.

-1-. 7 WAX | SOVERI ZATI ON USI NG CATALYST OF SHCspFefes
PCRE GECNETRY Cr oss- Ref erence This application is a

conti nuation-in-part of co- pendi ng appllcatlon Serkar mgw 07433
February 17, 1989.

WAX ISOMERIZATION USING
CATALYST OF SPECIFIC PORE GEOMETRY

S Cross-Reference
This application is a continuation-in-part

of co-pending application Serial No. 07/311,9689,
filed February 17, 1989.

10 Eield Of The Invention
.,ﬂf- _ The present invention relates to a process
- for isomerizing a waxy feed, including petroleum
waxes, over a catalyst having a particular pore
geometry and including at least one Group VIII

15 metal to produce a lube o0il having a low pour
' point and excellent viscosity and viscosity index
properties. ' '
Background Of The Invention
20 ' High-quality lubricating oils are critical

for the operation of modern machinery and
automobiles. Unfortunately, the supply of natural

. ' crude oils having good lubricating properties is
' not adequate for present demands. Due to
:g?;{ 25 . uncertainties in world crude oil supplies, high-
it quality lubricating oils must be produced from
'; ordinary crude feedstocks and can even be produced

from paraffinic sinthstic polymers. Numerous
processes have bheen proposed for producing

30 lubricating oils that can be converted into other
products by upgrading the ordinary and low-
quality stocks.

It is desirable to upgrade a crude fraction

otherwise unsuitable for lubricant manufacture

35 into one from which good yields of lube oils can
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Field O _The I nvention The present invention relates to a process
for’ |§onér|2|ng a waxy feed, including petroleum waxes, over a catal yst
haV|ng a particular pore geonetry and including at | east one Goup VIII
metal to produce a lube oil having a | ow pour point and excellent viscosity
and viscosity index properties. Background O The Invention

H gh-quality lubricating oils are critical for the operation of nodern
machi nery and aut onobi | es. Unfortunately,timasupply of natural crude oils
havi ng good | ubricating properties is not adequate for present denmands. Due
to uncertainties in world crude oil supplies, high- quality lubricating

o1ls must be produchg %@h%ﬁ' NapYudt P iCedshocks @ich GAYHAYEN D
produced from paraffinic synthetjc £o yners. Numerous
paraffxnic oils are 'to be used in products which

need to remain mobile at low temperatures, e.g.,
lubricating oils, heating oils and jet fuels. The
5 higher molecular weight straight chain normal and
slightly branched paraffins which are present in
oils of this kind are waxes which cause high pour
points and high cloud points in the oils. 1If
adequately low pour points are to be obtained,

10 these waxes must be wholly or partly removed. In
the past, various solvent removal techniques were
used such as propane dewaxing and MEK dewaxing but
these techniques are costly and time consuming.

" Catalytic dewaxing processes are more economical

15 and achieve this end by selectively cracking_the
longer chain n-paraffins to produce lower
molecular weight products, some of which may be
removed by distillation.

' Because of their selectivity, prior art

20 dewaxing catalysts generally comprise an
aluminosilicate zeolite having a pore size which
admits the stfaight chain n-paraffins either alone
or with only slightly branched chain paraffins
(sometimes referred to herein as waxes), but which

25 excludes more highly branched materials,
cycloaliphatics and aromatics. Zeolites such as
2SM-5, ZSM-11, ZSM-12, ZSM-23, ZSM-35 and ZSM-38
have been proposed for this purpose in dewaxing
processes and are described in U.S. Patents Nos.

30 3,894,938; 4,176,050; 4,181,598; 4,222,855;
4,229,282 and 4,247,388. Such processes as are
set forth in the above-mentioned patents are used
to accomplish dewaxing on feeds which contain
relatively low amounts of waxes, generally well
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progesses have been proposed for producing lubricating oils that can be
convertell i nto other products by upgrading the ordinary and | ow quallty

st dcks. It is desirable to upgrade a crude fraction otherw se
unsuitabl e for |ubricant manufacture into one from which good yields of
| ube oils can - 2-

-3~

below 50%, and they operate by selectively
cracking the wéxés. These processes are not
readily adapted for treating high wax content
feeds since, due to the large amount of cracking

S which occurs, such waxes would tend to be cracked
to provide very low molecular weight products.

Since dewaxing processes of this kind

function by means of cracking reactions{ a number
of useful products become degraded to lower

10 molecular weight materials. For example, waxy
paraffins may be cracked to butane, propane,
ethane and methane as may the lighter n-pargffins
which do not contribute td the waxy nature of the
oil. Because these lighter products are generally

15 of lower value than the higher molecular weight
materials, it would obviously be desirable to
limit the degree of cracking whicﬁ takes place
during a catalytic dewaxing process.

Although U.S. Patents Nos. 3,700,585;

20 3,894,938; 4,176,050; 4,181,598; 4,222,855;
4,222,282; 4,247,388 and 4,859,311 teach dewaxing
of waxy feeds, the processes disclosed therein do
not disclose a process for producing high yields
of a lube 0il having a very low pour point and

25 high viscosity index from feeds containing a very
high wax content, i.e., greater than 80% wax, such
as slack wax, deoiled wax or synthetic ligquid
polymers such as low molecular weight
polyethylene.

30 Also, - the prior art does not disclose a
lube oil characterized by having both a low pour
point (below’about -24°C) and a viscosity index
greater than 125. It is believed that the closest
that the prior art comes to accomplishing this is
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be.obtai ned. Dewaxing is required when highly paraffinic oils are to be
uséd in*products which need to remain nobile at |ow tenperatures, e.g.

| ubricating oils, heating oils and jet fuels. The hi gher nol ecul ar meight
strai ght chain nornal and slightly branched paraffins which are present in
oils of this kind are waxes whi ch cause hi gh pour points and high cloud
points in the oils. |If adequately | ow pour points are to be obtained, these
waxes nust be wholly or partly renoved. |ngthe past, various solvent

removal techniques were used such as propane dewaxi ng and MEK dewaxi ng but
t hese techniques are costly and tinme consum ng. Catal ytic dewaxing

processes are nore gggnf?ragl %geagglgx t@fgj%? e %Iegtggglgg&racklng

t he | onger chain n- ThS 1 Gce T Buer ar el roducts
sone of which may bép¢%#nmﬂiﬁﬁnr%§l§blP#&GPahtY lndex 1Bédau§e56§ @h%lr

selectivity, prior gpébusleyepdtdsaaica! ¥shsosLEer aldek ®2MAKI se an
calculated from Table III of the patent);

S 3,764,516 (same as 3,658,689); 3,487,005 (pour
point -29°C, viscosity index 121 and 125 and pour
point -46°C, viscosity index 122) and 4,547,283
pour point not specified but probably above 0°C as
made by solvent dewaxing, viscosity index 154-

10 156).

Since processes which remove wax will give
a low yield with very waxy feeds, isomerization
processes are preferred. U.S. Patent No.
4,734,539 discloses a method for isomerizing a

15 naphtha feed using an'intermediate pore size
zeolite catalyst, such as an H-offretite catalyst.
U.S. Patent No. 4,518,485 discloses a process for
dewaxing a hydrocarbon feedstock containing
paraffins by a hydrotreating and isomerization

20 process. '

U.S. Patent No. 4,689,138 discloses an
isomerization process for reducing the normal
paraffin content of a hydrocarbon oil feedstock
using a catalyst comprising an intermediate pore

25 size silicoaluminophosphate molecular sieve
containing a Group VIII metal component which is
occluded in the crystals during growth.

Lube oils may also be prepared from feeds
having a high wax content such as slack wax by an

30 isomerization process. In prior art wax
isomerization processes, however, either the yield
is low and thus the process is uneconomical, or
the feed is not completely dewaxed. When the feed
is not completely dewaxed it must be recycled to a
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alungindsilicate zeolite having a pore size which adnits the straight chain
n- parafffns either alone or with only slightly branched chain paraffins
(sonetinmes referred to herein as waxes), but which excludes nore highly
branched materials, cycloaliphatics and aromatics. Zeolites such as ZSM 5,
ZSM 11, ZSM 12, ZSM 23, ZSM 35 and ZSM 38 have been proposed for this

pur pose in dewaxi ng processes and are described in U S. Patents Nos.
3,894,938; 4,176,050; 4,181,598; 4,222, 855;_4..229,282 and 4, 247, 388. Such
processes as are set forth in the above-nentioned patents are used to
acconpl i sh dewaxing on feeds which contain relatively |ow amounts of waxes,

general [y wel| dewaxing process, e.g., a solvent dewaxer, which
limits the throughput and increases cost. U.S.
Patent No. 4,547,283 discloses converting wax to
lube. However, the MEK dewaxing following

5 isomerization disclosed therein severely limits
pour reduction and thus, very low pour points
cannot be achieved. Further, the catalyst
disclosed therein is much less selective than the

" catalysts used in the present invention;

10
Summary Of The Invention
The present invention overcomes the
problems and disadvantages of the prior art by
providing a process'for preparing a lube oil
15 comprising isomerizing a waxy feed over a catalyst

comprising an inorganic oxide molecular sieve
having generally oval 1-D pores having a minor
axis between about 4.2A and about 4.84 and a major
axis between about 5.4A and about 7.0A as

20 determined by X-ray cryétallography and at least
one Group VIII metal.

It is an object of the invention to produce
a lube oil having exceliént viscosity and
viscosity index properties and a very low pour

25 point.

It is a further object of the invention to
provide a lube o0il having low frictional
resistance.

It is an additional object of the invention

30 to provide a lube oil which causes less engine
wear than prior art mineral oils.

It is an additional object of the invention
to provide a lube oil which provides increased
fuel efficiency.
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-3- 5 BeLOMI5096 and they operate by selectively cracking the waxes. These
processes are not readily adapted for treating high wax content feeds
since, due to the large anount of cracking which occurs, such waxes woul d
tend to be cracked to provide very | ow nol ecul ar wei ght products.

Si nce dewaxi ng processes of this kind function by neans of cracking
reactions, a nunber of useful products becone degraded to | ower nol ecul ar
wei ght materials. For exanple, waxy parafft&s nay be cracked to butane,
propane, ethane and nethane as nmay the lighter n-paraffins which do not

contrlbute to the waxy nature of the
It is yet a further object of the invention

to provide a lube oil having improved oxidation
resistance compared to conventional mineral oils.
' The term "oxidation resistance" refers to the
s resistance of the 0il to oxygen addition, i.e.,
how rapidly oxygen is picked up and added to
molecular species within the oil. Oxidation
resistance is indicated by the oxidator BN
measured in hours. Oxidator BN measures the time
10 required for 100 grams of oil to absorb one liter
of oxygen and is described in U.S. Patent No.
3,852,207 at column 6, lines 15-30 which is
incorporated herein by reference.
Additional objects and advantages of the
15 , invention will be set forth in part in the
description which follows, and in part will be
obvious from the description, or may be learned by
practice of the invention. The objects and
advantages of the invention will be realized and
20 attained by means of the instrumentalities and
combinations, particularly pointed out in the
appended claims. |
In accordance with one embodiment the
invention provides a process for producing a lube
25 oil having excellent viscosity and viscosity index
properties and a low pour point comprising
isomerizing a waxy feed over a catalyst comprising
an intermediate pore size silicoaluminophosphate
molecular sieve and at least one Group VIII metal.
30 In accordance with another embodiment of
the invention the catalyst in the process _
comprises an intermediate pore size ZSM-22, 2ZSM-
23 or ZSM-35 zeolite.
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oi | . Because these lighter products are generally of |ower value than the
hi gher @bl ecul ar weight materials, it would obviously be desirable to limt
t he degree of cracking which takes place during a catalytic dewaxing
process. Al t hough U. S. Patents Nos. 3,700,585; 3,894,938; 4,176, 050;
4,181, 598; 4, 222, 855; 4,222,282; 4,247,388 and 4,859, 311 teach dewaxi ng of
- waxy feeds, the processes disclosed therein do not disclose a process for
produci hg high yields of a |ube oil having a very | ow pour point and high
viscosity index fromfeeds containing a veryigh wax content, i.e.,

greater than 80% wax, such as sl ack max deoi | ed wax or synthetlc I|qU|d

pol ymers such as | ow nol ecugg8 xeﬁ% Polé/ectht;ylltéggﬁtwn habs tah%ugl A he pri or
[ ar y 0

art does not disclose a |ub Heterized avi ng ow pour
poi nt (bel ow about - 2arm@ffindcacontentivhidmaerrvideat@rlehMiseRBityt is

believed that the cl qggst;cshbilDeg PFAsYe AT tsueBMBEopOreLEP IR NG this is
, less frictional resistance, less engine wear and

5 increased fuel efficiency. The low viscosity and
low pour point df the lube o0il result in easier
cold engine starting than prior art mineral oils.
The lube ©0il has a high viscosity index_ranging
from about 125 to about 180 and a very low pour

10 point, ranging from less than about -63°C to about
-24°C. Since little or no viscosity index
improver compositions or pour point depressant
compositions are necessary for use with the lube
0il of the invention, fewer performance-decreasing

15 deposits are formed. The high paraffinic nature
of the oil gives it improved oxidation resistance

compared to conventional mineral oils. .

Brief Description Of The Drawings

20 The invention will be better understood by
reference to figures of the drawings wherein like
numbers denote like parts throughout and wherein:
' Figure 1 is a ternary diagram showing the
compositional parameters of the silicoalumino-

25 phosphates of U.S. Patent No. 4,440,871 in terms
" of mole fractions of silicon, aluminum and
phosphorus.

Figure 2 is a ternary diagram showing the
preferred compositional parameters of the
30 silicoaluminophosphates of mole fractions of
silicon, aluminum and phosphorus.
" Figure 3 is a plot of 700 F+ lube yield
versus pour point for the process set forth in
Example 3.
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-4- et forth in one or nore of U S. Patents 3,365,390 (pour point _
-23TerrJC, viscosity index 124); 3,658,689 (pour point -54[err]C, viscosity
i ndex 92 as calculated fromTable 11l of the patent); 3,764,516 (sanme as
3,658,689); 3,487,005 (pour point -29[err]C, viscosity index 121 and 125
and pour

Figure 4 is a plot of viscosity index
versus pour point for the process set forth in
Example 3.

5 Detailed Description Of The Preferred Embodiments
Reference will now be made in detail to the
present preferred embodiments of the invention.
As used herein, the term “waxy feed"
includes petroleum waxes. The feedstock employed
10 in the process of the invention preferably
contains greater than about 50% wax, more
preferably greater than about 80% wax, most
preferably greater than about 90% wax. However, a
highly paraffinic feed having a high pour point,
15 generally above about 0°C, more usually above
about 10°C, but containing less than 50% wax is
also suitable for use in the process of the
invention. Such a feed should preferably contain
greater than about 70% paraffinic carbon, more
20 preferably greater than about 80% paraffinic
carbon, most preferably greater than about 90%
paraffinic carbon.
Exempléry additional suitable feeds for use
in the process of the invention include waxy
25 _ ~distillate stocks such as gas oils, lubricating
oil stocks, synthetic oils such as those by
Fischer-Tropsch synthesis, high pour point
polyalphaolefins, foots oils, synthetic waxes such
as normal alphaolefin waxes, slack waxes, deociled
30 waxes and microcrystalline waxes. Foots oil is
prepared by separating oil from the wax. The
isolated 0il is referred to as foots oil.
Feeds also suitable for use in the process
of the invention are partially dewaxed oils
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point -46[err]C, viscosity index 122) and 4,547,283 pour point not
speci fted but probably above O[err]C as nade by sol vent dewaxi ng, viscosity
i ndex 154- 156). Si nce processes which remove wax will give a | ow

yield with very waxy feeds, isonerization processes are preferred. U. S.

Patent No. 4,734,539 discloses a nethod for
using an internedi ate pore size zeolite catalyst,
catal yst .-

hydr ocar bon feedstock containing paraffimdby a hydrotreating and

| someri zati on process.

| soneri zation process far reducing the normal paraffin content of a

hydrocarbon oi | fedthaxsdie GerFayiy

si ze silicoal um nopgiessplareingdl eutl by ipresessnbaharnthan Ghatp Vi |
component whi ch is OGolddeHekBihCESE YoMkt eJUELRILHE LI AL

10

15

20

25

30

catalytic dewaxing processes and solvent dewaxing
processes. Exemplary suitable solvent dewaxing
processes are set forth in U.S. Patent No.
4,547,287,

The process of the invention may also be
employed in combination with conventional dewaxing
processes to achieve a lube o0il having particular
desired properties. For example, the process of
the invention can be used to reduce the pour point
of a lube 0il to a desired degree. Further
reduction of the pour point can then be achieved
using a conventiocnal dewaxing process. Under such
circumstances, immediately following the
isomerization process of the invention, the lube
oil may have a pour point greater than about 15°F.
Further, the pour point of the lube o0il produced
by the process of the invention can be reduced by
adding pour point depressant compositions thereto.

The feedstock will normally be a C,+
feedstock generally boiling above about 6Q00°F.
However, the process of the invention is
particularlf useful with waxy distillate stocks
such as gas oils, lubricating oil stocks, heating
oils and other distillate fractions whose pour
point and viscosity need to be maintained within
certain specification limits. Lubricating oil
stocks will generally boil above 230°C (450°F),
more usually above 315°C (600°F). Hydroprocessed
stocks are a convenient source of stocks of this
kind and also of other distillate fractions since
they normally contain significant amounts of waxy
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U S. Patent No. 4,689, 138 di scl oses an

I somerizing a naphtha feed
such as an Hoffretite
U.S. Patent No. 4,518,485 discloses a process for dewaxing a
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Lube oils may al so be prepared fromfeeds having a high wax content such as
sl ack wax by an isonerization process. In prior art wax isonerization
protesses, however, either the yield is |ow and thus the process is
uneconom cal, or the feed is not conpletely dewaxed. Wen the feed is not
conpletely dewaxed it nust be recycled to a

-5-

~10-

n-paraffins. The feedstock of the present process
will normally be a Cy+ feedstock containing
paraffins, olefins, naphthenes, aromatics and
heterocyclic compounds and a substantial

5 proportion of higher molecular weight
n-paraffins and slightly branched paraffins which
contribute to the waxy nature of the feedstock.
During processing, the n-paraffins and the
slightly branched paraffins undergo some cracking

10 . or hydrocracking to form liquid range materials
which contribute to a low viscosity product. The
degree of cracking which occurs is, however,
limited so that the yield of low boiling products
is reduced, thereby preserving the economic value

15 of the feedstock.

Slack wax can be obtained from either a
hydrocracked lube o0il or a solvent refined lube
oil. Hydrocracking is preferred because that
process can also reduce the nitrogen content to

20 low values. With slack wax derived from solvent
refined oils, deoiling can be used to reduce the

' nitrogen content. Optionally, hydrotreating of
the slack wax can be carried out to lower the
nitrogen content thereof. Slack wéxes possess a
25 very high viscosity index, normally in the range

of frbm 140 to 200, depending on the oil content
and the starting material from which the wax'has
been prepared. Slack waxes are therefore
eminently suitable for the preparation of -

30 lubricating oils having very high viscosity
indices, i.e., from about 120 to about 180.

The present'invention provides a unique
lube 0il product as characterized by its
combihation of low pour point and high viscosity
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dewaxi’ng process, e.g., a solvent dewaxer, which limts the throughput and
i néreasés cost. U S. Patent No. 4,547,283 discloses converting wax to | ube.
However, the MEK dewaxing follow ng isonerization disclosed therein
severely limts pour reduction and thus, very |low pour points cannot be
achi eved. Further, the catal yst disclosed therein is nmuch | ess selective
than the catal ysts used in the present invention. Summary O The

| nventi on The present invention ovenganes the problens and

di sadvant ages of the prior art by providing a process for preparing a |ube
oi | conprising isonerizing a waxy feed over a catalyst conprising an

i norgani c oxide nnlg ?r q gngﬁggg 3legl 9 RoLgghaving a
m nor axi s between a ou EI out ?’éﬁﬁ 8 Jor axi s

bet ween about 5. 4[ePP}n§hHP%&Knn 47c0ﬁ§PP?r%%1Y Between -24°C and

-63°C) and a viscosity index between 125 and 180,
suitably greater than about 130. Preferably the

5 pour point is below -30°C, more preferably below -
40°C, and the viscosity index is greater than
about 140.

While the process of the invention can be
practiced with utility when the feed contains |

10 organic (nitrogen containing impurities), it is
preferred that the organic nitrogen content of the
feed be less than about S0 ppmw (parts per million
by weight), more preferahly'lesé than about 10
ppmw. Particularly good results, in terms of

15 . activity and length of catalyst cycle (period
between successive regenerations or start-up and
first regeneration) are experienced when the feed
contains less than about 10 ppmw of organic
nitrogen.

20 The phrase “intermediate pore size", as
used herein means an effective pore aperture in
the range of from about 5.3 to about 6.5 A when
the porous inorganic oxide is in the calcined
form. Molecular sieves having pore apertures in

25 this range tend to have unigque molecular sieving
characteristics. Unlike small pore zeoclites such
as erionite and chabazite, they will allow
hydrocarbons having some branching into the
molecular sieve void spaces. Unlike larger pore

30 zeolites such as the faujasites and mordenites,
they can differentiate between
n-alkanes and slightly branched alkanes, and
larger branched alkanes having; for example,
quaternary carbon atoms.
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determ ned by X-ray crystall ography and at | east one Goup.VIII netal.
It*is an object of the invention to produce a |ube oil having excellent
vi scosity and viscosity index properties and a very | ow pour point.

It is a further object of the invention to provide a |ube oil having | ow

frictional resistance. It is an additional object of the invention
to provide a lube oil which causes | ess engine wear than prior art m neral
oi | s. It is an additional object of the invention to provide a

| ube oil which provides increased fuel effdl@rency.

The effective pore size of the molecular
sieves can be measured using standard adsorption
techniques and hydrocarbonacecus compounds of

: known minimum kinetic diameters. See Breck,

5 Zeolite Molecular Sieves, 1974 (especially Chapter
8); Anderson, et al., J. Catalysis 58, 114 (1979);
and U.S. Patent No. 4,440,871, the ?ertinent
portions of which are incorporated herein by
reference. | .

10 _ In performing adsorption measurements to -
determine pore size; standard techniques are used.
It is convenient to consider a particular molecule
as excluded if it does not reach at least 95% of
its equilibrium adsorption value on the molecular

15 sieve in less than about 10 minutes (p/po = 0.5;
25°C).

Intermediate pore size molecular sieves
will typically admit molecules having kinetic
diameters of 5.3 to 6.5 A with little hindrance.

20 Examples of such compounds (and their kinetic
diameters in A) are: n-hexane (4.3), 3-
methylpentane (5.5), benzene (5.85), and toluene
(5.8). Compounds having kinetic diameters of
about 6 to 6.5 A can be admitted into the pores,

25 depending on the particular sieve, but do not
penetrate as quickly and in some cases are
effectively excluded. Compounds having kinetie
diameters in the range of 6 to 6.5 A include:
cyclohexane (6.0), 2,3-dimethylbutane (6.1), and

30 m-xylene (6.1). 'Generally, compounds having
kinetic diameters of greater than about 6.5 A do
not penetrate the pore apertures and thus are not
absorbed into the interior of the molecular sieve
lattice. Examples of such larger compounds
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oidls.

nol ecul ar species within the oil
oxi dat or
100 grans of oi

-

v

_ _ It is yet a further object of the invention to provide a |ube
oil hawvi ng i nproved oxidation resistance conpared to conventi onal

The term oxi dation resistance"” refers to the resistance of t
oxygen addi tion,

m ner al
he oil

.e., how rapidly oxygen is picked up and added to

to

_ - Oxidation resistance is indicated by the
BN neasured in hours. Oxidator BN neasures the tinme required for

to absorb one liter of oxygen and is described in U S

Patent No. 3,852,207 at colum 6, |ines 3330 which is incorporated herein
by reference.

10

15

20

25

30

include: o-xylene (6.8), 1,3,5-trimethylbenzene
(7.5), and tributylamine (8.1).

The preferred effective pore size range is
from about 5.5 to about 6.2 A.

While the effective pore size as discussed
above is important to the practice of the
invention not all intermediate pore size molecular
sieves having such effective pore sizes are
advantageously usable in the practice of the
present invention. Indeed, it is essential that
the intermediate pore size molecular sieve
catalysts used in the practice of the present
invention have a very specific pore shape and size
as measured by X-ray crystallography. First, the
intracrystalline channels must be parallel and
must not be interconnected. 'sﬁch channels are
conventionally referred to as 1-D diffusion types
or more shortly as 1-D pores. The classification
of intrazeolite channels as 1-D, 2-D and 3-D is
set forth by R. M. Barrer in Zeolites, Science and
Technology, edited by F. R. Rodrigues, L. D.
Rollman and C. Naccache, NATO ASI Series, 1984
which classification is incorporated in its
entirety by reference (see particularly page 75).
Known 1-D zeolites include cancrinite hydrate,
laumontite, mazzite, mordenite and zeolite L.

None of the above listed 1-D pore zeolites,
however, satisfies the second essential criterion
for catalysts useful in the practice of the
present invention. This second essential
criterion is that the pores must be generally oval
in shape, by which is meant the pores must exhibit
two unequal axes referred to herein as a minor
axis and a major axis. Tﬁe term oval as used

"N
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Addi t ironal objects and advantages of the invention will be set forth in
part irf the description which follows, and in part wll be obvious fromthe
description, or nay be | earned by practice of the invention. The objects
and advantages of the invention will be realized and attained by neans of
the instrunentalities and conbi nations, particularly pointed out in the
-appended cl ai ns. I n accordance with one enbodi nent the invention
provi des a process for producing a | ube oil having excellent viscosity and

viscosity index properties and a | ow pour poifit conprising isonerizing a

waxy feed over a catalyst conprising an internedi ate pore size
si |l i coal um nophosphat e nol ecul ar sieve and at | east one G oup VIII netal.

In accordance with arftf%fdm dfHBAFRARRHITY REFUHFENRi BReERELC AYAY ST in the

process conprises an ellfiptiedilasbaperbutsizathdIVitd2 reZ&bt t& Xy pbIds35

zeolite. exhibiting two unequal axes. In particular, the
1-D pores of the catalysts useful in the practice

5 of the present invention must have a minor axis

between about 4.2 A and about 4.8 A and a major
axis between about 5.4 A and about 7.0 A as
determined by conventional x-tay,crystqllography
measurements.

10 The catalyst used in the isomerization
process of the invention has an acidic component
and a platinum and/or palladium hydrogenation
component. In accordance with one embodiment of
the invention the acidic component can suitably

15 comprise an intermediate pore size
silicoaluminophosphate molecular sieve which is
described in U.S. Patent No. 4,440,871, the
pertinent disclosure of which is incorporated
herein by reference.

20 The most preferred intermediate pore size
silicoaluminophosphate molecular sieve for use in
the process of the invention is SAPO-11. SAPO-11
comprises a molecular framework of corner-sharing
[8i0,] tetrahedra, [AlQ,] tetrahedra and [PO,]

25 tetrahedra, {i.e., (Si,Al,P,)0, tetrahedral units].
‘When combined with a platinum or palladium
hydrogenation component, the SAPO-11 converts the
waxy components to produce a lubricating oil
having excellent yield, very low pour point, low

30 viscosity and high viscosity index.

SAPO-11 comprises a silicoaluminophosphate
material having a three-dimensional microporous
crystal framework structure of [POQ,], [AlQ,] and
{Si0,] tetrahedral units whose unit empirical
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-7- . The |l ube oil of the invention has a high paraffinic content
whi ch provides a | ow viscosity for its boiling range. Such properties
result in less frictional resistance, |ess engine wear and increased fuel
efficiency. The low viscosity and | ow pour point of the |ube 0|I result in
easier cold engine starting than prior art mneral oils.

-15-

formula on an anhydrous basis is:
mR: (SiAlP,)0, (1)

wherein "R" represents at least one organic
templating agent present in the intracrystalline

5 pore system; *m* represents the moles of "R"
present per mole of (SiAl,P,)0, and has a value of
from zero to about 0.3, "x*, "y* and "z" represent
respectively, the mole fractions of silicon,
aluminum and phosphorous, said mole fractions

10 being within the compositional area bounded by

points A, B, C, D and E on the ternary diagram of
Figure 1 or preferably within the are bounded by
points a, b, c, 4 and e on the ternary diagram of
Figure 2. The silicoaluminophosphate has a

15 characteristic X-ray powder diffraction pattern
which contains at least the d-spacings
(as-synthesized and calcined) set forth below in
Table I. When SAPO-11 is in the as-synthesized
form "m* preferably has a value of from 0.02 to

20 0.3.

I
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The |ube oil has a high viscosity index ranging fromabout 125 to about 180
ard a very | ow pour point, ranging fromless than about -63 C to about -24
C-Since little or no viscosity index inprover conpositions or pour point
depressant conpositions ar@ necessary for use with the lube oil of the

I nvention, fewer perfornmance-decreasing deposits are f.ormed. The high
paraffinic nature of the oil gives it inproved oxidation resistance
conpared to conventional mneral oils. Brief Description OF The Draw ngs
The invention will be better understood by=}6&ference to figures of the
drawi ngs wherein |ike nunbers denote |ike parts throughout and wherein:
Figure 1 is a ternary diagram show ng the conpositional paraneters of the
sil'i coal um no- phosphates of U.S. Patent RRBLELI140,871 in terns of nole

fractions of silicon, alum num and phosphorus. Relative
26 a(A) - Intensity

S 9.4 - 9.65 9.41 - 9.17 m
! : 20.3 - 20.6 4.37 - 4.31 m

21.0 - 21.3 4.23 - 4.17 vs
22.1 - 22.35 4.02 - 3.99 m
22.5 =~ 22.9 (doublet) 3.95 - 3.92 m

10 23.15 - 23.35 3.84 -3.81 m-s

Ail of the as-synthesized SAPO-11 compositions for
which X-ray powder diffraction data have been
obtained to date have patterns which are within
15 the éeneralized pattern of Table II below.
Thesé values were determined by standard
techniques. The radiation was the K-alpha doublet
of copper and a aiffractometer.equipped with a
scintillation counter and an associated computer
20 was used. The peak heights, I, and the positions
as a function of 2 8, where 6 is the Bragg angle,
were determined using algorithms on the computer .
associated with the spectrometer. From these, the
relative intensities, 100 I/I,, where I, is the
. 25 intensity of the strongest line or peak, and 4
({obs.) the interplanar spacing in Angstroms,
corresponding to the recorded lines, were
determined. In the Tables, the relative
intensities are given in ferms of the symhois vs =
30 very strong, 8 = strong, m = medium, w = weak,
etc.
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Figureé 2 is a ternary diagram showi ng the preferred conpositional
paramet’ers of the silicoal um nophosphates of nole fractions of silicon,
al umi num and phosphor us. Figure 3 is a plot of 700 F+ |ube yield
versus pour point for the process set forth i n Exanpl e 3.

- 8-

-17-
TABLE I
26 ai) 100XI/1,
5
! 8.05 - 8.3 10.98 -10.65 20 - 42
9.4 - 9.65 9.41 - 9.17 36 - S8
13.1 - 13.4 6.76 - 6.61 12 - 16
15.6 - 15.85 5.68 =- 5.59 23 - 38
10 16.2 - 16.4 5.47 - 5.40 3-5
18.95 - 19.2 4.68 - 4.62 5 - 6
20.3 - 20.6 4.37 - 4.31 36 - 49
21.0 - 21.3 4.23 - 4.17 100
22.1 - 22.35 4.02 - 3.99 47 - 59
15 22.5 - 22.9 (doublet) 3.95 - 3.92 55 - 60
23.15 - 23.35 3.84 - 3.81 64 - 74
24.5 - 24.9 (doublet)  3.63 - 3.58 7 - 10
26.4 - 26.8 (doublet) 3.38 - 3.33 11 - 19
27.2 - 27.3 3.28 - 3.27 0 -1
20 28.3 - 28.5 (shoulder) 3.15 - 3.13 11 - 17
28.6 - 28.85 3.121 - 3.094
29.0 - 29.2 3.079 - 3.058 0 -3
29.45 - 29.65 3.033 - 3.013 s - 7
31.45 - 31.7 2.846 - 2.823 7 -9
25 32.8 - 33.1 2.730 - 2.706 11 - 14
34.1 - 34.4 2.629 - 2,607 7 -9
35.7 - 36.0 2.515 - 2.495 0 - 3
36.3 - 36.7 2.475 - 2.449 3 -4 .
37.5 - 38.0 (doublet) 2.398 - 2.368 10 - 13
30 39.3 - 39.55 2.292 - 2.279 2 -3
40.3 2.238 0 -2
42.2 - 42.4 ' 2.141 - 2.132 0 -2
. 42.8 - 43.1 2.113 - 2.099 3 -6
44.8 - 45.2 (doublet) 2.023 - 2.006 3-5
35 45.9 - 46.1 1.977 - 1.969 0 -2
46.8 - 47.1 1.941 - 1,929 0 -1
48.7 - 49.0 1.870 - 1.859 2 -3
50.5 - 50.8 1.807 - 1.797 3 -4
$S4.6 - 54.8 1.681 - 1.675 2 - 3
40 55.4 - 55.7 1.658 - 1.650 0 - 2
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Figure 4 is a plot of viscosity index versus pour point for the process set
forth ih Exanple 3. Detail ed Description O The Preferred Enbodi nents
Ref-erence will now be nade in detail to the present preferred enbodi nents
of the invention. As used herein, the term "waxy feed" includes
petrol eum waxes. The feedstock enployed in the process of the invention
preferably contains greater than about 50% wax, nore preferably greater

t han about 80% wax, nost preferably greater han about 90% wax. However, a
hi ghly paraffinic feed having a high pour % nt, generally above about
Oferr]C nore usually above about 10[err]C but containing |l ess than 50%

wax is also suitable for use in the process of the invention. Such a feed
shoul d pr ef er abl y contain Another lntermedlate pore size

silicoaluminophosphate molecular sieve preferéhly

used in the process of the invention is SAPO-31.

SAPO-31 comprises a silicoaluminophoaphate having
5 a three-dimensional microporous crystal framework

of [PO,]), ]Al0,] and [5iQ,] tetrahedral units whose

unit empirical formula on an anhydrous basis is:

mR: (S1i,Al.P,)0,

wherein R represents at least one organic

10 templating agent present in the intracrystalline
pore system; "m" represents the moles of "R*"
present per mole of (SiAlP,)0, and has a value of
from zero to 0.3; *x*, "y" and "z* represent
respectively, the mole fractions of silicon,

15 aiuminum and phosphorous, said mole fractions
"being within the compositional area bounded by
points A, B, C, D and E on the ternary diagram of
Figure 1, or preferably within the area bounded by
points a, b, ¢, @ and e on the ternary diagram of

20 Pigure 2. The silicocaluminophosphate has a
characteristic X-ray powder diffraction pattern
(as-synthesized and calcined) which contains at
least the d-spacings set forth below in Table III.
When SAPO-31 is in the as-synthesized form, "m"

25 preferably has a value of from 0.02 to 0.3.
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greater than about 70% paraffinic carbon, nore preferably greater than
about 80% paraffinic carbon, nost preferably greater than about 90%
paraffinic carbon. Exenpl ary additional suitable feeds for use in
the process of the invention include waxy distillate stocks such as gas
oils, lubricating oil stocks, synthetic oils such as those by

Fi scher-Tropsch synthesis, high pour point polyal phaol efins, foots oils,
synt heti c waxes such as nornal al phaol efin xes, slack waxes, deoiled
waxes and mcrocrystalline waxes. Foots 0i TS prepared by separating oi
fromthe wax. The isolated oil is referred to as foots oil. Feeds

al so suitable for use in the process of EHELﬁﬂffftion are partially dewaxed
oils : :

Relative
29 d(A) Intensity
5
' 8.5 - 8.6 10.40 - 10.28 m- s
20.2 - 20.3 4.40 -~ 4.37 m
21.9 - 22.1 4.06 - 4.02 W -m
22.6 - 22.7 3.93 - 3.92 vs
10 31.7 -~ 31.8 3.823 - 2.814 W -m
All of the as-synthesized SAPO-31 compositions for
which X-ray powder diffraction data have presently
15 been obtained have patterns which are within the

generalized pattern of Table IV below.
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-9- -wherein dewaxing to an internedi ate pour point has been carried out
by a priocess other than that clainmed herein, for exanple, conventional
catal yti c dewaxi ng processes and sol vent dewaxi ng processes. Exenpl ary
sui t abl e sol vent dewaxi ng processes are set forth in U S. Patent No.
4,547, 287. The process of the invention may al so be enpl oyed in
conbi nation with conventi onal dewaxing processes to achieve a | ube oi
havi ng particul ar desired properties. For_gﬁgnple, t he process of

TABLE IV
20 da(A) 100XI/I,
5
' 6.1 14.5 0 -1
8.5 - B8.6* 10.40 - 10.28 60 - 72
9.5* 9.31 7 - 14
13.2 - 13.3* 6.71 - 6.66 1 - 4
10 14.7 - 14.8 6.03 - 5.99 1 -2
15.7 - 15.8* 5.64 - 5.61 1 -8
17.05 - 17.1 5.20 - 5.19 2 - 4
18.3 - 18.4 4.85 - 4.82 2 -3
20.2 - 20.3 4.40 - 4.37 44 - 55
15 21.1 - 21.2* 4.21 - 4.19 6 - 28
21.9 - 22.1* 4.06 - 4.02 32 - 38
22.6 - 22.7* 3.93 - 3.92 100
23.3 - 23.35 3.818 - 3.810 2 - 20
25.1* : 3.548 3 -4
20 25.65 - 25.75 3.473 - 3.460 2 -3
26.5* 3.363 1 - 4
27.9 - 28.0 3.198 - 3.187 8 - 10
28.7* . 3.110 0 -2
29.7 3.008 4 -5
25 31.7 - 31.8 : 2.823 - 2.814 15 - 18
32.9 - 33.0* 2.722 - 2.714 0 -3
35.1 - 35.2 2.557 - 2.550 5 - 8
36.0 - 36.1 2.495 - 2.488 1 -2
37.2 ' 2.417 1 -2
30 37.9 - 38.1* 2.374 - 2.362 2 - 4
39.3 : 2.292 2 -3
) 43.0 - 43.1* 2.103 - 2.100 1
44.8 - 45.2* 2.023 - 2.006 1
46.6 1.949 1 -2
35 47.4 - 47.5 - 1.918 1
48.6 - 48.7 1.872 - 1.870 2
50.7 - 50.8 1.801 - 1.797 1
51.6 - 51.7 1.771 - 1.768 2 -3
55.4 =~ 55.5 1,658 - 1.656 1
40

* Possibly contains peak from a minor impurity.
SAPO-41, also suitable for use in the
process of the invention, comprises a
silicoaluminophosphate having a three-dimensional
45 microporous crystal framework structure of [PO,],
{Al10,] and [SiOQ,] tetrahedral units, and whose unit
empirical formula on an anhydrous basis is:
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the invention can be used to reduce the pour point of a lube oil to a
desired degree. Further reduction of the pour point can then be achieved
usi ng a conventional dewaxi ng process. Under such circunstances,

i medi ately follow ng the isomerization process of the invention, the |ube
oil may have a pour point greater than about 15[err]F. Further, the pour
point of the |ube oil produced by the process of the invention can be
reduced by addi ng pour point depressant comppsitions thereto. The
feedstock will normally be a CJerr] feedstock generally boiling above about
600[err] F. However, the process of the invention is particularly useful
wth waxy distill ate stocks suchmfs @€Sa Qlﬂ $o, | ubricating oil stocks,
heating oils and other distillate fractlo Qg€ pour €0|nt and viscosity
need to be maintai nedRETH™h R EPPAFRCRTRE A |l€§ts| ofRPRi AF¥8219 ubri cati ng oi
stocks w || generall ydmpllatilngyagegd[pregady{ A30ther fiYracmystaiduald y above

315[err] C (6Q0[ err] Flpoddy y@REeAS esadr Sl Adehtd” €hd RBNYENb£MpsOUr ce of
stocks’ of thgs present per mole of (Si,Al,P,)O, and has a value of
. 2/ Y2

from zero to 0.3; *x", "y" and "z" represent
respectively, the mole fractions of silicon,
aluminum and phosphorous, said mole fractions
being within the compositional area bounded by

10 points A, B, C, D and E onlthe ternary diagram of
Figure 1, or preferably within the area bounded by
points a, b, ¢, d and e on the ternary diagram of '
Figure 2, and said silicoaluminophosphate having a
characteristic X-ray powder diffraction pattern

15 (as-synthesized and calcined) which contains at
least the d-spacings set forth below in Table V.
When SAPO-41 is in the as-synthesized form "m"
preferably has a value of from 0.02 to 0.03.

20 _ TABLE V
Relative
26 d(A) Intensity
13.6 - 13.8 6.51 - 6.42 w-m
25 20.5 - 20.6 4.33 -~ 4.31 W ~-mn
. 21.1 - 21.3 . 4.21 - 4.17 vs
22.1 - 22.3 4.02 - 3.99 m - s
22.8 - 23.0 3.90 - 3.886 m
23.1 - 23.4 -3.82 - 3.80 w-m
30 25.5 - 25.9 3.493 - 3.44 W -m

All of the as-synthesized SAPO-41 compositions for
which X-ray powder diffraction data have presently

35 been obtained have patterns which are within the
generalized pattern of Table VI below.
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kind and al so of other distillate fractions since they normally contain
si gni fitant anounts of waxy - 10-
n-paraffins. The feedstock of the present process wi ll normal |y be a
Cerr] feedstock containing paraffins, olefins, naphthenes, aromatics and
het er ocycl i ¢ conpounds and a substanti al

-22-
TABLE VI
29 d(A) 100 X I/1,
5 6.7 - 6.8 13.19 - 12.99 15 - 24
' 9.6 - 9.7 ' g.21 - 9.11 12 - 25
13.6 - 13.8 6.51 - 6.42 10 - 28
18.2 - 18.3 _ 4.87 - 4.85 8 - 10
20.5 - 20.6 4.33 -~ 4.31 10 - 32
10 21,1 - 21.3 4.21 - 4.17 100
: 22.1 - 22.3 4.02° -~ 3.99 45 - 82
22.8 - 23.0 3.90 - 3.87 . 43 - 58
23.1 - 23.4 3.82 - 3.80 20 - 30
25.2 - 25.5 3.53 - 3.49 8 -~ 20
15 25.5 - 25.9 3.493 -~ 3.44 12 - 28
29.3 - 29.5 3.048 -~ 3.028 17 - 23
31.4 - 31.6 2.849 - 2.831 S - 10
33.1 - 33.3 2.706 -~ 2.690 5 - 7
37.6 - 37.9 2.392 - 2.374 10 - 15
20 38.1 - 38.3 2.362 - 2.350 7 - 10
39.6 - 39.8 2.276 - 2.265 2 -5
42.8 - 43.0 2.113 - 2.103 5 - 8
49.0 - 49.3 1.856 1.848 1 -8
51.5 1. 774 o - 8
25

The process of the invention may also be
carried out using a Catalyst comprising an
intermediate pore size nonzeolitic molecular sieve °
containing AlQ, and PO, tetrahedral oxide units,

30 and at least one Group VIII metal. Exemplary
suitable intermediate pore size nonzeolitic
molecular sieves are set forth in European patent

"Application No. 158,977 which is incorporated
herein by reference.

35 The group of intermediate pore size -
zeolites of the present invention include 2S8M-22,
ZSM-23 and ZSM-35. ‘These catalysts are generally
considered to be intermediate pore size catalysts
based on the measure of their internal structure

40 as represented by their Constraint Index.

Zeolites which provide highly restricted access to
and egress from their internal structure have a
high value for the Constraint Index, while

/.
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propotrtion of higher nolecular weight n-paraffins and sli'ghtly branched
paraf fFns which contribute to the waxy nature of the feedstock. During
processing, the n-paraffins and the slightly branched paraffins undergo
sonme cracking or hydrocracking to formliquid range materials which
contribute to a low viscosity product. The degree of cracking which occurs

I's, however, limted so that the yield of |ow boiling products is reduced,
t her eby preserving the econonic val ue of tgﬁ f eedst ock. Sl ack wax
can be obtained fromeither a hydrocracked<ube oil or a solvent refined

| ube oil. Hydrocracking is preferred because that process can al so reduce
the nitrogen content to |ow valu é f erived from sol vent
refined oils, deoiliA8°th Fle?)é"h‘scgﬁ PEQVAgauE. T'ﬁ’e‘\'lﬁ(ﬁ 8n2CGREENES

Optional |y, hydrotreahengntérﬁdﬁaqumukematruanutnehaxaﬂaedowuValmelomer t he
ni trogen content theESQfthéif“ﬂ%ﬂ%@?%inE°§ﬁ&§§ a M YndtnQR ¥bscosity index,

normally in the ran

determ;ning Constraint Index is described fully in
S U.S. Patent No. 4,016,218 which is incorporated
herein by reference.

Those zeclites exhibiting a Constraint
Index value within the range of from about 1 to
about 12 are conéidered_to be intermediate pore

10 size zeolites. Zeolites which are considered to
be in this range include 2ZSM-5, ZSM-11, etc. Upon
careful examination of the intermediate pore size
zeolites, however, it has been found that nét all
of them are efficient as a catalyst for

15 isomerization of a paraffin-containing feedstock
which are high in Cy+ paraffins, and preferably

i which are high in C,+ péraffins. In particular,

: it has been found that the group including ZSM-
22, 2SM-23 and ZSM-35 used in combination with

20 Group VIII metals can provide a means whereby a
hydrocarbon feedstock having a paraffinic content
with molecules of 20 carbon atoms or more
undergoes unexpectedly efficient isomerization
without destroying the ultimate Yield of the

25 feedstock.

It is known to use prior art techniques for
formation of a great variety of synthetic
aluminosilicates. These aluminosilicates have
come to be designated by letter or other

30 convenient symbols. One of the zeolites of the

' present invention, ZSM-22, is a highly siliceous
material which includes crystalline three-
dimensional continuous framework silicon
containing structures or crystalé which result

s Sheet Has Been Replaced’
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of frem 140 to 200, depending on the oil content and the starting nmateri al
frrom whi ch the wax has been prepared. Sl ack waxes are therefore emnently
suitable for the preparation of lubricating oils having very high viscosity
indices, i.e., fromabout 120 to about 180. The present invention

provi des a unique |ube oil product as characterized by its conbination of
| ow pour point and high viscosity

-24-

when all the oxygen atoms in the tetrahedra are
mutually shared between tetrahedral atoms of
silicon or aluminum, and which can exist with a
network of mpstly §i0,, i.e., exclusive of any

5 intracrystalline cations. The description of ZSM-
22 is set forth in full in U.S. Patent No.
4,556,477, U.S. Patent No. 4,481,177 and European
Patent Application No. 102,716 the contents of
which are incorporated herein by reference.

10 As indicated in U.S. Patent No. 4,566, 477
the crystalline material ZSM-22 has been
designated with a characteristic X-ray diffraction
pattern as set forth in Table VII.

15 IABLE VII
Int ] 3- . (A) Relati Int ity (I/Io)

20 _
10.9 = 0.2 . M - VS .
8.7 = 0.16 W
6.94 = 0.10 W-NM
5.40 = 0.08 W

25 4.58 = 0.07 W
4.36 =+ 0.07 Vs
3.68 = 0.05 Vs
3.62 = 0.05 s - Vs
3.47 = 0.04 M-8

30 3.30 = 0.04 W
2.74 = 0.02 : W
2.52 = 0.02 W

It should be underétood that the X-ray diffraction
35 pattern of Table VII is characteristic of all the
species of ZSM-22 zeolite compositions. Ion
exchange of the alkali metal cations with other
ions results in a zeolite which reveals
substantially the same X-ray diffraction pattern
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i ndex. The lube oil is characterized by a pour point below -24[err]C
(general ly between -24 C and -63[err]C) and a viscosity index between 125
and 180, suitably greater than about 130. Preferably the pour point is

bel ow -30[err]C, nore preferably below - 40[err]C, and the viscosity index
Is greater than about 140. Whi |l e the process of the invention can be
practiced with utility when the feed contains organic (nitrogen containing
inmpurities), it is preferred that the orgapsg nitrogen content of the feed
be | ess than about 50 ppmw (parts per mllion by weight), nore preferably

| ess than about 10 ppmw. Particularly good results, in ternms of activity

Srartoup and first VoHRATRS P T patEhrT Rt IARAY RREPERE Bl 0T
| ess than about 10 pariabiomrigaxiedative intensity.
Furthermore, the ériginal cations of the
as-synthesized 2ZSM-22 can be replaced at least in
5 part by other ions using conventional ion exchange
techniques. It may be necessary to precalcine the
2SM-22 zeolite crystals prior to ion exchange. 1In
accordance with the present inveantion, the
_ replacemenﬁ ions are those taken from Group VIII

10 of the Periodic Table, especially platinum,

palladium, iridium, osmium, rhodium and ruthenium.
2SM-22 freely sorbs normal hexane and has a
pore dimension greater than about 4 A. 1In

_ addition, the structure of the zeolite provides

15 constrained access to larger molecules. The
Constraint Index as determined by the procedure
set forth in U.S. Patent No. 4,016,246 for 2ZsSM-22
has been determined to be from about 2.5 to about
3.0.

20 Another zeolite which can be used with the
present invention is the synthetic crystalline
aluminosilicate referred to as ZSM-23, disclosed
in U.S. Patent No.'4,076,842, the contents of
which are incorporated herein by reference. The

25 ZSM-23 composition has a characteristic X-ray
diffraction pattern as set forth herein in Table
VIII. Cew

Other molecular sieves which can be used
with the present invention include, for example,
30 " Theta-1, as described in U.S. Patents 4,533,649
and 4,836,910, both of which are incorporated in
their entireties by reference, Nu-10, as described
in European Patent Application 065,400 which is
incorporated in its entirety by reference and SSi-
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ni trogen. The phrase "internediate pore size", as used herein neans
an effective pore aperture in the range of fromabout 5.3 to about 6.5 A
when the porous inorganic oxide is in the calcined form Ml ecul ar sieves
havi ng pore apertures in this range tend to have uni que nol ecul ar sieving
characteristics. Unlike small pore zeolites such as erionite and chabazite,
they will allow hydrocarbons havi ng sone branching into the nol ecul ar sieve
voi d spaces. Unlike larger pore zeolites such as the faujasites and
nordenites, they can differentiate betweer26-al kanes and slightly branched

al kanes, and | arger branched al kanes havi ng, for exanple, quaternary carbon
at ons. : '
20 as described in U.S. Patent 4,483,835 which is

incorporated in its entirety by reference.

, TIABLE VIII
5 d(A) 1/1,
11.2 = 0.23 M
10.1 = 0.20 W
7.87 = 0.15 W
5.59 = 0.10 W
10 5.44 = 0.10 L]
- 4.90 = 0.10 W
4.53 = 0.10 s
3.90 = 0.08 Vs
3.72 = 0.08 vs
15 3.62 = 0.07 vs
3.54 = 0.07 M
3.44 = 0.07 s
3.36 = 0.07 Lj
3.16 = 0.07 W
20 3.05 =z 0.06 W
2.99 = 0.06 Lj
2.85 = 0.06 W
2.54 = 0.05 M
2.47 = 0.05 W
25 2.40 = 0.0S W
2.34 = 0.05 W

The 2SM-23 composition can also be defined
. 30 in terms of mole ratios of oxides in the anhydrous
state as follows:

(0.58 - 3.4)M,,,0: Al,0, (40 -250)SiO,
wherein M is at least 1 cation and n is the
valence thereof. As in the 2SM-22, the original

35 cations of as-synthesized 2SM-23 can be replaced
in accordance with techniques well-known in the
art, at least in part by ionic exchange with other

~ cations. In the present invention these cations
include the Group VIII metals as set forth
40 hereinbefore.
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-12- - The effective pore size of the nolecular sieves can be
measur €d usi ng standard adsorption techni ques and hydrocar bonaceous
conpounds of known m ni num ki netic dianeters. See Breck, Zeolite Ml ecul ar
Si eves, 1974 (especially Chapter 8); Anderson, et al., J. Catalysis 58, 114
(1979); and U.S. Patent No. 4,440,871, the pertinent portions .of which are
I ncorporated herein by reference. In perform ng adsorption

measurenents to
-27-

The third intermediate pore size zeolite
which has been found to be successful in the
present invention is ZSM-35, which is disclosed in

, U.S. Patent No. 4,016,245, the contents of which
S are incorporated herein by reference. The
synthetic crystalline aluminosilicate known as
ZSM-35, has a characteristic X-ray diffraction
pattern which is set forth in U.S. Patent No.
4,016,245. 32ZSM-35 has a composition which can be
10 defined in terms of mole ratio of oxides in the
anhydrous state as follows:
{0.3-2.5) R,0: (0~0.8) M,0:A1,0,:>8 S§iO, _
wherein R is organic nitrogen-containing cation
derived from ethylenediamine or pyrreolidine and M
15 is an alkali metal cation. The original cations
of the as-synthesized ZSM-35 can be removed using
techniques well known in the art which includes
ion exchange with other cations. 1In the present
invention the cation exchange is used to replace
20 the as-synthesized cations with the Group VIII
metals set forth herein. It has been observed
that the X-ray diffraction pattern os 2ZSM-35 is
similar to that of natural ferrierite with a
notable exception beihg that natural ferrierite
25 patterns exhibit a significant line at 1.33 A.
X-ray crystallography of SAPO-11, SAPO-31,
SAPO-41, 2S8M-22, ZSM-23 and 2Z2SM-35 shows these
molecular sieves to have the following major and
minor axes: SAPO-11, major 6.7 A, minor 4.4 A;
30 (Benett, J. M., et al, Zeolites, 1, 160(87)),
SAPO-31 and SAPO-41, believed to be slightly large
than SAPO-11, 2SM-22, major 5.5 A, minor 4.5 A
(Kokotailo, G. T., et al, Zeolites, 3, 349(85));
ZSM-23, major 5.6 A, minor 4.5 A; 2ZSM-35, major
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determ ne pore size, standard techniques are used. It is convenient to
consider a particular nolecule as excluded if it does not reach at | east
95% of its equilibriumadsorption value on the nolecular sieve in | ess than
about 10 mnutes (p/po = 0.5; 25 Q. . I nt er redi at e pore size

nol ecul ar sieves will typically admt nol ecul es having kinetic diameters of
5.3 to 6.5 Awith little hindrance. Exanples of such conmpounds (and their
kinetic dianeters in A) are: n-hexane (4.3), 3- nethyl pentane (5.5),

benzene (5.85), and toluene (5.8). Cbnpound%3haV|ng ki netic dianeters of
about 6 to 6.5 A can be admtted into the pores, depending on the
particul ar sieve, but do not penetrate as quickly and in sone cases are

effgcgsl xely Iexgl udedsI 0 Fopqunds Bagi Rg(MéDet) cwdlmrretnarelsen;m rnge of 6
to i ncl ude: cyc ohex di net Ibut and m xyl ene
(6.1). Generally, colp d@pﬁﬁ§ﬁﬁglkﬁﬁﬁF?E U A %8$t§ %%» $than about
6.5 A do 1987).

The intermediate pore size molecular sieve
5 is used in admixture with at least one Group VIII

metal. Preferably the Group VIII metal is

selected from the group consisting of at léast one
R of platinum and palladium and optionally, other

catalytically active metals such as molybdenum,

10 nickel, vanadium, cobalt, tungsten, zinc and
mixtures thereof. Most preferably, the Group VIII
metal is selected from the group consisting of at
least one of platinum and palladium. The amount
of metal ranges from about 0.01% to about 10% by

15 weight of the molecular sieve, preferably from -
about 0.2% to about 5% by weight of the molecular
sieve. The techniques of introducing
catalytically active metals into a molecular sieve
are disclosed in the literature, and preexisting

20 metal incorporation techniques and treatment of
the molecular sieve to form an active catalyst
such as ion exchange, impregnation or occlusion
during sieve preparation are suitable for use in
the present process: Such techniques are

25 disclosed in U.S. Patent Nos. 3,236,761;
3,226,339; 3,236,762; 3,620,960; 3,373,109;
4,202,996; 4,440,781 and 4,710,485 which are
incorporated herein by reference.

' The term “metal" or "active metal" as used

30 herein means one or more metals in the elemental

| state or in some form such as sulfide, oxide and
mixtures thereof. Regardless of the state in .
which the metallic component actually exists, the
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not pehetrate the pore apertures and thus are not absorbed into the
interi of of the nmol ecular sieve lattice. Exanples of such |arger conpounds

-13: i ncl ude: o-xylene (6.8), 1,3,5-trinethyl benzene (7.5), and
tributylamne (8.1). The preferred effective pore size range is
-29-

concentrations are computed as if they existed in
the elemental state.
The catalyst may also contain metals which
reduce the number of strong acid sites on the
5 catalyst and thereby lower the selectivity for
cracking versus isometization. Especially
preferred are the Group IIA metals such as
magnesium and calclum. '
It is preferred that relatively small
10 crystal size catalyst be utilized in practicxng
the invention. Suitably, the average crystal size
is no greater than about 104, preferably no more
than about 54, more preferably no more than about
iy and still more preferably no more than about
15 0.5u. _
Strong acidity may also be reduced by
[ introducing nitrogen compounds, e.g., NH, or
organic nitrogen compounds, into the feed;
however, the total nitrogen content should be less
20 than 50 ppm, preferably less than 10 ppm. The
physical form of the catalyst depends on the type
of catalytic reactor being employed and may be in
the form of a granule or powder, and is desirably
compacted into a more readily usable form (e.g.,
25 larger agglomerates), usually with a silica or
alumina binder for fluidized bed reaction, or
pills, prills, sphe:es, extrudates, or other
shapes of controlled size to accord adequate
catalyst-reactant contact. The catalyst may be

30 employed either as a fluidized catalyst, or in a
fixed or moving bed, and in one or more reaction
stages. '

The catalytic isomerization step of the
invention may be conducted by contacting the feed
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fromabout 5.5 to about 6.2 [err].. While the effective pore size as
~di*scussed above is inportant to the practice of the invention not al

i ntermedi ate pore size nol ecul ar sieves having such effective pore sizes
are advant ageously usable in the practice of the present invention. |ndeed,
It is essential that the intermedi ate pore size nol ecul ar sieve catal ysts
used in the practice of the present invention have a very specific pore
shape and size as neasured by X-ray crystall.ography. First, the
intracrystalline channel s nust be parallel "and nust not be interconnected.
Such channels are conventionally referred to as 1-D diffusion types or nore

shortly as 1-D pores, %ﬂ%b%' gasl fege 6:9&1'3bee'dnbrfaéﬁe$i% & chamielss as 1-D,

2-D and 3-Dis set fo arrer in Zeolit cience and
Technol ogy, edited biixed 1“R66IF‘P‘§|u’é%d 1oF HitRop| HEADSPRFE Pedaccdche, NATO
ASI Series, 1984 whiginglleaanif thateHore prafeairedr abafigurdtiorriis mety by

refeﬁence (see partiééﬁéyfélbeaggp2§gtidn in which the feed is allowed
S to trickle through a stationary fixed bed,
preferably in the presence of hydrogen.

The catalytic isomerization conditions
employed depend on the feed used and the desired
pour point. Generally, the temperature is from

10 about 200°C to about 475°C, preferably from about
250°C and to about 450°C. The pressure is
typically from about 15 psig and to about 2000
psig, preferably from about 50 to about 1000 psig,
more preferably from about 100 psig to about 600

15 psig. The process of the invention is preferably
carried out at low pressure. The liquid hourly
space velocity (LHSV) is preferably from about 0.1
to about 20, more preferably from about 0.1 to
about 5, and most preferably from about 0.1 to

20 about 1.0. Low pressure and low liquid hourly
space velocity provide enhanced isomerization
selectivity which results in more isomerization
and less cracking of the feed thus producing an

. increased yield.

25 Hydrogen is preferably present in the
reaction zone during the catalytic isomerization
process. The hydrogen to feed ratio is typically
from about 500 to about 30,000 SCF/bbl (standard

" cubic feet per'barrel), preferably from about

30 1,000 to about 10,000 SCF/bbl. Generally,

| - hydrogen will be sepatated from the product and
recycled to the reaction zone.

The intermediate pore size molecular sieve
used in the isomerization step provides selective
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Known- 1-D zeolites include cancrinite hydrate, launontite, mazzite,
nordentte and zeolite L. None of the above |isted 1-D pore zeolites,
however, satisfies the second essential criterion for catalysts useful in
the practice of the present invention. This second essential criterion is
that the pores nust be generally oval in shape, by which is neant the pores
must exhibit two unequal axes referred to herein as a mnor axis and a
maj or axis. The termoval as used -31-

conversion of the waxy components to non-waxy
“components. During processing, isomerization of
the paraffins occurs to reduce the pour point of
the o0il below that of the feed and form lube oil

5 boiling range materials which contribute to a low
pour point product having excellent viscosity
index properties.

Because of the selectivity of the

intermediate pore size molecular sieve used in the

10 invention, the yield of low boiling products is
reduced, thereby preserving the economic value of
the feedstock.

The intermediate pore size molecular sieve
catalyst can be manufactured into a wide variety

15 of physical forms. The molecular sieves can be in
the form of a powder, a granule, or a molded
product, such as an extrudate having a particle
size sufficient to pass through a 2-mesh (Tyler)
screen and be retained on a 40-mesh (Tyler)

20 screen. In cases wherein the catalyst is molded,
such as by extrusion with a binder, the
silicoaluminophcsphate can be extruded before
drying, or, dried or partialiy dried and then
extruded.

25 The molecular sieve can be composited with
other materials resistant to temperatures and
other conditions employed in the isomerization
process. Such matrix materials include active and
inactive materials and synthetic or naturally

30 occurring zeolites as well as inorganic materials
such as clays, silica and metal oxides. The
latter may be either naturally occurring or in the
form of gelatinods precipitates, sols or gels
including mixtures of silica and metal oxides.
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-14- - herein is not neant to require a specific oval or elliptical shape
but rather to refer to the pores exhibiting two unequal axes. In
particular, the 1-D pores of the catalysts useful in the practice of the
present invention nust have a mnor axis between about 4.2 [err] and about
4.8 [err] and a major axis between about 5.4 [err] and about 7.0 [err] as

determ ned by conventional X-ray, crystallography measurenents. The
catal yst used in the isomerization process the invention has an acidic
conponent and a pl ati num and/ or pal |l adi um rogenati on conponent. In

accordance wi th one enbodi nent of the invention the acidic conponent can

suitably conprise an internedi ate pore size_silicoal um nophosphate
mol ecul ar si eve whi dpacgive materials suitably serve as diluents to

control the amount of conversion in the
isomerization procéSs so that products can be
obtained economically without employing other

5 means for controlling the rate of reaction. The
molecular sieve may be incorporated into naturally
occurring clays, e.g., bentonite and kaolin.
These materials, i.e., clays, oxides, etc.,
function, in part, as binders for the catalyst.

10 It is desirable to provide a catalyst having good
crush strength because in petroleum refining, the
catalyst is often subjected to rough handling.
This tends to break the catalyst down into powder-
like materials which cause problems in processing.

15 Naturally occurring clays which can be |
composited with the molecular sieve include the
montmorillonite and kaolin families, which
families include the sub-bentonites, and the
kaolins commonly known as Dixie, McNamee, Georgia

20 and Florida clays or others in which the main
mineral constituent is halloysite, kaolinite,
dickite, nacrite or anauxite. Fibrous clays such
as halloysite, sepiolite and attapulgite can also
be use as supports. Such clays can be used in the

25 . raw state as originally mined or initially
subjected to calcination, acid treatment or
chemical modificétion.

In addition to the foregoing materials, the
molecular sieve can be composited with porous

30 " matrix materials and mixtures of matrix materials
such as silica, alumina, titania, magnesia,
silica-alumina, silica-magnesia, silica-zirconia,
silica-thoria, silica-beryllia, silica-titania,
titania-zirconia as well as ternary compositions

I
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described in U S. Patent No. 4,440,871, the pertinent disclosure of which

I - i ncorporated herein by reference. The nost preferred internedi ate

pore size silicoal um nophosphate nol ecul ar sieve for use in the process of

the invention is SAPO 11. SAPO 11 conprises a nol ecul ar framework of
corner-sharing [SiCIerr]] tetrahedra, [Al(Jerr]] tetrahedra and [PJ err]]
tetrahedra, [i.e., (Si[err]Al[err]P[err])derr] tetrahedral units]. Wen

conbined with a platlnun1or paIIadlun1hydrggenation conponent, the SAPG 11

converts the waxy components to produce a bricating oil having excellent

yield, very |low pour point, |low viscosity and high viscosity index.

SAPO- 11 conprises a silicoal um nophosphate material having a

t hr ee- di nensi onal nisscbpesosailit¢aAlyninaztbaptk, stitiqamduwaingP( err]],

[Alderr]] and [Si Ckgkbhlial ebipiedlralurial-haghesea WHd s3Micki-cal
magnesia-zirconia. The matrix can be in the form
of a cogel.

5 The catalyst used in the process of this
inventien can also be composited with other
zeolites such as synthetic and natural faujasites,
(e.g., X and Y) erionites, and mordenites. It can
also be composited with purely synthetic zeolites

10 such as those of the ZSM series. The combination
of zeolites can also be composited in a porous
inorganic matrix.

It is often desirable to use mild
hydrogenation referred to as hydrofinishing after

15 isomerization to produce more stable lubricating
oils. Hydrofinishing is typically conducted at
temperatures ranging from about 190°C to about
340°C, at pressures from about 400 psig to about
3000 psig, at space velocities (LHSV) from about

20 0.1 to about 20, and hydrogen recycle rates of
from about 400 to about 1500 SCF/bbl. The.
hydrogenation catalyst employed must be active
enough not only to hydrogenate the olefins,
diolefins and color bodies within the lube oil

25 fractions, but also to reduce the aromatic
content. The hydrofinishing step is beneficial in
preparing an acceptably stable lubricating oil.

Suitable hydrogenation catalysts include
conventional metallic hydrogenation catalysts,

30 particularly the Group VIII metals such as cobalt,
nickel, palladium and platinum. The metals are
typically associated with éarriers such as
bauxite, alumina, silica gel, silica-alumina
composites, and crystalline aluminosilicate
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-15-° fornula on an anhydrous basis is: nR:

(Sl[err]AI[err]P[err])C{err]
one organic tenplating agent present

(I') wherein "R' represents at

"mM' represents the noles of "R' present per nole of

(Siferr]Al[err]Plerr])Jerr]

X0, Yy

and

z

al um num and phosphorous, said nole fract+dhs

10

15

20

25

30

zeolites. Palladium is a particularly preferred
hydrogenation metal. If desired, non-noble Group
VIII metals can be used with molybdates. Metal
oxides or sulfides can be used. Suitable
catalysts are disclosed in U.S. Patent Nos.
3,852,207; 4,157,294; 3,904,513 and 4,673,487,
which are incorporated herein by reference.

The high viscosity index lube oil produced
by the process of the present invention can be
used as a blending component to raise the
viscosity index of lube oils to a higher value.
Since yield decreases with increasing wviscosity
index in either hydrocracking or solvent refining,
the use of an isomerized wax to increase the

viscosity index improves yield.

The invention will be further clarified by
the following examples, which are intended to be
purely exemplary of the invention.

The wax content of the oil set forth in the
following Examples was determined as follows:

300 g of o0il was diluted 50/50 with a 4:1
mixture of methyl ethyl ketone and toluene which
was cooled to -20°C in a refrigerator. The
mixture was filtered through a Coors funnel at
-15°C using Whatman No. 3 filter paper. The wax
was removed from the filter and placed in a tared
2 liter flask. The solvent was removed on a hot
plate and the wax weighed.

Example 1
SAPO-11 was prepared as follows:

472.4 g of 85% H,PO, were added to 1208 g of
distilled H,0 in a Teflon beaker in an ice bath.
816.8 g of aluminum igsopropoxide (Al[OCsH,],) were

I ——
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in the intracrystalline pore system

and has a value of fromzero to about O.3,
represent respectively, the nole fractions of silicon,



bei ng-wi thin the conpositional area bounded by points A B, C, D and E on
the ternary diagramof Figure 1 or preferably within the are bounded by
poi'nts a, b, ¢, d and e on the ternary diagram of Figure 2. The

si | i coal um nophosphate has a characteristic X-ray powder diffraction
pattern which contains at |east the d-spacings (as-synthesized and

cal cined) set forth belowin Table I. Wien SAPO- 11 is in the as-synthesized
form"nm' preferably has a val ue of fron10.0§5to 0. 3.

slowly added with mixing and then mixed until
homogenous. Then 120 g of fumed silica (Cabosil
M-S) were added with mixing. Next, 182.4 g of di-
n-propylamine (Pr,NH) were added, followed by 9.0 g

5 of 85% H,PO,. Final mixing was done using a
Polytron. The mixture had a pH of 6.5 and the
following compositiqn, expressed in molar ratio of
oxides:

0.9Pr,NH:Si0,:A1,0,: 1.04P,0,: 36H,0

10 The mixture was placed in a Teflon bottle in a
stainless steel pressure vessel and heated for 5
days at 200°C with no stirring and autogenous
pressure. The supernatant liquid was removed and
the product was filtered, washed with water, dried

15 overnight at 121°C, and calcined in air for 8
hours at 566°C. The average crystallite size was
less than 0.5 micron. The product was identified
as SAPO-11 by X-ray diffraction analysis.
Elemental analysis of the calcined sieve showed it

20 to have the following anhydrous molar composition:

0.378i0,:A1,0,:P,0;

The sieve was bound with 35% Catapal
alumina and made into 1/10 inch extrudate. The
extrudate was dried 3 hours at 121°C, calcined ip

25 air for 4 hours at 454°C, then impregnated with

' 0.5% Pt (as Pt(NH,),l,.H,0) bythe pore-fill method.
It was then dried for 2 hours at 93°'C, 2 hours at
149°C, and calcined in air for 8 hours at 454°C.
For the following examples, the catalyst was
30 crushed and screened to 24-42 mesh.

____.____;________7
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-16- -

Rel ative
9.65
4.31
- 22.35
3.92

TABLE |

d([err]) Intensity 9
9.41 - 9.17 m 20.3 - 20.6 4.
m 21.0 - 21.3 4.23 - 4.17 S
4.02 - 3.99 m 22.5 - 22.9 (doubl et)
m 23.15 - 23.35 3.84 -3.81 m s

of the as-synthesized SAPO 11 conpositions-3& which X-ray powder
diffraction data have been obtained to date have patterns which are within
t he generalized pattern of Table Il bel ow These val ues were

det er m ned by Standaﬁﬂamnlg_z

10

The catalyst of Example 1 was used to
isomerize a 800°'F+ hydrocracked waxy vacuum gas
oil (Table IX) at 2200 psig, 1 LHSV, and 8 M
SCF/bbl once-through H,. The catalyst was also run
at 400 psig. The results are set forth in Table X
and demonstrate that high lube yield at very low
pour point is achieved by the present process.

The data also evidences the substantial yield
benefit from operating at a lower reactor
pressure. Lube yield is
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techni ques. The radi ati on was the K-al pha doubl et of copper and a
di-ffractoneter equipped with a scintillation counter and an associ at ed
cofrput er was used. The peak heights, |, and the positions as a function of
2 [err], where [err] is the Bragg angle, were determ ned using algorithns
on the conmputer associated with the spectroneter. Fromthese, the relative
intensities, 100 I/I[err], where I, is the intensity of the strongest |ine
or peak, and d (obs.) the interplanar spaci3w-in Angstrons, corresponding
to the recorded lines, were determined. In the Tables, the relative
intensities are given in ternms of the synmbols vs = very strong, s = strong,
m = medi um w = weak, etc.

TABLE IX
800 °F+ Hydrocracked Waxy VGO
Gravity, "API 40.0
. Wax, Wt.% 25.0
' 5 Pour Point, °C +39
Viscosity at 100°C, cSt 4.585
VI 152
10 Simulated Distillation, LV%, °F
ST/S . 749/769
10/30 778/803
50 826
15 70/90 857/920
95/99 956/1016

Hydrocarbon Distribution, LV%

20 Paraffins ' 54

Naphthenes 29
Aromatics : : _ 17
25 Carbon Type Distribution, ndM, (D3238-85), wt%
Paraffinid _ 92
Naphthenic 8
Aromatic 0
30
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-10. 65
58 13.1

15. 85
5.47

5.40

10. 98

2[ err]
36 -

9.17
16 15.6

TABLE ||
8.05 - 8.3
9.41 -
12 -
16. 4

6. 61
38 16.2

100Xl /1[err]
6. 76
23 -

- 9.65
5.59

42 9.4

-17-
d([err])
20 -
13. 4
5.68
3-5
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18.95 - 19.2 4.68 - 4.62 5-620.3 - 20.6

437 * 4.31 36 - 49 21.0 - 21.3 4.23 - 4.17
100 22.1 - 22.35 4.02 - 3.99 47 - 59 22.5 - 22.9
(doubl et) 3.95 - 3.92 55 - 60 23.15 - 23.35
3.84 - 3.81 64 - 74 24.5 - 24.9 (doublet) 3.63 - 3.58
7 - 10 26.4 - 26.8 (doublet) 3.38 - 3.33 11 - 19 27.2 -
27.3 | 3.28 - 3.27 0,- 1 28.3 - 28.5 (shoulder)
3.15 - 3.13 . 11 - 17 28.6 - 28.852" 3.121 - 3.094
20.0 - 29.2 3.079 - 3.058 0 - 3 29.45 - 29.65
3.033 - 3.013 5. 731.45 - 31.7 - 2.846 - 2.823
7-932.8 - 33.1 0 B34.1 - 34.4
2.629 - 2.607 defineg 38 3“&%‘%‘ ¥ 1604 8nere theprogiibe’s- oo
0- 336.3 - 36.7 2. 475 - 2.449 3 - 437.5 - 38.0
(doubl et ) 2.398 ha% 68 same 5 Lﬁi)hoxm1n§9p81nt 39. & feed.
2.293 - 2.279 - 3 40.3 2. 238
0 - 2 5

Example 3

The catalyst of Exémple 1 was used to
isomerize a slack wax derived from a 906'F+
hydrocracked vacuum gas oil (Table XI).

10 Conditions were 160 psig reactor pressure, 0.3
LHSV, and 8 M SCF/bbl once-through H;. At a
catalyst temperature of 680°F, a -27°C pour point
oil of 7.1 ¢St viscosity at 100°C and 149
viscosity index was'produced. Pour point

15 reduction could be increased by raising the
catalyst temperature. Figure 3 shows a plot of
700°F+ lube yield versus pour point, where 700°F+

lube yield is defined as:

20 o 9700°'F+(feed) - g700 F+(product) , x 100%
g700°'F+ (feed)

Figure 4 shows a plot of viscosity index versus
pour point.

25 ' . A -30°C poué point oil prepared in this
example was subsequently hydrofinished over a 0.5%

Pd on silica-alumina catalyst at 500°F, 2200 psigqg,

-
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42.2 1 42.4
2.113 -7 2.09
3-7545.9
1.941 - 1.92
2 - 3505
1.681 - 1.67
0- 2
5
10
15
20

2.141 - 2.132 0 - 242.8 - 43.1
9 3 - 644.8 - 45.2 (doublet) 2.023 - 2.006
- 46.1 1.977 - 1.969 0 - 2 46.8 -
9 0 - 148.7 - 49.0 1.870 - 1.859
- 50.8 1.807 - 1.797 3- 4546 -
5 2 - 3554 - 557 1.658 - 1.650
: -40-
- IABLE XI
. 5lagk_Hax_Ez9h_EQQ;E:_dezgg:askgd_EQQ
Gravity, °API 23.2
Sulfur, ppm 2.2
Nitrogen, ppm <1
Pour Point, °C +63
Viscosity, ¢St, 100°C 8.30
70°C _ 16.55
Oil in Wax, Wt$% 14.5
Simulated Distillation, LV%, °F
ST/S 802/860
l10/30 885/933
50 960
70/30 995/1038
95/99 1063/1118
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Anot her internedi ate pore size silicoal um nophosphate nol ecul ar sieve
préferdbly used in the process of the invention is SAPO 31. SAPO 31

conpri ses a silicoal um nophosphate having a three-di nensional m croporous
crystal framework of [PJerr]], [AdJerr]] and [Siderr]] tetrahedral units
whose unit enpirical fornula on an anhydrous basis is: nR:
(SiferrJAl[err]P[err])Jerr] wherein R represents at |east one organic
tenpl ating agent present in the intracrystajjine pore system "nf
represents the noles of "R' present per nole of

(S|[err]AI[err]P[err])CIerr] and has a value of fromzero to 0.3; "x", "y"

and 2" [epresent  SPRCLIS! Yank e WU ARACH, ON S BbeBtl bR £ AT num and
no

phosphorous, said fracti'ons bein I'n the ona area
bounded by points AnyBrdeinPshod gz.P”aié"@:.%h”ihYTwarm Of

Example 4

5 The catalyst of Example 1 was used to
isomerize a deoiled slack wax derived from a
700-800°F solvent refined vacuum gas oil: (Table
XII). Conditions were 160 psig, 0.3 LHSV, and 8 M
SCF/bbl once-through H,. The results are set forth

10 in Table XIII.

Example 3
The catalyst of Example 1 was used to
isomerize a deoiled slack wax derived from a
15 800-900°'F solvent refined vacuum gas oil (Table
XIV). Conditions were the same as in Example 4.

The results are set forth in Table XV.
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Flgure 1, or preferably within the area bounded by points a, b, ¢, d and e
on"the” ternary di agram of Figure 2. The silicoal um nophosphate has a
chdracteristic X-ray powder diffraction pattern (as-synthesized and

cal cined) which contains at |east the d-spacings set forth below in Table
[11. When SAPO-31 is in the as-synthesized form "ni' preferably has a val ue
of fromO0.02 to 0. 3.

-d2-

IABLE XII

S Deoiled Slack Wax from

700-800°F_Solvent Refined VGG

Gravity, "API 41.0
Pour Point, °C +51
10 Viscosity, cSt, 100°C 3.141
Sulfur, ppm 383
Nitrogen, ppm _ 8.9
N-paraffing, Wt.% _ 77.2
'15 Simulated Distillation, LV%, °F
sT/5 _ . . 617/674
10/30 695/732
50 760
20 70/90 | ~ 795/842
95/99 861/903

25
This Sheet Has Been Replaced
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-19- TABLE |11 '
Relatlve 2[ err] d([err]) Intensity 8.5 -

10.40 - 10.28 m- s 20.2 - 20.3 . 4.40 - 4,37
2.9 - 22.1 4.06 - 4.02 w- m 22.6 - 22.7
3.93 - 3.92 vs 31.7 - 31.8 3.823 - 2.814 w -

Al of the as-synthesized SAPO 31 conpositions for which X-ray powder
diffraction data have presently been obtained have patterns which are
within the generalized pattern of Table IV bel ow
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-20- - 2l err] d([err]) 100XI/1[err] 6.
145 - 0-1 N

~44-

IABLE XIV

Deciled Slack Wax from

5 800-900°F Solvent Refined VGO
Gravity, °"API _ 40.2
Pour Point, °C +57
Viscosity, c¢St, 100°C 4.317

10 70°C 7.554
Sulfur, ppm 122
Nitrogen, ppm 3.4
N-paraffins, Wt.% 57.1

15

Simulated Distillation, LV, °F

ST/5 | | 565/714
10/30 738/808
20 50 843
70/90 873/909
95/99 ' 928/965
Sheet Has Been Replaced
"




8.5~ - 8.6* 10.40 - 10.28 60 - 72 9, 5* _
9.31- 7 - 14 13.2 - 13.3* _ 6.71 - 6.66 1
-4 14.7 - 14.8 6. 03 - 5.99 1- 2 15.7 - 15. 8*
5.64 - 5.61 1-8 17.05 - 17.1 5.20 - 5.19
2 -4 18.3 - 18.4 4.85 - 4.82 2 - 320.2 - 20.3
4. 40 - 4. 37 44 - 55 21.1 - 21.2* ' 4. 21 - 4.19
6 - 28 21.9 - 22.1* 4. 06 - 4.02 32 - 38 22.6 -
22. 7% 3.93 - 3.92 100 23.3 - 23.35
3.818 - 3.810 2 - 20 25. 1~ 3. 548
3 -4 25.65 - 25.75 3.473 - 3.460 2 - 3 26.5*
3.363 1-427.9 - 28.0 : 3.198 - 3.187 8 -
10 28. 7* 3.410 0 -2 29.7
3.008 4 - 531.7 - 31.8 1 21823 - 2.814 15 -
18 32.9 - 33.0* 2.722 -a32. 714 0 - 323531 o 36.2
2.557 - 2.550 5- 8 > S T .
+ 3 ~ ©
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36.0: - 36.1 ' 2.495 - 2.488 1 - 2 37.2

22417~ 1-237.9 - 38.1*% 2.374 - 2.362 2
4+:39.3 2.292 2 - 343.0 - 43.1*
2.103 - 2.100 1 44.8 - 45, 2% ' 2.023 - 2.006 1
46. 6 1.949 1 -2 47.4 - 47.5

1.918 1 48.6 - 48.7 . 1.872 - 1.870 2 50.7
- 50.8 1.801 - 1.797 -4g21. 6 - 51.7

1.771 - 1.768 2 - 3554 - 555 1.658 - 1.656

1 * Possibly contains peak froma mnor inpurity.

SAPO- 41, al so suitable for use in the process of the invention,
conprises a si | i coal um nophosphat e having a three-di nensi onal

m croporous crystal framework structure of [P(err]], [Alerr]]
and [Sigerr]] tetrahedral units, and whose unit enpirical fornmula

on an anhydrous basigxdnfgle 6
ZSM-22 was prepared as follows:

5 The following reactants were combined to
produce a gel: N,N’-dimethyl imidazolium
hydroxide, Ludox AS-30 silica sol, aluminum
sulfate, sodium hydroxide, and water in the
ratios:

10 $10,/A1,0, = -100
H,0/5i0, = 30
template/SiQ, = 0.15
. NaOH/Si0, = 0.10

OH’/si0, = 0.25

15
The reaction was run at autogenous pressure in a
stainless steel autoclave at 150°C for 6 days.
The product was filtered, calcinated to 1000°F in
air, ion-exchanged four times with excess NHNO,
20 and calcined again to_1000'r. The produét was

identified by X-ray diffraction analysis as 2ZSM-
22. The Sioz/Alzba mole ratio was about 100. The
sieve was bound with 35% Catapal and the extrudate

impregnated
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-21- mR: (Si[err]Al[err]P[err])err] wherein R represents at
| east one organi c tenplating agent present in the intracrystalline pore
system "m' represents the noles of "R' present per nole of

(Siferr]Al[err]P[err])Jerr] and has a value of fromzero to 0.3; "x", "y"
and "z" represent respectively, the nole fractions of silicon,
~47-
ZABLE XVI
' Hydrofinished 0il from Example 3
S
Color < 1.0
Gravity, "API 37.0
Aniline Pt, °F 259.6
Pour Point, °C -30
10 Cloud Point, °C ' -7
Sulfur, ppm 0.4
Nitrogen, ppm <1
Viscosity, cSt
40°C 39.33
15 | 100°C ' | 7.073
VI _ 143
Oxidator BN, hr 40.9

Carbon Type Distribution, ndM, Wt.%

20 Paraffinic 80.27
Naphthenic 19.73

Aromatic 0.00

Simulated Distillation, LV%, °'F

25
ST/S 630/702
10/30 _' 749/862
50 - 916
70/90 957/100S
30 95/99 : 103071084
I —

eet Has Been Replaced
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al um’num and phosphorous said nole fractions being within the
conp05|t|onal area bounded by points A, B, C, D and E on the ternary
diagram of Figure 1, or preferably within the area bounded by points a, b,
c, d and e on the ternary diagramof Figure 2, and said

si |l i coal um nophosphate having a characteristic X-ray powder diffraction
pattern (as-synthesized and cal ci ned) which contains at |east the
d-spacings set forth below in Table V. Wiggpe SAPO-41 is in the
as-synt hesi zed form"ni' preferably has a value of fromO0.02 to 0.03.

TABLE V Rel ati ve 2[err]
d ([err]) | Nt @ikt W% $8. Bnd-cdBcfhed in the sabe ddanner GasiZhe W -
m20.5 - 20.6 3 4. ?1 w- m21.1 - 21.3
lé
4.21 - 4.17 qaragyst or g’éa'gp 4.02 - 3.99 m- s
, Example 7
S The catalyst of Example 6 was used to
isomerize the slack wax of Table XI at 500 psig,
0.3 LHSV, and 8M SCF/bbl once-through B,. The
results are set forth in Table XVII.
10 Example 8

The catalyst of Example 6 was mixed with a

10-fold excess of S wt.% Mg CO, in water, filtered,
dried for 18 hours at 93°C, and calcined for 12
hours at 538°C. The Mg content was 22.7 wt.%.

15 This catalyst was used to isomerize the slack wax
of Table XI at 0.3 LHSV and 8 MSCF/bbl H,, both at
500 psig and 160 psig. The results are set forth
in Table XVIII, showing a higher yield for this
catalyst than
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22.8 "- 23.0 3.90 - 3.86 m23.1 - 23.4 3.82
- 3.80 w- m25.5 - 25.9 3.493 - 3.44 w- m Al
of 't he as-synthesi zed SAPO 41 conposi tions for which X-ray powder
diffraction data have presently been obtained have patterns which are
within the generalized pattern of Table VI bel ow

138
134
133

VI

.. ¢St

Viscosity at
59.64/9.363
61.50/9.442
57.97/8.971

40/100°'C

...49..
Pour/Cloud,
-3/+9
-18/<-63
-30/<-63

Isomerizing Slack Wax from 900'F+ Hydrocracked VGO

700 °F+
Yield, Wt.%
3
1.3
2

: I.F

Catdlyst

600
620
640
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TABLE VI

_22_
100 X'I/1[err] 6.7 - 6.8
9.7 9.21 - 9.11
6. 42 10 - 28 18.2 - 18.3
- 20.6 4. 33 - 4. 31
4.17 100 22.1 - 22.3
- 23.0 3.90 - 3.87
3.80 20 - 30 25.2 - 25.5
- 25.9 3.493 - 3.44
3.028 17 - 23 31.4 - 31.6
- 33.3 2. 706 - 2.690
J
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13.19 -
12 - 25 13.
4.87
10 - 32
4.02
43 - 58
3.53
12 - -8
27849
5-F

cSt

Viséosity at

40/100°C,

Pour/Cloud,

700°F+
Yield, Wt.3

'F

Catalyst
T

Pressure
psig

2[err]
12. 99

6

21.
23.
28.

55.09/8.990
54.08/8.835
45.55/8.003
46.10/7.886

-18/+2

63.3
61

645

500

1

1
&

-24/¢<-63
-27/-4
-39/-8

.8

660
640
660

76.1

160

d([err])

15 - 24 9.6
. 8 6.51 -
85 | 8 - 10 20.5
21.3 4.21 -
45 - 82 22.8
. 49 8 - 20 25.5
29.5 3.048 -
831 5 - 10 33.1

69.5



37.6 " - 37.9 2.392 - 2.374 10 - 15 38.1 - 38.3

2.362° - 2. 350 7 - 10 39.6 - 39.8 2.276 - 2. 265

2~ 542.8 - 43.0 2.113 - 2.103 5-849.0 - 49.3

1.856 - 1.848 1-8 51.5 1.774

0- 8 The process of the invention nmay also be carried out using a

catal yst conprising an internediate pore size nonzeolitic nolecul ar sieve
containing AlJerr] and PJerr] tetrahedralgjaxide units, and at |east one
Goup VIIl mmetal. Exenplary suitable internediate pore size nonzeolitic

nmol ecul ar sieves are set forth in European patent Application No. 158,977

whi ch is incorporat herel . of
i nternedi ate pore si%ggt §50F??%l%gt l?ﬂ%rﬁgsgﬁf i%r_\!/ee-rlli{bﬁloe%ri%#%ﬁ'ude ZSM 22,
ZSM 23 and ZSM 35. ehésetcaf algwtRrefsargerBr ¥ield Lo ilisgesbevne be

I nternmedi ate pore size catalysts based on the neasure of their internal

structure . E le

5 The catalyst of Example 6 was used to
isomerize a deoiled slack wax derived from a
900°'F+ solvent refined vacuum gas oil (Table XIX).
Conditions were the same as Example 7. The
results are set forth in Table XX.

10
Example 10

The catalyst of Example 8 was used to

isomerize a slack wax (not deoiled) derived from a
700-800"F solvent refined vacuum gas ¢il {(the same

15 used to prepare the feed of Table XII).
Inspections of the feed are givén in Table XXI.
Isomerization conditions were the same as in
Example 7. The results are set forth in Table
XXII.

20
Example 11

- 28M-23 was prepared as in U.S. Patent No.

4,076,842, and identified as such by X-ray
diffraction analysis after calcination at 1000°F

25 in air. It was exchanged four times with excess
NH,NO, and calcined again at 1000°F. The sieve was
impregnated with 0.5% Pt and calcined in the same
manner as the catalyst of Example 1.

N
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as represented by their Constraint Index. Zeolites which provide highly
réstri‘cted access to and egress fromtheir internal structure have a high
value for the Constraint |ndex, while

-23- zeolites which provide relatively free access to the internal
zeolite structure have a | ow val ue

_52_
TABLE XIX
5
Gravity, ‘API 36.7
N, ppm 12,
S, ppm 326 |
Viscosity, cSt, 100°C 7.307
10 70°C 14.03
Simulated Distillation, LV%, °F
15 ST/5 47/678
10/30 ' : 808/899
' 50 _ 931
) - - 70/90 965/1011
95/99 103571090
20
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for.thejr Constraint Index. The nethod for deternining Constraint Index is
described fully in U S. Patent No. 4,016,218 which is incorporated herein
by reference. Those zeolites exhibiting a Constraint |Index val ue
within the range of fromabout 1 to about 12 are considered to be

internedi ate pore size zeolites. Zeolites which are considered to be in
this range include ZSM5, ZSM 11, etc. Upon careful exam nation of the

i nternedi ate pore size zeolites, however, it has been found that not all of
themare efficient as a catalyst for isonerization of a paraffin-containing
feedstock which are high in Cerr]+ paraffins, and preferably which are
high in CJerr]+ paraffins. In particular, it has been found that the group
including ZSM 22, ZSM 23 and ZSM 35 used in conbination with Goup VIII
nmetal s can provide a nmeans whereby a hydrocar bon feedstock having a
paraffinic content with nolecules of 20 carpon agogs r nore undergoes

unexpectedly. efficient isomerization > - -
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w t hout destroying the ultimate yield of the feedstock.

It

i s known

to use prior art techniques for formation of a great variety of synthetic
These al um nosilicates have cone to be designated by

alum nosi l i cat es.

| etter or other convenient synbols.

i nvention, ZSM 22,
crystalline three-

is a highly silic

di nensi onal

structures or crystals which result

10

15

20

One of the zeolites of the present

eous nmmteri al

-54-

whi ch i ncl udes

lack Wax F 700-800°F+ Solvent Refined VGQ

Gravity, °"API

N, ppm
S, ppm
Viscoesity, 100°C
70°C

Pour Point, °C

Simulated Distillation,

ST/5
10/30
50
70/90
95/99

, €8t

Lvs, °F

40.
20

300
3.246
5.482
+42

0

575/670
685/723
759
794/842
861/902"

s Sheet Has Been R
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- 24- . when all the oxygen atons in the tetrahedra are mutual |y shared
bet ween tetrahedral atons of silicon or alum num and which can exi st
with a network of nostly SiQ2, i.e., exclusive of any i ntracrystalline
cations. The description of ZSM 22 is set forth in full in U.S. Patent
No. 4,556,477, U. S. Patent No. 4,481,177 and European Pat ent
Application No. 102,716 the contents of whi ch are incorporated herein by

r ef er ence. As indicated in U S. Patent No. 4,566,477 t he
crystalline material ZSM 22 has been designated with a characteristic
X-ray diffraction pattern as set forth in Table VII. :
TABLE VI |

. g S 2%

cSt

Viscosity at

40/100°C,
14.55/3.893
-14,66/3.594
14.78/3.893

-55-

Isomerizing Slack Wax from 700-800°‘F Solvent Refined

700°F+ Pour/Cloud,
Yi £t. % ‘C '
49.1 ~9/~6
45.1 ~24/<~-63
42.8 ~33/<-63

"

Catalyst
640
700
720

s Sheet Has Been Rerlacec
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Most -Signi ficant Lines of ZSM 22 |Interplanar d- spaC|ngs ([err]) Relative

I'ntensity(I/10) 10.9 0.2 M- VS 8.7
0.-16 w 6. 94 0.10 W- M
5.40 TJ[err] 0.08 w 4.58 [err] 0.07

wW 4.36 [err] 0.07 VS 3.68 [err] 0.05

VS 3.62  [err] 0.05 'S - VS 3.47 [err] 0.04
M- S 3.30 [err] 0.04 : , w 2.74 J[err] 0.02

W 2.52 [err] 0.02 W =36=1t shoul d be understood t hat
the X-ray diffraction pattern of Table VII is characteristic of all the

speci es of ZSM 22 zeolite conpositions. |on

Example 12
The catalyst of Example 11 was used to

isomerize the feed of Table XI at 0.3 LHSV, 500
L) psig, and 8 MSCF/bbl H,. The results are set forth
in Table XXIII.

Example 13 .
. The catalyst of Example 8 was used to

10 isomerize a Cy+ normal alphaolefin wax (Table
XXIV) at 0.3 LHSV and 8 MSCF/bbl H,, both at 500
psig and 300 psig. The results are set forth in
Table XXV.
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exchanbe of the alkali nmetal cations with other ions results in a

zeo)Jite which reveal s substantially the sane X-ray diffraction pattern
- 25- with some mnor shifts in interplanar spacing and variation in
relative intensity. Furthernore, the original cations of the
fl -4 c?'l S
o - 2

¢St

48.87/7.887
47.53/7.445

Viscosity at
40/100°C,

_57_
Isomerizing Slack Wax from 900°F+ Hydrocracked VGO

700°'F+ Pour/Cloud,
L ] C

50.3 o +9/+10

43.3 -27/-14

Yi

9 3

-_—
'Thls Sheet Has Been R

W™
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as- synt hesi zed ZSM 22 can be replaced at least in part by other ions using
conventional ion exchange techniques. It may be necessary to precal cine the
ZSM 22 zeolite crystals prior to ion exchange. In accordance with the
present invention, the replacenent ions are those taken from Goup VIII of
the Periodic Table, especially platinum palladium iridium osm um
rhodi um and rut heni um ZSM 22 freely sorbs normal hexane and has a
pore di nension greater than about 4 [err]. In addition, the structure of
the zeolite provides constrained access to |arger nol ecul es. The Constraint
I ndex as determ ned by the procedure set forth in U S Patent No. 4,016, 246
for ZSM 22 has been determned to be fromabout 2.5 to about 3.0.

Anot her zeolite which can be used with the present invention is the
synthetic crystalline alumnosilicate referred to as ZSM 23, disclosed in
U S. Patent No. 4,076,842, the contents of which are incorporated herein by

reference. The
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-~

ZSM 23 conposition has a characterlstlc X-ray diffraction pattern as set
forth herein in Table VIII. O her nol ecul ar si eves which can be used
with the present invention include, for exanple, Theta-1, as described in
U S. Patents 4,533,649 and 4, 836,910, both of which are incorporated in
their entireties by reference, Nu-10, as described in European Patent

Application 065,400 which is |ncorporpted inits entirety by reference and
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- 26-

* 20 as described in U S. Patent 4,483,835 which is incorporated in

ifs entirety by reference. TABLE VI I | 11.2
[err] 0.23 M 10.1 0. 20 W 7.87
[err] 0.15 W 5.59 0. 10 W 5.44
[err] 0.10 W 4.90 [err] 0.10 W 4.53
[err] 0.10 S 3.90 [err] 0.08 VS 3.72
[err] 0.08 VS 60

10

While the invention has been described in
connection with specific embodiments thereof, it
will be understood that it is capable of further
modification, and this application is intended to
cover any variations, uses, or adaptations of the
invention following, in general, the principles of
the invention and including such departures from
the present disclosure as come within known or
customary practice in the art to which the
invention pertains and as may be applied to the
essential features hereinbefore set forth, and as
fall within the scope of the invention and the
limits of the appended claims.
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3, 62
3

44 °

- 3.16
2.99
2.54
2.40

> [err] 0.07
[err] 0.07
[err] 0.07
[err] 0.06

0. 05
[err] 0.05

VS  3.54

[err] 0.07 M
S 3.36 J[err] 0.07 wW
W 3.05 [err] 0.06 w
W 2.85 0. 06 VV
M 2.47 0. 05
W 2.34 Jerr]

The ZSM 23 conposition can al so be defineggjn terms of
oxi des in the anhydrous state as foll ows:

Alferr]Jerr]:
t he val ence t hereof.

(40 -250)Sigerr] wherein Mis at

As in the ZSM 22, the original cations of

as-synt hesi zed ZSM 23 can be repl aced

10

That Which Is Claimed Is:
N A process for producing lube oil
comprising isomerizing a waxy feed 1) having

greater than about 50% wax and/or 2) exhibiting a
high pour point above about 0°C and having greater

than about 70% paraffinic carbon over a .catalyst

comprising a molecular sieve having generally oval
1-D pores having a minor axis between about 4.2 A
and about 4.8 A and a major axis between about 5.4

A and about 7.0 A and at least one Group VIII

metal at a pressure of from about 15 psig to about

2000 psig.
2. The process of claim 1, wherein said
waxy feed contains at least about 80% wax.

3. The process of claim 1, wherein said
waxy feed contains at lease about 90% wax.

wherein said
waxy feed contains at least about 80% paraffinic
carbon.

4. _ The process of claim 1,

5. The process of claiﬁ 1, wherein said
waxy feed contains at least about 90% paraffinic
carbon.
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in actordance with techm gques well-known in the art, at least in part by
i oni ¢ "exchange with other cations. I'n the present |nvention t hese cations

include the G oup VIIl netals as set 1 ' :
-27- The third internedi ate ﬂl H Emuu r mle
* C L M s *

-62-

6. The process of claim 1, wherein said
waxy feed is selected from the group consisting of
gas oil, lubricating oil stock, synthetic oil,
foots o0il, slack wax, deoiled wax, normal

5 alphaoclefin wax and microcrystalline wax.

7. The process of claim |, wherein said
molecular sieve is selected from the group
consisting of SAPO-11, SAPO-31, SAPO-41, ZSM-22,
ZSM-23, and ZSM-35 and said metal compound is

5 selected from the group consisting of at least one
of platinum and palladium.

8. The process of claim 7 wherein said
molecular sieve further comprises a platinum
hydrogenation component.

9. The process of claim 1, wherein said
molecular sieve is a SAPO-11 crystalline
silicoaluminophosphate.

10. The process of claim 9 wherein said
molecular sieve further comprises a platinum
hydrogenation component.

11. The process of claim 1, wherein
isomerization is carried out at a temperature of
from about 200°C to about 475°C and a pressure of
from about 15 to about 2000 psig.

12. The process of claim 11, wherein said
pressure is from about 50 to about 1000 psig.

I
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whi ch” has been found to be successful in the present invention is ZSM 35,
which’is disclosed in U S. Patent No. 4,016,245, the contents of ‘which are
i ncorporated herein by reference. The synthetic crystalline alumnosilicate
known as ZSM 35, has a characteristic X-ray diffraction pattern which is
set forth in U S. Patent—No—4;016245. ZSM 35 has a conposition which can

be defined in terns . ' oxi des in the anhydrous state as
fol |l ows: Ul&Ziﬂﬂ @m gﬂﬂ FEP|WGH%QAHGH]qu]D£E§qu]
wherein Ris organic'y " hi ng ca®?on derived from

p

et hyl enedi ami ne or pyrrolidine and Mis an alkali nmetal cation. The
original cations of the as-synthesized ZSM 35 can be renoved using
techni ques well known in the art which includes ion exchange with other

cations. In the present inygntife Hiecedki 88 ex&imNOE wWhetasHd tRer €pl ace
the as-synthesized cations wt rth hq&ein. It

h t G Vi t al t f
has been observed t KEPPEFRLYES AP &aﬂmr 35?}*5#%%?&‘?%5@325 95C; an

the pressure is from about 100 psig to about 600
psig.

14. The process of claim 1, wherein the
liquid hourly space velocity during isomerization
is from about 0.1 to about 20.

15. The process of claim 14, wherein the
liquid hourly space velocity is from about 0.1 to
about S.

16. The process of claim 1, wherein
isomerization is carried out in the presence of
hydrogen. '

17. The process of claim 1, further
comprising hydrofinishing the isomerized lube oil.

18. . The process of claim !, wherein
hydrofinishing is carried out at a temperature of
from about 190°C to about 340°C and a pressure of
from about 400 psig to about 3000 psig.

’ _ 19. The process of claim 18, wherein
hydrofinishing is carried out in the presence of a
metallic hydrogenation catalyst.

20. The process of claim 1, wherein said
waxy feed has an organic nitrogen content of less
than about 50 ppmw.
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simkar to that of natural ferrierite with a notable exception being that
ratural ferrierite patterns exhibit—asrgmficant—tine at 1.33 A

X*ray crystall ography of SAPO 11, S SN122 ZSM 23 and
ZSM 35 shows these nol ecul ar si eves “Eﬂ m%ﬁ W ng rraj or and m nor
axes: SAPO-11, major 6.7 [err], nin ett . M, et al,
Zeolites, 1, 160(87)), SAPO 31 and SAPO 41, believed to be slightly large
than SAPO- 11, ZSM 22, major 5.5 A, minor 4.5 A (Kokotailo, G T., et al

Zeolites, 5, 349(85)); ZSM 23, major 5.6 F64¢], minor 4.5 [err]; ZSN¥35:
maj or

21. The process of claim 20, wherein said
organic nitrogen content is less than about 10
ppmw.

22. The process of claim 1, wherein the
waxy feed comprises Cy,+ paraffins and boils above
about 230°C.

23. Thé prbcess of claim 22, wherein the
waxy feed boils above about 315°C.

_ 24. A lube oil prepared by the process of
claim 1.

25. A lube oil prepared by the process of
claim 1 having a viscosity index of from about 120
to about 180 and a pour point of from less than-
about -63°C to about -9°C.

26. The lube oil of claim 25, wherein the
viscosity igdex is at least about 140 and the pour
point is no greater than about -12°C.

27. The lube oil of claim 25, wherein the
viscosity index is at least about 120 and the pour
point is no greater than about -40°C.

28. The process of claim 1, wherein said
molecular sieve is a ZSM-22.

29. The process of claim 28, wherein said
molecular sieve further comprises a platinum
hydrogenation component.
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-28- .7 5.4 [err], mnor 4.2 A(Meier, W M and Osen, D. H, Atlas of

Zeollte Structure Types, Butterworths, 1987). The i nternedi ate pore
size molecular sieve i's used in admixture with at |east one G oup VIII
netal. Preferably the Goup VIII netal is selected from+he—group

consi sting of at'least one of platinumand paIIadiun1and
catalytically active netals such as nol ybdenum ni ckel, @ml “jmﬁl "
tungsten, zinc and mxtures thereof. Mst preferably, t he

Is selected fromthe group consisting of aiéfeast one of platlnun1and
pal | adium The anount of netal ranges from about 0.01%to about 10% by’

30. The process of c¢laim 1, wherein said
catalyst contains a Group IIA metal.

31. A process for producing ¢0il comprising
isomerizing a waxy feed 1) having greater than
about 50% wax and/or 2) exhibiting a high pour
point above about 0°C and.having greater than

S about 70% paraffinic carbon over a catalyst
comprising'(a) an intermediate pore size
nonzeolitic molecular sieve conﬁaining Al0, and PO,
tetrahedral oxide units and (b) at least one Group
VIII metal at a pressure of from about 15 psig to

10 about 2000 psig. '

32. The process of claim 31, wherein said
waxy feed contains at least about 80% wax.

33. The process of claim 31, wherein said
waxy feed contains at least about 80% paraffinic
carbon.

X 34. The process of claim 31, wherein said
waxy feed is selected from the group consisting of
gas oil stock, lubricating oil stock, synthetic
oil, foots o0il, slack wax, deociled wax, normal

-1 alphaolefin wax and microcrystalline wax.

35. The process of claim 31, wherein the
liquid hourly space velocity during isomerization
is from about 0.1 to about 20.

36. The process of claim 31, further
comprising hydrofinishing the isomerized lube o0il.

I —
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wej ght_of the nol ecul ar sieve, pr om about 0.2% to about 5% by
melght of the nol ecul ar sieve. The roduci ng catalytically
active metals into a nol ecul ar si evemgnﬂmﬂﬂgﬁ' Illn the literature, and
preexi sting metal incorporation techwurques amd sreatnment of the nolecul ar
sieve to forman active catal yst such as ion exchange, inpregnation or
occlusion during sieve preparation are suitable for use in the present
process. Such techniques are disclosed i ~€6-5. Patent Nos. 3,236, 761

3, 226, 339; 3, 236, 762; 3,620,960; 3,373, 109; 4,202,996, 4,440,781 and
4,710, 485 which are incorporated herein by reference. The term
"metal" or "active netal" as used herein neans one or nore netals in the
el emental state or in sonme formsuch as sulfide, oxide and m xtures

t hereof . Regardl ess of tha&7st ahelube ik lprdparedt by tite queyuoeszntofact ual |y
exi sts, the claim 31.

38. A lube o0il having a pour point below
about -24°C and a viscosity index above 125.

39, A lube o0il as set forth in claim 38
having a viscosity index of from about 125 to
about 180 and a pour point of from about -63°C
to -24°C.

40. The lube o0il of claim 39, wherein the
viscosity index is at least about 130.

41. The lube o0il of claim 38, wherein the
viscosity index is at least about 140 and the pour
point is no greater than about -30°C.

42. The lube 0il of claim 41, wherein the
pour point is no greater than about -40°C.
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-29-,7 -concentrations are conputed as if they existed in the el emental

state

The catal yst may al so contain netals which reduce the nunber

of strong acid sites on the catalyst and thereby | ower the selectivity for
cracking versus isonerization. Especially preferred are the Goup Il A
metal s such as nmagnesi um and cal ci um

10
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WAX ISOMERIZATION USING
CATALIST OF SPECIFIC PORE GEOMETRY

Abstract Of The Disclosure

The present invention relates to a process
for producing a lube o0il having a low pour point
and excellent viscosity and viscosity index
comprising isomerizing a waxy feed over a catalyst
comprising a moleculat sieve having generally oval
1-D pores having é minor axis between about 4.2 A
and about 4.8 A and a major axis between about 5.4
A and about 7.0 A and at least one group VIII
metal. SAPO-11, SAPO-31, SAPO-41, 2ZSM-22, 2ZSM-23
and ZSM-35 are examples of useful catalysts.
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It.js preferred that relatively small crystal size catalyst be utilized in
practicing the invention. Suitably, the average crystal size is no greater
t han about 10[err], preferably no nore than about 5[err];—rmore preferably

no nore than about 1[err] and still nore preferably no npr QB Replaced
0.5[err]. Strong acidity may al so be reduced by Fﬁi‘%s‘g ?ﬂa A en
conpounds, e.g., NHerr] or organic nitrogen conpounds, int m“““gwmw
however, the total nitrogen content should be | ess than 50 y

| ess than 10 ppm The physical form of the cataz’st depends on the type of
catal ytic reactor being enployed and may be in e formof a granule or
powder, and is desirably conpacted into a nore adi |y usable form(e.g.,

| arger aggl onerates), usually with a silica o m na bi nder for fluidized

bed reaction, or pills, prills, spheres, extpyy or ot her shapes of
controlled size to accord adequate catal yst "ﬂj’A contact. The catal yst
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eqployed either as a fIU|d|zed—eataIyst or in a fixed or noving bed, and
in en€ or nore reaction-stages. The catal ytic isonerization step of
t he |nvent|on,nay be conducted by contacting the feed

--30- _wmith a fixed stationary bed of catalyst, with a

FIG 3
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. . S - _ ' Too7ssys 7S
fixed. fl:uidized bed, or with a transport bed. A sinple and therefore

ﬁrefefred conflguratlon Is a trickle-bed operatlon I.n.which the feed is

~—=allowed to trickle through a stationary fixed bed,? pﬁ'ie’“bly ]n“”he “
presence of hydrogen. The catal ytic |SONEV|zat 1
enpl oyed depend on the feed used and the de5|red/pour_ppinu;
tenperature is fromabout 200[err]C to about 475(err]C ‘pr. .
about 250[err]C and to about 450[err]C. The presgure.is ty L ey 1 E
about 15 psig and to about 2000 psi g, preifuabjy f rom-about’ 50'to “about™
1000 psig, nore preferably from about 100 psig t.o about 600.pSi gy, 31
process of the invention is preferably carrledLnut At lﬁMtﬁmeSqu., é%&.mm*“,
| iquid hourly space velocity (LHSV) is preferably from about 0.1 to about

20, nore preferably from about th Egoﬁ'ﬁ'ia- oﬁ”ﬁb st preferably from
about 0.1 to about 1.0. LopABLEE AHEdgWd g BBMETYy Space vel ocity

provi de enhanced isoneriza [ on se ect|V|ty . S Ih nore
i sonerifzation
Cross-Reference
This ipplication is a continuation-in-part
of co4pending application Serial No. 07/311,969,
filed February 17, 1989.

' The present invention relates to a process
for isomerizing a waxy feed, including petroleum
waxes, over a catalyst having a particular pore
geometry and including at least one Group VIII
metal to produce a lube o0il having a low pour

Sl - ' point and excellent viscosity and viscosity index
” properties. .

Background Of The Invention .
.,High~quality lubricating oils are critical
for the operation of modern machinery and
ﬁutomobiles. Unfortunately, the supply of natural
crude oils having good lubricating properties is
not adequate for present demands. Due to
uncett;inties in world crude oil supplies, high-
quality lubricating oils must be produced from
ordinary crude feedstocks and can even be produced
from paraffinic synthetic polymers. Numerous
proéesses have been proposed for producing
lubricating oils that can be converted into other
pfoducts by upgradihg the ordinary and low-
quality stocks. :
It is desirable to upgrade a crude fraction
. otherwise unsuitable for lubricant manufacture
' into one from which good yields of lube oils can

This is th'-e replacement sheet
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and | ess cracking of the feed thus producing an increased yield.

- Hydrogen is preferably present in the reaction zone during the catalytic
i someri zation process. The hydrogen to feed ratio is typically from about
500 to about. 30,000 SCF/ bbl (standard cubic feet per barrel), preferably
from about 1,000 to about 10,000 SCF/ bbl.. Cenerally, hydrogen wll be
separated fromthe product and recycled to the reaction zone. The
i ntermedi ate pore size nolecular sieve used in the isonerization step
provi des sel ective -2

be obtained. Dewaxing is required when highly
paraffinic oils are to be used in products which
need to remain mobile at low temperatures, e.g.,
lubricating oils, heating oils and jet fuels. The
higher-molecular weight straight chain normal and
slightly branched paraffins which are present in
oils of this kind are waxes which cause high pour
points and high cloud points in the oils. If
adequately low pour points are to be obtained,
these waxes must be wholly or partly removed. 1In
the past, various solvent removal techniques were
used such as propane dewaxing and MEK dewaxing but
these techniques are costly and time consuming.
Catalytic dewaxing processes are more economical
and achieve this end by selectively cracking the
longer chain n-paraffins to produce lower
molecular weight products, some of which may be
removed by distillation.

Because of their selectivity, prior art
dewaxing catglyats generally comprise an.
aluminosilicate zeolite having a ﬁore size which
admits the straight chain n-paraffins either alone
or with only slightly branched chain paraffins
(sometimes referred to herein as waxes), but which
excludes more highly brancthed materials,
cycloaliphatics and aromatics. Zeolites such as
ZSM-5, 2SM-11, ZSM-12, ZSM-23, ZSM-35 and ZSM-38
have been proposed for this purpose in dewaxing
processes and are described in U.S. Patents Nos.
3,894,938; 4,176,050; 4,181,598; 4,222,855;
4,229,282 and 4,247,388. Such processes as are
set forth in the above-mentioned patents are used
to accomplish dewaxing on feeds which contain
relati#ely low amounts of waxes, generally well
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+31- > conversion of the waxy conponents to non-waxy conponents. ‘During
processing, isonerization of the paraffins occurs to reduce the pour point
of the oil below that of the feed and form|lube oil boiling range materials
whi ch contribute to a | ow pour point product having excellent viscosity

i ndex properties. Because of the selectivity of the internediate
pore size nolecular sieve used in the invention, the yield of |ow boiling
products is reduced, thereby preserving the econom c val ue of the

f eedst ock. The internedi ate pore sige nol ecul ar. sieve catal yst can

be manufactured into a wide variety of physical forns. The nol ecul ar sieves
can be in

below 50%, and they operate by selectively
cracking the waxes. These processes are not
readily adapted for treating high wax content
feeds since, due to the large amount of cracking
which occurs, such waxes would tend to be cracked
to provide very low molecular weight products.

Since dewaxing processes of this kind
function by means of cracking reactions, a number
of useful products become degraded to lower
molecular weight materials. For example, waxy
paraffins may be cracked to butane, propane,
ethane and methane as may the lighter n-pargffins
which dco not contribute to the waxy nature of the
0il. Because these lighter products are generaily
of lower value than the higher molecular weight

' materials, it would obviously be desirable to
limit the degree of cracking whicﬁ takes place
during a catalytic dewaxing process.

Although U.S. Patents Nos. 3,700,585;
3,894,938; 4,176,050; 4,181,598; 4,222,855;
4,222,282; 4,247,388 and 4,859,311 teach dewaxing
of waxy feeds, the processes disclosed therein do
not disclose a process for producing high yields
of a lube o0il having a very low pour point and
high viscosity index from feeds containing a very
high wax codtent, i.e., greafer than 80% wax, such
as slack wax, deoiled wax or synthetic liquid |
polymers such as low molecular weighé
polyethylene. _

Also, the prior art does not disclose a
lube oil characterized by having both a low pour
point (below about -24°C) and a viscosity index
greater than 125. It is believed that the closest
that the prior art comes to accomplishing this is

Thds i5 'ma repracament sheet
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the formof a powder, a granule, or a nolded product, such as an extrudate
having a particle size sufficient to pass through a 2-nesh (Tyler) screen
and be retained on a 40-mesh (Tyler) screen. In cases wherein the catal yst
i's nmol ded, such as by extrusion with a binder, the silicoal um nophosphate
can be extruded before drying, or, dried or partially dried and then

ext r uded. The nol ecul ar sieve can be conposited with other materials
resistant to tenperatures and other conditions enployed in the

| somerization process.. Such matrix materiaks include active and inactive
‘materials and synthetic or naturally occurring zeolites as well as

I norganic materials such as clays, silica and netal oxides. The latter may

be either naturally QCEULENG0bnkNokNRoLE! §F OF . H€ FlddnRiss 30R8SI, Bhbat es,

sols or gels |nclu§|ugrnxtures of silica and netal oxi des. '
(pour point -23°C, viscosity index 124), 3,658,689
(pour point -54°C, viscosity index 92 as
calculated from Table III of the patent);
3,764,516 (same as 3,658,689); 3,487,005 (pour
point -29°C, viscosity index 121 and 125 and pour
point -46°C, viscosity index 122) and 4,547,283
pour point not specified but probably above 0°C as
made by solvent dewaxing, viscosity index 154-
156). _ '

Since processes which remove wax will give
a low yield with very waxy feeds, isomerization
processes are preferred. U.S. Patent No.
4,734,539 discloses a method for isomerizing a
naphtha feed using an intermediate pore size
zeolite catalyst, such as an H-offretite catalyst.
U.S. Patent No. 4,518,485 discloses a process for
dewaxing a hydrocarbon feedstock containing
paraffins by a hydrotreating and isomerization
process.

U.S. Patent No. 4,689,138'discloses.an
isomerization process for reducing the normal
paraffin content of a hydrocarbon oil feedstock
using a catalyst comprising an intermediate pore
size silicoaluminophosphate molecular sieve
containing a Group VIII metal component which is
occluded in the crystals during growth.

Lube oils may also be prepared from feeds
having a high wax content such as slack wax by an
isomerization process. In prior art wax
isomerization processes, however, either the yield )
'is low and thus the process is uneconomical, or
the feed is not completely dewaxed. When the feed
is not completely dewaxed it must be recycled to a

This is the replacement sheet

Date: 3 0 0CT 19%



-32- .lnactive materials suitably serve as diluents to control the anount
of conversion in the isonerization process so that products can be obtained
econom cal l'y wi thout enploying other neans for controlling the rate of
reaction. The nol ecul ar sieve may be incorporated into naturally occurring

clays, e.g., bentonite and kaolin. These materials, i.e., clays, oxides,
etc.,

-

dewaxing process, e.g., a solvent dewaxer, which
limits the throughput and increases cost. U.S.
Pntent No. 4,547,283 discloses converting wax to
lube. However, the MEK dewaxing following
isomerization disclosed therein severely limits
pour reduction and thus, very low pour points
cannot be achieved. Further, the catalyst
disclosed therein is much less selective than the
catalysts used in the present invenpion:

Summary Of The Invention

The present invention overcomes the
problems and disadvantages of the prior art by
providing a process for preparing a lube oil
comprising isomerizing a waxy feed over a catalyst
comprising an inorganic oxide molecular sieve
having generally oval 1-D pores having a minor
axis between about 4.2& and about 4.8& and a major
axis between about 5.4A and about 7.04 as
determined by X-ray crystallography and at least
one Group VIII metal.

It is an object of the invention to produce
a lube o0il having excellent viscosity and
viscosity index properties and a very low pour
point.

It is a further object of the invention to
provide a lube ©0il having low frictional
resistance.

It is an additional object of the invention -
to provide a lube o0il which causes less engine
wear than prior art mineral oils.

It is an additional object of the invention
to.provide a lube oil which provides increased
fuel efficiency.
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~function, in part, as binders for the catalyst. It is desirable to provide
a catal yst having good crush strength because in petroleumrefining, the

catal yst is often subjected to rough handling. This tends to break the

catal yst down into powder- |ike materials which cause problens in

pr ocessi ng. Naturally occurring clays which can be conposited with

t he nol ecul ar sieve include the nontnorillonite and kaolin famlies, which

famlies include the sub-bentonites, and the kaolins commonly known as

Di xi e, McNanmee, Georgia and Florida clays or others in which the main

m neral constituent is halloysite, kaolinife, dickite, nacrite or anauxite.

o L Y cen o, o 5 B fescEPhohes gl Byl GpeaRapar, he oe
initially subjecteda proxidenat fuhe atl dhaving mmproyed; ipxidasiion
modi fication. rediktandie! cOiphLed NEo f SHHEMA EbLAMA! Hilndray bigsO! ecul ar
sieve can be corrposﬁt;teeq'evgmt hopcgtrlggion resistance" refers to the
resistance of the oil to oxygen addition, i.e.,
how rapidly oxygen is picked up and added to _
molecular species within the oil. Oxidation v
resistance is indicated by the oxidator BN
measured in hours. Oxidator BN measureé-the time
required for 100 grams of oil to absorb one liter
of oxygen and is described in U.S. Patent No.
3,852,207 at column 6, lines 15-30 which is
incorporated herein by reference.
Additional objects and advantages of the
invention will be set forth in part in the
description which follows, and in part will be
obvious from the description, or may be learned by
practice of the invention. The objects and
advantages of the invention will be realized and
attained by means of the instrumentalities and
combinations, particularly pointed out in the
appended claims. - _
In accordance with one embodiment the
invention provides a process for producing a lube
oil having excellent Viscosify and Viscosity index
properties and a low pour point comprising
isomerizing a.waxy feed over a catalyst comprising
an intermediate pore size silicoalnminophosbhate
molecular sieve and at least one Group VIII metal.
In accorddnce with another embodiment of
the invention the catalyst in the process
comprises an intermediate pore size ZSM-22, ZSM-
23 or ZSM-35 zeolite.
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matri X materials and m xtures of matrix materials such as silica, alum na,
titani‘a, magnesia, silica-alumina, silica-nmagnesia, silica-zirconia,
silica-thoria, silica-beryllia, silica-titania, titania-zirconia as well as
ternary conpositions - 33- such as
silica-alumna-thoria, silica-alumna-

-7=

The lube 0il of the invention has a high
paraffinic content which provides a low viscosity
for its boiling range. Such properties result in
less frictional resistance, less engine wear and
increased fuel efficiency. The low viscosity and
low pour point of the lube 0il result in easier
cold engine starting than prior art mineral oils.
The lube oil has a high viscosity index ranging
from about 125 to about 180 and a very iow pour
point, ranging.from less than about -63°'C to about
-24°C. sSince little or no viscosity index
improver compositions or pour point depressant
compositions are necessary for use with the lube
oil of the invention, fewer performance-decreasing
deposits are formed. The high paraffinic nature
of the o0il gives it improved oxidation resistance
compared to conventional minerai oils.

Brief Description Of The Drawings

The invention will be better understood by
reference to figures of the drawings wherein like
numbers denote like parts throughout and wherein:

Figure 1 is a ternary diagram showing the
compositional parameters of the silicoalumino-
phosphates of U.S. Patent No. 4,440,871 in terms
of mole fractions of silicon, aluminum and
phosphorus. '

Figure 2 is a ternary diagram showing the
preferred compositional parameters of the
silicoaluminophosphates of mole fractions of
silicon, aluminum and phosphords.

Figure 3 is a plot of 700 F+ lube yield

versus pour point for the process set forth in
Example 3.
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tltanla silica-al um na- magnesi a and S|I|ca- magnesi a-zirconi a. The matrix
can be in the formof a cogel . - The catal yst used in the process of
this invention can al so be conposited with other zeolites such as synthetic
and natural faujasites, (e.g., X and Y) erionites, and nordenites. It can
al. so be conposited with purely synthetic zeolites such as those of the ZSM
series. The conbination of zeolites can al so be conposited in a porous

i norganic matri X. It is often desirable to use mld hydrogenation
referred to as hydrofinishing after isomerization to produce nore stable

| ubricating oils. Hydrofinishing is typical® conducted at tenperatures
rangi ng from about 190[err]C to about 340[err]C, at pressures from about
400 psig to about 3000 psig, at space velocities (LHSV) fromabout 0.1 to
about 20, and hydrogen rec éﬁérFafeéso? Piom b diecesdtyoindsst 1500

SCF/ bbl . The hydr ogareaisusn poairappihtefipkoyive priesse satt f¥eth in
Example 3.

Retaijled Degcription Of The Preferred Embodiments

Reference will now be made in detail to the
present preferred embodiments of the invention.

. As used herein, the term “"waxy feed"
includes petroleum waxes. The feedstock employed
in the process of the invention preferably
contains greater than about 50% wax, more
preferably greater than about 80% wax, most
preferably greater than about 90% wax. However, a
highly paraffinic feed having a high pour point,
generally above about 0°C, md:e usually above
about 10°C, but containing less than 50% wax is
also suitable for use in the process of the
invention. 8Such a feed should preferably contain
greater than about 70% paraffinic carbon, more
preferably greater than about 80% paraffinic
carbon, most preferably greater than about 90%
paraffinic carbon.

Exemplary additional suitable feeds for use
in the process of the invention include waxy
distillate stock"such as gas oils, 1uhricating
oil stocks, synthetic oils such as those by
Fischer-Tropsch synthesis, high pour point-
polyalphaoléfins, foots oilg, synthetic waxes such
as normal alphaolefin waxes, slack waxes, deoiled
waxes and microcrystalline waxes. Foots oil is
prepared by separating oil from the wax. The
isolated oil is referred to as foots oil.

Feeds also suitable for use in the process
of the invention are partially dewaxed oils

This is the repiacement sheet

pate: 3 0 OCT 9%



enough not only to hydrogenate the olefins, diolefins and color bodies
within the lube oil fractions, but also to reduce the aromatic content. The
hydrofinishing stepis beneficial in preparing an acceptably stable

| ubricating oil. Sui t abl e hydrogenation catalysts include
conventional netallic hydrogenation catalysts, particularly the Goup VIII
nmetal s such as cobalt, nickel, palladiumand platinum The netals are
typically associated with carriers such as bauxite, alumna, silica gel
silica-alum na conposites, and crystallinggal umnosilicate

- wherein dewaxing to an intermediate pour point has
been carried out by a process other than.that
claimed herein, for example, conventional
catalYtic dewaxing processes and solvent dewaxing
processes. Exemplary suitable solvent dewaxing
processes are set forth in U.S. Patent No.
4,547,287. '

The process of the invention may also be
employed in combination with conventional dewaxing
processes to achieve a lube o0il having pérticular
desired properties. For example, the process of
the invention can be used to reduce the pour point
of a lube 0il to a desired degree. Further
‘réduction of the pour point can then be achieved
using a conventional dewaxing process. Under such
circumstances, immediately following the
isomerization process of the invention, the lube
0il may have a pour point greater than abbut 15°F.
Further, the pour point of the. lube 0il produced
by the process of the invention can be reduced by
adding pour point depressant compositions thereto.

The feedstock will normally be a Cy+
feedstock generally boiling above about 600°F.
However, the process of the invention is
particularlf nseful'vith waxy distillate stocks
such as gas oils, lubricating oil stocks, heating
oils and other distillate fractions whose pour
point and viscosity need .to be maintained within
certain specification limits. Lubricating oil
stocks will generally boil above 230°C (450°F),
more usually above 315°C (600°F). Hydroprocessed
stocks are a convenient source of stocks of this
kind and also of other distillate fractions since
they normally contain significant amounts of waxy
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-34- .zeolites. Palladiumis a particularly preferred hydrogenation netal.
I f desired, non-noble Goup VIII netals can be used wth nol ybdates. Metal
oxi des or sulfides can be used. Suitable catalysts are disclosed in U S
Pat ent Nos. 3,852,207; 4,157,294; 3,904,513 and 4,673,487, which are _

I ncorporated herein by reference. The high viscosity index |ube oi
produced by the process of the present invention can be used as a bl ending
conmponent to raise the viscosity index of lube oils to a higher value.
Since yield decreases with increasing visgf@lty i ndex in either _
hydrocracki ng or solvent refining, the use of an isonerized wax to increase
the viscosity index inproves vyield. The invention will be further
clarified by n-paraffins. The feedstock of the present process

will normally be a C,+ feedstock containing
paraffins, olefins, naphthenes, aromatics and
heterocyclic compounds and a substantial
proportion of higher molecular weight
n-paraffins and slightly branched paraffins which
contribute to the waxy nature of the feedstock.
During processing, the n-paraffins and the
slightly branched paraffins undergo some cracking
or hydrocracking to form liquid range materials
‘which contribute to a low viscosity product. The
degéee of cracking which occurs is, however,
limited so that the yield of low boiling products
is reduced, thereby preserving the economic value
of the feedstock.

Slack wax can be obtained from either a
hydrocracked lube oil or a solvent refined lube
oil. Hydrocracking is ﬁ:eferred because that
process can also reduce the nitroéen content to
low values. With slack wax derived from solvent
refined oils, deoiling can be used to reduce the
nitrogen content. Optionally,'hydrotreating of
the slack wax can be carried out to lower the
nitrogen content thereof. Slack waxes possess a
very high viscosity index, normally in the range
of from 140 to 200, depending on the oil content
and the starting material from which the wax.has
been prepared. Slack waxes are therefore
eminently suitable for the preparation of
lubricating oils having very high viscosity
indices, i.e., from about 120 to about 180.

The present.invention provides a unique
lube oil product as characterized by its
combination of low pour point and high viscosity
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tthe followi ng exanples, which are intended to be purely exenplary of the
I nventi on. - The wax content of the oil set forth in the follow ng
Exanpl es was determ ned as foll ows: 300 g of oil was diluted 50/50
with a 4:1 mxture of nmethyl ethyl ketone and tol uene which was cooled to
-20[err]Cin a refrigerator. The m xture was filtered through a Coors
funnel at -15[err]C using Whatman No. 3 filter paper. The wax was renoved
fromthe filter and placed in a tared 2 liter flask. The sol vent was
renoved on a hot plate and the wax wei ghell- Exanple 1 SAPG 11 was
prepared as foll ows: 472.4 g of 85% Herr]PJerr] were added to
1208 g of distilled Herr]Oin a Teflon beaker in an ice bath. 816.8 g of
al um num i sopr opoxindex(.Al fheHiebe | i rig |[charaeeeeized by a pour

point below -24°'C (generally between -24°C and
-63°C) and a viscosity index between 125 and 180,
suitably greater than about 130. Preferably the
pour point is below -30°C, more preferably below -
40°C, and the viscosity index is greater than
about 140.

_ While the process of the invention can be
practiced with utility when the feed contains
organic (nitrogen containing impurities), it is
preferred that the organic nitrogen content 6f the
feed be less than about 50 ppmw.(parts per ﬁillion
by weight), more preferably less than about 10
ppmw. Particularly good results, in terms of
activity and length of catalyst cycle (period
between successive regenerations or start-up and
first regeneration) are experienced when the feed
contains less than about 10 ppmw of organic
nitrogen.

The phrase "intermediate pore size", as
used herein means an effective pore aperture in
the range of from about 5.3 to about 6.5 A when
the porous inorganic oxide is in the_calcingd
form. Molecular sieves having pore apertures in
this rangé tend to have unique molecular sieving
characteristics. Unlike small pore zeolites such
as erionite and chabazite, they will allow
hydrocarbons having some branching into the
molecular sieve void spaces. Unlike larger pore
zeolites such as the faujasites and mordenites,
they can differentiate between
n-alkanes and slightly branched alkanes, and
larger branched alkanes having, for example,
quaternary carbon atoms.
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-35- ;slowy added with mxing and then-m xed until honmpbgenous. Then 120 g
of funmed silica (Cabosil M5) were added with m xi ng. Next, 182.4 g of di-
n-propylam ne (Pr[err] NH) were added, followed by 9.0 g of 85%
Herr]PJerr]. Final m xing was done using a Polytron. The m xture had a pH
of 6.5 and the follow ng conposition, expressed in nolar ratio of oxides:

-12-

The effective pore size of the molecular
sieves can be measured using standard adsorption
techniques and hydrocarbonaceous compounds of
known minimum kinetic diameters. See Breck,
Zeolite Molecular Sieveg, 1974 (especially Chapter
8); Anderson, et al., J. Catalysis 58, 114 (1979);
and U.S. Patent No. 4,440,871, the pertinent
portions of which are incorporated herein by
reference. .

In performing adsorption measurements to
determine pore size, standard techniques are ysed.
It is convenient to consider a particular molecule
as excluded if it does not reach at least 95% of
its equilibrium adsorption value on the molecular
sieve in less than about 10 minutes (p/po = 0.5;
25°C). .

Intermediate pore size molecular sieves
will typically admit molecules having kinetic
diameters of 5.3 to 6.5 A with little hindrance.
Examples of such compounds (and their kinetic
diameters in A) are: n-hexane (4.3), 3-
methylpentane (5.5), benzene (5.85), and toluene
(5.8). Compounds having kinetic diameters of

 about 6 to 6.5 A can be admitted into the pores,
depending on the particular sieve, hut do not
penetrate as quickly and in some cases are
effectively excluded. Compounds having kinetic
diameters in the range of 6 to 6.5 A include:
cyclohexane (6.0), 2,3-dimethylbutane (6.1), and
m-xylene (6.1). Generally, compounds having
kinetic diameters of greater than about 6.5 A do
not penetrate the pore apertures and thus are not
absorbed into the interior of the molecular sieve
lattice. Examples of such larger compounds
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0.9Pr[err]NH:Sierr]:A[err]derr]:1.04P[err]Jerr]:36H err] O The m xture
was placed in a Teflon bottle in a stainless steel pressure vessel and
heated for 5 days at 200[err]C with no stirring and aut ogenous pressure.
The supernatant liquid was renoved and the product was filtered, washed
with water, dried overnight at 121[err]C, and calcined in air for 8 hours
at 566[err]C. The average crystallite size was less than 0.5 mcron. The
product was identified as SAPO-11 by X-ray diffraction anal ysis. Elenental
anal ysis of the calcined sieve showed it teo,have the follow ng anhydrous
nol ar conposition: 0.37Siqerr]:A|?3rr]qerr]: Plerr]Jerr]

The sieve was bound with 35% Cat apal al um na and made into 1/10 inch

For 4 hours ar asariispee T pevignel (8ol §ronSotebpesiydonzene "

Pt(NH err])[err] O [€+3).Hand tQibypydempoee(8i k). nethod. It was then dried

2t 454{err]C  For the foll e Brecearad ceteBEiveaid ¥idd Aldge 4 © NouTS
ékom about Pl out %.2 X? y .

While the effectiQe pore size as discussed
above is impbrtant to the practice of the
invention not all intermediate pore size molecular
sieves having such effective pore sizes are
advantageously usable in the practice of the
present invention. Indeed, it is essential that
the intermediate pore size molecular sieve
catalysts used in the practice of the present
invention have a very specific pore shape and size
as measured by X-ray crystallography. First, the.
intracrystalline channels must be parallel and
must not be  interconnected. sﬁch channels are
conventionally referred to as 1-D diffusion types
or more shortly as 1-D pores. The classification
of intrazeolite channels as 1-D, 2-D and 3-D is
set forth by R. M. Barrer in Zeolites, Science and
Technology, edited by F. R. Rodrigues, L. D.
Rollman and C. Naccache, NATO ASI Series, 1984
which classification is incorporated in its
entirety by reference (see particularly page 75).
Known 1-D zeolites include cancrinite hydrate,
laumontite, mazzite, mordenite and zeolite L.

None of the above listed 1-D pore zeolites,
however, satisfies the second essential criterion
for catalysts useful in the practice of the
present invention. This second essential
criterion is that the pores must be generélly oval
in shape, by which is meant the pores must exhibit
two unequal axes referred to herein as a minor
axis and a major axis. The term oval as used
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crushed and screened to 24-42 nesh. . - 36-
Exanple 2 The catal yst of Exanple 1 was used to isonerize a

800[ err] F+ hydrocracked waxy vacuumgas oil (Table I X) at 2200 psig, 1
LHSV, and 8 M SCF/ bbl once-through H2. The catal yst was al so run at 400
psig. The results are set forth in Table X

-14~

herein is not meant to require a specific oval or
elliptical shape but rather to refer to the pores
exhibiting two unequal axes. In particular, the
1-D pores of the catalysts useful in the practice
of the present invention must have a minor axis
between about 4.2 A and about 4.8 A and a major
axis between about 5.4 -A and about 7.0 A as
determined by conventional X-ray, crystallography
measurements. .

' The catalyst used in the isomerization
process of the invention has an acidic component
and a platinum and/or palladium hydrogenation
component. In -accordance with one embodiment of
the invention the acidic component can suitably
comprise an intermediate pore size '
gilicoaluminophosphate molecular sieve which is
described in U.S. Patent No. 4,440,871, the
pertinent disclosure of which'is incorporated

. herein by reference. ’

The most preferred intermediate pore size
silicoaluminophosphate molecular sieve for use in
the process of the invention is SAPO-11. SAPO-11
comprises a molecular framework of corner-sharing
[Sid,] tetrahedra, [AlQ,] tetrahedra and (PO,]
tetrahedra, [i.e., (SiAlP,)0, tetrahedral units].
When combined with a platinum or palladium
hydrogenation component, the SAPO-11 converts the
waxy components to preduce a lubricating oil
having excellent yield, very low pour point, low

02 viscosity and high viscosity index.

SAPO-11 comprises a silicoaluminophosphate
material having a three-dimensional microporous
crystal framework structure of (PQ,], [AlQ0,] and
(Si0O,] tetrahedral units whose unit empirical
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and denonstrate that high lube yield at very | ow pour point is achieved by
the present process. The data al so evidences the substantial yield benefit
fromoperating at a | ower reactor pressure. Lube yield is

-37-

-]15-

formula on an anhydrous basis is:

mR: (SiAlP,)0, (1)
wherein "R" represents at least one organic
templating.agent present in the intracrystalline
pore system; “m" represénts the moles of "R"
present per mole of (Si,Al,P,)0, and has a value of
from zero to about 0.3, "x*", *y" and "z" represent
respectively, the mole fractions of silicon,
aluminum and phosphorous, said mole fractions
being within the compositional area bounded by
points A, B, C, D and E on the ternary diagram of
Figure 1 or preferably within the are bounded by
points a, b, ¢, 4 and e on the ternary diagram of
Figure 2. The silicoaluminophosphate has a
characteristic X-ray powder diffraction pattern
which contains at least the d-spacings
(as-synthesized and calcined) set forth below in
Table I. When SAPO-11 is in the as-synthesized
form "m* preferably has a value of from 0.02 to
0.3.
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TABLE I.X ~ 800[err]F + Hydrocracked Waxy VGO Gavity, [err] APl

40.0 Wax, W. % : 25.0 Pour Point, C
+39 Viscosity at 100[err]C, cSt 4.585 Vi
152 Sinulated Distillation, LV% J[err]F ST/5
749/ 769 10/ 30 - 778/ 803 50
826 70/ 90 857/ 920 95/ 99
956/ 1016 Hydrocarbon Distribution, LV% Par af fi ns
54  Napht henes 29 _y6-
IABLE I
Relative
26 a(A) Intensity
9.4 - 9.65 9.41 - 9.17 m
20.3 - 20.6 4.37 - 4.31 m
21.0 - 21.3 4.23 - 4.17 . vs
22.1 - 22.35 4.02 - 3.99 : m
22.5 - 22.9 (doublet) 3.95 - 3.92 n
23.15 - 23.35 3.84 -3.81 m~-s

All of the as-synthesized SAPO-11 compositions for
which X-ray powder diffraction data have been
obtained to date have patterns which are within
the éenetalized pattern of Table II below.

These values were determined by standard
techniques. The radiation was the K-alpha doublet
of copper and a diffractomete;_equipped with a
scintillation counter and an associated computer
was used. The peak heights, I, and the positions
as a function of 2 8, where 8 is the Bragg angle,
were determined using algorithms on the computer
associated with the spectrometer. From these, the
relative intensities, 100 I/I,, where I, is the -
infensity of the strongest line or peak, and &
(obs.) the interplanar spacing in Angstroms,
corresponding to the recofded lines, were
determined. In the Tables, the relative
intensities are given in terms of the symbols vs =
very strong, 8 = strong, m = medium, w = weak,
etc.
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Ar.omat i:Ccs 17 Carbon Type Distribution, ndM

(D3238-85), W% Paraffinic 92 "Napht heni c
8 Aromati c 0 -38- [err]
=17~
IARBLE II _
26 dA) 100XI/1,
8.05 - 8.3 10.98 -10.65 20 - 42
9.4 - 9.65 9.41 - 9.17 36 - S8
13.1 - 13.4 6.76 - 6.61 12 - 16
15.6 - 15.85 5.68 - 5.59 23 ~ 38
16.2 - 16.4 5.47 -~ 5.40 3 -5
18.95 - 19.2 4.68 - 4.62 S -6
20.3 - 20.6 4.37 - 4.31 36 - 49
2r.0 - 21.3 4,23 - 4.17 100
22.1 - 22.35 4.02 - 3.99 47 - 59
22.5 - 22.9 (doublet) 3.95 - 3.92 55 - 60
23.15 - 23.35 3.84 - 3.81 64 - 74
24.5 - 24.9 (doublet) 3.63 - 3.58 7 - 10
26.4 - 26.8 (doublet) 3.38 - 3.33 11 - 19
27.2 - 27.3 : 3.28 - 3.27 0 -1
28.3 - 28.5 (shoulder) 3.15 - 3,13 11 - 17
28.6 - 28.85 3.121 - 3.094
29.0 - 29.2 3.079 - 3.058 0 -3
29.45 - 29.65 3.033 - 3.013 5 -7
31.45 - 31.7 2.846 - 2.823 7-9
32.8 - 33.1 ' 2.730 - 2.706 11 - 14
34.1 - 34.4 2.629 - 2.607 7-9
35.7 - 36.0 2.515 -~ 2.495 0 -3
36.3 - 36.7 2.475 - 2.449 3 - 4
37.5 - 38.0 (doublet) 2.398 - 2,368 10 - 13
39.3 - 39.55 2.292 - 2,279 2 - 3
40.3 2.238 -2
42.2 - 42.4 2.141 - 2.132 0 -2
42.8 - 43.1 2.113 - 2.099 3 -6
44.8 - 45.2 (doublet) 2.023 - 2.006 3 -5
45.9 - 46.1 : 1.977 - 1.969 0 -2
46.8 - 47.1 1.941 - 1.929 0 -1
48.7 -~ 49.0 ~1.870 - 1.859 2 -3
0.5 - 50.8 . . 1.807 - 1.797 3 -4
54.6 - 54.8 " 1.681 - 1.675 2 -3
55.4 .- 55.7 1.658 - 1.650 0 - 2
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-39-  defined as g(product) x 100% where the product
g(feed) has the sanme 5 LV% boiling point as the feed.

-18-

Another intermediate pore size
silicoaluminophosphate molecular sieve preferably
used in the process of the invention is SAPO-31.
SAPO-31 comprises a silicoaluminophosphate having
a three-dimensional microporous crystal framework
of (PO,], 1A10,] and [8i0,] tetrahedral units whose
unit empirical formula on an anhydrous basis is:

mR: (Si,ALP,)0, .
wherein R represents at least one organic
templating agent present in the intracrystalline
pore system; “m" represents the moles of "R*
present per mole of (Si,Al.P,)O, and has a value of
from zero to 0.3; “x", *y* and "“z* represent
respectively, the mole fractions of silicon,
aluminum and phosphorous, said mole fractions
heihg within the compositional area bounded by
points A, B, C, D and E on the ternary diagram of
Figure 1, or preferably within the area bounded by
points a, b, ¢, 4 and e on the ternary diagram of
Figure 2. The silico;luminophosphate has a
characteristic X-ray powder diffraction pattern
(as-synthesized and calcined) whicﬁ contains at
least the d-spacings set forth below in Table III.
When SAPO-31 is in the as-synthesized form, *m"
preferably has a value of from 0.02 to 0.3.
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Exanpl.e 3 The catal yst of Exanple .1 was used to isonerize a slack
wax derived froma 900[err]F + hydrocracked vacuumgas oil (Table Xl).
Condi tions were 160 psig reactor pressure, 0.3 LHSV, and 8 M SCF/ bbl
once-through Herr]. At a catalyst tenperature of 680[err]F, a -27[err]C
pour point oil of 7.1 ¢St viscosity at 100[err]C and 149 viscosity index
was produced. Pour point reduction could be increased by raising the

-19-
TABLE III
Relative
26 d(A) Intensity

8.5 - 8.6 10.40 - 10.28 m-s
20.2 - 20.3 4.40 - 4,37 n
21.9 - 22.1 4.06 - 4.02 W -m
22.6 - 22.7 3.93 - 3.92 vs
31.7 - w-m

31.8 3.823 - 2.814

All of the as-synthesized SAPO-31 compositions for
which X-ray powder diffraction data have presently
been obtained have patterns which are within éhe
generalized pattern of Table IV below.
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catal yst tenperature. Figure 3 shows a plot of 700[err]F. lube yield
versus pour point, where 700[err]F + |ube yield is defined as: { 1.
g700[err] F+(feed) - g700[err] F+(product) } x 100%

g700[err]F + (feed) Figure 4 shows a plot of viscosity index versus
pour poi nt. A -30[err] C pour point oil prepared in this exanple
was subsequently hydrofinished over a 0.5% Pd on silica-alum na catal yst

at 500[err]F, 2200 psig,

-20~-
TABLE IV
20 a(A) 100XI/1,
6.1 14.5. 0 -1
8.5 - 8.6* 10.40 - 10.28 60 - 72
9.5 9.31 7 - 14
13.2 - 13.3* 6.71 - 6.66 1 -4
14.7 - 14.8 6.03 ‘- 5.99 1 -2
15.7 - 15.8* 5.6 - 5.61 1 -8
17.05 - 17.1 5.20 - 5.19 2 -4
18.3 - 18.4 4.85 - 4.82 2 -3
20.2 - 20.3 4.40 - 4.37 44 - 55
21.1 - 21.2* 4.21 - 4.19 6 - 28
21.9 - 22.1* 4.06 - 4.02 32 - 38
22.6 - 22.7* 3.93 - 3.92 100
23.3 - 23.35 3.818 - 3.810 2 - 20
25.1+* 3.548 3 -4
25.65 - 25.75 3.473 - 3.460 2 -3
26.5* 3.363 1 -4
27.9 - 28.0 3.198 - 3.187 8 - 10
28.7* 3.110 0 -2
29.7 3.008 4 -5
31.7 - 31.8 2.823 - 2.814 15 - 18
32.9 - 33.0* 2.722 - 2.714 0 -3
35.1 - 35.2 2.557 - 2.550 5 -8
36.0 - 36.1 2.495 - 2.488 1 -2
" 37.2 _ 2.417 1 -2
37.9 - 38.1* 2.374 - 2.362 2 -4
39.3 2.292 2 -3
43.0 - 43.1* 2.103 - 2.100 1
44.8 - 45.2* 2.023 - 2.006 1
46.6 1.949 1 -2
47.4 - 47.5% 1.918 1
48.6 - 48.7 1.872 - 1.870 2
50.7 - 50.8 1.801 - 1.797 1
51.6 - 51.7 1.771 - 1.768 2 -3
55.4 - 55.5 1,658 - 1.656 1

" * Possibly contains peak from a minor impurity.

SAPO-41, also suitable for use in the
process of the invention, comprises a

silicoaluminophosphate having a three-dimensional
microporous crystal framework structure of [PQ,],
[Al0,] and [SiO,] tetrahedral units, and whose unit
empirical formula on an anhydrous basis is: |
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TABLE Xl

-21l-

mR: (Si,ALP,)0, _
wherein R represents at least one organic
templating agent present 1A the intracrystalline
pore system; *m" represents the moles of *R"
present per mole of (SiAlLP,)O0, and has a value of
from zero to 0.3; *"x", "y* and *z* represent
respectively, the mole fractions of silicon,
aluminum and phosphorous, said mole fractions
being within the compositional area bounded by
points A, B, C, D and E on the ternary diagram of
Figure 1, or preferably within the area bounded by
points a, b, ¢, & and e on the ternary diagram of
Figure 2, and said silicoaluminophosphate having a
characteristic X-ray powder diffraction pattern
(as-synthesized and calcined) which contains at
least the d-spacings set forth helow in Table V.
When SAPO-41 is in the as-synthesized form "m*
preferably has a value of from 0.02 to 0.03.

TABLE V
. Relative
26 _ ' afA) Intensity
13.6 -~ 13.8 6.51 - 6.42 w -n
20.5 - 20.6 4,33 - 4.31 w -m
21.1 - 21.3 4.21 - 4.17 vs
' 22.1 - 22.3 4.02 -~ 3.99 m-s
22.8 - 23.0 3.90 - 3.86 m
23.1 - 23.4 3.82 - 3.80 w-mn
25.%5 - 25.9 3.493 - 3.44 w-m

All of the as-synthesized SAPO-41 compositions for
which X-ray powder diffraction data have presently
been obtained have patterns which are within the
generalized pattern of Table VI below.
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Sl.ack \Wax From 900[err]F + Hydrocracked VGO Gavity, [err] APl

23.2 Sul fur, ppm 2.2 Ni trogen, ppm :
<1 Pour Point, [err]C +63 Viscosity, cSt, 100[err]
8. 30 70[err]C 16. 55 Ol in Wx, W%
14.5
-22=-
IABLE VI
26 d(A) 100 X 1/1,
6.7 - 6.8 13.19 - 12,99 15 - 24
9.6 - 9.7 9.21 - 9.11 12 - 25
13.6 - 13.8 6.51 - 6.42 10 - 28
18.2 - 18.3 4.87 - 4.85 8 - 10
20.5 - 20.6 4.33 - 4.31 10 - 32
21.1 - 21.3 4.21 - 4.17 100
22,1 - 22.3 4.02 - 3.99 . 45 - 82
22.8 - 23.0 3.90 - 3.87 - 43 - 58
23.1 - .23.4 3.82 - 3.80 20 - 30
25.2 - 25.5 3.53 - 3.49 8 - 20
25.5 - 25.9 3.493 - 3.44 12 - 28
29,3 -~ 29.5 3.048 - 3.028 17 - 23
31.4 - 31.6 2.849 - 2.831 5 - 10
33.1 - 33.3 2.706 - 2.690 5 -7
37.6 - 37.9 2.392 - 2.374 10 - 15
38.1 - 38.3 2,362 =~ 2.350 7 - 10
39.6 -~ 39.8 2.276 -~ 2.265 2 -5
-42.8 - 43.0 2.113 - 2.103 5 - 8
49.0 -~ 49.3 1.856 - 1.848 1 - 8
51.5 : 1.77 0 -8

The process of the invention may also be
carried out using a baﬁalyst comprising an
intermediate pore size nonzeolitic molecular sieve
containing a10, and PO, tetrahedral oxide units,
and at least one Group VIII metal. Exemplary
suitable intermediate pore size nonzeolitic
molecular sieves are set forth in European patent
Application No. 158,977 which is incorporated
herein by reference. o

The group of intermediate pore size -

_ zeolites of the present invention include 2ZSM-22,
ZSM-23 and 2SM-35. These catalysts are generally
considered to be intermediate pore size catalysts
based on the measure of their internal structure
as represented by their Constraint Index.

Zeolites which provide highly restricted access to
and egress from their internal structure have a
high value for the Constraint Index, while
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zeolites which provide relatively free access to
the internal zeolite structure have a low value
for their COnétraint Index. The method for
determining Constraint Index is described fully in
U.S. Patent No. 4,016,218 which is incorporated
herein by reference.

Those zeolites exhibiting a Comstraint
Index value within the range of from about 1 to
about 12 are considered to be intermediate pore
size zeolites. Zeolites which are considered to
be in this range include 2ZSM-5, ZSM-11, etc. Upon
careful examination of the intermediate pore size
zeolites, however, it has been found that not all
of them are efficient as a catalyst for
isomerization of a paraffin-containing feedstock
which are high in C,+ paraffins, and preferably
which are high in C,+ paraffins. In particular,

it has been found that the group including ZSM-
22, %SM-23 and 2SM-35 used in combination with
Group VIII metals can provide a means whereby a
hydroéarbon feedstock havin§ a paraffinic content
with molecules of 20 carbon atoms or more
undergoes unexpectedly efficient isomerization
without destroying the ultimate yield of the
feedstock.

It is known to use prior art techniques for
formation of a great variety of synthetic
aluminosilicates. These aluminosilicates have
come to be designated by letter or other
convenient symbols. One of the zeolites of the
present invention, ZSM-22, is a highly siliceous
material which includes crystalline three-
dimensional continuous framework silicon
containing structures or crystals which result
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-41- ,0.25 LHSV, and 8 M SCF/ bbl Herr]. Inspections of the hydrof i'ni shed

oil are given in Table XVi. Exanpl e 4 The catal yst of Exanple 1
was used to isomerize a deoiled slack wax derived from a

-24-

when all the oxygen atoms in the tetrahedra are
mutually shared between tetrahedfal atoms of
silicon or aluminum, and which can exist with a
network of mostly SiOQ;, i.e., exclusive of any
intracrystalline cations. The description of ZSM-
22 is set forth in full in uls. Patent No.
4,556,477;'0.8. Patent No. 4,481,177 and European

- Patent Application No. 102,716 the contents of
which are incorporated herein by reference.

As indicated in U.S. Patent No. 4,566,477
the crystalline material 2SM-22 has been
designated with a characteristic X-ray diffraction
pattern as set forth in Table VII.

IABLE VII
Most Signifi £ Li ¢ gSM-22

Interplanar d-spacings (A) Relative Intensity(I/Io)
10.9 = 0.2 M - VS
8.7 = 0.16 W
6.94 = 0.10 W-M
5.40 :* 0.08 W
4.58 = 0.07 W
4.36 = 0.07 Vs
3.68 = 0.05 vs
3.62 = 0.05 s - Vs
3.47 = 0.04 M-5"
3.30 = 0.04 W
2.74 = 0.02 W
2.52 =z 0.02 W

" It should be understood that the X-ray diffraction
pattern of Table VII is characteristic of all the
species of ZSM-22 zeolite compositions. Ion
exchange of the alkali metal cations with other
ions results in a zeolite which reveals
substantially the same X-ray diffraction pattern -

e
e
p
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700-80Q[err] F sol vent -refined vacuumgas oil (Table Xi1). Conditions were
160 psig, 0.3 LHSV, and 8 M SCF/ bbl once-through Herr]. The results are
set forth in Table XIII. Exanpl e 5 The catal yst of Exanple 1
was used to isonerize a deoiled slack wax derived froma 800-900[err]F

solvent refined vacuumgas oil (Table XIV). Conditions were the sane as
i n Exanpl e 4.

—25f

with some minor shifts in interplanar spacing and
variation in relative intensity.

Furthermore, the original cations of the
as-synthesized ZSM-22 caﬁ be replaced at least in
part by other ions using conventional ion exchange
techniques. It may be necessary to precalcine the
ZSM-22 zeolite crystals prior to ion exchange. 1In
accordance with the present invention, the
replacement ions are those taken from Group VIII
of the Periodic Table, especially platinum,
palladium, iridium, osmium, rhodium and ruthenium.

ZSM-22 freely sorbs normal hexane and has a
pore dimension greater than about 4 A. 1In
addition, the structure of the zeolite provides
constrained access to larger molecules. The
Constraint Index as determined by the procedure
set forth in U.S. Patent No. 4,016,246 for 2ZSM-22
has been determined to be from about 2.5 to about
3.0. . |

Another zeolite which can be used with the
present invention is the synthetic crystalline
aluminosilicate referred to as 2SM-23, disclosed
in U.Ss. Patent No. 4,076,842, the contents of
which are incorporated herein by reference. The
ZSM-23 composition has a characteristic X-ray
diffraction pattern as set forth herein in Table
VIII. '

Other molecular sieves which can be used
with the present invention include, for example,
Theta-1, as described in U.S. Patents 4,533,649
and 4,836,910, both of which are incorporated in
their entireties by reference, Nu-10, as described
in European Patent Application 065,400 which is
incorporated in its entirety by reference and SSZ-
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The results are set forth in Table XV.
-42- TABLE Xl |
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20 as described in U.S. Patent 4,483,835 which is
incorporated in its entirety by reference.

IABLE VIII

a(A) I/1,
11.2 = 0.23 M
10.1 = 0.20 W
7.87  0.15 W
5.59 = 0.10 W
5.44 = 0.10. W
4.90 = 0.10 W
4.53 = 0.10 s
3.90 = 0.08 Vs
3.72 + 0.08 Vs
3.62 £ 0.07 Vs
3.54 = 0.07 M
3.44 = 0.07 S
3.36 =z 0.07 W
3.16 = 0.07 W
3.05 = 0.06 W
2.99 = 0.06 W .
2.85 = 0.06 W
2.54 = 0.05 M
2.47 = 0.05 W
2.40. = 0.05 W
2.3¢ = 0.05 W

The 2ZSM-23 composition can also be defined
in terms of mole ratios of oxides in the anhydrous
state as follows: '

(0.58 - 3.4)M,,0: AL O, (40 -250)S8i0,
wherein M is at least 1 cation and n is the
valence thereof. As in the 2SM-22, the original
cations of as-s&nthesized ZSM-23 can be replaced
in accordance with techniques well-known in the
art, at least in part by ionic exchange with other
cations. 1In the present invention these cations
include the Group VIII metals as set forth
hereinbefore.

This is the replacement sheet

Date: 30 0CT 9%



Deoil ed Sl ack Wax from | 700-800[ err] F Sol vent Refined VGO

Gavity, [err] API 41.0 Pour Point, C
+51  Viscosity, cSt, 100[err]C 3.141 Sul fur, ppm
383 Ni t rogen, ppm 8.9 N-paraffins, W.%
77.2 :
=27~

The third intermediate pore size zeolite
which has been found to be successful in the
present invention is 2ZSM-35, which is disclosed in
U.S. Patent No. 4,016,245, the contents of which
are incorporated herein by reference. The
synthetic crystalline aluminosilicate known as
ZSM-35, has a characteristic X-ray diffraction
pattern which is set forth in U.S. Patent No.
4,016,245. 2SM-35 has a composition which can be
defined in terms of mole ratio of oxides in the
anhydrous state as follows:

(0.3-2.5) R,0: (0-0.8) M;0:A1,0,:>8 §i0,
wherein R is organic nitrogen-containing cation
derived from ethylenediamine or pyrrolidine and M
is an alkali metal cation. The original cations
of the.as-synthesized ZSM-35 can be removed using
techniques well known in the art which includes
ion exchange with other cations. 1In the present
invention the cation exchange is used to replace
the as-synthesized cations with the Group VIII
metals set forth herein. It has been observed
that the X-ray diffraction pattern os ZSM-35 is
similar to that of natural ferrierite with a
notable exception being that natural ferrierite
patterns exhibit a significant line at 1.33 A.

X-ray crystallography of SAPO-11, SAPO-31,
SAPO-41, 2ZSM-22, 2ZSM-23 and ZSM-35 shows these
molecular sieves to have the following major and
minor axes: SAPO-11, major 6.7 A, minor 4.4 A;
(Benett, J. M., et al, Zeolites, 1, 160(87)),
SAPO-31 and SAPO-41, believed to be slightly large
than SAPO-11, 2ZSM-22, major 5.5 A, minor 4.5 A
{Kokotailo, G. T., et al, Zeolites, 5, 349(85));
ZSM-23, major 5.6 A, minor 4.5 A; 2SM-35, major
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5.4 A, minor 4.2 A (Meier, W. M. and Olsen, D. H.,
Atlas of Zeolite Structure Types, Butterworths,
1987).

The intermediate pore size molecular sieve
is used in admixture with at least one Group VIII
metal. Preferably the Group VIII metal is
selected from the'group consisting of at least one
of platinum and palladium and optionally, other
catalytically active metals such as molybdenum, -
nickel, vanadium, cobalt, tungsten, zinc and
mixtures thereof. Most preferably, the Group VIII
metal is selected from the group consisting of at
least one of platinum and palladium. The amount
of metal ranges from about 0.01% to about 10% by
weight of the molecular sieve, preferably from
about 0.2% to about 5% by weight of the molecular
sieve. The techniques of introducing
catalytically active metals into a molecular sieve
are disclosed in the literature, and preexisting
metal incorporation techniques and treatment of
the molecular sieve to form an active catalyst
such as ion exchange, impregnation or occlusion
during sieve preparation are suitable for use in
the present process. Such techniques are
disclosed in U.S. Patent Nos. 3,236,761;
3,226,339; 3,236,762; 3,620,960; 3,373,109;
'4,202,996; 4,440,781 and 4,710,485 which are

. incorpofated herein by reference.

The term “metal* or "active metal" as used
herein means one or more metals in the elemental
state or in some form such as sulfide, oxide and
mixtures thereof. Regardless of the state in
which the metallic component-actually éxists, the
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concentrations are computed as if they existed in
the elemental state.

The catalyst may also contain metals which
reduce the number of strong acid sites on the
catalyst and thereby lower the selectivity for
cracking versus isomerization. Especially '
preferred are the Group IIA metals such as
magnesium and calcium. )

It is preferred that relatively small
crystal size catalyst be utilized in practicing
the invention. Suitably, the average crystal size
is no greater than about 10f, preferably no more
than about 5i, more preferably no more than about
1 and still more preferably no more than about
0.54. ' .

Strong acidity may also be reduced by
introducing nitrogen compounds, e.g., NH; or
organic nitrogen compounds, into the feed;
however, the total nitrogen content should be less
than 50 ppm, preferably less than 10 ppm. The
physical form of the catalyst depends on the type
of catalytic reactor being employed and may be in
the form of a granﬁle or powder, and is desirably
compacted into a more readily usable form (e.g.,
larger agglomerates), usually with a silica or
alumina binder for fluidized bed reaction, or
pills, prills, spheres, extrudates, or other
shapes of controlled size to accord adequate
catalyst-reactant contact. The catalyst may be
employed either as a fluidized catalyst, or in a
fixed or moving bed, and in éne or more reaction
stages. '

The catalytic isomerization step of the
invention may be conducted by contacting the feed
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Deoil ed Sl ack Wax from

800-900[err] F Solvent Refined VGO . Gavity, [err]API . '
40. 2 Pour Point, [err]C +57 Viscosity, cSt,
100[err]C 4. 317 70[err]C

7.554 Sul fur, ppm
3.4

122 Ni trogen, ppm
-30~

with a fixed stationary bed of catalyst, with a
fixed fluidized bed, or with a transport bed. A
simple and therefore preferred configuration is a
trickle-bed operation in which the feed is allowed
to trickle through a stationary fixed bed,
preferably in the presence of hydrogen.

The catalytic isomerization conditions
employed depend on the feed used and the desired
pour point. Generally, the temperature is from
about 200°C to about 475°C, preferably from about
250°C and to about 450°C. The pressure is
typically from about 15 psig and to about 2000
psig, preferably from about 50 to about 1000 psig,
more preferably from about 100 psig to about 600
psig. The process of the invention is preferably
carried out at low pressure. The liquid hourly
space vélocity (LHSV) is preferably from about 0.1
to about 20, more preferably from about 0.1 to .
about 5, and most preferably from about 0.1 to
about 1.0. Low pressure and low liquid hourly
space velocity provide enhanced isomerization
selectivity which results in more isomerization
and less cracking of the feed thus producing an
increased yield.

Hydrogen is preferably present in the
reaction zone during the catalytic isomerization
process. The hydrogen to feed ratio is typically
from about 500 to about 30,000 SCF/bbl (standard
cubic feet per barrel), preferably from about
1,000 to ahoht 10,000 SCF/bbl. Generally,
hydrogen will be separated from the product and
recycled to the reaction zone.

The intermediate pore size molecular sieve
used in the isomerization step provides selective

This is the rapiacemernt sheet

30 0CT 9%



e ———————————— T

N-paraffins, W.% 57.1 Simul ated Distillation,
LV% [err]F ST/ 5 565/ 714 10/ 30
738/ 808 50 843 70/ 90
873/ 909 95/ 99 ' . 928/ 965

-31-

conversion of the waxy componenés to non-=waxy
‘components. During processing, isomerization of
the paraffins occurs to reducelthe'pour point of
the oil below that of the feed and form lube oil
boiling range materials which contribute to a loﬁ
pour point product having excellent viscosity
index properties.

Because of the selectivity of the
intermediate pore size molecular sieve used in the
invention, the yield of low boiling products is
reduced,.thereby preserving the economic value of
the feedstock. '

The intermediate pore size molecular sieve
catalyst can be manufactured into a wide variety
of physical forms. The molecular sieves can be in
the form of a powder, a granule, or a molded
product, such as an extrudate having a particle

- size sufficient to pass through a 2-mesh (Tyler)
screen and be retained on a 40-mesh (Tyler)
screen. In cases wherein the catalyst is molded,
such as by extrusion with a binder, the
silicoaluminophosphate can be extruded before
drying, or, dried or partially dried and then

" extruded.

The molecular sieve can be composited with
other materials resistant to temperatures and
other conditions employed in the isomerization

- process. Such matrix materials include active and
inactive materials and synthetic or naturally
occurring zeolites as well as inorganic materials
such as clays, silica and metal oxides. The
latter may be either naturally occurring or in the
form of gelatinous precipitates, sols or gels
including mixtures of silica and metal oxides.
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Inactive materials suitably serve as diluents to
control the amount of conversion in the
isomerization process so that products can be
obtained economically without employing other
means for controlling the réte of reaction. The
molecular sieve may be incorporated into naturally
occurring clays, e.g., bentonite and kaolin.
These materials, i.e., clays, oxides, etec.,
function, in part, as binders for the catalyst.
It is desirable to provide a catalyst having good
crush strength because in petroleum refining, the
catalyst is often subjected to rough handling.
This tends to break the catalyst down into powder-
like materials which cause problems in processing.
Naturaliy occurring clays which can be

composited with the molecular sieve include the
montmorillonite and kaolin families, which
families include the sdb-bentonites, and the
kaolins commonly knpwn as Dixie, Mcuamee, Georgia
and Florida clays or others in which the main
mineral constituent is halloysite, kaolinite,
dickite, nacrite or anauxite. _Fibrous clays such
as halloysite, sepiolite and attapulgite can also
be use as supports. Such clays can be used in the
raw state as originally mined or initially
subjected to calcination, acid treatment or
chemical modification.

| In addition to the foregoing materials, the
molecﬁlar sieve can be composited with porous
matrix materials and mixtures of matrix materials
such as silica, alumina, titania, magnesia,
silica—aluminé, silica-magnesia, silica-zirconia,
silica-thoria, silica-beryllia, silica-titania,
titania-zirconia as well as ternary compositions
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i m dazol i um hydroxide, Ludox AS-30 silica sol, alum num sulfate, sodium
hydr oxi de, and water in the
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such as silica-alumina-thoria, silica-alumina-
titania, silica-alumina-magnesia and silica-
magnesia-zirconia. The matrix can be in the form
of a cogel. '

The catalyst used in the process of this
inventicen can also be composited with other
zeolites such as synthetic and natural faujasites,
(e.g., X and Y) erionites, and mordenites. It can
also be composited with purely synthetic zeolites
such as those of the 2SM series. The combination
of zeolites can also be composited in a porous
inorganic matrix.

It is often desirable to use mild
hydrogenation referred to as hydrofinishing after
isomerization to produce more stable lubricating
oils. Hydrofinishing is typically conducted at
temperatures ranging from about 190°C to about
340°C, at pressures from about 400 psig to about
3000 psig, at space velocities (LHSV) from about
0.1 to about 20, and hydrogen recycle rates of
from ahout 400 to about 1500 SCF/bbl. The
hydrogenation catalyst enpléyed must be active
enough not only to hydrogenate the olefins,
diclefins and color bodies within the lube oil
fractions, but also to reduce the aromatic
content. The hydrofinishing step is beneficial in
preparing an acceptably stable lubricating oil.

Suitable hydrogenation catalysts include
conventional metallic hydrogenation catalysts,
particularly the Group VIII metals such as cobalt,
nickel, palladium and platinum. The metals are
typically associated with carriers such as
bauxite, alumina, silica gel, silica-alumina
composites, and crystalline aluminosgilicate

This is the raplacemsat sheet

Dale: 3 N UET @95



rati os: Sigerr]/Af[err]Jerr] = 100 Herr]QSigerr] =
30 tenplate/SiJerr] = 0.15 NaOH SiJerr] = 0.10 :
OH SidJerr] = 0.25 The reaction was run at autogenous pressure in a
stainl ess steel autoclave at 150[err]C for 6 days. The product was
filtered, calcinated to 1000[err]F in

-34-

zeolites. Palladium is a particularly preferred
hydrogenation metal. 1If desired, non-noble Group
VIII metals can be used with molybdates. Metal
oxides or sulfides can be used. Suitable
catalysts are disclosed in U.S. Patent Nos.
3,852,207; 4,157,294; 3,904,513 and 4,673,487,
which are incorporated herein by reference.

The high viscosity index lube o0il produced
by the process of the present invention can be
used as a blending component to raise the
viscosity index of lube oils to a higher value.
Since yield decreases with increasing viscosity
index in either hydrocracking or solvent refining,
the use of an isomerized wax to increase the
viscosity index improves yield.

The invention will be further clarified by
the following examples, which are intended to be
purely exemplary of the invention. _

' The wax content of the o0il set forth in the
*following Examples was determined. as follows:

300 g of oil was diluted 50/50 with a 4:1
mixture of methyl ethyl ketone and toluene which
was cooled to -20°C in a refrigerator. The
mixture was filtered through'a Coors funnel at
-15°C using Whatman No. 3 filter paper. The wax
was removed from the filter and placed in a tared
2 liter flask. The solvent was removed on a hot
plate and the wax weighed.

Example 1

SAPO-11 was prepared as follows:

472.4 g of 85% H,PO, were added to 1208 g of
distilled H,0 in a Teflon beaker in an ice bath.
816.8 g of aluminum isopropoxide (Al{OC,H,];) were
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ai-r, ien-exchanged four tinmes with excess NHerr]NJerr] and cal cined
again to 1000[err]F. The product was identified by X-ray diffraction
analysis as ZSM 22. The Sierr]/Aerr]dJerr] nole rati o was about 100.
The sieve was bound with 35% Cat apal and the extrudate i npregnated

-35-

slowly added with mixing and then mixed until
homogenous. Then 120 g of fumed silica (Cabosil
M-5) were added with mixing. Next, 182.4 g of di-

' n-propylamine (Pr,NH) were added, followed by 9.0 g
of 85% H,PO,. Final mixing was done using a
Polytron. The mixture had a pH of 6.5 and the
following composition, expressed in molar ratio of
oxides: .

0.9Pr,NH:S1i0,:A1,0,:1.04P,0;:36H,0
The mixture was placed in a Teflon bottle in a
stainless steel pressure vessel and heated for S
days at 200°C with no stirring and autogenous
pressure. The supernatant liquid was removed and
the product was filtered, washed with water, dried
overnight at 121°C, and calcined in air for 8
hours at 566°C. The average crystallite size was
less than 0.5 micron. The product was identified
as SAPO-11 by X-ray diffraction analysis.
Elemental analysis of the calcined sieve showed it
to have the following anhydrous molar composition:

 0.37810,:A1,0,:P,0,

The sieve was bound with 35% Catapal
2lumina and made into 1/10 inch extrudate. The
extrudate was dried 3 hours at 121°C, calcined in
air for 4 hours at 454°C, then imprégnaged with
0.5% Pt (as Pt(NH,),Cl,.H,0) bythe pore-fill method.
It was then dried for 2 hours at 93°C, 2 hours at
149°C, and calcined in air for 8 hours at 454°C.
For the following examples, the catalyst was
crushed and screened to 24-42 mesh.
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Exanple 3 Col or

37.0 Aniline Pt, [err]F
-30 doud Point, [err]C
0.4 N trogen, ppm
40[err] C

Example 2
The catalyst of Example 1 was used to

Hydrofinished G| from

TABLE XVI
: < 1.0 Gavity, [err]API
259.6 "Pour Point, [err]C
-7 Sul fur, ppm
' <1 Viscosity, cSt
39.33
-36~

- isomerize a 800°F+ hydrocracked waxy vacuum gas
oil (Table IX) at 2200 psig, 1 LHSV, and 8 M
SCF/bbl once-through H,. The catalyst was also run
at 400 psig. The results are set forth in Table X
and demonstrate that high lube yield at very low
pour point is achieved by the present process.

The data also evidences the substantial yield
benefit from operating at a lower reactor

pressure.

Lube yield is
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100[err] C - ' 7.073 VI

143 Oxi dator BN, hr 40. 9 Carbon Type Distribution,
ndM W.% Paraffinic _ 80. 27 Napht heni c
19. 73 Aromati c 0. 00 Si nul at ed '
Distillation, LV% J[err]F ST/5 - _ 630/ 702
10/ 30 ' : 749/ 862 50 '
916 70/ 90 g;;LIOOS 95/ 99
1030/ 1084 :
IABLE IX

Gravity, °‘API 40.0

Wax, Wt.% _ 25.0

Pour Point, °C +39

Viscosity at 100°C, cSt 4.585

VI : . 152

Simulated Distillation, LV%, °F

ST/5 - 749/769
10/30 : 778/803
50 o 826
70/90 857/920
95/99 956/1016

Hydrocarbon Distribution, LV%

Paraffins ' S4
Naphthenes 29
Aromatics 17

Carhon Type Distribution, ndM, (D3238-85), wtsk

Paraffinic ' 92
Naphthenic _ 8
Aromatic ' 0
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- 48- wth 1% Pt and calcined in the same manner as the catal yst of
Exanpl e 1. Exanple 7 The. catal yst of Exanple 6 was used to

i somerize the slack wax of Table XI at 500 psig, 0.3 LHSV, and 8M SCF/ bbl
once-through Herr]. The results are set forth in Table XVII.
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Exanpl.e 8 The catal yst of Exanple 6 .was m xed with a 10-fol d excess
of 5w.%M CJerr] in water, filtered, dried for 18 hours at 93[err]C,
and cal cined for 12 hours at 538[err]C. The My content was 22.7 w.% This
catal yst was used to isonerize the slack wax of Table Xl at 0.3 LHSV and 8
MSCF/ bbl H err], both at 500 psig and 160 psig. The results are set forth
in Table XVIII, showing a higher yield for this catal yst than

~39-

defined as g(prbduct) x 100% where the product
g(feed) |

has the same S LV% boiling point as the feed.

Example 3

The catalyst of Example 1 was used to
isomerize a slack wax derived from a 906‘F+
hydrocracked vécuum gas oil (Table XI).
Conditions were 160 psig reactor pressure, 0.3
LHSV, and 8 M SCF/bbl once-through H,. At a
catalyst temperature of 680°F, a -27°C pour point
oil of 7.1 cSt viscosity at 100°C and 149
viscosity index was produced. Pour point’
reduction could be increased by faising'the
catalyst temperature. Figure 3 shows a plot of
700°F+ lube yield versus pour point, where 700 'F+
lube yield is défined as:

- L )

o- 9200 F+(feed) - g700°Fe({product) , x 100%
' g700°F+ (feed)

Figure 4 shows a flot of viscosity index versus
pour point.

A ~-30°C pour point o0il prepared in this
example was subseqﬁently hydrofinished over a 0.5%

Pd on silica-alumina catalyst at S00°F, 2200 psigq,
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-49- [efr]

- 50- [err].

~40-

Gravity, °“API

Sulfur, ppm

Nitrogen, ppm

Pour Point, °C

Viscosity, cSt, 100°C
70°C

Oil in Wax, Wt%

Simulated Distillation, LV%, 'F

8T/5
10/30
50
70/90
95/99

23.2
2.2
<1
+63
8.30
16.55
14.5

802/860
885/933
960
995/1038
1063/1118
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t hat of- Exanple 6 without My. The beneficial effect of |ow pressure on
yield is al so shown. The catal yst of Exanple 6 was used to
i somerize a deoil ed slack wax derived froma 900 [err] F+ sol vent refined

vacuumgas oil (Table XIX). Conditions were the sane as Exanple 7. The
results are set forth in Table XX

-41-

0.25 LHSV, and 8 M SCF/bbl H,. Inspections of the

hydrofinished oil are given in Table XVI.

Example 4

The catalyst of Example 1 was used to
isomerize a deoiled slack wax derived from a
700-800°F solvent refined vacuum gas oii {Table
XII). Conditions were 160 psig, 0.3 LHSV, and 8 M
SCF/bbl once-through H,. The résults are set forth
in Table XIII.

Example 5
| The catalyst of Example 1 was used to
isomerize a deoiled slack wax derived from a
800-900°F solvent refined vacuum gas oil (Table
" XIV). Conditions were the same as in Example 4.

The results are set forth in Table XV.

This is the replacement sheet
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The catal yst of Exanple 8 was used to isonerize a slack
wax (not deoiled) derived froma 700-800F sol vent refined vacuum gas oi
(the sane used to prepare the feed of Table Xl1). Inspections of the feed
are given in Table XXI. |sonerization conditions were the sane as in
Exanple 7. The results are set forth in Table XX I. Exampl e 11

ZSM 23 was prepared as in U S Patent No. 4,076,842, and identified as such
by X-ray diffraction analysis after calcination at 1000[err]F in air. It
was exchanged four tinmes with excess NH er«3de err] and cal ci ned agai n at
1000[ err] F. The sieve was inpregnated with 0.5% Pt and calcined in the sane
manner as the catal yst of Exanple 1.

Exanpl e 10

TIABLE XII

Deoiled Slack Wax from

- : . v

Gravity, °API

41.0
Pour Point, °C +51
Viscosity, cst, 100°cC 3.141
Sulfur, ppm 383
Nitrogen, ppm 8.9
N-paraffins, Wt.% 77.2 .
Simulated Distillation, LV%, °F

ST/S 617/674 .
10/30 695/732
50 | 760
70/90 - 795/842 -
95/99 861/903
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-52-

Deoil ed Sl ack Wax from

- TABLE XI X

0st

1°te 6S9

816°2/01°01 0/St~
. bsS1 688°2/€88°6 z-/61- T°LL 059
161 L18°2/€96°6 S-/81- 0°ZL or9
1A IS0 70.00170°F 0. ¥ 34 PIOIX g, oInIvXsavey
3e X378008BTA ‘prnotd/anod 38k1e3e)

~43-

900[err]F + Sol vent Refined VGO

+d,069

. ) . [0 ' 097 3 (70T .nuunm JUSATSS

d,008-00L \WOXF XvM YORTS POTFOOQ BUTZTIOWOST
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Gavity, APl

12 'S, ppm

7.307 70[err]C
Distillation, LV% [err]F ST/ 5
10/ 30

931 70/ 90

1035/ 1090

36.7 N, ppm :

326 Viscosity, cSt, 100[err]C

14. 03 Si nul at ed
47/ 678
808/-899 50
965/ 1011 95/ 99

-44- '

IARLE XIV

Deoiled Slack Wax from

800-900°F Solvent Refined VGO

Gravity, °"API

Pour Point, °C

Viscosity, cSt,

Sulfur, ppm

Nitrogen, ppm

N-paraffins, Wt.$%

100°C

40.2
+57
4.317

70°C 7.554
122

57.1

Simulated Distillation, LV, °F

ST/S

10/30
50

70/90

95/99

565/714
738/808
843
873/909
928/965
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[err]

-B53-
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-54- - Sl ack Wax From 700-800[err]F + Sol vent Refined VGO

Gavity, [err] API 40.0 . N, ppm
20- S, ppm - 300 Vi scosity, 100[err]C
cSt 3. 246 70[err]C 5.482
Pour Point, [err]C +42 '
-46~
Example 6

ZS8M-22 was prepared as follows:

The following reactants were combined to
produce a gel: N,N’-dimethyl imidazolium
hydroxide, Ludox AS-30 silica sol, aluminum
sulfate, sodium hydroxide, and water in the
ratios:

$i0,/A1,0, = 100 °

H,0/8i0, = 30

template/Si0, = 0.15

NaOH/SiOQ, = 0.10

OH/si0, = 0.25

The reaction was run at autogenous pressure in a
stainless steel autoclave at 150°C for 6 days.
The product was filtered, calcinated to 1000°F in
air, ion-exchanged four times with excess NH/NO,
and calcined again to 1000°F. The product was
identified by X-ray diffraction analysis as 2ZSM-
22. The Sioz/Alzb, mole ratio was about 100. The

sieve was bound with 35% Catapal and the extrudate

impregnated

t
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Sifrul ated Distillation, LVY% [err]F- ST/5
575/ 670 10/ 30 685/ 723 50
. 759 70/ 90 794/ 842 95/ 99
861/ 902 - 55- ' .
- -47-
TABLE XVI
Hydrofinished 0il £ E le 3
Color < 1.0
Gravity, "API 37.0
Aniline Pt, 'F 259.6
Pour Point, °C -30
Cloud Point, °C -7
" Sulfur, ppm 0.4
Nitrogen, ppm <1
Viscosity, ¢St
40°C 39.33
100°C 7.073
vI _ 143
Oxidator BN, hr 40.9
Carbon Type Distribution, ndM, Wt.%
Paraffinic ' 80.27
Naphthenic 19.73
Aromatic 0.00
Simulated Distillation, LV%, “F
ST/S 630/702
10/30 749/862
50 916
70/90 957/1005
95/99 1030/1084
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[err] - - 56- Exanpl e 12 The
catal yst of Exanple 11 was used to isonerize the feed of Table XI at 0.3
LHSV, 500

-48-

with 1% Pt and calcined in the same manner as the
catalyst of Example 1.

Example 7

The catalyst of Example 6 was used to
isomerize the slack wax of Table XI at 500 psig,
0.3 LHSV, and 8M SCF/bbl once-through H2 The
results are set forth in Table XVII.

Example 8

The catalyst of Example 6 was mixed with a
10-fold excess of 5 wt.% Mg CO, in water, filtered,
dried for 18 hours at 93°C, and calcined for 12
hours at 538°'C. The Mg content was 22.7 wt.%.
This catalyst was used to isomerize the slack wax
of Table XI at 0.3 LHSV and 8 MSCF/bbl H,, both at
500 psig and 160 psig. The results are set forth
in Table XVIII, showing a higher yield for this
catalyst than

This is the replacemert sheet
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psfg,
Exanpl
nor mal

and 8 MSCF/bbl Herr]. The results are set forth in Table XXIII
e 13 The catal yst of Exanple 8 was used to isonerize a (Jerr]+
al phaol efin wax (Table XXIV) at 0.3 LHSV and 8 MSCF/ bbl Herr], both

at 500 psig and 300 psig. The results are set forth in Table XXV.

-57-

-49-

138
134
133

\'3 1

¢St

Viscosity at
59.64/9.363
61.50/9.442
57.97/8.971

40/100°C,

Pour/Cloud,
~3/+9

~-18/<-63

~30/<-63

4
.4

53
51.3
52

Isomerizing Slack Wax from 900°F+ Hydrocracked VGO
at 500 peig, 0.3 LHSV and 8 M SCF/bbl H

700°F+
Yield, Wt. %

°F

Catalyst

600
620
640
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-59- [err] ' - 60-

-5]1~

that of Example & without Mg. The beneficial
effect of low pressure on yield is also shown.

Example 9

The catalyst of Example 6 was used to
isomerize a deoiled slack wax derived from a
900°F+ solvent refined vacuum gas oil (Table XIX).
Conditions were the same as Example 7. The
results are set forth in Table XX.

Example 10
| The catalyst of Example 8 was used to

isomerize a slack wax (not deoiled) derived from a

. | 700-800°F solvent refined vacuum gas oil (the same
' used to prepare the feed of Table XII).

Inspections of the feed are given in Table XXI.

Isomerization conditions were the same as in

Example 7. The results are set fbrth in Table

XXII.

Example 11 _

- ZSM-23 was prepared as in U.S. Patent No.
4,076,842, and identified as such by X-ray
diffraction analysis after calcination at 1000°F
in air. It was exchanged four times with excess
NH,NO, and calcined again at 1000°F. The sieve was
impregnated with 0.5% Pt and calcined in the same
manner as the catélyst of Example 1.
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Wil e the invention has been described in connection with specific

enbodi ments thereof, it will be understood that it is capable of further
nodi fication, and this application is intended to cover any vari ations,
uses, or adaptations of the invention follow ng, in general, the principles
of the invention and including such departures fromthe present disclosure
as cone within known or customary practice in the art to which the
invention pertains and as may be applied to the essential features .
her ei nbefore set forth, and as fall wthin<s2 scope of the invention and
“the limts of the appended cl ai ns.

IABLE XIX
- + V

Gravity, °API . 36.7
N, ppm 12 -
S, ppm . 326
Viscosity, eSt, 100°C 7.307

70°C 14.03

Simulated Distillation, Lvs, °F

8T/5 47/678
10/30 808/899
- 50 931
70/%90 965/1011
95/99

103571090
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Cl ai s That Wiich Is Cainmed Is:. 1. A process for producing | ube
oil conprising isonerizing a waxy feed 1) having greater than about 50% wax
and/ or 2) exhibiting a high pour point above about O[err]C and havi ng
greater than about 70% paraffinic carbon over a catal yst conprising a

nmol ecul ar sieve having generally oval 1-D pores having a mnor axis between
about 4.2 A and about 4.8 A and a nmj ag3axi s between .about 5.4 A and about

7.0 A and at | east one G oup VIII
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metal at a pressure of from about 15 psig to about 2000 psig. 2.
The process of claim1, wherein said waxy feed contains at | east about 80%

wax. 3. The process of claim1l, wherein said waxy feed contains
at | ease about 90% wax. 4, The process of claiml1l, wherein said
waxy feed contains at |east about 80% paraffinic carbon. 5. The

process of claim1, wherein said waxy feed contains at |east about 90%
paraffinic carbon. :

-54-
IABLE XXT
- M + V
Gravity, °"API 40.0
N, ppm 20 -
S, ppm 300
. Viscosity, 100°C, cSt 3.246
70'C. 5.482
Pour Point, °C +42

Simulated Distillation, LV%, “F

- ST/S ' $575/670
10/30 685/723
50 759
70/90 794/842
95/99 861/902

This is the replacement sheet

Date: 30 00T 1998



- 62- ) 6. The process of claim1l1l, wherein said waxy feed is

sel ected fromthe group consisting of gas oil, lubricating oil stock,
synthetic oil, foots oil, slack wax, deoiled wax, normal al phaol efi n wax
7. The process of claim1, wherein said

and m.crocrystalline wax.
-55-

A4 ¢
174
130
169

Viscosity at

40/100°C, ¢St
14.55/3.893

_14.66/3.594
14.78/3.893

Pour/Cloud,
°C
-9/-6
-24/<~-63
~33/¢<~63

Isomerizing'SIack Wax from 700-800°F Solvent Refined

"
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nmel ecul ar sieve is selected fromthe group consisting of SAPO 11, SAPO 31,
SAPO- 41, ZSM 22, ZSM 23, and ZSM 35 and said netal conpound is sel ected
fromthe group consisting of at |east one of platinumand palladi um

8. The process of claim7 wherein said nol ecul ar sieve further conprises a

pl ati num hydr ogenati on conponent. 9. The process of claim1,
wherein said nol ecular sieve is a SAPO 11 crystalline
si li coal um nophosphat e. 10. The process of claim9 wherein said

mol ecul ar sieve further conprises a platin hydr ogenati on conponent.

Example 12

The catalyst of Example 11 was used to
isomerize the feed of Table XI at 0.3 LHSV, 500
psig, and 8 MSCF/bbl H,. The results are set forth
in Table XXIII.

Example 13
The catalyst of Example 8 was used to

isomerize a Cy,+ normal alphaolefin wax (Table ‘
XXIV) at 0.3 LHSV and 8 MSCF/bbl H,, both at 500
psig and 300 psig. The results are set forth in
Table XXV. '
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11. The process of claim1, wherein isonerization is carried out at a
tenperature of from about 200[err]C to about 475[err]C and a pressure of
from about 15 to about 2000 psig. 12. The process of claim 11,
wherein said pressure is fromabout 50 to about 1000 psig.
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- 63- . 13. The process of claim1l, wherein the tenperature is
from about 250[err]C to about 450[err]C and the pressure is fromabout 100

psig to about 600 psig. 14. The process of claim1, wherein the
liquid hourly space velocity during isonerization is fromabout 0.1 to
about 20. _ 15. The process of claim 14, wherein the liquid hourly

space velocity is fromabout 0.1 to H8ut 5.

7.478

+72
802/807
809/844
893
931/1026
108771139

‘F

‘C

Pour Point,
Viscosity, 100°C, cSt

10/30
50

70/90

95/99

. Simulated Distillation, LV%,
ST/5

This is the replacement sheet
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16. The process of claim1, wherein isonerization is carried out in the
presence of hydrogen. 17. The process of claim1, further

conpri sing hydrofinishing the isonerized | ube oil. 18. The process
of claim1, wherein hydrofinishing is carried out at a tenperature of from
about 190[err] C to about.340[err]C and a pressure

of from about 400 psig to
about 3000 psig. 19. The progess of claim 18, wherein
hydrofinishing is carried out in thqufes

ence of a netallic hydrogenation
catal yst. 20. The process of CIQ m 1, wherein said
O mn e~
ey N~V Nn
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Pour/Cloud,
°c
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~51/«<~63
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Igomerizing Cy+ Normal Alphaolefin Wax i
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1d, wt. %
41.9
52.8 .
47.9
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waxy feed has an organic nitrogen content of |ess than about 50 ppnmw.
-64- 21. The process of claim 20, wherein said organic nitrogen
content is |l ess than about 10 ppmw.

-60~

While the invention has been described in
connection with épecific embodiments thereof, it
will be understood that it is capable of further
modification, and this application is intended to
cover any variations, uses, or adaptations of the
invention following, in gemneral, the principles of
the invention and including such departures from
the present disclosure as come within known or
customary practice in the art to which the
invention pertains and as may be applied to the
essential features hereinbefore set forth, and as
fall within the scope ¢of the invention and the '
limits of the appended claims.
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22. The'process of claim1, wherein the waxy feed conprises (Cerr]+

paraffins and boils above about 230[err]C 23. The process of
claim 22, wherein the waxy feed boils above about 315[err]C 24. A
| ube oil prepared by the process of claiml. 25. A lube oi

prepared by the process of claim1l having a viscosity index of from about
120 to about 180 and a pour point of fromless than about -63[err]Cto

about -9[err]C ©26. The | ube oiL‘qL cl aim 25, wherein the
Claimg
That Which Is Claimed Is:
1. A process for producing lube o0il

comprising isomerizing a waxy feed 1) having
greater than about 50% wax and/or 2) exhibiting a
high pour point above about 0°C and having.greater
than about 70% paraffinic carbon over a.catalyst
comprising a molecular sieve having generaliy oval
1-D pores having a minor axis between about 4.2 A
and about 4.8 A and a major axis between about 5.4
A and about 7.0 A and at least one Group VIII
metal at a pressure of from about 15 psig to about
2000 ésig.

2. The process of claim 1, wherein said
waxy feed contains at least about 80% wax.

3. The process of claim 1, wherein said
waxy feed contains at lease about 90% wax.

4. The process of claim 1, wherein said
waxy feed contains at least about 80% paraffinic

carbon.
5. The process of claim 1, wherein said
waxy feed contains at least about 90% paraffinic

" carbon.

This is the replacement sheet
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vi'scositty index is at |east about 140 and the pour point is no greater than

about -12[err]C 27. The lube oil' of claim 25, wherein the
viscosity index is at |east about 120 and the pour point is no greater than
about -40[err]C _ 28. The process of claim1, wherein said
nol ecul ar sieve is a ZSM 22. 29. The process of claim 28, wherein
sai d nol ecul ar sieve further conprises a platinum hydrogenati on conponent.
' -62-
6. The process of claim-1, wherein said

waxy feed is selected from the group consisting of
gas oil, lubricating 0il stock, synthetic oil,
foots o0il, slack wax, deoiled wax, normal
alphaolefin wax and microcrystalline wax.

7. The process of claim 1, wherein said
molecular sieve is selected from the group
consisting of SAPO-11, SAPO-31, SAPO-41, ZSM-22,
ZSM-23, and' 2SM-35 and said metal compound is -
selected from the group consisting of at least one
of platinum and palladium.

. 8. The process of claim 7 wherein said
molecular sieve further comprises a platinum
hydrogenation component.

9. The process of claim 1, wherein said
molecular sieve 'is a SAPO-11 crystalline
silicoaluminophosphate.

10. The process of claim 9 wherein said
_ molecular sieve further comprises a platinum
hydrogenation component.

11. The process of claim 1, wherein
isomerization is carried out at a temperatufe of
" from about 200°C to about 475°'C and a pressure of
from about 15 to about 2000 psig.

12. The process of claim 11, wherein sai¢
pressure is from about 50 to about 1000 psig.
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- 65- : 30. The process of claim1, wherein said catalyst contains a
Goup IIA netal. 31. A process for producing oil conprising

i somerizing a waxy feed 1) having greater than about 50% wax and/or 2)
exhibiting a high pour point above about O[err]C and having greater than
about 70% paraffinic carbon over a catalyst conprising (a) an internedi ate
pore size nonzeolitic nolecular sieve containing AlJerr] and PJerr]
tetrahedral oxide units and (b) at | east on%3C?oup

13. The process of claim 11, wherein the
temperéture is from about 250°C to about 450°C and
the pressure is from about 100 psig to about 600
psig. ' '

14. The process of claim 1, wherein the
liquid hourly space velocity during isomerization
is from about 0.1 to about 20.

15. The process of claim 14, wherein the
liquid hourly space velocity is from about 0.1 to
about Si '

16. The process of claim 1, wherein
isomerization is carried out in the presence of
hydrogen.

17. The process of claim 1, further
comprising hydrofinishing the isomerized lube oil.

18. . The procéss of claim 1, wherein
hydrofinishing is carried out at a temperature of
from about 190°C to about .340°C and a pressure of
from about 400 psig to about 3000 psig.

19. The process of claim 18, wherein
hydrofinishing ig carried out in tge presence of a
metallic hydrogenation catalyst.

20. The process of claim 1, wherein said
waxy feed has an organic nitrogen content of less
than-ahogt 50 ppmw.

- This is the replacement sheet
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VII'l nmetal at a pressdre of fromabout 15 psig to about 2000 psig. '
32. The process of claim 31, wherein said waxy feed contains at |east about

80% wax. 33. The process of claim 31, wherein said waxy feed
contains at | east about 80% paraffinic carbon. 34. The process of
claim 31, wherein said waxy feed is selected fromthe group consisting of
gas oil stock, lubricating oil stock, synthetic oil, foots oil, slack wax, -
deci | ed wax, nornal al phaolefin wax and m crocrystalline wax. 35.
The process of claim31l, wherein the -64-

21. The process of claim 20, wherein said
organic nitrogen content is less than about 10 ' .
ppmw. .

22. The process of claim 1, wherein the
‘waxy feed comprises C,+ paraffins and boils above
about 230°C. ' |

23. The process of claim 22, wherein the
waxy feed boils above about 315°C.

24. A lube oil prepared by the process of
claim 1.

25. A lube 0il prepared by the process of
claim 1 havigg a viscosity index of from about 120
to about 180 and a pour point of from less than
about -63°C to.about -9°C.

26. The lube o0il of claim 25, wherein the
viscosity index is at least about 140 and the pour
point is no'greater than about -12°C.

27. The lube o0il of claim 25, wherein the
viscosity index is at least about 120 and the pour
point is no greater than about -40°C.

28. The process of claim 1, wherein said
molecular sieve is a 2ZSM-22.

29. The process of claim 28, wherein said
molecular sieve further comprises a platinum
hydrogenation component.
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l'i quid hourly space velocity during isonerization is fromabout 0.1 to

about 20. 36. The process of claim 31, further conprising
hydr of i ni shing the isonerized | ube oil
- 66-

'=-65-

30. The process of claim 1, wherein said
catalyst contains a Group IIA metal.

31. A process for producing oil comprising
isomerizing a waxy feed 1) having greater than
about 50% wax and/or 2) exhibiting a high pour
point above about 0°C and.having greater than
about 70% paraffinic carbon over a catalyst -
comprising (a) an intermediate pore size
nonzeolitic molecular sieve containing AlO, and PO,
tetrahedral oxide units and (b) at least one Group
VIII metal at a pressure of from about 15 psig to
about 2000 psig.

32. The process of claim 31, wherein said
waxy feed contains at least about 80% wax.

33. The process of claim 31, wherein said
waxy feed contains at least about 80% paraffinic
carbon. '

34. The process of claim 31, wherein said
waxy feed is selected from the group comsisting of
gas oil stock, lubricating oil stock, synthetic
oil, foots oil, slack wax, deoiled wax, normal
alphaolefin wax and microcrystalline wax.

35. The process of claim 31, wherein the
liquid hourly space velocity during isomerization
is from about 0.1 to about 20.

36. The process of claim 31, further
comprising hydrofinishing the isomerized lube oil.
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37." A lube oil prepared by the process of claim31. 38. A lube oi
havi ng a pour point bel ow about -24[err]C and a viscosity index above 125.
39. Alube oil as set forth in claim38 having a viscosity index of from
about 125 to about 180 and a pour point of from about -63[err]Cto

-24[err] C 40. The lube oil of claim 39, wherein the viscosity
index is at |east about 130.. 41. The | ube oil of claim 38, wherein
the viscosity index is at |east about 140-&6rd t he pour

37. A lube o0il prepared by the process of
claim 31.

38. A lube oil having a pour point below
about -24°C and a viscosity index above 125.

_ 39. A lube oil as set forth in claim 38
having a viscosity index of from about 125 to
about 180 and a pour point of from about -63°C
to -24°C.

40. The lube 0il of claim 39, wherein the
viscosity index is at least about 130.

"41. The lube ocil of claim 38, wherein the
viscosity index is at least about 140 and the pour

point is no greater than about -30°C.

42. The lube 0il of claim 41, wherein the
pour point is no greater than about -40°C.

-
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poi’nt is no greater than about -30[err] C .42. The lube oil of
claim4l, wherein the pour point is no greater than about -40[err]C.

-67-

WAX ISOMERIZATION USING
CATALXYST OF SPECIFIC PORE GEOMETRY

The present invention relates to a procéss
for produciné a lube o0il having a low pour point
and excellent viscosity and viscosity index
comprising isomerizing a waxy feed over a catalyst
comprising a molecular sieve having generally oval
1-D pores having a minor axis between about 4.2 A
and about 4.8 A and a major axis between about 5.4
A and about 7.0 A and at least one group VIII
metal. SAPO-11, SAPO-31, SAPO—4i, ZSM-22, 2ZSM-23
and ZSM-35 are examples of useful catalysts.

(no appropriate figure)
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