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M nén&l,olﬁﬂkased-lubricants are congsﬁflonglly produced by a separative
sequence carried out in the petroleu rises
fragtionation of a paraffinic crude oil under atnDsp eQli c pressure foll owed
by fractionation under vacuumto produce distillate fractions (neutral

oils) and a residual fraction which, after deasphalting and severe sol vent
treatnent may al so be used as a Iubrlcant basestock usually referred to as
bright stock. Neutral oils, after solvent -extraction to renove | ow
viscosity index (V.l.) conpohents are conventionally subjected to dewaxi ng,
ei ther by solvent or catalytic dewaxi ng processes, to the desired pour

poi nt, after which the dewaxed | ubestock may be hydrofinished to inprove
stability and renove col or bodies. This conventional technique relies upon
the sel ection and use of crude stocks, usually of a paraffinic character,
whi ch produce the desired |ube fractions of the desired qualities in
adequat e anounts. The range of perm ssible crude sources may, however, be

ext ended by .the | ube hﬁdrocracklng rocesg W%ICh i_s._capabl e _of ut|I|2|ng
crude stocks of mar gRRSRUSTIONRELH Gﬁ+¥1 GRRARK, INDEX _LURBBIGANIS: onat i ¢

content than the best paraffinic crudes The Iube hydr ocr acki ng process

which is well establ|shgqgeQa&hﬁlﬂeﬁggkﬁuﬂhbﬁﬁ g Egg 5h¥8ﬁgg? gh&g in

conprises an initial EF&ckPAg P8P carrirad
the presence ptOdugeﬂubytaoaapacatawysseqneoneetascnsdpantuén theuration

and ring openpagrbieuf’ PERGhery which comprises fractionation of a
paraffinic crude oil under atmospheric pressure followed
by fractionation under vacuum to produce distillate
fractions (neutral oils) and a residual fraction which,
after deasphalting and severe solvent treatment may also
be used as a lubricant basestock usually referred to as
bright stock. Neutral oils, after solvent extraction to
remove low viscosity index (V.I.) components are
conventionally subjected to dewaxing, either by solvent or
catalytic dewaxing processes, to the desired pour point,
after which the dewaxed lubestock may be hydrofinished to
improve stability and remove color bodies. This
conventional technique relies upon the selection and use
of crude stocks, usually of a paraffinic character, which
produce the desired lube fractions of the desired
qualities in adequate amounts. The range of permissible
crude sources may, however, be extended by the lube
hydrocracking process which is capable of utilizing crude
stocks of marginal or poor quality, usually with a higher
aromatic content than the best paraffinic crudes. The
lube hydrocracking process, which is well established in
the petroleum refinihg industry, generally comprises an
initial hydrocracking step carried out under higﬁ pressure
in the presence of a bifunctional catalyst which effects
partial saturation and ring openi_g of the aromatzc




-2-‘GOﬁp0ﬁéﬁ%ﬁ which are present in the feed. The hydrocracked product is
‘then subjected to dewaxing in order to reach the target pour point since
the. products fromthe initial hydrocracking step which are paraffinic in
character include conmponents with a relatively high pour point which need
to be renoved in the dewaxing step. Current trends in the design of
autonotive engines are associated with higher operating tenperatures as the
efficiency of the engines increases and~2flese hi gher operating t enper at ures
require successively higher quality lubricants. One of the requirenments is
of higher viscosity indices (V.1.) in order to reduce the effects of the

hi gher operating tenperatures on the viscosity of the engine |ubricants.

H gh V.1. values have conventionally been attained by the use of V.I.
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continuing jin character include components with a relatively high
pour point which need to be removed in the dewaxing step.

Current trends in the design of automotive
engines are associated with higher operating temperatures
as the efficiency of the engines increases and these |
higher operating temperatures require successively hlgher
quality lubricants. One of the requirements is of higher
viscosity indices (V.I.) in order to reduce the effects of
the higher operating temperatures on the viscosity of the
engine lubricants. High V.I. values have conventionally
been attained by the use of V.I. improvers, e.g.
polyacrylates, but there is a limit to the degree of
improvement which may be effected in this way. 1In
addition, Vv.I. improvers tend to undergo degradation under
the effects of high temperatures and high shear rates
encountered in the engine, the more stressing conditions
encountered in high efficiency engines resulting in even
faster degradation of oils which employ significant
amounts of V.I. improvers. Thus there is a continuing
need for automotive lubricants which are based on fluids
of high viscosity index and which are stable to the high
temperature, high shear rate conditions encountered in
modern engines.

Synthetic lubricants produced by the
polymerization of olefins in the presence of certain
catalysts have been shown to possess excellent V.I.
values, but they are expensive to produce by the
conventional synthetic procedures and usually require



neéd, for autonotive lubricants which are based on fluids of high viscosity
I ndex and which are stable to the high tenperature, high shear rate
conditions encountered in nodern engines. Synthetic |ubricants produced by
the pol ynmerization of olefins in the presence of certain catalysts have

been shown to possess excellent V.I. values, but they are expensive to
produce by the conventional synthetic procedures and usually require - 3-
expensive starting materials. There is Pherefore a need for the production
of high V.I. lubricants frommneral oil stocks which may be produced by

techni ques conparable to those presently enployed in petroleumrefineries.
In theory, as well as in practice, lubricants should be highly paraffinic
i n nature since paraffins possess the desirable conbination of |ow

viscosity ang, &m tt:}h ?r?aﬁ:;&nmrsrm' ,_c—gfigwsu@}@@rlegt&t lheelr anched

paraf fins, are waxy nmaterials which confer an
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descri bed above. owever osswl eto tpro cess r"\%% feeds in order to

retain many ﬁ’?&s%eﬁfeﬁfﬁqnstld‘f empliqyed in petroleum eries.
In theory, as well as in practice, lubricants

should be highly paraffinic in nature since paraffins
possess the desirable combination of low viscosity and
high viscosity index. Normal paraffins and slightly
branched paraffins, e. g. n-methyl paraffins, are waxy
materials which confer an unacceptably high pour point on
the lube stock and are therefore removed during the
dewaxing operations in the conventional refining process
described above. It is, however, pdssible to process waxy
feeds in order to retain many of the benefits of their
paraffinic character while overcoming the undesirable pour
point characteristic. A severe hydrotreating process for
manufacturing lube oils of high viscosity index is
disclosed in Developmepts_ip_Lubrication, PD 19(2), 221-
228, S. Bull et al, and in this process, waxy feeds such
as waxy distillates, deasphalted oils and slack waxes are
subjected to a two-stage hydroprocessing operation in
which an initial hydrotreating unit processes the feeds in
blocked operation with the first stage operating under
higher temperature conditions to effect selective .removal
of the undesirable aromatic compounds by hydrocracking and
hydrogenation. The second stage operates under relatively
milder conditions of reduced temperaturé at which
hydrogenation predominates, to adjust the total aromatic
content and influence the distribution of aromatic types
in the final product. The viscosity and flash point of
the base oil are then controlled by topping in a
subsequent redistillation step after which the pour point



par &f-fi nic character while overconing the undesirable pour point
characteristic. A severe hydrotreating process for nmanufacturing |ube oils
of high viscosity index is disclosed in Devel opnents in Lubrication, PD
19(2) , 221- 228, S. Bull et al, and in this process, waxy feeds such as
waxy distillates, deasphalted oils and sl ack waxes are subjected to a

t wo- st age hydroproceSS|ng operation in which an initial hydrotreating unit
processes the feeds in blocked operati oMWith the first stage operating
under higher tenperature conditions to effect selective renoval of the
undesi rabl e aromati ¢ conpounds by hydrocracki ng and hydrogenation. The
second stage operates under relatively mlder conditions of reduced
tenperature at which hydrogenatlon predoni nates, to adjust the total
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dewaxer may PRsecptbcesskigh ovis amde% oi | of high viscosity index.
Processes of th' S typ%r@@@é@dér&f&m)tfﬁ,d employing a waxy feed
which is subjected to hydrocracking over an amorphous
bifunctional catalyst such as nickel-tungsten on alumina
or silica-alumina are disclosed, for example, in GB-A-
1,429,494, 1,429,291 and 1,493,620 and US-A-3,830,273,
3,776,839, 3,794,580 and 3,682,813, In the process
described in GB 1,429,494, a slack wax produced by the
dewaxing of a waxy feed is subjected to.hydrocracking over
a bifunctional hydrocracking catalysé at hydrogen
pressures of 2,000 psig (13881 kPa) or higher, followed by
dewaxing of the hydrocracked product to obtain the desired
pour point. Dewaxing is stated to be preferably carried
out by the solvent process with recycle of the separated
wax to the hydrocracking step.
In processes of this kind, the hydrocracking
catalyst is typically a bifunctional catalyst containing a
metal hydrogenation component on an amorphous acidic
support. The metal component is usually a combination of
base metals, with one metal selected from the iron group
(Group VIII) and one metal from Group VIB of the Periodic .
Table, for example, nickel in combination with molybdenum
or tungsten, Modifiers-such as phosphorus or boron may be
present, as described in GB 1,350,257, GB 1,342,499, GB
1,440,230, FR 2,123,235, FR 2,124,138 and EP 199,39%4.
Boron may also be used as a modifier as described in GB
1,440,230, The activity of the catalyst may be increased
by the use of fluorine, either by incorboration into the
catalyst during its preparation in the form of a suitable



whizch is subjected to hydrocracki ng over an anorphous bifunctional catalyst
such as nickel -tungsten on alum na or silica-alum na are disclosed, for
exanple, in GB-A 1,429,494, 1,429,291 and 1, 493,620 and US-A-3, 830, 273,
3,776,839, 3,794,580 and 3,682,813. In the process described in GB
1,429,494, a slack wax produced by the dewaxing of a waxy feed is subjected
to hydrocracki ng over a bifunctional hydrocracking catalyst at hydrogen .
pressures of 2,000 psig (13881 kPa) or ™M gher, followed by dewaxi ng of the
hydr ocracked product to obtain the desired pour point. Dewaxing is stated
to be preferably carried out by the solvent process with recycle of the
separated wax to the hydrocracking step. In processes of this kind, the
hydr ocr acki ng cataIySt is typically a bifunctional cat al yst containing a
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preparation ansigeificanbfdewaxingidapability, both 1n order to
produce the feed as well as to dewax the hydrocracked -
product to the desired ,pour point. The reason for this is
that although the amorihous catalysts are effective for
the saturation of the aromatics under the high pressure
conditions which are typically used (about 2,000 psig)
their activity and selectivity for isomerization of the
paraffinic components is not as high as might be desired;
the relatively straight chain paraffins are not,
therefore, isomerized to the less waxy isoparaffins of
relatively high viscosity index but with low pour point
properties, to the extent required to fully meet product
pour point specifications. The waxy paraffins which pass
through the unit therefore need to be removed during the
subsequent dewaxing step and recycled, thus reducing the
capacity of the unit. The restricted isomerization
activity of the amorphous catalysts also limits the
single-pass yields to a value below about 50 percent, with
the corresponding waxy -conversion being about 30 to 60%,
even though higher yields would obviously enhance the
efficiency of the process. The product V.I. is also
limited by the isomerization activity, typically to about
145 at 0OF (-18°C) pour point in a single pass operation.
The.temperature requirement of the amorphéus catalysts is
also relatively high, at least in comparison to zeolite
catalysté, typically being about 700 to 800°F (371 to



fl uorine conmpound or by in situ fluoriding during the operation of the
process, as disclosed in GB 1,390, 359. Although the process using an

anor phous catal yst for the treatnent of the waxy feeds has shown itself to
be"capabl e of producing high V.I. lubricants, it is not without its
limtations. At best, the technique requires a significant dewaxing
capability, both in order to produce the feed as well as to dewax the

hydr ocracked product to the desired pomé=point. The reason for this is that
al t hough the anorphous catalysts are effective for the saturation of the
aromati cs under the high pressure conditions which are typically used
(about 2,000 psig) their activity and selectivity for isonerization of the
paraffinic conmponents is not as high as mght be desired; the relatively
strai ght chaig?gaiaffins are not, therefore, isonerized to the | ess waxy

| soparaffins tatively high viscosity index but with | ow pour point
properties, to the extmmétherapmrbdch fud Ibheregpgmadihg topmaxpdieeds
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' hydroprocessed over a highly siliceous zeolite bet;
catalyst. Zeolite beta is known to be highly effective
for the isomerization of paraffins in the presehce of
aromatics, as reported-in US 4,419,220, and its
capabilities are effectively exploited in the process of
US 4,919,788 and 4,975,177 in a manner which optimizes the
yield and viscometric properties of the products. The
zeolite beta catalyst isomerizes the high molecular weight
paiaffins contained in the back end of the feed to less
waxy materials while minimizing cracking of these
components to materials boiling outside the lube range.
The waxy paraffins in the front end of the feed are
removed in a subsequent dewaxing step, either solvent or
catalytic, in order to achieve the target pour point. The |
combination of paraffin hydroisomerization with the
subsequent selective dewaxing process on the front end of
the feed is capable of achieving higher product V.I.
values than either process on its own and, in addition,
the process may be optimized either for yield efficiency
or for V.I. efficiency, depending upon requirements.

While fhis zeolite~catalyzed process has shown
itself to be highly effective for dealing with highly
paraffinic feeds, the high isomerization selectivity of
the zeolite beta catalysts, coupled with its lesser
capability to remove low quality aromatic components, has
tended to limit the application of the process to feeds
which contain relatively low quantities of aromatics: the



t he” correspondi ng waxy conversion being about 30 to 60% even though higher
yi el ds woul d obvi ously enhance the efficiency of the process. The product
V.I. is also |limted by the isonerization activity, typically to about 145
at O[err]F (-18[err]C) pour point in a single pass operation. The
tenperature requirenent of the anorphous catalysts is also relatively high,
at least in conparison to zeolite catalysts, typically being about 700 to
800[err]F (371 to 427[err] O). Anotheﬁ“approach to the upgradi ng of waxy
feeds to high V.1. lubricant basestocks is disclosed in US-A- 4,919, 788 and
4,975,177, in which a waxy feed, typically a waxy gas oil, a slack wax, or
a deoiled wax, is hydroprocessed over a highly siliceous zeolite beta
catalyst. Zeolite beta is known to be highly effective for the
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low conversions and by wax cracking out of the lube

boiling range at high conversions: maximum lube yields are

typically obtained in the 20 to 30 weight percent

conversion range (650°F+ conversion)., It would therefore

be desirable to increase isomerization selectivity and

simultaneously to reduce hydrocrécking selectivity in

order to improve lube yield while retaining the high V.I.

numbers in the product.

In summary, therefore, the processes using
amorphous catalysts can be regarded as inferior in terms
of single pass conversion and overall yield because the
amorphous catalysts are relatively non-selective for
paraffin isomerization but bave a high activity for
cracking so that overall yield remains low and dewaxing
demands are high. The zeolite-catalyzed procéss, by
contrast, is capable of achieving higher yields since the
‘zeolite has a much higher selectivity for paraffin
isomerization in the presence of polycyclic components but
under the moderate hydrogen pressures used in the process,
the aromatics are not effectively dealt with in lower
quality feeds and operation is constrained by the
differing selectivity factors of the zeolite at different
conversion levels.

We have now devised a process for producing high
quality, high viscosity index (V,.I.) lubricants by a two-
stage wax hydrocracking-hydroisomerization process, The
process is capable of producing products with very high



The waxy paraffins in the front end of the feed are renoved in a subsequent
dewaxi ng step, either solvent or catalytic, in order to achieve the target
pour point. The conbination of paraffi-n hydroi sonerization with the
subsequent sel ective dewaxi ng process on the front end of the feed is

capabl e of achieving higher product V.I. values than either process on its
own and, -in addition, the process nmay be optim zed either for yield
efficiency or for V.1. efficiency, depeHﬁTng upon requirenments. Wile this

zeolite-catal yzed process has shown itself to be highly effective for
dealing with highly paraffinic feeds, the high isonerization selectivity of
the zeolite beta catalysts, coupled with its |esser capability to renove

| ow qual ity aromatic conponents, has tended to limt the application of the
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conver si ons:bas&stock s ulre gosd deielld, Compared to the process using

amorphous catalysts, yields are higher and the dewaxing
requirement for the product is markedly lower due to the
effectiveness of the process in converting the waxy
paraffins, mainly linear and near linear paraffins, to
less waxy 1soparaff1ns of high viscosity index. Compared
to the zeolite-catalyzed process, it has the advantage of
being able to accomodate a wider range of feeds at
constant product quality since it is more effective for
‘the removal of the low quality aromatic components from
the feed; it also provides a yield advantage in the range
where maximum lube yield is obtained (about 20-30%
conversion) as well as providing a higher product V.I.
across a wide conversion range from about 5 to 40 percent
conversion., '

According to the present invention a process for
producing a high viscosity index lubricant having a
viscosity index of at least 140 from a hydrocarbon feed of
mineral oil origin having a wax content of at least 50
weight percent comprises

(1) hydrocracking the feed at a hydrogen partial
pressure of at least 800 psig (5613 kPa) over a
bifunctional lube hydrocracking catalyst comprising a
metal hydrogenation component on an acidic, amorphous,
porous support material to hydrocrack aromatichomponents
present in the feéd at a severity which results in a
conversion of not more than 50 weight percent of the feed
to products boiling outside the lube boiling range, and



typically obtained in the 20 to 30 wei ght percent conversion range

(650[ err] F+ conversion). It would therefore be desirable to increase

i sqneri zation selectivity and sinultaneously to reduce hydrocracking
selectivity in order to inprove |ube yield while retaining the high V.I.
nunbers in the product. In summary, therefore, the processes using

anor phous catal ysts can be regarded as inferior in terns of single pass
conversion and overall yield because t R anor phous catal ysts are relatively
non-sel ective for paraffin isonerization but have a high activity for
cracking so that overall yield remains | ow and dewaxi ng demands are hi gh.
The zeolite-catal yzed process, by contrast, is capable of achieving higher
yields since the zeolite has a nuch hi gher selectivity for paraffin
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produci ng pr %ﬂ&&isfﬁél}QQ ite B%ta to isomerize waxy paraffins to
less waxy isoparaffins.

The feed typically comprises a petroleum wax
having a wax content ogaat least 60 weight percent and an
aromatic content of from 5 to 20 weight percent, such as a
slack wax having an arcmatic content of from 8 to 12
weight percent. The metal component of the hydrocracking
catalyst preferably comprises at least one metal of Group
VIII and at least one metal of Group VI of the Periodic
Table, and the acidic support material is suitably
alumina. Advantageously the hydrocracking catalyst is a
fluorided lube hydrocracking catalyst, and may have been
pre-fluorided to a fluorine content of ; to 10 weight
percent fluorine.

The conversion during the hydrocracking step to
6500F~ (343°C-) material is usually from 10 to 30 weight
percent of the feed. The isomerization catalyst suitably
has an alpha value not greater than 10, or even not
greater than S. -

Boron may be present as a framework component of
the zeolite beta, the isomerization catalyst comprising
from 0.5 to 2 weight percent platinum on a support
comprising zeolite beta containing boron as a framework
component and a matrix.

The isomerization is preferably carried out in
the presence of hydrogen at a pressure of at least 200
psig (1479 kPa), and the conversion to 6500F- (3430C-)



vi gcosity indices, typically above about 140, usually in the range of 140
to 155 with values of 143 to 147 being typical. The process is capabl e of
bei ng operated with feeds of varying conposition to produce high quality

| ube basestocks in good yield. Conpared to the process using anorphous
catal ysts, yields are higher and the dewaxing requirenent for the product
Is markedly | ower due to the effectlvenfss of the process in converting the
waxy paraffins, mainly |linear and near near paraffins, to | ess waxy

i soparaffins of high viscosity index. Conpared to the zeolite-catal yzed
process, it has the advantage of being able to acconodate a w der range of
feeds at constant product quality since it is nore effective for the
renoval of the low quality aromatic conponents fromthe feed; it also
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percent conf343%®c) (i) hydrocracking the feed at a hydrogen partial pressure

of at |east 800 ps'glég%yj%J§¥%c£§§¥1§§ and isomerization may be
carried out in the presence of hydrogen at a pressure of
at least 1000 psig (6991 kPa), with the isomerization
being carried out at a temperature of from 550 to 700°F
(288 to 371°C). Suitably in such a case the effluent from
the hydrocracking may be cascaded directly to the
isomerization. ' |

| In a favored embodiment the isomerization

catalyst comprises a steamed Pt/zeolite beta catalyst
containing boron as a framework component of the zeolite,
having an alpha value not greater than 5 and a platinum
content from 0.5 to 1.5 weight percent based on the total
weight of the catalyst, and the product has a V.I. of 143
to 147.

In a further favored embodiment the
isomerization is carried out in the presence of hydrogen
at a hydrogen partial pressure from 200 to 1000 psig (1479
to 6991 kPa) at a temperature from 600 to 700°F (316 to.
371°C) in the presence of a paraffin isomerization
catalyst comprising a noble metal hydrogenation component
on a low acidity support having an alpha value not greater
than 10, the zeolite beta contains boron as a framework
component, and the product has a viscosity index of at
least 140.

In the first stage, the feed is subjected to
hydroprocessing over a bifunctional catalyst comprising a
metal hydrogenation component on an amorphous acidic



bi functi onal | ube hydrocracki ng catal yst conprising a netal hydrogenation
conponent on an acidic, anorphous, porous support raterial to hydrocrack
aromati c conponents present in the feed at a severity which results in a
cohversi on of not nore than 50 wei ght percent of the feed to products

boi ling outside the |ube boiling range, and -9- (ii) isonerizing waxy
paraffins present in the effluent fromthe hydrocracking in the presence of
a low acidity isonerization catalyst hallx an al pha val ue of not nore than
20 and conprising a noble nmetal hydrogenation conmponent on a porous support
material conprising zeolite beta to isonerize waxy paraffins to | ess waxy

| soparaffins. The feed typically conprises a petrol eum wax having a wax
content of at |east 60 weight percent and an aromatic content of fromb5 to
20 wei ght percent, such as a slack wax having_an aromatic, content of from38

to 12 wei ghtSyRPeEhtunder rekativelparad candieong) ok bimd ted cat al yst
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| ube hydr ocrmetalcaiazinitig zeol itic leatmlyeetn of low acidity. 1In the
first stage, the low quality aromatic components of the
feed are subjected to hydrocracking reactions which result
in complete or partial saturation of aromatic rings
accompanied by ring opening reactions to form products
which are relatively more paraffinic; the limited
conversion in the first stage, however, enables these
products to be retained without undergoing further
cracking to products boiling below the lube boiling range,
typically below about 650°F (3430C). Typically, the
conversion in the first'stage is limited to no more than
30 weight percent of the original feed.

In the second stage, the conditions are
optimized for hydroisomerization of the paraffins
originally present in the feed together with the paraffins
produced by hydrocracking in the first stage. For this
purpose a low acidity catalyst with high isomerization
selectivity is employed, and for this purpose, a low
acidity zeolite beta catalyst has been found to give
excellent results. A noble metal, preferably platinum, is
used to provide hydrogenation-dehydrogenation
functionality in this catalyst in order to promote the
desired hydroisomerization reactions.

Two particularly favored embodiments of the
invention differ from one another in the manner in which
the second stage is carried out. Both of these
embodiments require relatively high pressure in the first
stage in order to maximize removal of aromatic components
in the feed and for this purpose pressures of 800 psig



pre-fluorided to a fluorine content of 1 to 10 weight percent fluorine. The
conversion during the hydrocracking step to 650[err]F- (343[err]C)
material is usually from10 to 30 wei ght percent of the feed. The

i sonmerization catal yst suitably has an al pha value not greater than 10, or
even not greater than 5. Boron may be present as a franmework conponent of
the zeolite beta, the isonerization cat st conprising from0.5 to 2 '
wei ght percent platinumon a support cd%%%Tsing zeol ite beta containing
boron as a franmework conponent and a matrix. The isonerization is
preferably carried out in the presence of hydrogen at a pressure of at

| east 200 psig (1479 kPa), and the conversion to 650[err]F- (343[err]C)
-10- product is generally not nore than 30 wei ght percent, based on the

feed to the '§§g§r' i ' Of e 4 [ }oN A
advant ageous$ e lkcgaa;i'l %%@mtgﬁ ?&% ?@%t gr a{%érf?gén %@)-{ rr Fy
(343[ err] C) .kBdtabs)y REe rakitakleand Thehesond i tkagRyMae beyroperated in t he

presence of &yEhepesyAlif SheSEbSaferd, | Gastad R Bd {1 APOlskRA . With

the |soner|%g%£fﬁgnt directly into the second stage without a pressure
teduction or, in the other, the second stage may be
operated at félatively lower pressures, typically up to
1,000 psig (6991 kPa abs) by passing the first stage
products through an interstage separator to remove light
ends and inorganic heteroatoms. The cascade process
without interstage separation represents a preferred mode
of operation because of its simplicity, although operation
with the same or a reduced pressure in the second stage
may be desirable if no high pressure vessel is available
for this part of the operation. 1In both cases, however,
the process is well suited for upgrading waxy feeds such
as slack wax with aromatic contents greater than about 15
weight percent to high viscosity index lubricating oils

- with high single pass yields and a limited requirement for

product dewaxing.

Drawipgs :
In the accompanying drawings Figures 1 to 7 are

graphs illustrating the results of wax hydroprocessing
experiments reported in the Examples.

The feed to the process comprises petroleum wax
which contains at least 50 weight percent wax, as '
determined by ASTM test D-3235, 1In these feeds of mineral
oil origin, the waxes are mostly paraffins of high pour
point, comprising straight chain and slightly branched
chain paraffins such as methylparaffins.

Petroleum waxes, that is, waxes of paraffinic



berFng carried out at a tenperature of from550 to 700[err]F (288 to
371[err]C). Suitably in such a case the effluent fromthe hydrocracki ng may
be cascaded directly to the isonerization. In a favored enbodi nent the

i sonerization catalyst conprises a steaned Pt/zeolite beta catal yst

contai ning boron as a franmework conponent of the zeolite, having an al pha
val ue not greater than 5 and a platinumcontent fromO0.5 to 1.5 wei ght
percent based on the total weight of thd3ecatal yst, and the product has a
V.l1. of 143 to 147. In a further favored enbodi nent the isonerization is
carried out in the presence of hydrogen at a hydrogen partial pressure from
200 to 1000 psig (1479 to 6991 kPa) at a tenperature from600 to 700[err]F
(316 to. 371[err]C) in the presence of a paraffin isonerization catalyst

O 0 A i LR BB RN a3 o2 b aTb i, dndeEOr
as a framewwtheroldendds bgnphybdcplodephrazdion firomoai wix-o0akadhing | east
b1 f unct | onal” SEARSs SESARe SeREiAY BParhTatse o8 BREBAR-EReh “on an
anor phous adiemiperature at which the wax separates, usually by solvent
dewaxing, e.qg., MEK/toluene dewaxing or by means of an
autorefrigerant process such as propane dewaxing. These
waxes have high initial boiling points above about 650°CF
(about 3439C) which render them extremely useful for
processing into lubricants which also require an initial
boiling point of at least 6500F (about 343°C). The
presence of lower boiling components is not to be excluded
since they will be removed together with products of
similar boiling range produced during the processing
during the separation steps which follow the
characteristic processing steps. Since these components
will, however, load up the process units they are
preferably excluded by suitable choice of feed cut point.
The end point of wax feeds derived from the solvent '
dewaxing of neutral oils, i.e, distillate fractions
produced by the vacuum distillation of long or atmospheric
resids will usually be not more than about 1100°F (about
5959C) so that they may normally be classified as
distillate rather than residual streams but high boiling
wax feeds such as petrolatum waxes, i.e., the waxes
separated from bright stock dewaxing, which may typically
have an end point of up to about 13009F (about 705°C), may
also be employed. - :

The wax content of the feed is high, generally
at least 50, more usually at least 60 to 80, weight
percent with the balance from occluded o0il comprising iso-
paraffins, aromatics and naphthenics. The non-wax content
of aromatics, polynaphthenes and highly branched



support under relatively mld conditions of Iimted conversion. The second
‘'stage conprises a hydroi sonerization step which is carried out over a noble
nmet al -cont-ai ning zeolitic catalyst of low acidity. 1In the first stage, the
| ow qual ity aromatic conponents of the feed are subjected to hydrocracking
reactions which result in conplete or partial saturation of aromatic rings
acconpani ed by ring opening reactions to formproducts which are relatively
nmore paraffinic; the limted conversioml4r the first stage, however

enabl es these products to be retained wi thout undergoing further cracking
to products boiling below the | ube boiling range, typically bel ow about
650[err]F (343[err]C). Typically, the conversion in the first stage is
limted to no nore than 30 wei ght percent of the original feed. In the

second, o 20BN LEN AR Bt Shdila WS SRS T oF 1
produced by pexicent sakithe iwax fand iprefenakdy. widil tidts quogesk @5 Ha\80
oo oo S U, | AP S MR AR U MR
excel | ent rdsspakly Aans| ovwastigcositdes dacpudeathfheiis nedatively ovi de
hydr ogenat i ofowledosiie s | ¥bnfdticld AN infaphthdndss N3MRJueH the HidH to
pronote the desired hf/drm soneri zation irveeascttlhoerllns.m wo, part Ii(x:xlf:l ag y. Tavored
enbodi nent s ¢YIntept of waxy para ns g elting points and

pour points which render them unacceptable as lubricants

without further processing.

Feeds of this type will normally be slack waxes,

that is, the waxy product obtained directly from a solvent
dewaxing process, e.g. an MEK or propane dewaxing process.
The slack wax, which is a solid to semi-solid product,
comprising mostly highly waxy paraffins (mostly n~- and
mono-methyl paraffins) together with occluded oil, may be
fed directly to the first step of the present processing
sequence as described below without the requirement for
any initial preparation, for example, by hydrotreating.

The compositions of some typical waxes are given

in Table 1 below.

TABLE 1

Hax_Compogition =_Arab Ligbht Crude

_ A B C D
Paraffins, wtsg : 94.2 81.8 70.5 5.4
Mono-naphthenes, wt$ 2.6 11.0 6.3 16.5
Poly-naphthenes, wt$ 2.2 3.2 7.9 9.9
Aromatics, wts 1.0 4,0 15.3 22.2

A typical slack wax feed has the composition
shown in Table 2 below. This slack wax is obtained from
the solvent (MEK) dewaxing of a 300 SUS (65 cSt) neutral



invention differ fromone another in the manner in which the second stage
is carried out. Both of these enbodinents require relatively high pressure
in.the first stage in order to nmaxim ze renoval of aromatic conponents in
the feed and for this purpose pressures of 800 psig -12- (5613 kPa), -
usually from800 to 3,000 psig (5613 to 20771 kPa abs) are suitable. The
second stage nay be operated either by, in one enbodi nent, cascading the
first stage effluent directly into the sd8ond stage without a pressure
reduction or, in the other, the second stage may be operated at relatively
| ower pressures, typically up to 1,000 psig (6991 kPa abs) by passing the
first stage products through an interstage separator to renove |ight ends
and inorgani c heteroatons. The cascade process w thout interstage
separation r e tg_a.preferred, node_of . pparation because of its
sinplicity, §E?h§§8ﬁi8§gr§f98naﬁi9ﬁagh&9§9ﬁe85PE§'reduced pressure in the
second stage nay be desirable if no high pressure vessel is available for
this part of the operation. In both cases, however, the process is well
suited for upgrading waxy feeds such as”slack wax with aromatic contents
greater than about 15 wei ght percent TBBREgR viscosity index |ubricating
oils with high single pass yields and a limted requirenent for

Slack Wax_Properties

API 39
Hydrogen, wt$ 15.14
Sulfur, wts 0.18
Nitrogen, ppiw 11
Melting point, ©°C (°F) 57 (135)
KV at 100°C, cst 5.168
PNA, wt$: _

Paraffins 70.3

Naphthenes 13.6

Aromatics 16.3

Simulated Distillation:

- oC_ {9F)
5 375 (710)
10 413 (775)
30 440 (825)
50 460 (860)
70 482 (900)
90 500 (932)
95 - 507 (945)

Another slack wax suitable for use in the
present process has the properties set out in Table 3
below. This wax is prepared by the solvent dewaxing of a
450 SUS (100cS) neutral raffinate:



preduct dewaxing. Drawi ngs In the acconpanying drawi ngs Figures 1 to 7 are
graphs .illustrating the results of wax hydroprocessing experinents reported
in the Exanples. The feed to the process conprises petroleum wax which
contains at |east 50 wei ght percent wax, as determ ned by ASTMtest D-3235.
In these feeds of mneral oil origin, the waxes are nostly paraffins of
hi gh pour point, conprising straight chain and slightly branched chain
paraffins such as nethyl paraffins. Pet+bé€eum waxes, that is, waxes of

paraffinic -13- character are derived fromthe refining of petrol eum and
ot her liquids by physical separation froma wax-containing refinery stream
usually by chilling the streamto a tenperature at which the wax separ ates,

usual ly by sol vent dewaxing, e.g., MEK/toluene dewaxi ng or by neans of an
autorefrigerant process such as propane dewaxi ng. These waxes have high
initial boiling points above about 6ERBEEr3F (about 343[err]C) which render
them extrenely useful for processing into lubricants which also require an
initial boiling point of at |c3lack-Wgx Piep¢rties 343[err]C). The presence
of | ower boiling-conponents is not to be excluded

Boiling Range, °F (°C) 708-1053 (375-567)
API 35.2
Nitrogen, basic, ppmw 23
Nitrogen, total, ppmw 28
Sulfur, wts 0.115
Hydrogen, wt% 14.04
Pour point, °F (°C) " 120 (50)
KV (100°C) - 7.025
KV (300°F, 150°C) 3.227
0il (D 3235) ' 35
Molecular wt. 539
P/N/A: :
Paraffins : -
Naphthenes -
Aromatics _ 10

The waxy feed is subjected to a two-step
hydrocracking-hydroisomerization process in which both
steps may be carried out in the presence of hydrogen. 1In
the first step, an amorphous bifunctional catalyst is used
to promote the saturation and ring opening of the low
‘quality aromatic components in the feed to produce
hydrocracked products which are relatively more
paraffinic. This stage is carried out under high pressure
to favor aromatics saturation but the conversion is
maintained at a relatively low level in order to minimize
cracking of the paraffinic components of the feed and of
the products obtained from the saturation and ring opening
of the aromatic materials., Consistent with these process
objectives, the hydrogen pressure in the first stage is at
least 800 psig (5613 kPa abs) and usually is in the range
of 1,000 to 3,000 psig (6991 to 20771 kPa abs). Ndrmally,



since they wll be renoved together with products of simlar boiling range
produced during the processing during the separation steps which follow the
characteristic processing steps. Since these conponents will, however, | oad
up the process units they are preferably excluded by suitable choice of
feed cut point. The end point of wax feeds derived fromthe sol vent
dewaxi ng of neutral oils, i.e, distillate fractions produced by the vacuum
distillation of long or atnmospheric resdfis will usually be not nore than
about 11000F (about 595[err]C) so that they may normally be classified as
distillate rather than residual streans but high boiling wax feeds such as
petrol atum waxes, i.e., the waxes separated from bright stock dewaxi ng,
whi ch nmay typically have an end point of up to about 1300[err]F (about

The, wax :

[OoLert 1O mARYcBh9RpREoR HARYEE: ad S iBHe o0 ThehebIERd LS B0 i 1,
the bal ancecontrodcofutibe behpevapurei iy thbs stagefwhichawdInmtics and
branchod - MOTIALEE o nCERL Pangl G0PTEL ER0oRCLAERRE Y8 Ee ihfeter Y
percent of R4 MAKeanaupllyeinbthevrangeoef exkewt 650t to3DS0OF (about
343 to 400°C). Space velocity variations may also be used’
to control severity although this will be less common in
practice in view of mechanical constraints on the system.
The exact temperature selected to achieve the
desired conversion will:-depend on the characteristics of
the feed and of the cataiyst as well as upon the extent to
which it is necessary to remove the low quality aromatic
components from the feed. In general terms, higher
severity conditions are required for processing the more
aromatic feeds up to the usual maximum of about 30 percent
aromatics, then with the more paraffinic feeds. Thus, the
properties of the feed should be correlated with the
activity of the selected catalyst in order to arrive at
the required operating temperature for the first stage in -
order to achieve the desired product properties, with the
objective at this stage being to remove the undesirable,
low quality aromatic components by hydrocracking while
minimizing conversion of the more desirable paraffinic
components to products boiling below the lube boiling
range. In order to achieve the desired severity in this
stage, temperature may also be correlated with the space
velocity although for practical reasons, the space
velocity will normally be held at a fixed value in
accordance with mechanical and other constraints such as
minimizing pressure drop. Generally, the space velocity
will be in the range of 0.25 to 2 LHSV, hr~l and usually
in the range of 0.5 to 1.5 LHSV. !
A characteristic feature of the first staée



weirght percent. The waxy, highly paraffinic wax stocks ‘usually have | ow

vi scosities because of their relatively | ow content of aromatics and

napht henes al t hough the hi.gh content of waxy paraffins gives themnelting
points and pour points which render them unacceptable as |ubricants without
further processing. Feeds of this type will normally be slack waxes, that
I's, the waxy product obtained directly froma sol vent dewaxi ng process,
e.g. an MEK or propane dewaxi ng process:l9he slack wax, which is a solid to
sem -solid product, conprising nostly highly waxy paraffins (nostly n- and
nmono- net hyl paraffins) together with occluded oil, may be fed directly to
the first step of the present processing sequence as descri bed bel ow

wi thout the requirenment for any initial preparation, for exanple, by

hydrotreating. The conpositions of_sone pical waxes are given in Table 1
bel ow  TABLECRCERF10R; 8 thgoyse of a biéyn@m%al Jgbes hydmperacking

oo oG el Cuialydud of b e 6t gy
22,2 A typi CAPF JEEIRGAGS (eI FERAT IR (FRARK KON, 1h RRSE: PR AT el o
Thi s sl ack wkleibowhjwahity faoomatiic swmponenteEifrakevhe fred. a 100 SUS (65
cSt) neutralgepneral terms, these catalysts include a metal component
for promoting the desired aromatics saturation reactions
and frequently a combination of base metals is used, with
one metal from the iron group (Group VIII) in combination
with a metal of Group VIB. Typically a base metal such as
nickel or cobalt is used in combination with molybdenum or
tungsten. A preferred combination is nickel/tungsten
since it has been found to be highly effective for
promoting the desired aromatics hydrocracking reaction.
Noble metals such as platinum or palladium may be used
since they have good hydrogenation activity in the absence
of sulfur but they will normally not be preferred. The
amounts of the metals present on the catalyst are
conventional for lube hydrocracking catalysts of this type
and generally will range from 1 to 10 weight percent of
the Group VIII metal and 10 to 30 weight percent of the
Group VI metél, based on the total weight of the catalyst.
If a noble metal component such as platinum or palladium
is used instead of a base metal such as nickel or cobalt,
relatively lower amounts are in order in view of the
higher hydrogenation activities of these noble metals,
typically £rom about 0.5 to 5 weight percent being
sufficient. The metals may be incorporated by any
suitable method including impregnation onto the porous
support after it is formed into particles of the desired
size or by addition to a gel of the support materials
prior to calcination. Addition to the gel is a preferred
technique when relatively high amounts of the metal



oi F obtained froman Arab Light Crude. TABLE 2 API 39

Hydr ogen, wt % : 15.14 Sul fur, % - . 0.18 Nitrogen,
ppmw _ 11 Melting point, [err]C ([err]F) 57 (135) KV at
100[err] C, cSt 5.168 PNA, wt % Paraffins 70. 3.

Napht henes 13.6 Aromatics 16. 3 Sinul at ed
Distillation: % [err] [err] 5 375 (710) 10

413 (775) 30 440 (8253050 : 460 (860) 70

482 (900) 90 500 (932) 95 507 (945) Anot her

sl ack wax suitable for use in the present process has the properties set
out in Table 3 below. This wax is prepared by the sol vent dewaxi ng of a 450
SUS (100cS) neutral raffinate:

components are to be added, e.g. above 10 weight percent
of the Group VIII metal and above 20 weight percent of the
Group Vi metal. These techniques are conventional in
character and are employed for the production of lube
hydrocracking catalysts.

The metal component of the catalyst is supported
on a porous, amorphous metal oxide support and alumina is
preferred for this purpose although silica-alumina may
also be employed. Other metal oxide components may also
be present in the suppdrt although their presence is less
desirable. Consistent with the requirements of a lube
hydrocracking catalyst, the support should have a pore
size and distribution which is adequate to permit the
‘relatively bulky components of the high boiling feeds to
enter the interior pore structure of the catalyst where
the desired hydrocracking reactions occur. To this
extent, the catalyst will normally have a minimum pore
size of about 50 A° (5 nm), i.e. with no less than about 5
percent of the pore having a pore size less than 50 A° (5
nm) pore size, with the majority of the pores having a
pore size in the range of 50-400 AC (5-40 nm) (no more
than 5 percent having a pore size above 400 A9),
preferable with no more than about 30 percent having pore
sizes in the range of 200-400 (20-40 nm). Preferred
catalysts for the first stage have at least 60 percent of
the pores in the 50-200 (5-20 nm) range. The pore size
distribution and other properties of some typical lube
hydrocracking catalysts suitable for use in the first.
stage are shown in Table 4 below:



TABLE 3 Sl ack \Wax Properties Boiling Range, [err]F ([err] QO .708- 1053

(375-567) API . ' 35.2 Nitrogen, basic, ppnw
- 23 Nitrogen, total, ppnw 28 Sul fur, w%
0.115 Hydrogen, w % 14.04 Pour point, [err]F ([err] QO
120 (50) KV (100[err] Q) 7.025 KV (300[err]F,
150[ err] O 3.227 G| (D 3235) 35
Mol ecul ar wt . : 539 FVT@%N Par af fi ns Napht henes Aronatics

10 The waxy feed is subjected to a two-step

hydr ocr acki ng- hydr oi sonmeri zati on process in which both steps may be carried
out in the presence of hydrogen. In the first step, an anorphous

bi functional catalyst is used to pronpte the saturation and ring openi ng of
~the low quality aromatic conponents i 4 eed to produce hydrocracked
products which are relatively nore pararfinic. This stage is carried out
under high pressure :

LEDC Catalyst Properties

Form 1.5 mm cyl 1.5 mm tri 1.5 mm cyl
Pore Volume, cc/gm 0.331 0.453 0.426
Surface Area, m2/gm 131 170 116
Nickel, wts 4.8 4.6 5.6
Tungsten, wts 22.3 23.8 17.25
Fluorine, wtg - - 3,35
Silica, wtg e - ' - 2
Alumina, wts T - - 60.3
Real Density, gm/cc 4.229 4,238 4,023
Particle Density, gm/cc 1.744 1.451 1.483
Packing Density, gm/cc 1.2 0.85 0.94

" If necessary in order to obtain the desired
-conversion, the catalyst may by promoted with fluorine,
either by incorporating fluorine into the catalyst during
its preparation or by operating the hydrocracking in the
presence of a fluorine compound which is added to the
feed., This will normally not be required with the
processing of slack wax feeds but petrolatum feeds
requiring higher levels of conversion, as discussed above,
may necessitate the use of a halogenated catalyst as well
as the use of higher temperatures during the
hydrocracking. Fluorine compounds may be incorporated
into the catalyst by impregnation during its preparation
with a suitable fluorine compound such as ammonium
fluoride (NH4F) or ammonium bifluoride (NH4F.EBF) of which
the latter is preferred. The amount of fluorine used in
catalysts which contain this element is preferably from
about 1 to 10 weight percent, based on the total weight of
the catalyst, usually from about 2 to 6 weight percent.



to Tavor aromatics saturation but the conversion is maintained at a
relatively Iowlevel in order to mnimze cracking of the paraffinic
conponents of the feed and of the products obtained fromthe saturation and
ring opening of the aromatic nmaterials. Consistent with these process

obj ectives, the hydrogen pressure in the first stage is at |east 800 psig
(5613 kPa abs) and usually is in the ran%v%of 1,000 to 3,000 psig (6991 to
20771 kPa abs). Normally, -18- The cé rsion may be nmintained at the
desired value by control of the tenperature in this stage which wll
normal ly be in the range 600 to 800[err]F (about 315 to 430[err]C) and nore
usual ly in the range of about 650 to 750[err]F (about 343 to 400[err]C).
Space velocity variations may also be used to control severity although
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paraffinic f%& i a;g%%t oQ fluorine as well as h1gh amounts of the
metals, as noted above, it is preferred to incorporate the
metals and the fluorine compound into the metal oxide gel
prior to drying and calcining the gel to form the finished
catalyst particles. '

The catalyst activity may also be maintained at
the desired level by in_situ fluoriding in which a
fluorine compound is added to the stream which passes over
the catalyst in this stage of the operation. The fluorine
compound may be added continuously or intermittently to
the feed or, alternatively, an initial activation step may
.be carried out in which the fluorine compound is passed
over the catalyst in the absence of the;feed, e.g. in a
stream of hydrogen in order to increase the fluorine
content of the cataiyst prior to initiation of the actual
hydrocracking. Ip.situy fluoriding of the catalyst in this
way is preferably carried out to induce a fluorine content
of about 1 to 10 percent fluorine prior to operation,
after which the fluorine can be reduced to maintenance
levels sufficient to maintain the desired activity.
Suitable compounds for ip_sity fluoriding are
orthofluorotolune and difluorocethane.

The metals present on the catalyst are
preferably used in their sulfide form, and to achieve this
pre-sulfiding of the catalyst may be carried out prior to
initiation of the hydrocracking. Sulfiding is an
established technique and it is typically carried out by



properties of the feed should be correlated with the activity of the

sel ected catalyst in order to arrive at the required operating tenperature
for the first stage in order to achieve the desired product properties,
with the objective at this stage being to renove the undesirable, |ow

qual ity aromatic conponents by hydrocracking while m nimzing conversion of
the nore desirable paraffinic conponents to products boiling bel ow the | ube
boiling range. In order to achieve the-@8sired severity in this stage,
tenperature nmay al so be correlated with the space velocity although for
practical reasons, the space velocity will normally be held at a fixed

val ue in accordance wth nmechani cal and other constraints such as

m nim zing pressure drop. Generally, the space velocity will be in the
range of 0.25 to 2 LHSV, hr-lI and usyally in_the range.,of 0.5 to 1.5 LBSV.
A characterFﬁﬂﬁﬁcﬁé@BUF@ebFaﬁﬁéY§¢r?PtQtég@“lfufrgpngﬁépépﬂoﬁaﬁs the use of

a bi functi orgjualule iy dnec preseneeC difahydrogeat.al Thles miktiulties ofype have a
hi gh sel ectivi or aromatj cs hydrqcr,ackin eact4.ons J,n order to renove
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catal ysts i médrcdptansudh @ burednmercaptanndisi cgnvieatdenaledozr ttmsi cs
saturation Eﬁﬁ%%é%ﬂs Presulfiding may also be carried out by

contacting the catalyst with hydrogen and a sulfur-

containing hydrocarbon o0il such as a sour kerosene or gas

oil.

Because the feeds are highly paraffinic, the
heteroatom content is low and accordingly the feed may be
passed directly into the first process step, without the
necessity of a preliminary hydrotreatment.

During the first stage of the process, the low
quality, relatively aromatic components of the fegd are
converted by hydrocracking to products which are
relatively more paraffinic in character by saturation and
ring opening. The paraffinic materials present in the
stream at this stage of the process possess good V.I, _
characteristics but have relatively high pour points as a
result of their paraffinic nature., The objective in the
second stage of the process is to effect a selective
hydroisomerization of these paraffinic components to iso-
paraffins which, while possessing good viscometric '

properties, also have lower pour points. This enables the
pour point of the final product to be obtained without an
excessive degree of dewaxing following the
hydroisomerization. Because the low quality aromatic
components have been removed by the initial hydrocracking
step. there is no requirement for achieving any
significant degree of aromatic saturation in the second
stage of the operation so that it is possible to carry it
out under relatively low pressures, typically in the range



and frequently a conbination of base netals is used, wth one netal from
-the iron-group (Goup VIIl) in conbination with a netal of Goup VIB.
Typically a base netal such as nickel or cobalt is used in conbination with
mol ybdenum or tungsten. ‘A preferred conbination is nickel/tungsten since it
has been found to be highly effective for pronoting the desired aromatics
hydr ocracki ng reaction. Noble netals such as platinumor palladium my be
used since they have good hydrogenatioﬁ%ﬁiivity in the absence of sulfur
but they will normally not be preferred. The amobunts of the netals present
on the catal yst are conventional for |ube hydrocracking catalysts of this
type and generally wll range from1l to 10 wei ght percent of the Goup VIII
netal- and 10 to 30 wei ght percent of the Goup VI netal, based on the total
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hydrogen pressures in the second stage, typically over
1000 psig (6991 kPa). This mode of operation is preferred
since the second stage-can be operated in cascade with the
first stage, at an inlet pressure equal to the outlet
pressure of the first stage,

In the preferred modes of operation, therefore,
the second stage will operate at a hydrogen partial
pressure of 400 to. 1000 psig (2857 to 6991 kPa) in the low
pressure mode or at hydrogen partial pressures of 1000 to
3000 psig (6991 to 20771 kPa), usually 1500-2500 psig
(10436 to 17326 krpa) in the high pressuré mode. Hydrogen
circulation rates are_comparable to those used in the
first stage. _

The catalyst used in the second stage is one
which has a high selectivity for the isomerization of
waxy, linear or near linear paraffins to less waxy,
isoparaffinic products. Catalysts of this type are’
bifunctional in character, comprising a metal component on
a large pore size, porous support of relatively low
acidity. The acidity is maintained at a low level in
order to reduce conversion to products boiling outside the
lube boiling range during this stage of the operation. 1In
general terms, an alpha value below 20 should be employed,
with preferred values below 10, best results being
obtained with alpha values below 5 and good results being
achieved at alpha values of 1 to 2.



-20- conponents are to be added, e.g. above 10 wei ght percent of the G oup
VIIl nmetal and above 20 wei ght percent. of the G oup Vi netal. These

techni ques are conventional in character and are enployed for the
production of |ube hydrocracking catalysts. The netal conponent of the
catal yst is supported on a porous, anorphous netal oxide support and
alumna is preferred for this purpose although silica-alumna my al so be
enpl oyed. Ot her netal oxide conponents‘ﬁﬁy al so be present in the support
al though-their presence is |ess desirable. Consistent with the requirenments
of- a | ube hydrocracki ng catalyst, the support should have a pore size and
distribution which is adequate to permt the relatively bul ky conponents of
the high boiling feeds to enter the interior pore structure of the catal yst
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‘to the standard catalyst which is taken as an alpha of 1
(Rate Constant = 0.016 sec ~1), The alpha test is
described in US-A-3,354,078 and in J, Catalysis, 4, 527
(1965); &, 278 (1966); and 61, 395 (1980). For the
bifunctional catalysts used in this stage of the present
process, the alpha value is determined in the absence of
the metal component. )

The support material for the paraffin
hydroisomerization catalyst is zeolite beta, a highly
siliceous, zeolite in a form which has the required low
level of acid activity to minimize paraffin cracking and
to maximize paraffin isomerisation. Low acidity values in
the zeolite may be obtained by use of a sufficiently high
silicasalumina ratio in the zeolite, achievable either by
direct synthesis of the zeolite with the appropriate

: cbmposition or by steaming or dealuminization procedures
such as acid extraction. Isomorphous substitution of
metals other than aluminum may also be utilized to produce

~ a zeolite with a low inherent acidity. "Alternatively, the
zeolite may be subjected to alkali metal cation exchange
to the desired'low acidity level, although this is less
preferred than the use of a zeolite which contains
framework elements other than aluminum.

Zeolite beta is the preferred support since this
zeolite has been shown to possess outstanding activity for
paraffin isomerization in the presence of aromatics, as
disclosed in US-A-4,419,220. The low acidity forms of



| catal ysts for the first stage have at | east 60 percent of the pores in the
50-200 (5-20 nm) range. The pore size distributiron and other properties of
sonme typical |ube hydrocracking catalysts suitable for use in the first

. stage are shown in Table 4 bel ow -21- TABLE 4 Form
1.5 mm cyl 1.5 mmtri 1.5 nmcyl Pore Volune, cc/gm 0. 331
0. 453 0.426 Surface Area, n2/gm 131 170
116 Nickel, wt% 4.8 -26- 4.6 : 5.6 Tungsten,
wt % 22.3 23.8 17.25 Fluorine, w%
- - 3.35 Silica, wt% -
2 Alum na, W% . - - 60. 3 Real
Density, gm cc 4.229 - 4.238 4.023 Particle Density,
gmcc 1.744 1.451 1.483 Packi.ng ,Density, cc 1.2
0. 85 zeold tey beta, may; be pbtained. bY; 5Y % r?? G%Q’%g}yconver si on,
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feed.  Thi eplitesoofallloyerosidd cacgdvmdsanirationdo the requisite
acidity level. Another method is by replacement of a
portion of the framework aluminum of the zeolite with
another trivalent element such as boron which results in a
lower intrinsic level of acid activity in the zeolite.
The preferred zeolites;qf'this type are those which
contain framework boron, and normally at least 0.1 weight
percent, preferably at least 0.5 weight percent, of
framework boron is preferred in the zeolite. 1In zeolites
of this type, the framework consists principally of
silicon tetrahedrally coordinated and interconnected with
oxygen bridges. A minor amount of a trivalent element
(alumina in the case of alumino-silicate zeolite beta) is
usually also coordinated and forms part of the framework.
The zeolite also contaihs material in the pores of the
structure although these do not form part of the framework
constituting the characteristic structure of the zeolite,
The term "framework®” boron is used here to distinguish
between material in the framework of the zeolite which is
evidenced by contributing ion exchange capacity to the
zeolite, from material which is present in the pores and
which has no effect on the total ion exchange capacity of
the zeolite. '

Methods for preparing high sillica content
zeolites containing framework boron are known and are
described, for example, in US-A-4,269,813 and 4,672,049.
As noted there, the amount of boron contained in the
zeolite may be varied by incorporating different amounts
of borate ion in the zeolite forming solution, e.g., by



processing of slack wax feeds but petrolatum feeds requiring higher |evels
of conversion, as discussed . above, may necessitate the use of a hal ogenated
catalyst as well as the use of higher tenperatures during the
hydr ocr acki ng. Fl uorine conpounds may be incorporated into the catalyst by
I mpregnation during its preparation wwth a suitable fluorine conpound such
as ammoni um fl uoride (NHAF) or ammoni um bi fluoride (NH4F. HF) of which the
|atter is preferred. The anmpunt of f1 usR¥he used in catal ysts which contain
this elenent is preferably fromabout 1 to 10 wei ght percent, based on the
total weight of the catalyst, usually fromabout 2 to 6 wei ght percent.

-22- The fluorine may be incorporated by adding the fluorine conpound to a
gel of the metal oxide support during the preparation of the catal yst or by
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metat oxi de “gel prior to ng and-calcining the gel to formthe finished
catal yst pathesiecgzeotiitesamayyde Badevity may al so be maintained at
In low acidity zeolite beta catalysts, the

zeolite should contain at least 0.1 weight percent boron.
Normally, the maximum amount of boron will be about 5
weight percent of the zeolite and in most cases not more
than 2 weight percent of the zeolite. The framework will
normally include some alumina and the silica:alumina ratio
will usually be at least 30:1, in the as-synthesized
conditions of the zeolite. A preferred zeolite beta
catalyst is made by steaming an initial boron-containing
zeolite containing at least 1 weight percent boron (as
B203) to result in an ultimate alpha value no greater than
about 10 and preferably no greater than 5.

The steaming conditions should be adjusted in
order to attain the desired alpha value in the final
catalyst and typically utilize atmospheres of 100 percent
steam, at temperatures of from about 800 to about 1100°F
(about 427 to 595°9C). Normally, the steaming will be
carried out for about 12 to 48 hours, typically about 24
hours, in order to obtain the desired reduction in
acidity. The use of steaming to reduce the acid activity
of the zeolite has been found to be especially
advantageous, giving results which are not achieved by the
use of a zeolite which has the same acidity in its as- '
synthesized condition. It is believed that these results
may be attributable to the presence of trivalent metals
removed from the framework during the steaming operation
which enhance the functioning of the zeolite in a manner
which is not fully understood.



the desired level by in situ fluoriding in which a fluorine conmpound is
added to the stream which passes over the catalyst .in this stage of the
~operation. The fluorine conmpound may be added continuously or
intermttently to the feed or, ‘alternatively, an initial activation step
may be carried out in which the fluorine conmpound is passed over the
catalyst in the absence of the feed, e.g. in a stream of hydrogen in order
to increase the fluorine content of the—=@8talyst prior to initiation of the
actual hydrocracking. In situ fluoriding of the catalyst in this way is
preferably carried out to induce a fluorine content of about 1 to 10
percent fluorine prior to operation, after which the fluorine can be
reduced to -nmaintenance levels sufficient to naintain the desired activity.
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hydrogen. ThSrgkéEgﬁge given to silica as a non-acidic binder,

although non-acidic aluminas such as alpha boehmite (alpha
| alumina monohydrate) may also be used, provided that they
do not confer any substantial degree of acidic activity on
the matrixed catalyst.: The use of silica as a binder is
‘preferred since alumina, even if non-acidic in character,
may tend to react with the zeolite under hydrothermal
reaction conditions to enhance its acidity. The zeolite
is usually composited with the matrix in amounts from
80:20 to 20:80 by weight, typically from 80:20 to 50:50
zeolite:matrix. Compositing may be done by conventional
means including mulling the materials together followed by
extrusion or pelletizing into the desired finished

| catalyst particles. A preferred method for extruding the
zeolite with silica as a binder is disclosed in US-A-
4,582,815, If the catalyst is to be steamed in order to
achieve the desired low acidity, it is performed after the
catalyst has been formulated with the binder, as is
conventional.

The isomerization catalyst also includes a metal

‘component in order to promote the desired
hydroisomerization reactions which, proceeding through
unsaturated transitional species, require mediation by a
hydrogenation-dehydrogenation component. In order to
maximize the isomerization activity of the éatalyst,
metals having a strong hydrogenation function are
preferred and for this reason, platinum and the other
noble metals such as palladium are given a preference.



hydr ogen and hydrogen sul fide, carbon disulfide or a nmercaptan such a butol
mercaptan i s conventional for this purpose. Presulfiding nay al so be
carried out by contacting the catalyst with hydrogen and a sul fur-
cont ai ni ng hydrocarbon oil such as a sour kerosene or gas oil. Because the
feeds are highly paraffinic, the heteroatomcontent is | ow and accordingly
the feed may be passed directly into trmagirst process step, wthout the
necessity of a prelimnary hydrotreatmﬁﬁ.'[hring the first stage of the
process, the low quality, relatively aromatic conponents of the feed are
converted by hydrocracking to products which are relatively nore paraffinic
I n character by saturation and ring opening. The paraffinic materials
present in the streamat this stage of the process possess good V.I.
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by impregnation with solutions of soluble platinum

compounds, for example, with platinum tetraammine salts

such as platinum tetraamminechloride. The catalyst may be

subjected to a final calcination under conventional

conditions in order to convert the noble metal to the

oxide form and to confer the required mechanical strength

on the catalyst. Prior to use the catalyst may be

subjected to presulfiding, by established techniques.

The conditions for the hydroisomerization are
adjusted to achieve the objective of isomerizing the waxy,
linear and near-linear paraffinic components in the feed-
to less waxy but high V.I. isoparaffinic materials of
relatively lower pour point while minimizing conversion to
non-lube boiling range products (usually 650°F-~ (3459C-)
materials)., Since the catalyst used has a low acidity,
conversion to lower boiling products is usually at a
relatively low level and by appropriate selection of
severity, the operation of the process may be optimized
for isomerization over cracking. At conventional space
velocities of about 1, using a Pt/zeolite beta catalyst
with an alpha value below 5, temperatures in the second
stage will typically be in the range of about 550 to about
700°F (about 290 to 3709C) with 650°F+ (343°C+) conversion
typically being from about 10 to 30 weight percent, more
usually 12 to 20 weight percent, of the.second stage feed.
However, temperatures may be used outside this range, for



si ghi fi cant degree of aromatic saturation in the second stage of the
operation so that it is possible to carry it out under relatively |ow

pressures, typically in the range -24- of about 200 to 1000 psig (1479
to 6991 kPa) although pressures from about 400 to 1000 psig (2857 to 6991
kPa) are nmore typical. In the [ow pressure node of operation, it is

preferred to operate the second stage with hydrogen partial pressures from
at least 200 psig (1479 kPa). Another mdd& of operation is with higher

hydr ogen pressures in the second stage, typically over 1000 psig (6991
kPa). This node of operation is preferred since the second stage can be
operated in cascade with the first stage, at an inlet pressure equal to the
outl et pressure of the first stage. In the preferred nodes of operation,
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catal yst usdtith a Howar dremarigationoselectivity and the production
of less stable lube products as a result of the
hydrogenation reactions being thermodynamically less
favored at progressively higher operating temperatures.
With the increased activity resulting from the use of high
hydrogen pressures in the high pressure mode, temperatures
in the second stage may-be somewhat lower than those
appropriate to low pressure operation; in the high
pressure mode, temperatures of 550 to 700°F (about 290 to
370°C) will be preferred, as compared to the preferred
range of 600 to 7000F (about 315 to 370°C) for this stage
of the operation in the low pressure mode. Space
velocities will typically by in the range of 0.5 to 2 LHSV
(hr=1) although in most cases a space velocity of about 1
LHSV will be most favorable. 'Hydrogen circulation rates
are comparable to those used in the first step, as
described above but since there is no significant hydrogen
consumption as a result of near hydrogen balance in this
second step of the process, lower circulation rates may be
employed if feasible. In the cascade operational mode,
the excess hydrogen from the first stage will be found
adequate for the second stage operation.

A particular advantage of the present process is
that it enables a functional separation to be effected in
the entire operating scheme. 1In the first stage, the
undesirable low V.I. components are removed by a process
of saturation and ring opening under conditions of high
pressure and relatively high temperature. By contrast,
the second stage is intended to maximize the content of



which has a high selectivity for the isomerization of waxy, |inear. or near

| inear paraffins to | ess waxy, isoparaffinic products. Catalysts of this
type are bifunctional in character, conprising a netal conponent on a large
pore size, porous support of relatively low acidity. The acidity is

mai ntained at a low |l evel in order to reduce conversion to products boiling
outside the lube boiling range during this stage of the operation.-In
general terms, an al pha val ue bel ow 20=3houl d be enpl oyed, with preferred
val ues bel ow 10, best results being obtained with al pha val ues bel ow 5 and
good results being achieved at al pha values of 1 to 2. -25- The al pha
val ue is an approximate indication of the catalytic cracking activity of
the catal yst conpared to a standard catal yst. The al pha test gives the

Catal yot polBGRPALAERIRSoRn, fBe BEPIRSERDA, BPGRREe ¥1e0 18§ Vettnaar
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the absencecgghditions which are appropriate for the paraffin
isomerization disfavor cracking reactions but are
thermodynamically favorable for the saturation of any lube
range olefins which may be formed by cracking,
particularly in the presence of the highly active
hydrogenation components on the catalyst. Because of
this, the hydroisomerization is also effective for
hydrofinishing the product so that product stability is
improved, especially stability to ultraviolet radiation, a
property which is frequently lacking in conventional
hydrocracked lube products. The isomerized product may
therefore be subjected simply to a final dewaxing step in
order to achieve the desired target pour pqint and usually
there will be no need for any further finishing steps
since a low unsaturates content, both of aromatics and of
lube rangé olefins, results from the optimized processing
in the two functionally separated steps of the process.
The product may be subjected to a final fractionation to
remove lower boiling materials, followed by a final
dewaxing step in order to achieve target pour point for
the product. '

Although a final dewaxing step will normally be
necessary in order to achieve the desired product pour
point, it is a notable feature of the present process that
the extent of dewaxing required is relatively small.,
Typically, the loss during the final dewaxing step will be
not more than 15-20 weight percent of the dewaxer feed and
may be lower. Either catalytic dewaxing or solvent |



thé nmetal conponent. The support material for the paraffin

hydr oi soneri zation catalyst is zeolite beta, a highly siliceous, zeolite in
a formwhich has the required low | evel of acid activity to mnimze
paraffin cracking and to maximze paraffin isonmerisation. Low acidity
values in the zeolite may be obtained by use of a sufficiently high
silica:alumna ratio in the zeolite, achievable either by direct synthesis
of the zeolite with the appropriate comp¥&tti on or by steamng or

deal um ni zati on procedures such as acid extraction. |sonorphous .
substitution of netals other than alum num my also be utilized to produce
a zeolite with a low inherent acidity. Alternatively, the zeolite nmay be
subjected to al kali metal cation exchange to the desired low acidity |evel,:
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a silica-al Widgk1y paraffinic, it may be recycled directly to the

second stage if this is feasible, for example, in the

embodiment where the second stage is operated at a

relatively low pressure,

The preferred catalytic dewaxing processes
utilize an intermediate'pore size zeolite such as ZsSM-5,
but the most preferred dewaxing catalysts are based on the
highly constrained intermediate pore size zeolites such as
ZSM~-22, ZSM-23 or ZSM-35, since these zeolites have been
found to provide highly selective dewaxing, giving dewaxed
products of low pour point and high V.I. Dewaxing
processes using these zeolites are described in US-A-
4,222,855, The zeolites whose use is preferred here may
be characterized in the same way as described therein,
i.e, as zeolites having pore openings which result in the
possession of defined sorption properties set out in the
patent, namely: (1) a ratio of sorption of n-hexane to
o-xylene, on a volume percent basis, of greater than about
3, which sorption is determined at a P/Pgo of 0.1 and at a
temperature of 50°C for n-hexane and 80-°C for o-xylene
and (2) by the ability of selectively cracking 3-
methylpentane (3MP) in preference to the doubly branched
2,3-dimethylbutane (DMB) at 1000°F (5380C) and 1 '
atmosphere (bar) pressure from a 1/1/1 weight ratio
mixture of n-hexane/3-methyl-pentane/2,3-dimethylbutane,
with the ratio of rate constants kiayp/kpyp determined at a
temperature of 1000°F (538°C) being in excess of about 2.
The expression, "P/Po" is accorded its usual significance



rati o above about 50:1 or, nore readily, by steam ng zeolites of |ower
silica-alumna ratio to the requisite acidity level. Another nmethod is by
repl acenent of a portion of the framework al um num of the zeolite with
anot her trivalent element such as boron which results in a lower intrinsic
| evel of acid activity in the zeolite. The preferred zeolites.of this type
are those which contain framework boron,,.and normally at |east 0.1 weight
percent, preferably at |east 0.5 wei ght percent, of franmework boron is
preferred in the zeolite. In zeolites of this type, the framework consists
principally of silicon tetrahedrally coordinated and interconnected with
oxygen bridges. A mnor anount of a trivalent elenent (alumna in the case
of alum no-silicate zeolite beta) is usually also coordinated and forns
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- constants, kyyp/kpmp, is determined from 1lst order
kinetics, in the usual manner,-by the following equation:
k = (1/T¢) 1n (1/1-¢€)

where k is the rate constant for each component, Tc is the

contact time and € is the fractional conversion of each

component., _
Zeolites conforming to these sorption
requirements include the naturally occurring zeolite
ferrierite as well as the known synthetic zeolites ZSM-22,
%ZSM-23 and 2SM-35. These zeolites are at least partly in
the acid or hydrogen form when they are used in the
dewaxing process and a metal hydrogenation component,
preferably a noble metal such as platinum is preferably
used. Excellent results have been obtained with a Pt/ZSM-
23 dewaxing catalyst.

The preparation and properties of zeolites ZSM-

22, ZSM-23 and ZSM-35 are described in US-A-4,810,357
(zsM-22), 4,076,842 and 4,104,151 (2SM~-23) and 4,016,245
(ZSM-35), to which reference is made for a description of
this zeolite and its preparation., Ferrierite is a
naturally-occurring mineral, described in the literature,
see e.g. D.W. Breck, ZEOLITE MOLECULAR SIEVES, John Wiley
and Sons (1974), pages 125-127, 146, 219 and 625, to which
reference is made for a description of ;his zeolite,
' In any event, however, the demands on the
dewaxing unit for the product are relatively low and in



As ‘noted there, the anount, of boron contained in the zeolite may be varied
by incorporating different anmounts of borate ion in the zeolite formng
sol.ution, e.g., by -27- the use of varying anounts of boric acid
relative to the forces of silica and alum na. Reference is nmade to these
di scl osures for a description of the nethods by which these zeolites may be
made. In low acidity zeolite beta catal ysts, the zeolite should contain at
| east 0.1 wei ght percent boron. Nornal +34=t he naxi num anount of boron wil |
be about 5 weight percent of the zeolite and in nost cases not nore than 2°
wei ght percent of the zeolite. The framework will normally include sone
alumna and the silica:alumna ratio wll usually be at least 30:1, in the
as-synt hesi zed conditions of the zeolite. A preferred zeolite beta catal yst
i s made by ig aning an injtial boron-containing zgolite ontaining at | east
1 wei ght peFB3f: F65PERt( hhepPEsFent PECGPSS; RIGR1des; AufLaBLPAGADRI ue no
greater thadm@hovbméﬁtabdeﬁrgherpbb¢e§9 gmphbyinghﬁﬂlﬁlyThﬁgspFaﬁhng
condi tions d be adjusted_in er_fo.attain esired,al pha value in
the final C§F§H§¥Fg§n8 §5i5a§#9n8%?FF9§ g?ﬁﬁﬁﬁh@%eée%TX B8 b8rcent steam
at tenper at #egeigkdir ofhebfunc8@onad abparatlon| tmh¢fent in the
process enables higher single pass wax conversions to be
achieved, typically about 70 to 80% as compared to 50% for
- the amorphous catalyst process so that unit throughput is
significantly enhanced with respect to the conventional
process. Although conversions levels above 80 percent may
be employed so that the load on the dewaxer is reduced,
the product V.I. and yield decrease at the same time and
generally, the final dewaxing stage cannot be completely
eliminated unless products with a V.I. below about 135 are
accepted. '
The products from the process of the invention
are high v.I., low pour point materials which are obtained
in excellent yield. Besides having excellent viscometric
properties they are also highly stable, both oxidatively
and thermally and to ultraviolet light. V.I. values in
the range of 140 to 155 are typically obtained, with
values of 143 to 147 being readily achievable with product
yields of at least 50 weight percent, usually at least 60
weight percent, based on the original wax feed,
éorresponding to wax conversion values of almost 80 and 90
percent, respectively. Another notable feature of the
process is that the products retain desirable viscosity
values as a result of the limited boiling range
conversions which are inherent in the process: conversely,
higher yields are obtained at constant product viscosity.

EXBMRLES
The following examples are given in order to



(about 427 to 595[err]C). Normally, the steaming wll be carried out for
about 12 to 48 hours, typically about 24 hours, in order to obtain the
desired reduction in acidity. The use of steaming to reduce the acid
activity of the zeolite has been found to be especially advantageous,
giving results which are not achieved by the use of a zeolite which has the
sane acidity in its as- synthesized condition. It is believed that these
results may be attributable to the presd®ce of trivalent netals renpved
fromthe framework during the steam ng operation which enhance the
functioning of the zeolite in a manner which is not fully understood.

-28- The zeolite will usually be conposited with a matrix material to form
the finished catal yst and for this purpose conventional non-acidic nmatrix
materials s lLlum na,., silica-alumna ,and silica are suitable with

pref er ence éﬁ@%ﬁﬁF%ﬁﬁ|W%£&°3§ gsﬁgﬁkﬁcP%iE%ﬁiﬁﬁgﬁf HFSFHFSton- aci di ¢

al um nas sud@xamplaispha amdel2;i dd reakpipafallowiagroidlydtatatle iehe al so be
used, provi g&y% e 0 r amt i al I f acidic
activity on% n;attrilto%eéfggtogl Egﬁag%‘ﬁengéeo?ﬂgitel ?’tceé:%ascqgg&&%& ris =
preferred si%@lﬁiﬁ%:ﬁ!%ﬁr}ﬂ/f basAnaci dic in character, may tend to react
with the zeolite under hydrothernal '

Exanpple.l

A boron-containing zeoclite beta catalyst was
prepared by crystallizing the following mixture at 285°0F
(1409C) for 13 days, with stirring:

Boric Acid, g. 57.6
NaOH, 50%, ml. 66.0
TEABr, ml. 384
Seeds, g. 37.0
Silica, g. 332
Water, g. 1020
Notes:
l. TEABr = Tetraethylammonium bromide, as 50% aqueous
solution.

2. Silica = yltrasil (trademark)

The calcined product had the following analysis
and was confirmed to have the structure of zeolite beta by
x-ray diffraction:

§i09 76.2

-Al903 -0.3
B ' l1.08
Na, ppm _ 1070
N . - 1.65
Ash 8l.6

Example_2
An as-synthesized boron-containing zeolite beta

of Example 1 was mulled and extruded with silica in a



reaction conditions to enhance its acidity. The zeolite is usually
conposited with the matrix in anounts from 80:20 to 20: 80 by weight,
typically from80:20 to 50:50 zeolite:matri x. Conpositing nmay be done by
conventional neans including mulling the materials together followed by
extrusion or pelletizing into the desired finished catalyst particles. A
preferred nmethod for extruding the zeolite with silica as a binder is
disclosed in US-A- 4,582,815. If the catyg-yst is to be steaned in order to
achieve the desired low acidity, it is perforned after the catal yst has
been fornmulated with the binder, as is conventional. The isonerization
catal yst also includes a netal conponent in order to pronote the desired
hydroi someri zation reactions which, proceeding t hrough unsat ur at ed

transitional species, require nedlatlonmgg hydr ogenat i on- dehydr ogenati on
conponent . |zeakike: 2id foa iwsight matioomd 6513 bn driediand walednedt al yst

metal s hav'rz&escfdd ftqh Oszmatab%d‘wqtd qm@f@géu,efﬁne&héawwor this
reason, atlnqugnd e ot her | e netal s such as % adqu1are given a

pref erence (SHPQdMRalE fok tiige BRUES. h YL onponent
i's typical |l yedtirudate aade dkdhdnydd Weiltdht1 N enasont i vk ri:herate solution

at room temperature for 1 hour after which the exchanged
catalyst was calcined in air at 1000°F (540°C) for 3
hours, followed by 24 hours in 100 percent steam at 1025°F
(550°C). The steamed extrudate was found to contain 0.48
weight percent boron (s B203), 365 ppm sodium and 1920
ppm Al503. The steamed catalyst was then exchanged for 4
hours at room temperature with 1N platinum tetraammine
chloride solution with a final calcination at 660°CF
(3509C) for three hours. The finished catalyst contained
0.87 weight percent platinum and had an alpha value of 4.

Example_3
A slack wax with the properties shown in Table 3

above and containing 30 wts$ oil based on bulk solvent
dewaxing (35 wt$ oil by ASTM D3235) was processed by
hydrocracking over a 1.5 mm trilobe NiW/fluorided alumina
catalyst of the type described in Table 4 above (4.8 wt%
Ni, 22.3 wts W). The catalyst was sulfided and fluorided
in-situ using o-fluorotoluene at a level of 600 ppm
fluorine for one week at a temperature of 7250F (385°C)
before introducing the slack wax. The hydrocracking was
carried out with fluorine maintenance at 25 ppm F using o-
fluorotoluene under the following conditions:

LESV, hr~1 1
Pressure, psig (kPa abs) 2000 (13881)
Hy circulation, SCF/Bbl

(n.1.1-1) 7500 (1335)

The reaction severity was adjusted by varying



total catalyst, usually fromO.5 to 2 weight percent. The plati num may be
I ncorporated into the catal yst by conventional techniques including ion
exchange with conplex platinumcations such as platinumtetraanm ne or by
i npregnation with solutions of soluble platinumconpounds, for exanple,
with platinumtetraamm ne salts such as platinumtetraanm nechl oridex The
catal yst may be subjected to a final calcination under conventi onal
conditions in order to convert the nobT®Tretal to the oxide formand to
confer the required mechanical strength on the catalyst. Prior to use the
catal yst may be subjected to presulfiding, by established techniques. The
conditions for the hydroisonerization are adjusted to achi eve the objective
of isonerizing t he waxy, Iinear and near-linear paraffinic conponents in

ower “pour FRE rhedRtTan Fempriatate AEORCTCh 8 Fa0% AT osf 4fech !
products (uehibthyrédiled]in yaxi¢envésjonstefi4dsho & eelghe catal yst
used has aéé%w dit axccg%\?é%%ht?s'@&‘ﬂn?@'ééngh@r&ﬂf'fé%héeusua'|y at

a relativel tve appropriate sel ectlon severit
V%*lﬁgacklng

oper ati on d?et¥eenrvarsin nﬁ?e@)ealéfﬂ)t‘?# zeptatned yesolyent

At conventlmdww‘ﬁ W@*Oﬁhtf@é&pf about 1, using a Pt/zeolite beta
catalyst with an al

%f bel te eratures’ |€ ihe second stage w ||
typically be in the r& d@gi °%§5 ¥ 8d BRI SR dﬁt 290 to
370[err] O réideSbOtenpeéfatitdpLrT104>y (INIRCE} owas distilled to

remove the 650°F- (343°C- material (14 weight percent) in

the sample to produce a.product whose properties are given

in Table 5 below. This hydrocracked product was used for

subsequent processing as described in Example 5 below.

TABLE 5

Bxsixszsr.ﬂéksd_il949E..._313QCl_Slisk_Hax_Bzgpszsiss

Boiling range, OF (°C) 656-1022 (347-550)
API -

Nitrogen, ppmw 6

Sulfur, wtg .001

Pour Point, OF (°C) . 120 (49)

KV, 100°C, cs 5.68

KV, 300°F (150°C), cS 2,748

Molecular wt. 478

Aromatics, wtg _ 2

Comparison of the properties of the hydrocracked slack wax
as shown in Table 5 with the properties of the original
slack wax, as shown in Table 3, shows that there has been
a significant decrease in the aromatic content accompanied
by a mild decrease in molecular weight and viscosity
although pour point has not changed at all.

Figure 1 shows the lube yield relative to wax
conversion, with the results from the two-stage LHDC/HDI
experiments of Example 5 included for comparison. The



typically being fromabout 10 to 30 wei ght percent, nore usually 12 to 20
wei ght percent, of the second stage feed. However, tenperatures nmay be used
outside this range, for - -30- exanple, as |low as about 500[err]F
(260[err]C) up to about 750[err]F (about 400[err]C) although the higher
tenperatures will usually not be preferred since they will be associated
with a |lower isonerization selectivity and the production of |ess stable
| ube products as a result of the hydrog=R8Ci on reactions being

t hermbdynami cal |y | ess favored at progressively higher operating
tenperatures. Wth the increased activity resulting fromthe use of high
hydr ogen pressures in the high pressure node, tenperatures in the second
stage may be sonewhat | ower than those appropriate to | ow pressure

operation; i he _hi_gh pr re,node. te Latures, of 550.to 700[err]F
(gboutlzgo L§i§¥6FeFSPE$ %ﬁ%ﬁ g&ep28P8r¥g§?dagg50 ﬁrﬁgngﬁgtﬁgaELePQLFed
range of 600proceds| ofr Exampheu 3eBches3d0Ohexiin@r aluehof abege 4f the
operation in W Rr e : % Clbl | typically by in
tﬁe range ofPEEEe g EQLagéu%h#ngﬁ]fggggﬁgughgiFahgéfg%ééésyg spacg y -
velocity of about 1 LHSV will be nost favorable. Hydrogen circulation rates

are conparabbgghglhngse used in the first step, as described above but

since there I1's no significant hydro
' g TLis Exam ge gigustrates a single step wax

hydroisomerization process (no initial hydrocracking)
using a low acidity hydroisomerization catalyst.

' A low acidity silica-bound zeolite beta catalyst
prepared by the method described in Example 2 above was
charged to a reactor in the form of 30/60 mesh (Tyler)
particles and then sulfided using 2% H3S/98% Hy by
incrementally increasing the reactor temperature up to
750CF (400°C) at 50 psig (445 kPa abs). The same slack
wax that was mildly hydrocracked in Example 3 was charged
directly to the catalyst without first stage
hydrocracking. The reaction conditions were 400 psig
(2857 kPa abs), 2500 SCF Hp/Bbl (445 n.l.1.-1), and 0.5
LHSV. The results are given in Table 7 below.

Exapple 3 :
A two-step cascade lube hydrocracking/

hydro;somerization (LHDC/HDI) process was carried out by
the following procedure. - | |
The low acidity Pt/zeolite beta catalyst of
Example 2 was charged to the reactor and pre-sulfided as
described in Example 4. The hydrocracked distillate
650°F+ (343°0C+) fraction from Example 3 was then processed
over this catalyst at temperatures from 622 to 667°F (328
to 3539C), 0.5 LHSV, 400 psig (2857 kPa abs) and 2500 SCF
Ho/Bbl (445 n.l.1.”1). The bottoms fraction was distilled
to product 650°F+ (343°F+) material which was subsequently



consunpti.on as a result of near hydrogen balance in this second step of the
process, lower circulation rates may be enployed if feasible. In the
cascade operational node, the excess hydrogen fromthe first stage will be
found adequate for the second stage operation. A particul ar advantage of
the present process is that it enables a functional separation to be
effected in the entire operating schene. In the first stage, the
undesirable low V.I. conponents are remggd by a process of saturation and
ring opening under condi-tions of high pressure and relatively high
tenperature. By contrast, the second stage is intended to maxim ze the
content of -31- iso-paraffins in the product and because the |ow V.|

mat eri al s have been dealt with in the first stage, can be optimzed to
effect a selective isonerization of the paraffinic materials. The

rel ativel y |devaxedecnsing MERfhkuenes which are appropriate for the

paraffin isonmerizati onpgl kg g:l{éaqﬁ‘}%@db%g & ;
t her nodynanmical | y fav{)?gﬁlsé??(%rﬂ%csaﬂ:urat ion of an Cl,u e r%rnegeglo ee i ns
whi ch may belRoFakebe g Rede%ki ng, particularly in the presence of the highly

.active hydrogenation conmponents on the catal yst. Because of this, the

hydr oi soneri zation is al so effective,ﬁ%rr‘E 6

Igomerization of Low Conversion Bydrocracked Slack Wax

Feed. _ :
Run No. - 7 5=1 5-2 5-3 5-4 5-5
Temp, ©OF - 667 648 . 635 637 622
(%c) - (353) (342) (335) {336) (328)

6500F+ (3439C+) '

ConV, wt% - 2807 18.8 12.4 14.5 1003
6500F+ (343°C+) .

Pour, OF - 42 64 80 75. 91

(°c) - (5.6) (17.8) (26.7) (23.9) (32.8)

- SDWO Properties :
RV @ 409C, cSt 28.84 22.289 23.11 23.804 22.585 24.486
KV @ 100°C,cst 5.711 4.794 4.974 5.075 4,890 5.164

VI 143 141 147 147 146 147

Pour Point, OF 15 20 10 15 10 10

VI @ 0°F Pour - 140 137 145 144 144 145
Lube Yield, wts 55.6 61.5 61.2 60.2 57.4
Wax Conversion 92 88 - 79 81 71
Selectivity 40 51 56 54 55

The lube yield of the two-step LHDC/HDI sequence
relative to wax conversion is shown in Figure 1 with the
yield of the single step LHDC process given for '
comparison. The figure shows that the two-step processing
achieves a higher lube yield of about 61 percent at about



hydt of i ni.shing the product so that product stability is inproved,
especially stability to ultraviolet radiation, a property which is
frequently lacking in conventional hydrocracked | ube products. The

i sonmeri zed product may therefore be subjected sinply to a final dewaxing
step in order to achieve the desired target pour point and usually there
wll be no need for ary further finishing steps since a | ow unsaturates
content, both of aromatics and of lube T ﬂﬁe olefins, results fromthe
optim zed processing in.the two functionally separated steps of the
process. The product may be subjected to a final fractionation to renove
| ower boiling materials, followed by a final dewaxing step in order to
achi eve target pour point for the product. Al though a final dewaxing step

Wil norml| ¥ebpepeaREsaay LonfEfeloho HERhCUfieboysibEfeRpgduct pour

point, it is eature o esent process extent of
dewaxi ng reqfigBdficantly higher skhan aq?%@%ﬁﬁl?Y the sdnglgustep LHBC{i nal

dewaxi ng st epréckbshe P?bc@?é%ﬁ@ﬁﬁhﬂ&f&n Vs ghhepefseet aehiébeadsyﬂxer
feed and nay e Lower ewaxi n sol vent

Lher catal%m 8
dewaxi ng may B8 GEBStéPn? geparatl d°$ft5958F Eﬁ?saﬁﬂaﬁéFpﬁs used t he
renoved wax may be recyhéegiébdtde#ta in Figure 1 also show that the

high wax conversion selectivity ({(ratio of isomerate
formed/wax converted) can be maintained at very high wax
conversions (up to 90 weight percent) whereas the mild
hydrocracking scheme (Example 3) cannot maintain high wax
conversion selectivities above 40-50 weight percent wax
conversion due to excessive overcracking at the higher
conversion levels.

Figure 2 shows that, along with the lube yield,
there is an improvement in the viscosity index (V.I.) of
the product obtained from the combined LHDC/HDI scheme of
Example 5 of about three numbers over the product of the
mild hydrocracking of Example 3. The improved wax
isomerization selectivity of the combined scheme therefore
allows both higher lube yield and higher V.I. products
even at high wax conversion levels.

Example 6§
A two-step lube hydrocracking/hydroisomerization process

was carried out using the slack wax feed of Table 3 above
and the catalysts of Example 3 (hydrocracking)'and Example
2 (Pt/zeolite beta). The process was operated in direct
cascade at a pressure of 2000 psig (13881 kPa) in each
stage, at a temperature of 715C0F (380°C) for the
hydrocracking and 645°F (340°0C) for the
hydroisomerization. The space velocity was 1.0 hr—1 in
each stage, The Pt/beta hydroisomerization catalyst used
in the second stage was presulfided in the same way as



first or second stages of the process for further treatnent. Since the wax
renoved in a sol vent dewaxer is highly paraffinic, it may be recycled
directly to the second stage if this is feasible, for exanple, in the
enbodi ment where the second stage is operated at a relatively |ow pressure.
The preferred catal ytic dewaxi ng processes utilize an internedi ate pore
size zeolite such as ZSM5, but the nost,preferred dewaxing catalysts are
based on the highly constrained |nterne&¥ﬂeapore size zeolites such as
ZSM 22, ZSM 23 or ZSM 35, since these zeolites have been found to provide
hi ghly sel ective dewaxing, giving dewaxed products of |ow pour point and
hi gh V.1. Dewaxi ng processes using these zeolites are described in US A-
4,222,855. The zeolites whose use is preferred here may be characterized in
t he sane wa rishe f ngs
whi ch resul He?%rgﬁgapégseﬁgm n of def'ﬁneg%sséﬁptél tgﬁ%p?quggljgg %&l@;m in

t he patent, ﬁ&ﬁﬂk (1) aratio of sorption of n-hexane to o-xylene, on a

vol ume per.cent ba5| s, Tabler gaicdmpaids HMUmakimiiti Qb0 lldl@s,] s deternined
o 27172 ObeBghednd taﬁdta%%erat#hir SRR S & SRR hE 388 ng -
met hyl pent andl( $bBr shapkewaxepre cessting d@M@mpsbrddohdea:3 dlnethylbutane
(PP 2, 00550k Sk Sehntl )t UMM SR MAIRION
1ow acidity HDI catalyst (Pt/B-beta) (Example 4), (111)
the combined LHDC/HDI scheme of mild hydrocracking over an
amorphous HDC catalystugollowed by low pressure wax
hydroisomerization over a low acidity Pt/B-beta catalyst
(Example 5) and (iv) cascade LHDC/HDI over an amorphous
HDC catalyst followed by high pressure wax
hydroisomerization over a low acidity Pt/B-beta Catalyst
(Example 6).



‘with the ratio of rate constants [err] deternmined at a tenperature of
~1000[err]F (538[err]C) being in excess of about 2. The expression, [err] is
accorded its usual significance -33- as described in the literature, for
exanple, in "The Dynam cal Character of Adsorption” by J.H deBoer, 2nd
Edition, Oxford University Press (1968) and is the rel ative pressure
defined as the ratio of the partial pressure of sorbate to the vapor
pressure of sorbate at the tenperature of#2sorption. The ratio of the rate
constants, [err] is determ ned from 1st order kinetics, in the usual

manner, by the follow ng equation: [err] where k is the rate constant for
each conponent, Tc is the contact tinme and [err] is the fractional
conversion of each conponent. Zeolites conform ng to these sorption

requi renents include the naturally oc§§éiin9 zeolite ferrierite as well as
t he known synthetic zeolites ZSM 22, B37and zSM 35. These zeolites are
at least partly in the acid or hydrogen formwhen they are used in the

motal such as pia CABRET S gpert, CRPELTEL SRERTIPIER and BHERERL) “con ©

obtained with a Pt/ ert Iom_Slac rocessing_Schemes
Example No. 3 4 2 - 8
Process Scheme BDC HDI HDC/HDI HDC/HDI
| (Bi/Lo) (Bi/H1)

Reactor Temp, OF  725:. 785 704/648  715/645

(°C) (385) (418) (373-342) (379-341)
LHSV, hr-l 1.0 0.5 1.0/0.5 1.0/1.0
Pressure, psig 2000 400 2000/400  2000/2000

(kPa) (13881) (2857)

Lube Yield, wts 46 53-55 61 61

Solvent Dewaxed
0il Properties:
VI @ O0°F (-18°C)
pour point 141 135-137 145 143
KV € 100°C, cs 4.8 5.8=5.9 5.0 4.9

Note: Lube yield determined at constant cut point.

Table 7 shows that the combined mild
hydrocracking, hydroisomerization processes of Examples 5
and 6 have a significant activity advantage (about 130°F,
549C) over the single stage paraffin hydroisomerization
process of Example 4 using the same hydroisomerization
catalyst (Pt/B-beta) at comparable product viscosity.
Moreover, the combined processes also produce a higher
V.I. product in higher yield than either the single stage
high pressure hydrocracking process or the low pressure
isomerization process. Thus, the integrated process
scheme using either low or high pressure



23 dewaxi ng catal yst. The preparation and properties of zeolites ZSM 22,
ZSM 23 and ZSM 35 are described in US-A-4,810,357 (ZSM 22), 4,076,842 and
4,104,151 (ZSM 23) and 4,016, 245 (ZSM 35), to which reference is nade for a
description of this zeolite and its preparation. Ferrierite is a
naturally-occurring mneral,. described in the literature, see e.g. D W
Breck, ZEOLI TE MOLECULAR SI EVES, John W/|ey and Sons (1974), pages 125-127,
146, 219 and 625, to which reference i $4¥de for a description of this
zeolite. In any event, however, the demands on the dewaxing unit for the
product are relatively low and in -34- this respect the present process
provides a significant inprovenent over the process enploying solely

anor phous catal ysts where a significant degree of dewaxing is required. The

functi onal t 'ﬂﬂﬁg i N I QCeSS q?gle i.ghers si.ngl ass
wax conver si gns ‘fiod%éac |e€%,i¥yﬁi§§ﬁlo% %boﬁ'tq' % %%ﬁmasing&ﬁgar to
50% f or the RUAAGHRRSE. cat al yst process so that unit throughput is
significantly enhanced with respect to the conventional process. Although

conversions | evel s above 80 percent may be enployed so that the |oad on the
dewaxer is Ho@RRIE~-Z he product V.1. and yield decrease at the same time

and This Example compares the use of low and high
pressure wax hydroisomerizations., This Example, in
conjunction with Example 8 also shows that a low acidity
second stage catalyst (« < 15) is preferred over a higher
acidity catalyst. Ca
| ' The catalyst of Example 2 was charged to a
downflow reactor and sulfided as described in Example 4.
The slack wax of Example 3 was then fed with hydrogen to
the reactor in cocurrent downflow under the following

conditions:
" LHsV, hr-1 0.5
H, Flow Rate, SCF/Bbl
(n.1.171) 2500 (445)
Total Pressure, psig (kPa abs) 400 and 1750 (2857 and
12159)
Exanple_8

A zeolite beta sample with a bulk SiO2/Al503
ratio of 40:1 was extruded with alumina to form a 65/35
weight percent cylindrical extrudate. This material was
then dried, calcined and steamed to reduce the alpha to
55. Platinum was incorporated by means of ion exchange
using Pt(NH3)4Cls. The final Pt loading was 0.6 weight
percent. This catalyst was then charged to the reactor
and sulfided as described above. Hydrogen was fed to the
reactor together with the same slack wax described in
Example 3 in cocurrent downflow under the following



general ly, the final dewaxing stage cannot be conpletely elininated unless
products with a V.1. below about 135 are accepted. The products fromthe
pracess of the invention are high V.lI., |ow pour point materials which are
obt ai ned in excellent yield. Besides having excellent visconetric
properties they are also highly stable, both oxidatively and thermally and
to ultraviolet light. V.I. values in the jange of 140 to 155 are typically
obtai ned, with values of 143 to 147 beinﬁ readi |y achi evable wi th product
yi el ds of -at |east 50 wei ght percent, usually at |east 60 wei ght percent,
based on the original wax feed, corresponding to wax conversion val ues of
al nost 80 and 90 percent, respectively. Another notable feature of the
process is.that the products retain desirable viscosity values as a result
of the |imtegnQPtibfg:range conversions which are inherent in the process:
conversely, higher yields are obtained at constant product viscosity. The
foll ow ng exanples are given in order to -35- illustrate various aspects
of the present prasesshrikanples 1 and 2, directjypfollowi ng, illustrate

t he preparation Qf w aci di t lLzeolite beta catal ysts contai ning
fr anewor k boron.gz %fbwaﬁage, SE%/Bbf
(n.1.1.71) 2600 (356)
Total Pressure, psig (kPa abs) 400 and 2000 (2857 and
13881)

Table 8 below compares the maximum lube yields
and V.I. of the products at maximum yield from the runs
described in Examples 3, 7 and 8.

TABLE 8
Lube Yields and Properties

Exapple No. 3 i R -
Catalyst Ni¥/alunins __dc Pt/beta . _554 Pt/beta.
Pressure, psig 2000 400 1750 400 2000

kpa 13881 2857 12159 2857 13881
Lube yield, wts 46  55-58 61 51 a1
KV,1000F, cS 5.0 5.8 6.0 5.8 7.0
Lube V.I. 142 135-137 133-134 127 121

The results summarized in Table 8 show that
slack wax can be processed over a low acidity catalyst
such as Pt/zeolite beta at high pressure without the yield
or V.I. penalties incurred with a comparable but more
acidic catalyst.

Figures 3 to 6 compare the yield and V.I. data



A boron-containing zeolite beta catal yst was prepared by crystallizing the
followng mxture at 285[err]F (140[err]C) for 13 days, with stirring:
Boric Acid, g. 57.6 NaOH, 50% m . 66.0 TEABr, m . 384
Seeds, g. - 37.0 Silica, g. 332 Water, g. 1020 1
TEABr = Tetraet hyl ammoni um brom de, as 50% aqueous solution. 2. Silica =
Utrasil (trademark) The cal ci ned product had the follow ng anal ysis and
was confirned to have the structure of ~&Solite beta by x-ray diffraction

Si 2 76.2 [err] -0.3 B

1.08 Na, ppm 1070 N 1. 65 Ash

81.6 An as-synthesized boron-containing zeolite beta of Exanple 1 was
mul | ed and extruded with silica in a - 36-

as a function of conversion of the slack wax for the
processes of Examples 3, 4, 7 and 8. Conversion here is
defined as the.net amount of feed converted to 650°F-
(3439C-) . These results show that the low acidity
Pt/zeolite beta catalyst of Example 2 (4a) produces the
highest yield for processing the raw slack wax, as shown
by Example 4: the 4x Pt/zeolite beta catalyst produces as
much as 15 percent more lube than the amorphous NiW/Al203
catalyst used in Example 3 and 10 to 20% more lube than
the higher acidity 554 Pt/zeolite beta catalyst of Example
8. Increasing the operating pressure of the
hydroisomerization results in a significant yield loss in
the case of the higher acidity Pt/zeolite beta catalyst of
Example 8, but results in a yiéld increase for the low
acidity Pt/zeolite beta catalyst used in Example 7.

product V.I. is not as strongly affected by
pressure with the low acidity Pt/zeolite beta as it is
with the higher acidity Pt/zeolite beta catalyst.

Figure 7 shows the relationship between the
kinematic viscosity (at 100°C) of the product at varying
wax conversions for the LHDC/HDI/SWD sequence of the
present invention as well as for a conventional LHDC/SWD
sequence using the same slack wax feed taken to a constant
product cut point of 650°F (about 3439C). The figure
shows that the present brocess enables viscosity to be
retained to a greater degree than with the conventional
processing technique as a result of the selective
conversion of wa# to high V.I. oil without excessive
conversion of oil out of the lube boiling range. This
valuable feature enables products of vaiying viscosities
to be manufactured by suitable selection of conditions.



zedlite:silica weight ratio of 65:35, dried and calcined at 900[err]F
(480[err]C) for 3 hours in nitrogen, followed by 1000[err]F (540[err]C) in
air for three hours. The resulting extrudate was exchanged with 1N ammoni um
nitrate solution at roomtenperature for 1 hour after which the exchanged
catal yst was calcined in air at 1000[err]F (540[err]C) for 3 hours,

foll owed by 24 hours in 100 percent ste 1025[err] F (550[err]C). The

st eamed extrudate was found to contain 0.48. weight percent boron (as

[err], 365 ppm sodi um and 1920 ppm A1203. The steamed catal yst was then
exchanged for 4 hours at roomtenperature with 1N platinumtetraanm ne
chloride solution with a final calcination at 660[err]F (350[err]C) for
three hours. The finished catal yst contained 0.87 wei ght percent platinum
and had an algxag of 4. A slack wax with the properties shown in Table
3 above and containing_30 w%oil based.on .bul k .sol vent q:%wax:ﬁnﬁ%[ &3% wt %
oi| by ASTM D3235) masApEG$é§§é&“Ey“ﬁ%ﬂ?ﬁ@?ﬁﬁki RFrEperties W%be

Ni W fl uori ded nalmatilea 9c diedloys asoBubiectede tie sarsdaste ihydraldracking)ve (4. 8
w % N, 22.3,w.%\W. Th t.aly S Sl fj I i si NSy usi ng
o-fl uorotol uéxxgrgﬁégnﬁeéﬁgfa%& 6 &d\g%mtﬁéuc%%%ogﬁ%r%qmg&%détnnﬁbtl%
tenperature 30,729 progace3ap] 8r cj5t). Haomiaallt dadsciadd «+ h&he daberax. The
hydr ocr acki n C all3 lelsh afr! j & A @Ontanr PPm F using
o- fluorotol %éﬂ#gagn glrd hgg’]“étglt}iﬁg\t/sﬁ r?réégﬁlé i tit{)%s: LHSV ths[seor

1 Pressure, NdBgosity sy of 7.8 .Glgggfpproximatél Jg (343°C)

cut peint.
" TABLE 9
Petrolatum Wax Properties

Boiling range, nominal

(SIMDIS), ©OF (°C) 780-1300 (416-704)
N, ppmw ' 120
S, wts 0.3
0il content,

ASTM D-3235, wt% 25
APIO : 31

'TABLE 10

Petrolatum HDC/BDI_Conditicps
Pressure, H, psig (kPa) 2000/2000 (13881/13881)

LESV, hr ~1 1.0/1.0
Temp, OF (°C) - 745/674 (396/357)
Lube, at 7.8 cSt

Yield, wt%g 45

KV, cSt at 100°C 7.8

VI ' 144

The product is prodhced in good yield and has excellent
viscometric properties, as shown by Table 10.



[erT] circulation, SCF/Bbl (n.l.1[err]) 7500 (1335) The
reaction severity was adjusted by varying -37- the reaction tenperature
fram 704 to 770[err]F (373 to 410[err]C) which resulted in wax conversions
of 40 to 95 wei ght percent. Wax conversion is defined as the difference

bet ween wax in feed and wax obtained by sol vent dewaxi ng, divided by wax in
feed. A mldly hydrocracked sanple obtained at a reactor tenperature of
704[err]F (373[err]C, was distilled to=A&move the 650[err]F- (343[err] G
material (14 weight percent) in the sanple to produce a product whose
properties are given in Table 5 below. This hydrocracked product was used
for subsequent processing as described in Exanple 5 below. TABLE 5 Boiling

~range, [err]F ([err]Q 656- 1022 (347-550) AP
- Nitrogen, ppnw 6 Sul fur, Ww% . 001 Pour
Point, [err]F ([err]C 120 (49) KV, 100[err]C,cS 5. 68
KV, 300[err] EraiMgierr]C), cS 2. 748 Mol ecul ar wt. 478

1. A process for producing a high viscosity
index lubricant having a viscosity index of at least 140
from a hydrocarbon feed of mineral oil origin having a wax
content of at least 50 weight percent, which comprises

(1) hydroctacking the feed at a hydrogen partial
pressure of at least 800 psig (5613 kPa) over a
bifunctional lube hydrocracking catalyst comprising a
metal hydrogenation component on an acidie, amorphous,
porous support material to hydrocrack aromatic components
present in the feed at a severity which results in a
conversion of not more than 50 weight percent of the feed
to products Boiling outside the lube boiling range, and

(ii) isomerizing waxy paraffins present in the
effluent from the hydrocracking in the presence of a low
acidity isomerization catalyst having an alpha value of
not more than 20 and comprising a noble metal
hydrogenation component on a porous support material
comprising zeolite beta to isomerize waxy paraffins to
less waxy isoparaffins.

2. A process according to claim 1 in which the
feed comprises a petroleum wax having a wax content of at
least 60 weight percent and an aromatic content of from 5
to 20 weight percent.

3. A process according to claim 1 or claim 2 in
which the feed comprises a slack wax having an aromatic
content of from 8 to 12 weight percent.

* Cc L M s x



Aronatics, W% 2 Conmparison of the properties of the
hydr ocr acked sl ack wax as shown in Table 5 with the properties of the
ori.ginal slack wax, as shown in Table 3, shows that there has been a
significant decrease in the aromatic content acconpanied by a nmild decrease
in mol ecul ar wei ght and viscosity although pour point has not changed at
all. Figure 1 shows the lube yield relatjye to wax conversion, with the
results fromthe two-stage LRDC/ HDI expe ment's of Exanpl e 5 included for
conparison. The -38- figure shows that the lube yield for the single
stage LHDC process of Exanple 3 reaches a maxi num val ue of about 46 percent
at about 40-60 percent wax conversion. This Exanple illustrates a single
step wax hydroi sonerization process (no initial hydrocracking) using a |ow

acidity hydroisomerizaj]on qe¢gtesd - &dmﬁlm ta,h Iﬂﬂé‘@- drephite
beta catal ysi pre %;e%Pby t he, net hod descr F;.P f ove was
charged to e'é\tE{ R ?Jor’?ﬁmmBQﬂ%CP 89 aﬁjﬁ N 1GAEBESE hen
sul fi ded usicomPAd@S HB% éast oy mmrmtm&dup IVITEamid Gt Nedsact or

wa chat waSHE 1RSEEE ctranR ot F s etisdie MGy T T T

5. A process according to any preceding claim
in which the hydrocracking catalyst comprises alumina as
an acidic support material.

6. A procesgzaccording to any preceding claim
in which the hydrocracking catalyst is a fluorided lube
hydrocracking catalyst.

7. A process according to claim 6 in which the
hydrocracking catalyst is pre—fluorided to a fluorine
content of 1 to 10 weight percent fluorine.

8. A process according to any preceding claim
in which the conversion during the hydrocracking step to
6509F- (3439C-) material is from 10 to 30 weight percent
of the feed. |

9. A process according to any preceding claim
in which the isomerization catalyst has an alpha value not
greater than 10.

10. A process according to claim 9 in which the
alpha value is not greater than 5.

11. A process according to any preceding claim
in which boron is present as a framework component of the
zeolite beta.

UL



directly to the catalyst without first stage hydrocracking. The reaction
conditions were 400 psig (2857 kPa abs), 2500 SCF [err] (445 n.l.l.[err]),
ang 0.5 LHSV. The results are given in Table 7 below. A two-step cascade

| ube hydrocracki ng/ hydroi sonerization (LHDC/ HDI') process was carried out
by the follow ng procedure. The low acidity Pt/zeolite beta catal yst of
Exanple 2 was charged to the reactor and pre-sulfided as described in
Exanpl e 4. The hydrocracked distillate Sfgferr]F+ [err] fraction from
Exanpl e 3 was then processed over this catalyst at tenperatures from 622 to
667F (328 to 353[err]C), 0.5 LHSV, 400 psig (2857 kPa abs) and 2500 SCF
H2/Bbl (445 n.l.l.[err]). The bottons fraction was distilled to product

650[ err] F+ (343[err]F+) material which was subsequently -39- dewaxed
usi ng MEK/tol uene. The properties of the dewaxed product .are given in Table
6 bel ow. TABLE 6 Feed Rn Nbv.process according to #ny preceding claim3

5-4 5-5; Te [ F < - 7 rPéés fromb@25 to 637
622 ([err] C):u-{ WRich {ﬁé isom?gszﬁtiorz S%Saly%s%zmp %36) nggi
: 2 weight percent platinum on a support comprising zeolite
beta containing boron as a framework component and a
matrix. |

13. A process according to any preceding claim
in which the isomerization is carried out in the presence
of hydrogen at a pressiire of at least 200 psig (1479 kPa).

14, A process according to any preceding claim
in which the isomerization step is carried out at a
conversidn to 650°0F~ (343°C-) product of not more than 30
weight percent, based on the feed to the isomerization
step.

15. A process according to claim 14 in which
the hydrocracking and/or isomerization is carried out at a
temperature not greater than 650°F (3439C).

16. A process according to any preceding claim
in which both hydrocracking and isomerization are carried
out in the presence of hydrogen at a pressure of at least
1000 psig (6991 kPa). -

17. A process according to claim 16 in which
the isomerization is carried out at a temperature of from
550 to 700°F (288 to 371°C).

18. A process according to claim 16 or claim 17 .
in which the effluent from the hydrocracking is cascaded
directly to the isomerization.

LT



650] err] F+ (
10. 3 650[ err
80 . 75

(32.8) SDWO
5.164 Vi
Pour Poi nt,
O[ err] F Pour
Yield, w%
92 88
51 56

sequence rel

343[err] C+) Conv, wt% - 28.7 18. 8 12. 4
]F+ (343[err]C+) Pour, [err]F - 42 64
91 ([err] O - (5.6) (17.8) (26.7) (23.9)

14.5

Properties KV @40[err]C, cSt 28.84 22.289 23.11 23. 804
22.585 24.486 KV @100[err]CcSt 5.711 4.794 4.974 5.075 4.890

143 141 &47 147 146 147
OF 15 20 10730~ 15 . 10 10 VI @
140 137 145 144 144 145 Lube
55.6 61.5 61. 2 60. 2 57. 4 Wax Conver sion
79 81 71 Selectivity 40
54 55 The lube yield of the two-step LHDC HD
ative to coqQVv. | [ L Ne Ei e | h kel d of
the single step LHDC protess |€%n Sicégﬁ%g??sgﬁ.gH#hg}F?gg?ggsﬁ%ﬁgﬁthat

the two- st eplprebiehi the dydeoerackinghbs FapeigfcpBtoptaBobydsagparcent at
about - 40pa PRLRET SREdsPE SONVSIE | 96, 2900 hpshgs¢1vabyeeobeyrngs

significantl
Process opti
t he processi

%?higher t han achieved by the single step LHDC process.
3htion is therefore achieved by the functional separation
ng steps.

20. A process according to any preceding claim
in which the isomerization catalyst comprises a steamed
Pt/zeolite beta catalyst containing boron as a framework
component of the zeolite, having an alpha value not
greater than 5 and a platinum content from 0.5 to 1.5
weight percent based on the total weight of the catalyst.

21. A process according to claim 20 in which
the product has a V.I. of 143 to 147. '

22. A process according to any of claims 1 to
15 in which the isomerization is carried out in the
presence of hydrogen at a hydrogen partial pressure from
200 to 1000 psig (1479 to 6991 kPa) at a temperature from
600 to 7000F (316 to 371°C) in the presence of a paraffin
isomerization catalyst comprising a noble metal
hydrogenation component on a low acidity support having an
alpha value not greater than 10, the zeolite beta contains
boron as a framework component, and the product has a
viscosity index of at least 140.

23, A process according to any of claims 16_to
22 in which the isomerization is carried out at a
temperature from 600 to 650°F (316 to 3439C).

24, A process according to claim 23 in which
the 650°P- (3439C~) conversion during the isomerization is
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of



The yield data in Figure 1 also show that the high wax conversion
selectivity (ratio of isonerate forned/ wax converted) can be naintai ned at
ver.,y high wax conversions (up to 90 wei ght percent) whereas the mld

hydr ocr acki ng- schene (Exanple 3) cannot maintain high wax conversion
selectivities above 40-50 wei ght percent wax conversion due to excessive
overcracking at the higher conversion |lekgls. Figure 2 shows that, along
with the lube yield, there is an inprovenment in the viscosity index (V.I.)
of the product obtained fromthe conbi ned LHDC/ HDI schene of Exanple 5 of
about three nunbers over the product of the ml|d hydrocracki ng of Exanple
3. The inproved wax isonerization selectivity of the conbi ned schene
therefore all ows both higher |ube yield and higher V.I. products even at
hi gh wax confgbm Q0 kevebswedghtopetepnitubased on the feed to the
hydrocracking/g%drgis%gerization process was carried out using the slack
wax feed of TABMEL3285498+and the catal ysts of Exanple 3 (hydrocracking)
and Exanple 2 (Pt/zeolite beta). The process was operated in direct cascade

at a pressure of 2000 i 1 al . g8, u of
715[ePr] F (380[err] Q) 25:% &egg%r‘%g %‘81??%8%‘?!3‘%2%?&@# 3%( 520 1a] C?%f or
t he hydr oi sodBr WRachokheTpsodpgtcofctbei dpones izak ion dsr pupjected &poage.
The Pt/beta gugagingnebl dahiedeCat hygetupdtir Poin® ,S@dehdastiags was

resul fided in the me _wa
presut hur&ng %ge deng?gg of not more than 20 weight percent.

* c L L S * .



-4T- 'described in Exanple 4. The results are given in Table 7 below. Table
7 conpares the maxi num | ube yiel ds, proguct .S, and reactor tenperature
requi renents for all four slack wax pro StHenes-(|) nmld
hydrocracki ng (Exanple 3), (ii) wax isg BrEEnaj/l ow aci dity HDI
catal yst (Pt/B-beta) (Exanple 4), (iii)=the 586D LHDQIHDI schene of

m | d hydrocracking over an anorphous HDC catalys wed by | ow pressure
wax hydroi somerization over a low acidity Pt/B-beta catal yst (Exanple 5)
and (iv) cascade LHDC/ HDI over an anor phous HDC catal yst foll owed by high
pressure wax hydroi sonerization over a low acidity Pt/B-beta catal yst

( Exanpl e 6). PRODUGEIONTOSRHEGH VISGREITY SINPEXfLUBRIGANISt Activities and Product

Exanpl e No, 4 5 Process Schene HDC
HDI HDC/ HDI HDC/ HDI (Hi / Lo) yAdd ) Reactor Tenp. [err]F 725
785 704/ 648 715/ 645 apdTRACE

- Petroleum wax feeds are converted to high
viscosity index lubricants by a two-step hydrocracking-
isomerization process in which the wax feed is initially
subjected to hydrocracking under mild conditions with a
conversion to non-lube range products of no more than
about 30 weight percent of the feed. The hydrocracking is
carried out at a hydrogen pressure of at least 1000 psig
(7000 kPa) using an amorphous catalyst which
preferentially removes the aromatic components present in
the initial feed. The hydrocracked effluent is then

. subjected to hydroisomerization in a second stép using a
low acidity zeolite beta catalyst which effects a
preferential isomerization on the paraffin components to
‘less waxy, high Vv.I. isoparaffins. The second stage may
be operated at high pressure by cascading the first stage
product into the second stage or at a lower pressure,
typically from 200 to 1000 psig. The second stage
catalyst is preferably a noble metal containing zeolite
beta catalyst which contains boron as a framework
component of the zeolite to give a low alpha value,
typically below 10. The second stage is carried out at
relatively low temperature, typically from 600 to 650°0F
with a 650°F+ conversion in the range of 10 to 20 weight
percent of the second stage feed but with high selectivity
for isomerization of the paréffins. A final dewaxing step
to target pour point may be used with relatively low loss,
typically no more than 15 weight percent, during this
dewaxing. The final products typically have V.I. values
in excess of 140 and usually in the range of 143 to 147
and are characterized by exceptional stability.

FIGURE 1 IS SUGGESTED FOR PUBLICATION.
is Sheet Has Been Reﬂlaced
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([err]CD (385) (418) (373-342) (379-341) LHSV, hrferr]
.5 1.0/0.5 1.0/1.0 Pressure, psig 2000

400 2000/ 400 2000/ 2000 (kPa) (13881) (2857) Lube Yield, w %
46 53-55 61 61 Sn ISEY a=To RN ( Properties: Vi
@O[err]F (-18[err] C) pour point 14I”ﬁﬂSSHEE$$u%ﬁ§ ' 145

143 KV @100[err]C, cS 4.8 5.8-5. 9REPLAC§)0 ' 4.9 -Not e:

Lube yield determ ned at constant cut point: S , hat the

conbi ned m | d hydrocracking, hydr0|soner|zat|on processes of Exanples 5 and
6 have a significant activity advantage (about 130[err]F, 54[err]C) over
the single stage paraffin hydroisonerization process of Exanple 4 using the
same hydroi sonerization catal yst (Pt/B-beta) at conparabl e product
viscosity. Mreover, the conbi ned processes al so produce a higher V.I.
product in higher y|eId than either the single stage high pressure

hydr ocracki ng process or the | ow pressure isonerization process. Thus, the
i nt egrated process schene using either | ow or high pressure - 43-

hydr oi someri zation is superior to either of the individual
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processes. This Exanple conpares the use of | ow and high pressure wax

hydr oi soneri zations. This Exanple, in conjunction with Exanple 8 al so shows
that a low acidity second stage catalyst ([err] < 15) is preferred over a
hi gher acidity catal yst. The catal yst ofra T2 S, ged to a
downfl ow reactor and sul fided as descri bg ’ﬂﬁSEEEWHWSE@E@'e sl ack wax of
Exanpl e 3 was then fed with hydrogen to /the r&fRRLACEMN coc}rrent downf | ow
~under the follow ng conditions: LHSV, hr[er‘T T 0.5
[err] Flow Rate, SCF/ Bbl (n.l.1[err]) 2500 (445) Total Pressure,
psig (kPa abs) 400 and 1750 (2857 and 12159) Exanple 8 A zeolite beta
sanple with a bulk [err] ratio of 40:1 was extruded with alumna to forma
65/ 35 wei ght percent cylindrical extrudate. This material was then dried,
cal cined and steaned to reduce the al pha to 55. Platinumwas incorporated
by neans of ion exchange using [err] The final Pt |oading was 0.6 wei ght:
percent. This catalyst was then charged to the reactor and sul fided as
descri bed above. Hydrogen was fed to the reactor together with the sane

sl ack ‘wax described in Exanple 3 in cocurrent downfl ow under the follow ng

=
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-44- c'onditions: LHSV, hr[err] 1.0 [err] Flow Rate,
SCF/Bbl (n.l.l.[err]) 2000 (356) Tot al Pressure psig (kPa abs) 400
and *2000 (2857 and 13881) Table 8 bel ow f EsFErFRM | ube yi el ds
and V.I. of the products at maxi numyi el A ﬁ@"H_‘sFrﬁEﬁﬂéscrl bed in

Exanples 3, 7 and 8. TABLE 8 Pressure, ' | 400 1750
400 2000 kPa 13881 - .. 2857 - 12159 2857 13881 Lube
yield, w% 46  Np5Ee BT 5l AT RV, fOOL &rT T, c"“F’
5.0 5.8 6.0 5.8 7.10 Lubj F42
135-137 133-134 127 ,1_121 The reewts "dummarilzed inl Tabl el 8 show t hat
sl ack wax can be process¢d over oW aci ¢ijty catial yst jsuch as Pt/ zgolite
beta at high pressuregw thout tiMe yiglder iV.l. penaltigs incurred pith a
conpar abl e but nore a§ig'c catdl ysh aFgunds~2~td 6 conpare the yield an
V.l. data w -~ v ~e
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-4%- as a function of conversion of the slack wax for the processes of
Exanples 3, 4, 7 and 8. Conversion here is defined as the net anobunt of

fegd converted to 650[er

rlF- (3

43C-).

These results show that the | ow

acidity Pt/zeolite beta catalyst of Exal n W uces the highest
yield for processing the raw sl ack wax, |jaS 1S 11 SREENIje 4: the 4[err]
Pt/zeolite beta catalysf produces as- nu i - e lube thapthe
anor phous Ni W A1203 catalyst used injExanple 3 a 0%|nore | ube tfhan
the higher acidity 55 erg] Pt/ eollt*s bet g| cat al yst of |Exanplle 8.
| ncreasi ng the operati rg of—t “ew r-ei-sore2atromresuHtS—ma
significant yield loss if the _,a-se 017 the *hi gherfacidi |y Pt/ 2eolite beta
catal yst of Exanple E,,S_ byt resqilts ip a ylﬂ,d—-l—-n-croease for the |owi acidity
Pt/zeolite beta catalysf[Useg |n txaqw Product V.. is not asfstrongly
affected by pressure@ith the fow gefdfity Dt/zeotite b¢t a asTit Isilwith fhe
hi gher acidity Pt/ze(ﬁlio al%yst Etgure 7 shows—-he——el-at-orshipy
bet ween the kinenmaticgvi $ |00[erf]C) of the roduct‘ at varying
wax conversions for t 'sequence of |[the pfesent |invention a$
well as for a conventg'i_o‘-ﬁ E-UST g The|sane 3§l ack x TTe¢d
taken to a constant & odi | O[erriF (abiut 343[err] The X
figure shows that theppesent process enabtes viscosity ta hp -
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re#ained to a greater degree than with the conventional processing
technique as a result of the selective conversion of wax to high oi
Wi £ hout excessive conversion of oil out of the lube boiling range. This

val uabl e feature enabl es products of varying viscosities to be manufactured
by suitable selection of conditions. ?"“ﬁ*“ﬁ Tolraramvax having the
properties set out in Table 9 bel ow as suP FERS hydrocracklng/
hydroi soneri zati on under the conditions skL_.Q

e 104 to produce an
8 cSt. (nominal) lube oil. The | ube ylelds and properties are reported for
a constant viscosity cut of 7.8 cSt., at approximately 650[err]F
(343[err]C) cut point. TABLE 9 Petrolatunlvax Properties Boiling range
nomnal (SIMDS), [err]F ([err]C 780- 1300 (416-704) N, ppnmw

120 S, W% 0.3 G| content, ASTM D- 3235, w% 25
APl [err] 31 TABLE 10

60 7|o 80 90 100
FIGURE 7
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Pressyre, H psig (kPa) 2000/ 2000 (13881/13881) LHSV, hr [err]

1.0/1.0 Tenp, [err]F ([err]C - 745/ 674 (396/357) Lube, at 7.8
cSt Yield, wm% 45 KV, cSt at 100[err]

144 The product is produced in good yield and has ex LAgENHﬂiﬁ$H@ETC
properties, as shown by Table 10. -47- 1. A proceps{for. produ0|ng hi gh
viscosity index lubricant having a viscosity index o E A&IUN 198 firdm a
hydr ocarbon feed of mneral oil origin having a wax content of at |dagqt 50
wei ght percent, which conprises (i) hydrocracking t feed at a hydrogen

partial pressure of at Ieast 800 p5|g (5613 kPa) oveék bifunctjonal [lfube
hydr ocr acki ng BROPBETAOK i VIEEPH THeEWEXWAHBRECANTSt | on conponent on an

aci di ¢, anorphous, porous support naterlal to hydrocrack aromatic

conponents present in the feed at a sev%ééga#i ch results in a conversion
of not nore than 50 wei ght percent of t to products boiling outside
the lube boiling range, and (ii) isomerizing waxy paraffins present in the

effluent from the hydrocpéekd Thm Rwdd e ¥ ®S UK€ Unvedt¥d to high
viscosity index lubricants by a two-step hydrocracking-
isomerization process in which the wax feed is initially
subjected to hydrocracking under mild conditions with a
conversion to non-lube range products of no more than
about 30 weight percent of the feed. The hydrocracking is
carried out at a hydrogen pressure of at least 1000 psig
(7000 kPa) using an amorphous catalyst which
preferentially removes the aromatic components present in
the initial feed. The hydrocracked effluent is then
'subjected to hydroisomerization in a second step using a
low acidity zeolite beta catalyst which effects a
preferential isomerization on the paraffin components to
less waxy, high V.I. isoparaffins.

FIGURE 1 IS SUGGESTED FOR PUBLICATION.



aci dityisonerization catal yst having an al pha val ue
and conprising a noble netal hydrogenation conponent
material conprising zeolite beta to |soi’rer| ze waxy p
isoparaffins. 2. A process according +e—claim1l in

conprises a petrol eumwax having a wax content of at lfeast

60 wei ght

percent and an aromati c content of from5 to 20 wei

process according to L(;I@Bt% OF ﬂe-rrUB AWT
nt t 2

wax having an aromat i u‘
process according to Mny precedi @ clagmin gn ch §1e rre%al

ht percent.

co@)onent of

t he hydrocracking c& p VIl -and
at | east one netal of Group VI of t he Peri odi c Table. 5. A prodess
according to any precgding cl@i min which the hydrocrackigg, catfal yst
conprises alum na as an acidi ¢\ support material. 6. A process -g4ccording to
any preceding claimt1h which t hydr ocracki ng catal yst i 3 flluorided | ube
‘hydrocracking catalyst. 7. A process according to claim 63 |$| whi ch t he
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hydr ocracking catalyst is pre-fluorided to a fluorine content of 1 to 10
wei ght percent fluorine. 8. A process according to any preceding claimin
whi ch the conversion during the hydrocracking step
(343[err]C) material is from10 to 30 wei ght perce
process according to any preceding. tmin which thefT30
catal yst has an al pha value not greater than 10. 10} @'Qsﬁss accqgrding to
claim9 in which the al pha value is not greater thgn 5. <11 N'EP&C: q
according to any preceding claimin which boron is |present—as_a fr3
conponent of the zeolite beta. 1111111 111121121111131111111111 -49¢4 12. A
process according to any pnegcedin | apn i T t e T somet-zatd

catal yst conprises fromO0.5 tﬁ ZI‘geTgthﬁeEerft g tinum on a_support .
conprising zeolite heta qgntaiqtng bggon agga f r &rewor kaconponent and a
matrix. 13. A procegs acadrdi ngoto ay precedi ng @l aimPn whi%h the

i.sonerization is E&fTI out  Intthe presenck of hydrogeh at a|pressure of
at | east 200 psig (1479 k :
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14. -A process accdrding to any preceding claimin which thd
step is carried out at a conversion to 650[err]F-
based on the feed to the

not nore than 30 wei ght

|sorrer|zat|on is carried out at. a t_errperature not greater
[ 0 any precedr ng
Z‘d out Fn the[
1

(343[err] 0. 16. A pro®
hydr ocracki ng and i somner
at a pressure of at le

percent,

|zat|on are

arri
t 1000l psig-t6991°

(343[err

pr g

kPa) 7. A

claim16 in which the 19
550 to 700[err]F (288 td

or claim 17 in whichdtbg

directly to the isongriz : Apro“eas aJ;cordl g to any
preceding claimin \Mql ch f ki-norfrs rjed put at|{a hydfogen
partial pressure of ;5@0 ; (04364t 17335 Ba)y—26—=A q
according to any pregedijng cl-aj r o7 v
x [ e e ] & “tee.
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in which the isonerization catal yst conprises a steaned TLLzenthe bet a
catal yst containing boron as a franmework conponent of ;h(REEQA E

an al pha value not greater than 5 and a pl ati num content |f|
wei ght percent based on the total '
according to claim 20 i-p_which the product has-a-V,
process according to any] of cl '
in the presegnce of
200 to 1000 psig (1479ste

g the prejence
hydr

carri ed out

(316 to 371[err] C
conpri sing a noble ngtal

of the catal yst 1. A rocess
of | 1433
sk

ai s rch th

hydr

to 1

dgen @ £
o’ & b\a{raffi |some(r| zatllon catal yst

on coihgnen%—pn allow acidity suppth

genat i

havi ng an al pha val ue Y
as a framework conponent
140. 23. A process ascw
“isomerization is carglec

on

T Qregl efe { NAN>%0,; Lt e zeol1tlg beta contanns por
@ﬁdjthe ﬂuctlhas aQV|scoj|ty i ndex oﬂ at | gast
ding t V°OI cldinsg 14 ta ?C1 in_w |(:h t .

out nper atjure fr
rdlng to clgim23

to

om 60(Q to 650[err]F (314
343[err]C). 24. A process in mhlch thq 650[ rr]F-
(343[ er r] C—) conver SE-OFdeu1 =t tHHre—sonertzatton from .LU =020 ght
percent based on thecfeqd ]1he |sdner|24t|on , ; :
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25.. A process according to claim23 or claim24 in which the product of the
| sonmeri zation i-s subjected to dewaxi ng to achieve a targg

’J’ \l\‘
a loss during the dewaxing of not nore than 20 wei ght per ACE‘N NT SHEET :
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