at 1000°F and 1 atmosphere pressure
from a 1/1/1 weight ratio nmixture of n-hexane/3-
methylpentane/2,3-dimethylbutane mixture with the ratio of
rate constants k;,./k., being in excess of 2.

30. The process of claim 20, in which the metal .
hydrogenation-dehydrogenation component of the catalyst of
the second dewaxing step is either Pt or PAd.

31. A process of claim 20 in which the feed comprises a
waxy hydrocarbon feed having a wax content of at least 50
wt% and an aromatic content of less than 25 wts.

32. The process of claim 20, in which the isomerization
. step is carried out in the presence of hydrogen to convert

—_—
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9. ° The procegsyggsclaim 1l in which the catalyst of the second

catal ytic dewaxing step is selected fromthe group consi sting of

ZSM 22, ZSM 23, ZSM 35, SAPO 11 and SAPO 4448- 10. The process of
£|alﬁ11 in which the catal yst of the second catal ytic dewaxing step is
an internedi at Erpmr ¢0 to 90r wyEkablfi thenwax canthinedg inp&hief ifeed to the
characterlst|c§_s merlggéigﬁdsgﬁp. (1) aratio of sorption of

n- hexane to o0-X Pene ol une percent basis, of greater than 3,
whi ch sorption |s detern1ned at a P/Po of 0.1 and at a tenperature of

50[err]C 118 &m@ewe@sd SH0[cAra i Fo wHEreirtthed FbddBtdok the ability

of selectively ackl I entane in.preference t
5 5 di ot hyl bUFBYECERASEPE: HRE BRRUP SORGIBRATS BiedsGiack gx, deailed
wei ght ratio nwnkuraakffnoherdseh&r-TropsuHIpﬁqma&saselxdbthruxlsw but ane

m xture with t?%t%ﬁé%%uﬂ\f gsacgpsna Y mty}s_lt aq,t‘s k[]_.%rfrf]i/nlth%r r%]r&gig&‘}éh@xcess

of 2. proce i ch the

hydr ogenat i on- eésfyacsdenarifon G@#ﬁ@ﬁéﬂﬂsﬂlhﬂﬂ;QmuaJyst of t he second
dewaxi ng step is either Pt or 12. A process of claim1l in which
the feed conprises a dr arbon feed havin wax content of at
| east 50 o aﬁ'&eapr&‘F&n‘"ét °>é %t neshighy ‘(ﬁc’%cm"erﬁi’s.

The process of durding i:hwe.lsemrtﬂmﬁmdm iiss from Seltectsnl WtPbdded on
?Lg?p ConS'St'Qﬂ. Ee%d§Q%P%hﬂa&sd%gyfé§¥ion step.F 7441
35. The process of claim 20, wherein the effluent from the
isomerization step has a pour point which ranges from -1 to
43°C.

36. The process of claim 20 in which the isomerization
step is carried out at hydrogen partial pressure ranging
from 5617 to 17,339 kPa,, and at a temperature from 288°C
to 427°C.

37. A process of claim 20, wherein the preferred range of
VI is from 130 to 150.

B



wax, wax fromygpbpglper - Tropsch processes, foots oils, petrol atum vacuum

gas oil, or a raffinate from sol vent extraction of a vacuumdistillate.
14. The process of claim1, in which the i-s&8®erization step is carried
out in the presence of hydrogen to convert from40 to 90 wt % of the wax

cont ai ned in t3®.fe¥Het progess ofj cdadm 28 dn yhigh the dewsxethefifilaanis

of “chai m 14, | gevBLep (B %Xnﬁ&f&é{-&hﬁ&a by euhtaet&ha i $OfEhZal i On step
is from50 to 80 w % based the isQnérizati-on ste

16._ The pr oces‘éa'GF]-EF‘a'l ﬁPEPr\!vﬁéPSu ﬁ ’E‘ﬁ‘éaéf PV§€HEGPPB&PPh€°mP°nP | Ai on
step has a pouampephRbusli pbroasgsappoet) mhterihT at at présbatre] @n the 17.
The proceﬁ of claim.1l in ggbcg the sogﬁ:?'géaf{bon step is carried out
at “hydr og paF?PgF SF@ES ﬁ ?r at”eﬁp%r’é?%?% P om 288[ err]
to 427[err] C. temperaBura pnothesrahgel &roml SOMNEr &pn4RMECHr af spag® r ange
of VI is f t 1 e c@s a j ch
t he dewaxed ef ?ﬂbé}@y thPﬂ i8 1?b %anégdrf(%hﬁegt 2‘d(&% S?o%ﬁg?tl ngdll\{a wth
a cat al yst°§6ﬁth§PH§hahH€Fageﬁy6P-§§§ atien zakgoMbirhosxtgnds from
EgDEphoiJst p% wg Egm[omr ta ﬂs%t qma@' tnatl.q.m esﬁW@rdé}: e fmprdwﬁélglﬂiér o][n 3549
al err 0 err gacliQ t enper, range from
260[ err] @0 45PEEPRLCA 8}‘5&9@ ive sggh}& \%%I é galng'nge fromo.1
to 10 LHSV, and a "once- t hr ough hydrogen ci rcul ati on rate whi ch ext ends
from 178 n.l.1.[err] to 1780 n.l.l.[err], in order to inprove the 10
thermal and oxidative stability of the |ubricant.

\\\

WAy



~ .
20." A procesg-fQgaoroduci ng a high Viscosity Index (V) | ubri cant

having a VI of at |east 120 froma waxy hydrocarbon feed having a wax
content of at least 30 wt% F- 74450~

- 46- the process enploying two catalysts operating

synergistically, and conprising the follow_ng steps: (a)

hydr ecracki ng of the feed in onﬂrogen content as
wel | as to renobve naphthenic a onat | ¢ _componen t her eby i nmproving
VI, the hydr ReEER} exm dmé%% QXS rﬁw%?ﬁgeéOEPaEitgth@ﬁ'éosésu FnERx,

catal yst conmpasgstiartedrss 3)& éﬁfwﬁi@rpm@@eﬁh@n éhiploys €wbdic

t; b t tical f f 10
CHE Teed pri mERGANINET oSSR o, THUER o Eietfcete ' oPeabhgifRk .\ "an
in the preseng&aﬂuetIaﬁvthncﬁnyeqmatgﬂpnatalyst protess thancthewt ave
cat al yst, gt he nﬁ%ﬁt A étpﬁ?dl%é? %f‘ derlthe@'&f‘atﬂé" H&QiYEQ%SE?BﬁeE ha&'sxéowﬂd

contalnlng a ogenat ! on CcoO
subj ecti ng théﬁﬁﬁIWh#ﬁhm#athﬁ|?ﬁ%¢%§aﬁﬁﬁebytméld hYdﬁéﬁﬁiFKQNGtebsto a

second cat al yif jeAevaiti feceddPtd nimhéhzatwﬁ hgnetheugpbseficeoggacted with
metal oy RO GV A AEITLEY cErpbhER: Lsonef 1zabohToatal stes
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possesses a (xnsnpawatfimgex Thg51$QQgr zation is operated at a pressure
of at least 5617 kPa,, hydrogen partial pressure (reactor
inlet). The catalyst is preferably a noble metal
containing zeolite beta catalyst which contains boron as a

15 framework component of the zeolite in order to give a low
alpha value, typically below 20. The isomerization is
carried out at a temperature of 345°C with conversion in
the range of 10 to 40 wt.% of the feed. The product of the
isomerization process is then contacted with a shape-

20 selective catalyst in order to further reduce the pour
point. Preferably 2SM-22, ZSM-23 or ZSM-35 is used. The
shape-selective catalyst preferably contains noble metals
such as P4 or Pt.
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23. The process of claim 20, wherein the |large pore zeolite of step
(a) is zeolite beta. 24. A process of claim20 in which the

i sonerization catalyst is a zeolite beta isomerization catal yst having
an al pha val ue of not greater than 20. 25. The process of claim
24, .wherein in which the i sonerization_catalyst is a low acidity
zeolite beta which has been severely steaned, having a franework
silica:alumina ratio of at |east 200: 1. F-7441

-47- 26. The process of claim20,in which the isonerization

catal yst conprises from0.3 to 2 % Pt on a support conprisingggeolite
bet a. 27. QA process of claim20, wherein the constrained —
internedi ate porq crystalline material of step (b) possesses dne
channel of ered oxygen rings, with any channel intersedqting the
channel of ered oxygen 5 - rings being conposed of 8 nmenberned oxygen
rings. he process of claim20 in which the catal yst off the
second catal Wic dewaxing step is selected fromthe group consisting
of ZSM 22, ZSNt 23, XSM 35, SAPO 11 and SAPO 41. 29. The prqcess of
claim20 in whkch t catal yst of the second catal yti c dewaxiln§ step
is an internedi :
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crystalline material having specific characteristics defined by: 5

(1) a ratio of sorption of n-hexane to o-xylene, on a vol unme percent
basis, of greater than 3, which sorption is .~ determined at a P/ Po of
0.1 and at a tenperature of 50[err]C for n-hexane and 80[err] C for
o-xylene and (2) by the ability of selectively cracking

3-netthyl pentane in preference to 10 2,3-dinme-thyl butane at 100[err]F
and 1 atnosphere pressure “froma 1/1/1 weight ratio m xture of

n- hexane/ 3- met hyl pent ane/ 2, 3-di net hyl butane m xture with the ratio of
rate constSnts k[err]/k[err] being in excess of 2. 30. The pﬁpcess
of €laim?2 in anch t he net al hydr ogenat i on- dehydr ogenati o} «
corfponent o} the cat al yst of t he second dewaxing step is eitHer Pt or
Pd. 31..A\Rrocéss of claim20 in which the feed conprises 4
waxy hydrocakbon feed having a wax content of at |east 50 wt % and an
aromatic content o\ less than 25 wt % - 32. The process of cliai m 20,
in which the fsoner\zation step is carried out in the presende®f
hydrogen to copvert y F-7441 - 48- fE5n140
to 90 wt% of tRe wax ¢ontained in the feed to the isonerization stjep. 33.
The process | ai m wherein the feedstock is selected fromthg group
consi sting a ‘sl ack X, deoil ed wax,, wax from Fi scher-Tropsch pgrocesses,
foots oils, gﬁtrblatunl acuumgas oil, or a raffinate fron1so|vertc>
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extraction of a vacuumdistill ate. 34. The process of claim 32, in which
the wax conversion during the isonerization stepis from50 to 80 w % based
on the feed to the isonerization step. 35. The process of claim 20,
wherein the effluent fromthe isonerization step has a pour -point which
ranges from-I to 43[err]C 36. The process of claim20 in which the

i sonerization step is carried out at hydrogen partial pressure ranging from
5617 to 17,339 kPa[err] and at a tenperature from288[err]C to 427[err]C.
37..A process of claim?20, wherein the preferred range of VI is from130 to

150. F- 7441 -49- © 38. The
process of claimg@” in which the dewaxed effl uent of step Tb$sis
hydrotreated by c&fitacting it with a catal yst conprising a netal
hydr ogenati on coggggent on an, anor phous, porous support natlerial at a
pressure in the range from 3549 kPa[err] to 20786 kPa[err], 4 reaction
tenperature in t¥l range from 500[err]F to 427[err]C, a space vel ocity
which is in a rangg fygjomO0.1 to 10 LHSV, and a once-through_hﬁbrogen
circulation rate N extends from 178 n.l.l.[err] to 1780} =
n.l.l.[err], in or d¥¢ Yo inprove the 10 thermal and oxidative dtability
of the lubricant. 4
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