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Appl i cati ons This application is a continuation-in-part of Serial (g
08/ 017,949, entitled Production of High Viscosity Index Lubricants. It is

al so related to co-pending application, Serial No. 08/ 017, 955. FI ELD OF
THE 1 NVENTI ON This invention relates to the production of high
viscosity index lubricants by hydrocracklmg m neral oil feedstocks,
especially petrol eum waxes having a |ow oil content. BACKGROUND OF THE

| NVENTI ON M neral oil based |ubricants are conventionally produced by
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point, afteg h¢hybhe e ube stock may be hydrofinished to inprove
stability anﬁ*?egngé cgﬁzp@26g?%é. Thi s conventional technique relies upon

the sel ection and use of crude stocks, usually of a paraffinic character,

whi ch pr odugegt.heogeetie prhigactions of the desired qualities in
adequat e anounts e.rang% 0 gernissible crude sources
This invention relates to the production of high

viscosity index lubricants by hydrocracking mineral oil
feedstocks, especially petroleum waxes having a low oil
-content.

CKGROUND OF E ON

Mineral oil based lubricants are conventionally
produced by a separative sequence carried out in the
petroleum refinery 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 lube stock 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



may,. howgver, be extended by the | ube hydrocracking process which is
capabl e of utilizing crude stocks of marginal or poor quality, usually with
a higher aromatic content than the best paraffinic crudes. The | ube

hydr ocr acki ng - 2- process, which is
wel | established in the petroleumrefin#gg industry, generally conprises an
initial hydrocracking step carried out under high pressure in the presence
of a bi-functional catalyst which effects partial saturation and ring
openi ng of the aromatic conmponents which are present in the feed. The
hydrocracked product is then subjected to dewaxing in order to reach t he
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associated wzth higher operatlng temperatures as the
efficiency of the engines increases and these higher
operating temperatures require successively higher quality
lubricants. One of the requirements is for higher
viscosity indices (V.I.) in order to reduce the effects of
the higher operating temperatures on the viscosity of the
engine lubricants. High V.I. values have conventionally
been attained by the use of V.I. improvers e.q.
polyacrylates, but there is a limit to the degree of
improvement which may be effected in this way. V.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 result 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 engihes.

Synthetic lubficants 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 expensive starting



are stable to the high tenperature, high shear rate conditions encountered
in frodern engi nes. Synthetic |ubricants produced by the polynerization
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 expensive starting

- 3- materials. There is therefore a need for the production of high
V.I. lubricants fromm neral oil stocks-®@aich may be produced by techni ques
conparabl e to those presently enployed in petroleumrefineries. In
theory, as well as in practice, lubricants should be highly paraffinic in
nature since paraffins possess the desirable conbination of |ow viscosity
and high viscosity index. Normal paraffins and slight branched paraffins
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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, possible 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 Developments in _
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 temperature 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 of the final base oil is
controlled by dewaxing in a solvent dewaxing (MEK-toluene)
unit. The slack waxes removed from the dewaxer may be
reprocessed to produce a base o0il of high viscosity index.



first stage operating under higher tenperature conditions to effect

sel ective renoval of the undesirable aromatic conpounds by hydrocracking
and hydrogenation. The second stage operates under relatively mlder
conditions of reduced tenperature at which hydrogenati on predom nates, to
adjust the total aromatic content and iaflkuence 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 of the final base oil is controlled by dewaxing
in a sol vent dewaxi ng (MEK-toluene) unit. The slack waxes renoved fromthe
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solvent process with recycle of the separated wax to the

hydrocracking step.

In processes of this klnd, the hydrocracking catalyst

is typically a bi-functional 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

pPresent, 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 199,394.

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 incorporation into the

catalyst during its preparation in the form of a suitable

fluorine compound or by in situ fluoriding during the

operation of the process, as disclosed in GB 1,390,359.

Although the process using an amorphous catalyst for

the treatment of the waxy feeds has shown itself to be

capable of producing high V.I. lubricants, it is not

without its limitations. At best, the technique requires a

significant dewaxing capability, both in order to produce

the feed as well as to dewax the hydrocracked product to




VI11) and one netal from Group VIB of the Periodic Table, for exanple,

ni ckel in conbination with nol ybdenum or tungsten. Mdifiers such as
phosphorus or boron nay be present, as described in G 1, 350,257, GB
1,342,499, GB 1, 440,230, FR 2,123,235, FR 2,124,138 and EP 199, 394. Boron
may al so be used as a nodifier as descrTd2d in GB 1,440,230. The activity
of the catalyst nmay be increased by the use of fluorine, either by

i ncorporation into the catalyst during its preparation in the formof a

sui tabl e fluorine conpound or by in situ quoriding during the operation of
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single- passd Igl:(zj.ngtstep 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 wax
conversion being about 30 to 60 %, even though higher
vields would obviously enhance the efficiency of the
process. The product VI is also limited by the
isomerization activity, typically to about 145 at 0°F. pour
point in'single pass operation. The temperature
requirement of the amorphous catalysts is also relatively
high, at least in comparison to zeolite catalysts,
typically being about 700° - 800°F.

Another approach to the upgrading of waxy feeds to
high V.I. lubricant basestocks is disclosed in U.S. Patent
Nos. 4,919,788 and 4,975,177. In this process, 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 isomerization of paraffins in the presence of
aromatics, as reported in U.S. 4,419,220, and its
capabilities are effectively exploited in the process of
U.S. 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



val ue bel ow about 50 percent, with the correspondi ng wax conversion being
about 30 to 60 % even though higher yields woul d obvi ously enhance the
ef ficiency of the process. The product VI is also limted by the

i sonmerization activity, typically to about 145 at O[err]F. pour point in
singl e pass operation. The tenperature requirenment of the anorphous
catalysts is also relatively high, at I=fst in conparison to zeolite
catal ysts, typically being about 700[err] - 800[err]F. Anot her
approach to the upgradi ng of waxy feeds to high V.I. lubricant basestocks
Is disclosed in U S. Patent Nos. 4, 919 788 and 4,975,177. In this process
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optimized either for yxeld efficxency or for V.I.
efficiency, depending upon requirements.

While this 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 aromatics as
well as other polycyclic materials are less readily
attacked by the zeolite with the result that they pass
through the process and remain in the product with a
consequent reduction in V.I. The lube yield alsc tends to
be constrained by the low wax isomerization selectivity at
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 hydrocracking selectivity in order
to improve lube yield while retaining the high VI 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



optim zed either for yield efficiency or for V.1. efficiency, depending
upon requirenents. While this zeolite-catal yzed process has shown
itself to be highly effective for dealing with highly paraffinic feeds, the
hi gh isomerization selectivity of the zeolite beta catal ysts, coupled with
its | esser capability to renove | ow quality aromatic conponents, has tended
tolimt the application of the process iq.feeds which contain relatively

| ow quantities of aromatics: the aromatics as well as other polycyclic
materials are less readily attacked by the zeolite with the result that
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We have now devised a process for producing high
quality, high viscosity index (V.I.) lubricants of
extremely high isoparaffin content, usually about 80%
isoparaffins and typically 90-93 wt% isoparaffins, and by a
two-stage wax hydrocracking-hydroisomerization process.
Co-pending application Serial No. 08/017,949 which is
incorporated by reference, is also concerned with two-stage
wax hydrocracking-hydroisomerization process. The feed to
Serial No. 08/017,949 possesses a higher oil content than
the instant invention, however. The process is capable of
producing products with very high viscosity indices,
typically above about 130, usually in the range of 140 to
170 with values of 155 to 160 being typical. The process
is capable of being operated with feeds of varying
composition, such as deoiled waxes, to produce high quality
lube basestocks in good yield. 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 isoparaffins of high viscosity index. Compared to the
zeolite-catalyzed process, it has the advantage of being
able to accommodate a wider range of feeds at constant



selectivity for paraffin isonerization but under the noderate 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 |evels.
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accommpdat e skep.deXnr &hge fitstestiagat, dzhestﬁe&d is subjected to
hydroproceséing over a bi-functional catalyst comprising a
metal hydrogenation component on an amorphous acidic '
support under relatively mild conditions of limited
conversion. The second stage comprises a
hydroisomerization step which is carried out over a noble
metal-containing zeolitic catalyst 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 firstlstage, however, enables these
products to be retained without undergoing further cracking
to products boiling below the lube boiling range, typically
below about 650°F (about 345°C). Typically, the conversion
in the first stage is limited to no more than 30 weight
percent of the original feed, in order to maintain lube
yield. .

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. A low acidity zeolite beta catalyst has been
found to give excellent results. A noble metal, preferably
platinum, is used to provide hydrogenation-dehydrogenation




product quality since it is nore effective for the renoval of the | ow
quality aromatic conponents fromthe feed; it also provides a yield
advantage in the range where maxi mum | ube yield is obtained (about 40-50%
conversion) as well as providing a high@~ product VI across a w de
conversion range fromabout 5 to 40 percent conversion. According to
the present invention, the waxy feed is subjected to a two-stage

hydr ocr acki ng- hydr oi soneri zation step. In the first stage, the feed is
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The cascade process without interstage separation,

represents a preferred mode of operation because of its

simplicity although the two-stage 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 coperation. In 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.

DRAWINGS

In the accompanying drawixigs, Figures 1 to 3 are
graphs illustrating the results of wax hydroprocessing
experiments reported in the Examples.

! D DES oN .

In the presenﬁ process waxy feeds are converted to
high V.I. lubricants in a two-stage hydrocracking-
hydroisomerization process. The products are characterized
by good viscometric properties including high viscosity



functionality in this catalyst in order to pronote the desired

hydr oi sonmeri zati on reacti ons. The process may be operated in two

di fferent nodes, both of which require relatively high pressures in the
first stage in order to maxim ze renoval of aromatic conponents in the feed
and for this purpose pressures of at |east 800 psig (about 5620 kPaa),.
usual ly from about 800 to 3,000 psig (aho«#t 5620 to 20785 kPa abs.) are
suitable. The second stage nay be operated either by cascading the first
stage effluent directly into the second stage without a pressure reduction
or, alternatively, since the second stage nmay be operated at relatively
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drawi ngs, Figures 1 to 3 are graphs illustrating the results of wax
hydr opr ocesg} experinents reported in the Exanples. DETAI LED

DESCRI PTI In the present process waxy  feeds are converted to high
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hi gh VISCOSIrgferably 90 to 93 weight percent isoparaffins, as
determined by ASTM test D3235. In these feeds of mineral
0il 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
character are derived from the refining of petroleum and
other liquids by physical separation from a wax~containing
refinery stream, usually by chilling the stream to a
temperature at which the wax separates, usually by solvent
dewaxing, e.g., MEK/toluene dewaxing or by means of an
autorefrigerant process such as propaneldewaxing. These
waxes have high initial boiling points above about 750°F
(about 400°C) which render them extremely useful for
processing into lubricants which also require an initial
boiling point of at least 750°F (about 400°C). Lower
boiling components are not to be excluded. They are
removed along with products of similar boiling range which
are produced 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



I ndex, typically at least 130 and usually in the range 155 to 160. The two
stages of the process are carried out in the presence of hydrogen using
catal ysts which are optim zed for selective renoval of the low quality
aromatic conponents in the first stage by hydrocracking reactions and

sel ective paraffin isonerization in the Egcond stage to forml ow pour
point, high V.l. products. Feed e feed to the process conprises a
petrol eum wax whi ch contains at |east 80 weight percent isoparaffin wax,
preferably 90 to 93 wei ght percent isoparaffins, as determ ned by ASTMt est
D3235. In these feeds of mneral oil origin, the waxes are nostly paraffins

of hi gh poy 190ifauald Hotd niir'e?itiin EXhit amb@*rgt'élb&u’&rssshcq' gbai n

paraffins such as nethyl paraffins. Petroleun1 i g waxes of
par af f i ni c "0 4883 ma¥e nEEmAlY f%rﬁlt%?#%#?%% H‘ 3 @uﬁFS’H& ot her
l'iquids by mlmlmaarsﬁﬁms‘ U8 eh Mg mmcjnmreéedsr guchr asm

usual 'y by chill.i t he strean1t a t enperat ure ch t at es,
usual |y by %&bme@ ee‘g FERETT TR ﬁ%aﬁﬁihhﬁ‘% g%&%a%?'%%?‘
autorefri gdwxmg}caaﬁduaﬁa}astypmmlmydmmlm efifiepointixef k@véohi gh

initial boqk}y - le Vo%@%g JB 1?%3'} égbggte %Lgha] C) whi ch render

them extre processi n BP9 B S al so require an
initial boiling The rwa:ofcmteréasnf 7Teg cfeed i.abbuthOGFEPF-‘F@)IY Bdwer

boi | i ng conpaentey ar, t 'Hﬂ&gt agg r Yyt peentd th
products of §|mlé3 tﬁ?ﬁg)uéﬁh eqﬁﬁl aregbsgaugg 35?. the s aratlon
steps whi ciW3Eh | BRe thatd %ﬂﬁﬁeﬁﬁ i Q¢Ftuded i |ﬁ§mEFé§§ngSR%

conponent s akdhativyeaed  naptithewicse pPrheéefasnywaks coheentr @fpref erably

excluded by, géﬁéé%ﬁs, hoiynaﬁﬁtﬂgggscgﬁdpﬁ ﬁly branched naphthenes
will normally not exceed about 20 weight percent of the wax
and preferably will not exceed 7 to 10 weight percent.
These waxy, highly paraffinic wax stocks usually have low
viscosities because of their relatively low content of
aromatics and naphthenes although the high content of waxy
paraffins gives them melting points and pour points which
render them unacceptable as lubricants withput further
processing.

Feeds of this type wzll normally be deoiled waxes.
The waxy product obtained directly from a solvent dewaxing
process, e.g., an MEK or propane dewaxing process, is
described as a slack wax. A slack wax is a solid to semi-
solid product, comprising mostly highly waxy paraffins
(mostly n- and mono-methyl paraffins), together with
occluded oil. Slack wax may be refined to produce "foots
oil" and "crude scale", as discussed in Chapter VI of
Petroleum Refinery Engineering, W.L. Nelson, McGraw-Hill,
1958. Crude scale is more commonly called deociled wax.
The two most commonly used techniques for separating
deoiled wax from foots oil are wax sweating and solvent
dewaxing. Wax sweating involves slowly warming the slack
wax, which had been previously chilled, so that the oil and
other low melting materials (together called foots oil)
- melt and drain from the slack wax. A wax sweating

technique is described in U.S. Patent No. 5,015,357.



The,end point of wax feeds derived fromthe sol vent dewaxi ng of neutral
oils i.e. distillate fractions produced by the vacuumdistillation of -l ong
or atnospheric resids will usually be not nore than about
1100[err] F (about 595[err]C) so that A& 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 bri ght stock dewaxi ng, which
may typically have an end point of up to about 1300F (about 705[err]F), may
al so be enpl oyed. . The wax _content of_the fe hi gh eperal |y at
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Wax Composition -~ Arab Light Crude

A B c D
Paraffins, wt. pct. 94.2 8l.8 70.5 51.4
Mono-naphthenes, wt. pct. 2.6 11.0 6.3 16.5
Poly-naphthenes, wt. pct. 2.2 3.2 7.9 2.9
Aromatics, wt. pct. 1.0 4.0 15.3 22.2

A typical deoiled wax feed has the composition shown
in Table 2 below. This deoiled wax is obtained from the
solvent (MEK) dewaxing of a 300 SUS (65 cST) neutral oil
obtained from an Arab Light crude.

Table 2

Properties of Deoiled Wax

API Gravity 39.2
Hydrogen, wt% 14.04
Nitrogen, ppm 9
Sulfur, wts - .01
KV @ 100°C, cst _ 6.294
KV @ 300°F, cst 3.15

Pour Point, °F 120



1958. Crude scale is nore commonly call ed deoiled wax. The two nost
commonl y used techniques for separating deoiled wax fromfoots oil are wax
sweati ng and sol vent dewaxi ng. Wax sweating involves slowy warmng the

sl ack wax, which had been previously chilled, so that the oil and other |ow
melting materials (together called foots oil) nelt and drain fromthe slack
wax. A wax sweating technique is describgd in U S Patent No. 5,015, 357.
-12- Deoiling of wax may occur™as a part of a solvent dewaxing
process such as MEK. Wax may be collected on a continuous rotary vacuum
filter and washed wth solvent to displace oil fromthe wax cake. Wax cakes
may be "repul ped" by mxing themwth freshly chilled solvent and filtered
at a tenperature of froml1lO[err]F to 20[err]F (-12.22 to -6.67[err]C) to

further reduce the oil contengimﬁedggalbag:gﬁﬁggg%ﬁe associated with
sol vent dewaxing is disclosed 1n U'S. Patent .3, 729, 414, The
conposi tions of ygyre typical waxes ape_given in Igble 1 below.
Table 1 Wax Conposition - Arab Light Crude _ '
A B C.5 D Paraffins, wWs9 pct. 404 94. 2 81.8
70.5 51.4 Mn& napht henes, wt. pd&ll 238 11.0 6.3 16.5
Pol y- napht henes, 1M . pct. ' 230 3.2 4239 9.9 Aronmtics, w.
pct . 20 1.0 4.0 15.850 22.2 460
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First Stage Hydroprocessing = derocracking

The waxy feed is subjected to a two-step
hydrocracking-hydroisomerization process in which both
steps are normally carried out in the presence of hydrogen.
In the first step, an amorphous bi-functional catalyst is
used to promote the saturation and ring openihg 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
arcmatic materials. Consistent with these process
objectives, the hydrogen pressure in the first stage is at
least 800 psig (about 5620 kPaa abs.) and usually is in the
range of 1,000 to 3,000 psig (about 7000 to 20785 kPaa
abs). Normally, hydrogen partial pressures of at least
1500 psig (about 1435 kPaa abs.) are best in order to
obtain a high level of aromatic saturation with pressures
in the range of 1500 to 2500 psig (about 1435 to 17340 kPaa
abs) being suitable for most high pressure equipment. _
Hydrogen circulation rates of at least about 1000 SCF/Bbl



A typical deoiled wax feed has the composition shown in Table 2 bel ow.
Thi's deoiled wax is obtained fromthe solvent (MEK) dewaxi ng of a 300 SUS
(65 cST) neutral oil obtained froman Arab Light crude.

Table 2 Properties of Deoil ed Wax APl Gavity
39.2 Hydr ogen, wt % 14. 04 " Nitrogen, ppm

9 Sul fur, w% -14-01 KV @100[err]C, cst

6. 294 KV @300[err]F, cst 3.15 Pour Point, [err]F
120 -13-

Simul ated Distribution [err]F [err]C .5
759 404 5 811 433 - 10

830 (abbit 180 2.171.), preferabl@6in the range0of 5,080 to

878

15%%50 scr/gbl (about 900 to 1800 n.1.1"%)48%ke suitable.

In this stage of the process, the conversion of the
feed to products boiling below the lube boiling ranqg,
typically to 650°F- (about 345°C-) products is limited to
no more than 30 weight percent of the feed and will usually
be not more than 30 weight percent of the feed in order to
maintain the desired high single pass yields which are
characteristic of the process while preparing the feed for
the second stage of the processing; an initial VI for the
first stage product of at least about 130 is normally
desirable for the final product to have the desired VI of
150 or higher. The actual conversion is, for this reason,
dependent on the quality of the feed. The conversion may
be maintained at the desired value by control of the
temperature in this stage which will normally be in the
range 700° to 800°F (about 371° to 430°C) and more usually
in the range of about 650° to 750°F (about 345° to 400°C).
Space velocity variations may also be used to control -
severity although this will be less common in practice in
view of mechanical constraints on the system.

The exact temperature selected to achieve the desired
conversion will depend on the characteristics of the feed
and of the catalyst 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, than with the more paraffinic feeds such as the
deoiled wax feed of this invention. 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
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559 First Stage Hydroprocessing - Hydrocracking The waxy feed is

subjected to a two-step hydrocracking-hxgégisonerization process in which
both steps are nornmally carried out int presence of hydrogen. In the
first step, an anorphous bi-functional catalyst is used to pronote the.
saturati.on and ring opening of the low quality aromati c conponents in .the
feed to produce hydrocracked products which are relatively nore paraffinic.
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A characteristic feature of the first stage operation
is the use of a bi-functional lube hydfocracking catalyst.
Catalysts of this type have a high selectivity for ‘
aromatics hydrocracking reactions in order to remove the
low quality aromatic components from the  feed. In general
terms, these catalysts include a metal component for
promoting the desired aromatics saturation reactions and
usually a combination of base metals is used, with one
metal from the iron group (Group VIII) in combination with
a metal of Group VIB. Thus, the base metal such as nickel
or cobalt is used in combination with molybdenum or
tungsten. The 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 metal, based on the total weight of the catalyst. If a
noble metal compoﬁent such as platinum or palladium is used
instead of a base metal such as nickel or cobalt,
relatively lower amounts are in order in view of the higher
hydrogenation activities of these noble metals, typically
from about 0.5 to 5 weight percent being sufficient. The



(about 180 n.1.1[err].), preferably in the range of 5,000 to 10, 000 SCF/ Bbl
(about 900 to 1800 n.1.1[err]) are suitable. In this stage of the
process, the conversion of the feed to oducts boiling below the | ube
boiling range, typically to 650[err]Ff'€ébout 345[err] C) products is
limted to no nore than 30 wei ght percent of the feed and wll usually be
not nore than 30 wei ght percent of the feed in order to maintain the
desired high single pass yields which are characteristic of the process
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hydrocrackhggﬁgygfzjnIgénggé¥int 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 i.e with no less than about 5 percent of the pores having
a pore size less than 50 A pore size, with the majority of
the pores having a pore size in the range of 50-400 A (no
more than 5 percent having a pore size above 400 i),
preferably with no more than about 30 percent having pore -
sizes in the range of 200-400 A. Preferred catalysts for
the first stage have at least 60 percent of the pores in
the 50-200 A 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 3
below:




conversion of the nore desirable paraffinic conponents to products boiling
bel ow the |l ube boiling range. In order to achieve the desired severity in
this stage, tenperature may also be correlated with the space velocity _
al though for practical reasons, the space velocity will normally be held at
a fixed value in accordance with nechan®®al and other constraints such as

mnimzing pressure drop. Cenerally, the space velocity wll be in the
range of 0.25 to 2 LHSV, hr.[err] and usually in the range of 0.5 to 1.5
LHSV. A characteristic feature of the first stage operation is the use
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G oup VI nePatkimgsBenshtyhegngeel weiyhe of the catB48F. |f a ndb¥ netal
conponent such as platinumor palladiumis used instead of a base netal
such as nickel or cobalt, relatively |ower amunts are in order in view of
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about 0.5 tghg Egégﬂysgekégp %Eg%oggéfbgggqfluorlne, 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 bifluocride (NH4F.HF) of which the latter is
preferred. The amount of fluorine used in catalysts which
contain this element is preferably from about 1 to 10
weight percent, based on the total weight of the catalyst,
usually from about 2 to 6 weight percent. The fluorine may
be incorporated by adding the fluorine compound to a gel of
the metal oxide support during the preparation of the
catalyst or by impregnation after the particles of the
catalyst have been formed by drying or calcining the gel.
If the catalyst contains a relatively high amount of
fluorine as well as high amounts of the metals, as noted




nmetal s may be incorporated by any suitable nmethod including inpregnation
onto the porous support after it is fornmed 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 rel atively high anounts
of the metal conponents are to be added e.g. above 10 wei ght percent of the
Goup VIII netal and above 20 wei ght pel8ent of the Goup 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 naéhalso be
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for use in cadrxried siutstngemxm stivent1wodive ec8mpelind, is pas_sed 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
catalyst 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 maintenance levels
sufficient to maintain the desired activity. Suitable
compounds for in situ fluoriding are orthofluorotoluene and
difluorcethane. _

The metals present on the catalyst are preferably used
in their sulfide form and to this purpose pre-sulfiding of
the catalyst should be carried out prior to initiation of
the hydrocracking. Sulfiding is an established technique
and it is typically carried out by contacting the catalyst
with a sulfur-containing gas, usually in the presence of
hydrogen. The mixture of hydrogen and hydrogen sulfide,
carbon disulfide or a mercaptan such as butol mercaptan is
conventional for this purpose.' Presulfiding may also be
carried out by contacting the catalyst with hydrogen and a
sulfur-containing hydrocarbon 0il such as a sour kerosene
or gas oil.
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Catal yst Properties Form 1.5mmcyl. 1.5 mm
tri.l.5mmcyl. Pore Volunme, cc/gm 0. 331 : 0. 453 0. 426
Surface Area, niferr]/gm 131 170 116 Ni ckel, w.
pct . 4.8 4.6 -19« 5.6 Tungsten, wt. pct.
22.3 23.8 17.25 Fluorine, wt. pct. -

3.35 Silica, w. pct. ' 2
Alunlna wt. pct. - 60. 3 Real Density,
gni cc 4.229 4.238 4. 023 Particle Density, gnfcc
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on the totalgpaRjedls Hhd Hrdctisd] Yssess good VI characteristics but

have relatively high pour points as a result of their
paraffinic nature. The cbjective 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 of about 200 to 1000 psig (about 1480 to 7000
kPaa) although pressures from about 400 to 1000 psig (about
2860 to 7000 kPaa) are more typical. In the low pressure
mode of operation, it is preferred to operate the second
stage with hydrogen partial pressures from at least 200
psig (about 1480 kPaa).

Another mode of operation is with higher hydrogen
pressures in the second stage, typically over 1000 psig
(about 7000 kPaa). 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.



usual ly fromabout 2 to 6 weight percent. The fluorine may be incorporated
by adding the fluorine conpound to a gel of the nmetal oxide support during
the preparation of the catalyst or by inpregnation after the particles of

t he catal yst have been forned by drying or calcining the gel. If the
catal yst contains a relatively high anom2®-of fluorine as well as high
anounts of the netals, as noted above, it is preferred to

i ncorporate the netals and the fluorine conpound into the netal oxide - gel
prior to drying and calcining the gel to formthe finished catal yst
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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 ocutside the lube boiling range during this .
stage of the operation. 1In general terms, an alpha value
below 30 should be employed, with preferred values below
20. _

The alpha value is an approximate indication of the

catalytic cracking activity of the catalyst compared to a
'standard catalyst. The alpha test gives the relative rate
constant (rate of normal hexane conversion per volume of
catalyst per unit time) of the test catalyst relative to
the standard catalyst which is taken as an alpha of 1 (Rate
Constant = 0.016 sec ~'). The alpha test is described in
U.S. Patent 3,354,078 and in J. Catalvsis, 4, 527 (1965):

6, 278 (1966); and 61, 395 (1980), to which reference is
made for a description of the test. The experimental
conditions of the test used to determine the alpha values
referred to in this specification include a constant
temperature of 538°C and a variable flow rate as described
in detail in J. Catalysis, 61, 395 (1980). For the bi-
functional catalysts used in this stage of the present
process, the alpha value is determined in the absence of
the metal component.



t he. hydrocracking. Sulfiding is an established technique and it is
typically carried out by contacting the catalyst with a sul fur-containing
gas, usually in the presence of hydrogen. The m xture of hydrogen and
hydrogen sul fide, carbon disulfide or a nercaptan such as butol mercaptan
I's conventional for this purpose. Pressbfiiding may al so be carried out by
contacting the catalyst with hydrogen and a sul fur-containing hydrocarbon
oil such as a sour kerosene or gas oil

-19- Because the feeds are highly paraffinic, the heteroatom .
content is | ow and accordingly the feed may be passed directly into the
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degree of afiefEld CotiRérEhafRNalininum 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 U.S. 4,419,220. The low acidity forms of
zeolite beta may be obtained by synthesis of a highly
siliceous form of the zeolite e.g with a silica-alumina
ratio above about 50:1 or, more readily, by steaming
zeolites of lower silica-alumina ratio to 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 of 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. In zeolites of this type, the
framework consists principally of silicon tetrahedrally
coordinated and interconnected with oxygen bridges. The
minor amount of an element (alumina in the case of alumino
silicate zeolite beta) is also coordinated and forms part



t he, second stage of the operation so that it is possible to carry it out
under relatively |low pressures, typically in the range of about 200 to 1000
psig (about 1480 to 7000 kPaa) although pressures from about 400 to 1000

psi g (about 2860 to 7000 kPaa) are nore typical. In the | ow pressure node
of operation, it is preferred to operatLgslhe second stage with hydrogen
partial pressures fromat |east 200 psig (about 1480 kPaa). Anot her

mode of operation is wth higher hydrogen pressures in the second stage,
typically over 1000 psig (about 7000 kPaa). This node of operation is
preferred since the second stage can be operated in cascade with the first
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bel ow 30 shoghea PRl fEPELYEGwork! BoPbRT 8LECRNYRhUERAP ’r@Vadbcribed, for
example, in U.S. Patents Nos. 4,269,813; a method for
preparing zeolite beta containing framework boron is
disclosed in U.S. Patent No. 4,672,049. As noted there,
the amount of boron contained in the zeolite may be varied
by incorporating different amounts of borate ion in the
zeolite forming solution e.g. by the use of varying amounts
of boric acid relative to the forces of silica and alumina.
Reference is made to these disclosures for a description of
the methods by which these zeolites may be made.

In the present low acidity zeolite beta catalyst, the
zeolite should contain at least 0.1 weight percent
framework boron, preferably at least 0.5 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

0,) to result in an ultimate alpha value no greater than
30 and preferably no greater than 20.

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



The -al pha value is an approxi mate indication of the catalytic cracking
activity of the catalyst conpared to a standard catal yst. The al pha test
gives the relative rate constant (rate of nornmal hexane conversion per

vol une of catalyst per unit tine) of the test catalyst relative to the
standard catalyst which is taken as an=A3tha of 1 (Rate Constant = 0.016
sec [err]). The alpha test is described in U S. Patent 3,354,078 and in J:
Catal ysis, 4, 527 (1965) 6, 278 (1966); and 61, 395 (1980), to which
reference is made for a descrlptlon of the test The experlnental
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to the desi 1¥6mFBe|ﬁFF9m+e9eepeaﬁthengwhanhsenbaneesthe functioning
of the zeolite in a manner which is not fully understood.
The zeolite will be composited with a matrix material
to form the finished catalyst and for this purpose
conventional non-acidic matrix materials such as alumina,
silica-alumina and silica are suitable with preference
given to silica as a non-acidic binder, although non-acidic
aluminas such as alpha boehmite (alpha alumina monchydrate)
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 of pelletizing
into the desired finished catalyst particles. A preferred
method for extruding the zeolite with silica as a binder is
disclosed in U.S. 4,582,815. If the catalyst is to be
steamed in order to achieve the desired low acidity, it is
performed after the catalyst has been formulated with the
binder, as is conventional.
The second stage catalyst also includes a metal
component in order to promote the desired




preferred than the use of a zeolite which contains framework el enents ot her
than al um num 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 U S. 4,419,220. The | ow
acidity forns of zeolite beta may be obipgsed by synthesis of a highly
siliceous formof the zeolite e.g with a silica-alumna ratio above about
50:1 or, nore readily, by steam ng zeolites of |ower silica-alumna ratio
to the requisite acidity level. Another nethod is by replacenent of a
portion of the framework al um num of the zeolite with another trival ent
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including ion exchange with complex platinum cations such
as platinum tetraammine or by impregnation with solutions
of soluble platinum compounds, for example, with platinum
tetraammine salts such as platinum tetraamminechloride.
The catalyst may be subjected to a final calcination under
conventional conditions in order to convert the noble metal
to the oxide form and to confer the required mechanical
strength on the catalyst. Prior to use the catalyst may be
subjected to presulfiding as described above for the first
stage catalyst.

The objective in the second stage is to isomerize the
waxy, linear and near-linear paraffinic components in the
first stage effluent to less waxy but high VI isoparaffinic
materials of relatively lower pour point. The conditions
in the second stage are therefore adjusted to achieve this
end while minimizing conversion to non-lube boiling range
products (usually 650°F-(345°C-) materials). Since the
catalyst used in this stage has a low acidity, conversion
to lower boiling products is usually at a relatively low
level and by appropriate selection of severity, second
stage operation 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



Met hods.for preparing high silica content zeolites containing framework
boron are known and are described, for exanple, in U S. Patents Nos.

4,269, 813; a nethod for preparing zeolite beta containing franmework boron
is disclosed in U S. Patent No. 4,672,049. As noted there, the amount of
boron contained in the zeolite may be varied by incorporating different
anounts of borate ion in the zeolite fd1@A™hg solution e.g. by the use of
varying anmounts of boric acid relative to the forces of silica and al um ha.
Reference is nade to these disclosures for a description of the nethods by
whi ch these zeolites nay be nade. In the present |low acidity zeolite
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activity of hiydeogeel br@d¥ifres 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 700°F (about 315° to 370°C) for this stage of the
operation in the low pressure mode. Space velocities will
typically be in the range of 0.5 to 2 LHSV (hr.-l) although
in most cases a space velocity of about 1 LHSV will be most
favorable. Hydrogen circulation rates are comparable to
those use 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 séheme. In the first stage, the
undesirable low VI 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
isoparaffins in the productland because the low VI



been found to be especially advantageous, giving results which are not

achi eved by the use of a zeolite which has the sane acidity inits
as-synt hesi zed condition. It is believed that these results my be
attributable to the presence of trivalent nmetals renoved fromthe franework
during the steam ng operation which enhance the functioning of the zeolite
in a manner which is not fully underst och= The zeolite will be
conposited with a matrix nmaterial to formthe finished catal yst and for
this purpose conventional non-acidic matrix materials such as al um na,
silica-alumna and silica are suitable with preference given to silica as a
non- aci di ¢ bi nder, _al though non-acidic_ alum nas such as al pha boehnite -
(al pha al urpdeerbabiyhave cheendeald Withsén, theofigss st@aga sSSP ot

confer any spbshdpbdatodesrestrOh 3618Leid6! L¥bhyreRation s ivtRd catal yst.
hon- 201 i c PREREALALE cRACAEGaland FBe, ba¥: tRRPRYARULSe SN Siims which
hydr ot her meareeappropriatdi topntheopapagfita isomaridationl dwitolthe is
weignt) typeearkEe, ERAatiSnS; aechobBa aBEPEoER, Are SRR A e
done by con¢aworabie flremnthensaturaginml bifngnyhduiret eanges alefder
o1 o, RLE Sh9ad ELLE b Bbalifg Deateionar b geili
bi nder i s dFBel BEegeprert. thesBighly. aptivge hysradpnation Foppanent®d in
order to acBhe¥Ret aatdgfvgted kaweassdivhy, ithe SeRIMOIFRGalieraise
catal yst has _heen.for ated with,the binder, as is conventional The
cecond st aqBZCaEHAYS: FaFoBYAROEIALERITALERe BERSBINEY r T ERENBE omot o
the desiredstability is improved, especially stabid-ity to ultraviolet
radiation, a property which is frequently lacking in
conventional hydrocracked lube products. The
hydrofinishing is particularly effective when the second
step is carried out under high hydrogen partial pressures
e.g. over about 1000 psig (about 7000 kPaa). The
isomerized product may therefore be subjected simply to a
final dewaxing step in order to achieve the desired target
pour point and usually there will be no need for any
further finishing steps since a low unsaturates content,
both of aromatics and of lube range olefins, results from
the optimized processing in the two functionally separated
steps of the process. The product may therefore 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. .

ewaxi

Although a final dewaxing step will normally be
necessary in order to achieve the desired product pour
point, it is a notéble feature of the present process that
the extent of dewaxing required is relatively small.
Typically, the loss during the final dewaxing step will be
no more than 15 to 20 weight percent of the dewaxer feed
and may be lower. Either catalytic dewaxing or solvent
dewaxing may be used at this point and if a solvent dewaxer



hydr oi saneri zati on reactions which, proceedi ng through unsaturated
transitional species, require nediation by a hydrogenati on-dehydrogenati on
conponent. I n order to nmaxim.ze the isonerization activity of the catal yst,
nmetal s having a strong hydrogenation function are preferred and for this
reason, platinumand the other noble netals such as palladiumare given a
preference. The anount of the noble net ¢ Thydr ogenati on conponent is
typically in the range 0.5 to 5 weight percent of the total catalyst,

usually fromO0.5 to 2 weight percent. The platinumnmay be incorporated into
t he catal yst by conventional techniques including ion exchange with conplex’
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these zeolites are descrlbed in vU.s. atent No. 4,222,855,
The zeolites whose use is preferred here may be
characterized in the same way as described in U.S. Patent
No. 4,222,855, 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/P° of 0.1
and at a temperature of 50°C for n-hexane and 80°C for o-
xylene and (2) by the ability of selectively cracking 3-
methylpentane (3MP) in preference to the doubly branched
2,3-dimethylbutane (DMB) at 1000°F and 1 atmosphere
pressure from a 1/1/1 weight ratio mixture of n-hexane/3-
methyl-pentane/2,3-dimethylbutane, with the ratio of rate
constants k.../Kpug determined at a temperature of 1000°F
being in excess of about 2. The expression, "P/P ", is
accorded its usual significance as described in the
literature, for example, in "The Dynamical Character of

- Adsorption" by J.H. deBoer, 2nd Edition, oxford University

Press (1968) and is the relative pressure defined as the
ratio of the partial pressure of sorbate to the vapor
pressure of sorbate at the temperature of sorption. The
ratio of the rate constants, kj.p./k., is determined from




- 25- *370[err]C) with 650[err] F+ conversion typically being from about
10 to 30 weight percent, nore usually 12 to 20 wei ght percent, of the
second stage feed. However, tenperatures may be used outside this range,
for exanple, as |ow as about 500[err]F (260[err]C) up to about 750[err]F
(about 400[err]C) although the higher tegperatures will usually not be
preferred since they will be associated wth a | ower isonerization
selectivity and the production of |ess stable |ube products as a result of
t he hydrogenation reactions being thernodynam cally | ess favored at
progressively higher operating tenperatures. Wth the increased activity
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node, tenperatures in the second stage may be somewhat” | ower t han those

appr opri at e *E33EERMSr essure operation: in the high pressure node,
t enperatures of 550 to 700F (ahout(iﬁﬁ Brih (a/34grr]C) wll be

preferred, ar o referred r e of 600[err]to 700[err
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The preparation and properties of zeolites ZSM-22, ZSM-

23 and 2SM-35 are described respectively in U.S.Patents
Nos. 4,810,357 (ZsM-22); 4,076,842 and 4,104,151 (2ZSM-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
this zeolite.

The demands on the dewaxing unit for the product are
relatively low. In this respect the present process
provides a significant improvement over the process which
employs solely amorphous catalysts in which a significant
degree of dewaxing is required. The functional separation
inherent in the process enable 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 conversion levels above
80 percent may be employed so that the load on the dewaxer
is reduced, .the product VI and yield decrease at the same



- 26- ., materials have been dealt with in the first stage, can be
optimzed to effect a selective isonerization of the paraffinic materials.
The | ow tenperature conditions which are appropriate for the paraffin

i somerization limt the cracking react®¥ms as noted above but are

t hermodynam cal |y favorable for the saturation of any |ube range ol efins
whi ch may be fornmed by cracking reactions, particularly in the presence of
the highly active hydrogenati on conponents on the catalyst. In this way,
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hydr ocr ac e . The hydrofinishing is particularly effective
when t he gggohggéﬁggg‘s carried out under high hydrogen partial pressures
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based on the original wax feed, corresponding to wax
conversion values of almost 60 and 70 percent,
respectively. Lube Yield is substantially increased
following isomerization with zeolite beta. Ancther 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 ocbtained at constant
product viscosity.

Co-pending application S.N. 017,949 contains examples
showing the benefits of the two stage process (lube
hydrocracking/hydroisomerization) for slack wax upgrading.
The following examples demonstrate the proposed concept of
processing a deociled wax with the two stage proéess. In
the following examples, wax conversion is defined as:

Wax Remaining After
Wax Conversion = Wax in Feed (wt - Solvent Dewaxin wt
Wax in Feed (wt%)



no.nmore.than 15 to 20 wei ght percent of the dewaxer feed and may be | ower.
Ei ther catal ytic dewaxi ng or solvent dewaxi ng may be used at this point and
if a solvent dewaxer -27- i s used,
the renmoved wax may be recycled to the 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 émbodi ment where the second stage is

oper at ed aapgpp@g%%ively | ow pressure. The preferred catal yti c dewaxi ng
processes n internedi ate pore size zeolite such as ZSM5, but the

nost prefer ing catalysts are based on the highly constrained
i nt er nedi at ze zeolites such as ZSM 22, ZSM 23 or ZSM 35. These

zeol i tes have bgefofounsl &gneLAki §8olY qﬁwwﬁ@g@cg‘g Upeid e 0L ¥ét4M

dewaxed products of |ow pour point and X1 ng processes usi ng
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whose use is preferred here may be characterized in the sane way as

descri bed iniNySlukdh®tat®lydt 238, BRE, fbleowingZzeohditicms ng pore

openi ngs which result in the possession of defined sorption properties set
out in the patent, nanely, (1) a ratio of sorption of n- hexane to

o- Xyl ene, on a vol une percent basis, of greater than about 3, which
sorption is determned at a P/P[err] of 0.1 and at a tenperature of
50[err] C for n-hexad#S¥adhg0jerr]C for o- xylene nd (2) by the ability of
sel ectively cracki ngressgneny ane (3MP) préQQQ ence to the doubly
branched 2, 3-di neth bG%ﬁﬁ%lé vaﬁcfﬂ@QEerr]F 459901 atnosghere pressure
froma 1/1/1 wei ght hemperafuLe meXdne/ 3- 700-760 (371-404°

met hyl - pent ane/ 2, 3-di net hyl butane, with the ratio of rate constants

Klerr]/klerr] dgher fh3g9+¢dkal 19 R Y WP fddf11ea to 650 F+
and subsequently solvent dewaxed to yield a lube with
exceptional VI albeit in low yield. These data are shown
in Table 4.
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15.43

3.825

147

146

<9

642

"

334

70

720

24

17.2
4.135

151
-5°F

(-20.56°C)

150 |

<9

657
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387

61.5

776
720

24

18.42
4.359

152
15°F

. (-9.44°C)
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<9
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319

60.7

MB Number

Reaction Tempemhre

650°F - Conv., wt1%

KV @ 40°C, cst

KV @ 100°C, cst

VI

Pour Point, °F (°C)

VI @ 0°F Pour

CCs @ -20°C

5% Point, wt%

Composition, wt%

Paraffins

Mononaphthenes

Polynaphthenes

Aromatics

Lube Yicld, wt% Feed

Wax Conversion




thiis zeolite. The demands on the dewaxing unit for the product are
relatively low In this respect the present process provides a significant
i nprovenent over the process which enploys sol ely anorphous catalysts in
which a significant degree of dewaxing is required. The functional
separation inherent in the process enabl e higher single pass wax
conversions to be achieved, typically about 70 to 80% as conpared to 50%
for the anorphous catal yst process so~BRat unit throughput is significantly
enhanced with respect to the conventional process. Although conversion

| evel s above 80 percent nmay be enployed so that the | oad on the dewaxer is
reduced, thg.n gcy, VI and yield decrease at the sane

- 29- ti erally, the final dewaxing stage cannot be conpletely
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mat eri al s which are obtained in €xcellent yield. Besid hayi ng excel_| ent

vi sconet ri cEXRUPAR: ite2hAVR) aas furdherympgraded ean‘BoPHdBQP-EﬁPFVéFﬁdand
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are typicall tain val ues of 140 being readily achi evabl e with
product i ef%g' g %\ﬂ %)'4(# Li &'(%rﬁlmee‘ﬂ’g% R é?P&F g PEed,
correspondi hget ancmnvearhest sian t:alwmy dfic rpsdl 5Oy ande¥§ h&ghemt lube
respectivel y43L isel.d | %ﬂ] I F | ow rization
Wi th zeoli te e%gﬁtgng{]%‘eé r ggtg&)rﬁ'e géf#ggFégéss%gt h§§%§e
product s r eftgtaldddicudis @m@&isl"{%F \Baressed aPY%guf-heoFaFﬁéYFFrrﬁﬁedoo
boi l'ing ranggigqnvecd FEFBHydYrcyeh, WS aRisvY "ové# a range of
conversion levels. The total liquid product was then
distilled to a nominal 700°F+ cut-point. The waxy bottoms
were then solvent dewaxed to produce lube oils having
improved lube yield. Table S contains results of these
experiments.



process: conversely, higher yields are obtained at constant product

Vi scosity. Co- pendi ng application S.N. 017,949 contai ns exanpl es
showi ng the benefits of the two stage process (Il ube

hydr ocr acki ng/ hydr oi soneri zation) for slack wax upgradi ng. The foll ow ng
exanpl es denonstrate the proposed concept of processing a deoiled wax with
the two stage process. In the follow ng exanpl es, wax conversion is defined
as: Wax Renai ni ng After Wax Conversion
= Wax in Feed (WMt% - Sol vent Dewaxing (W%

Wax in Feed (W% - 30- Exanpl e

A low oil content 450N wax whose propg%%gggéare listed in Table 2,
reproduced bel ow was processed over a uorirded N Walum na catal yst at

the foll owing cpeyiB] cZéclite Beta Isomébizabibfr bf Low Conversion 1
Pressure, psig Hyd¥ddracked Deddysa ardsmti on, SCF/ BBL

7500 Reactor Tenperature, [err]F 700-760 (371-404[err] O

The waxy total liquid product was Histilled2to 650[&rr] F+ add subse@ently

sol vent dewaxed to yield a |ube with exceptional VI albeit in |ow vyield.

These dat a R¥®e Bempwn - 691 631 639 677
700°*F =(371°C-)
Conv., wt% 17 21.3 20.5 20.5 37.8
(Overall)
Solvent Dewaxed 0il Properties
KV @ 40°C, cst 19.04 18.05 23.2 22.33 23.07
KV @ 100°C, cst 4.457 4.299 5.195 5.04 5.089
VI 153 152 le64 . 162 157
Pour Point, °F , 0 5 15 10 5
VI @ 0°F (-17.78°C)
Pour 153 151 161 160 156
sim Dist (5% pt) 674 557 732 705 623
Composition, wt$%
Paraffins 92 97 93 89 91
Mononaphthenes 5 0 3 2 2
Polynaphthenes 2 1 4 6 4
Aromatics 1 2 0 3 3
Lube Yield, wt% 30.7 47 .4 41.0 49.6 52.9
(Deoiled Wax Feed)

Wax Conversion 46.1 67.7 60.3 69.2 90.4

Figure 1 shows the yield improvement versus wax
conversion observed with this process compared to the
single step process of Example 1. Figure 2 also shows that
VI was improved slightly compared to the single step
process of Example 1. Figure 3 shows that kinematic
viscosity is preserved at high wax conversions, which is
desirable, compared to hydrocracking'alone.

Example 3
The 0-20°F (-17.78 to -6.67°C) pour point samples from
Example 2 can be further upgraded to produce a <=40°F
(-40°C) pour point base stock with >90 wt% paraffin
content by catalytic dewaxing over a shape selective



in Tabl e‘4. [err]

- 32- Exanple 2 To inprove the lube yield, the total |iquid product
fromthe hydrocracking step (14 wt % conversion sanple in Exanple 1 above)
was further upgraded and hydroisoneri;gq_

catalyst system, e.g., 2SM-5, ZSM-23 or ZSM-35. Examples
of the reduction in pour point utilizing these catalysts
for a similar extra high quality stock but of lower
paraffin content (lube obtained by hydrocraéking 35% oil
content slack wax) is contained in Table 6 below:

TABLE 6
(Catalytic Dewaxing at 400 psig, 2500 SCFB)
Feed Ni-ZSM-5 Pt-ZSM-23

Pour Point, °F (°C) -5 (20.56°C -40 (-40°C) -40 (-40°C)
Vi : 144 - 131 137
KV @ 100°C 5.1 5.3 5.2
Paraffins 78 : 76 76
Naphthenes 23 23 23
Aromatics 1 1 1

These results show that the dewaxing catalysts reduce
"the VI by about 7-13 numbers while reducing the pour point
to -40°F (-40°C); paraffin content was unaffected by pour
point reduction as was kinematic viscosity at 100°C. A
reduction in 13 VI numbers for low pour dewaxing the lube
stocks of Example 2 would produce a stock having a VI of
“143 and a very low pour point at very high paraffin
content which would yield a product of similar viscometrics
to PAO (polyalphaoclefins) (Table 7). This stock is
produced by the ocligomerization of 1l-decene.



by processing over a low acidity Pt/[B] zeolite beta catalyst to
effectively hydroi sonerize and convert nost of the unconverted wax to very
high quality, very high VI lube oil containing essentially al

i soparaffins. The waxy total |iquid product was processed over the catal yst
at 400 psig, 2500 SCFB hydrogen, 0.5 LHSV over a range of conversion -
| evel s. The total |iquid product was-3isen distilled to a nom nal 700[err]F+

cut-point. The waxy bottons were then sol vent dewaxed to produce |ube oils
havi ng i nproved | ube yield. Table 5 contains results of these experinents.

- 33- TABLE 5 Pt/ [B] Zeolite Beta
| soneri zati on of Low Conversion Hydr ocr acked Deoi |l ed Wax
1 2 3 4 5 Rxr Tenp 691 631
639 677 700[err]F -(371[err]C) ZTABLEQhv., wt % 17 21.3
20.5 20.5 37.8 (CNeraIIi Sol vent Dewaxed G| Properties KV @
40[err]C, cst 19. 04 PBRO lyalpha in rties 07 Kv @ 100[err]C,
cst 4. 457 4.299 5.195 5.089 VI 153
152 164 162ropertiesoo,r point, BAQr|F 0 5
15 10 5 Vi OlerrlFE (-17.78[e Pour 153

Vi 132

KV @ 100°'C 5.6

KV @ 40°C 28.1

ccs @ -20°C <12

Composition

Paraffins 100

Naphthenes -

Aromatics -

Simulated Dist., °F :c

IBP 746 396

5% 767 409

50% 891 477

95% 994 534



SimDist: (5% pt) 674 557 732 705 623 Conposition,

wt % Par af fi ns 92 97 93 _ 89 91

Mononapht henes 5 0 3 7‘P©Fynaph%henes
2 1 4 6 4 Awonatlcs

0 3 3 Lube Yield, vvt%-36-80.7 ”lllﬂ”ﬂlﬂmﬂlms!ﬂll! 49. 6
52.9 (Deoiled Wax Feed) Wax Conversion Ce7L7 o

69. 2 90.4 Figure 1 shows the yield |nprovenent ver sus wax

conversi on observed with this process conpared to the single step process
of Exanple 1. Figure 2 also shows that VI was inproved slightly conpared
to the S|ndﬂﬂﬂﬁﬂﬂgiﬁﬁﬁﬂﬁs§§bf Exanple 1. Figure 3 shows that kinematic

viscosity is prQﬁerV&dpﬁécaéﬂhf&@preéﬁéiﬁéoﬁshlﬂﬁ'9356%§¥E¥ iMdek
conpared to rocrackln al one, Exanpl e he 0-20[err]F $l17 78 to
-6.670) pou’r ng Ay Eagy Fomﬁﬁaﬁ’bﬁé bndex o€ A LRASE,

produce a ﬁﬁ@f@eaiﬁ& féedobermhﬁéraspummowigb.asnaww aANividx TR tEre

Paral 10 cophetl g8t SbVLntoAR BLng et iR RRR Ve
reduction in poutip0|hydnbcrackmggthheefeedah;sashydmagenrpanmiaéxtra hi gh
Gl nY SoopkeRierd! okoke 16AE 808, BATLeThgtyh Bagllys i syt oot acki o
functional lube hydrocracking catalyst comprising a metal
hydrogenation component on an acidic, amorphous, porous
support material to hydrocrack aromatic components present
in the feed at a severity which results in a conversion of
not more than S0 weight percent of the feed to products
boiling outside the lube boiling range:
(ii) isomerizing waxy paraffins present in the
effluent from the hydrocracking step 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 iscmerize waxy paraffins to less waxy isoparaffins;

2. The process according to claim 1 wherein the
lubricant has a viscosity index in the range from 140-170.

3. The process of claim 2 wherein the preferred
range of viscosity index is from 155 to 160.

4. A process according to claim 1 in which the feed
is a deociled wax comprises a wax content of at least 90
wts. '

5. A process according to claim 1 in which the
catalyst in the hydrocracking step comprises, as the metal
component, at least one metal of Group VIII and at least
one metal of Group VI of the Periodic Table.



TABLE 6 (Catal ytic Dewaxi ng at 400 psig, 2500 SCFB)

Feed - Ni - ZSM 5 Pt-ZSM 23  Pour W
(20.56[err]C) -40 (-40[err] QO -40 (40[err]C V

131 137 KV @100[err]C 5. 1 m ‘\“\ 5.2
Par af fi ns - 76 6 _37-
23 23 Aromati cs 1

These results show that the dewaxing catal ysts reduce t he Vi by about 7 13
nunbers whil e reducing the pour point to -40[err]F (-40[err]C); paraffin
content was unaffected by pour point reduction as was kinematic viscosity

at 100[err]C. A geducfi ¢é\s.<13aé&of&ﬂ@@reofeiaiﬁwspﬂﬁrwﬁswhxm idxodpibe
st ocks of le 2 wo uc stock having a Vi EJ 43 and a
very I ow pOUEED ekl iscrblartes EraR Fhe (ORPUR: CRRFLALADE @5 M Cp,
product of Bt nandredi sconetrics to PAO (pol yal phaol efins) (Table 7). ThIS
stock is produced by the oligonerization of 1-decene.

- 35- TABLE 7 PAO (Pol yal phaol efin) Properties
Properties 7. A pr@ress according to claim 5 in which the Group

VI metal is selected from the group consisting of W and Mo.

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

9. A process;according to claim 1 in which the lube
hydrocracking catalyst is a fluorided lube hydrocracking
catalyst.

10. A process according to claim 9 in which the
hydrocracking catalyst is a pre-fluorided lube
hydrocracking catalyst pre-fluorided to a fluorine content
of 1 to 10 weight percent fluorine.

11. A process according to claim 1 in which the
conversion during the hydrocracking step to 650°F-

(343°C-) material is from 10 to 30 weight percent of the
feed.

12. A process according to claim 1 in which the
isomerization catalyst comprises a zeolite beta

isomerization catalyst having an alpha value not greater
than 10.

13. A proces;’according to claim 12 in which the
isomerization catalyst comprises a zeolite beta

isomerization catalyst having an alpha value of not greater
than 5.



Pour Point, [err]F ([err]C) -65 (-53.89) VI 132 KV @100[err]C

5.6 KV @40[err]C 28.1 CCS @-20[err]C <12 Conposition

Par af fi ns 100 Napht henes - ”", "“ﬂ""mm"’at ed

Di st ., [err]F [err]C 1IBP 746 :

767 409 50% 891 4T 5% 994 - "o5#q »

- 36- WHAT WE CLAIM | S: 1. A process for producing a high viscosity

i ndex | ubricant having a viscosity index of at |least 130 from a hydrocarbon
feed of mneral oil origin having a wax content of at |east 80 weight
percent, which conprises (1) hydrocracking the feed at a hydrogen

Ipa[)t i ﬁl dpr essure 1. a@ :Weﬁ)ﬁqwnﬂi(@lt?o %(f%f% Py¥einayRichf ¥aat i onal
ube hydrocr. tal yst .cqnpLi sin net a rogenati pn, conponent on
an aci dic, aj%n%lrﬂp %16’5%/ &&}agyﬁﬁoﬁ° _ aie??%lat%gﬁ%T%‘&‘P'é%knénggFP& te
conponent s ped@eriscmenizatiiend catad yety eim twhidh cthe esottén i8 presaner sion
of not more #N3N ALmMRIEY JHigtHEnt o8 thd SFlbi Pel 9SS! S |

15. A process according to claim 14 in which the
isomerization catalyst comprises from 0.5 to 2 weight
percent platinum on a support comprising boron-containing
Zeolite beta containing boron as a framework component of
the zeolite beta and a matrix.

16. A process according to claim 1 in which the
isomerization step is carried out in the presence of
hydrogen at a pressure of at least 200 psig (1480 PkPaa).

17. A process according to claim 1 in which the
isomerization step is carried out in the presence of
hydrogen at a conversion to 650°F- (343°C-) product of not
more than 30 weight percent, based on the feed to the
isomerization step.

18. A process according to claim 17 in which the
isomerization step is carried out at a temperature not
greater than 650°F (343°C).

19. A process for producing a high viscosity index
lubricant having a viscosity index of at least 130 from a
petroleum wax feed having a wax content of at least 80
weight percent, which comprises

(i) hydrocracking the petroleum wax feed in a
hydrocracking steg:in the presence of hydrogen at a
pressure of at least 1000 psig in the presence of a
hydrocracking catalyst comprising a metal hydrogenation
component of at least one metal of Group VIII of the
Periodic Table and at least one metal of Group VI of the



boi I'i ng outside the |ube boiling range; (i) isomerizing waxy
paraffins present in the effluent fromthe hydrocracking step in-the
presence of a |low acidity isonerization catal yst _having an a| al ue of
not nore than 20 and conprising a noble netal hyd m\\ m ent on a
porous support nateri al conpr|5|ng zeolite beta t i“ paraffins
to | ess waxy isoparaffins; . =3 process accérdfng toclaim1l
wherein the lubricant has a VISCOSIty i ndex in the range from 140-170.

3. The process of claim2 wherein the preferred range of viscosity i ndex
Is from 155 to 160. 4. A process according to claiml in which the
feed is a deoiled wax conprises a wax content of at |east 90 w % 5.
A process Rawiaflig Table som dn i amo¥phons hepounersy sl umingh sUPRdc ke |@ ng

nd ai | ease o AE F & LRG0 nolasns), S Br @ stveziep W11

-37- W%‘b’é%s%na%c%‘?mﬂﬁs%%nﬁﬁl fP9° |Fn' \KHI4@h Crile REQSHSSS | |
netal is se&sqﬁ@@l 608" £R&n J5 6 Ue LERE | pbiBanef biisedCon Bhedpétiibleum
wax feed,

(ii) hydroisomerizing the product of the
hydrocracking step in the presence of hydrogen at a
hydrogen partial pressure of at least 1000 psig at a
temperature from 550° to 700°F and in the presence of a
paraffin isomerization catalyst comprising a noble metal
hydrogenation component on a low acidity support havipg an
alpha value not greater than 10 and comprising a boron-
containing zeolite beta containing boron as a framework
component of the zeolite, to produce a product having a
viscosity index of at least 130.

20. A process according to claim 19 in which the feed
is a deoiled wax having a wax content of at least 90 wti.

21. The process of claim 19 wherein the viscosity
index is in the range from 140 to 170.

22. The process of claim 21 wherein the preferred
range of viscosity index is from 155 to 160.

23. A process according to claim 19 in which the
effluent from the hydrocracking step is cascaded directly
to the hydroisomerization step.

24. A process according to claim 19 in which the
650°F+ conversion ‘in the hydrocracking step is from 10 to
30 weight percent based on the petroleum wax feed.

25. A process according to claim 23 in which the
hydrocracking step is carried out at a hydrogen partial
pressure of 1500 to 2500 psig (10433.5 to 17338 PkPaa).



7.- A process according to claim5 in which the Goup VI netal is selected
fromthe group consisting of Wand M. 8. A process according to-

claim5 in whi c"“‘mmmgﬁlmﬂ“]ng catal yst conprises alumna as an acidic
support materia L ke rocesi according to claim1 in which the

| ube hydrocracki g €atal yst %is a f1udtPded | ube hydrocracking catal yst.

10. A process according to claim9 in which the hydrocracking catalyst is a

pre-fluorided | ube hydrocracking catal yst pre-fluorided to a fluorine
content of 1 to 10 wei ght percent fluorine. 11. A process according

toclaim1lin kch gh rsi aring .t QL r:ar ki t to

650[ err] F- (34§?§Fr]é-?r%§?é§igkepggﬁégn?fogggaﬁg]%gfgﬁbhggﬁigﬁgeof t he

f eed. hydrecrackinge catadystdiisgat §lupxiided ihyduaaracking soneri zati on
cat al yst cgggghggg_a zeolite beta isonerization catalyst having an al pha
val ue not greatér than 10. 13. A process according to claim12 in
whi ch the isonerization catalyst conprises a zeolite beta isonerization

catal yst havi ng2en alaphaocdsse aklcordingl ¢at 1diwnd in which the
| alpha value of the hydroisomerization catalyst is not
greater than
5.

28. A process according to claim 19 in which the
isomerization catalyst comprises a steamed Pt/zeolite beta
catalyst containing boron as:.a framework component of the
zeclite, having an alpha value not greater than 20 and a
platinum content from 0.5 to 1.5 weight percent based on
the total weight of the catalyst.

29. A process according to claim 19 in which the
isomerization step is carried out at a temperature from
600° (316°C) to 650°F (343°C).

30. A process according to claim 19 in which the
650°F~ (343°C-) conversion during the isomerization step is
from 10 to 20 weight percent based on the feed to the
isomerization step.

31. A process according to claim 19 in which the
hydroisomerized product is subjected to a dewaxing to
achieve a target pour point, with a loss during the
dewéxing of not more than 20 weight percent.

32. A process for producing a high viscosity index
lubricant having a viscosity index of at least 130 from a
petroleum wax feed having a wax content of at least 80
weight percent, which comprises '

(i) hydrocracking the petroleum wax feed in a
hydrocracking step in the presence of hydrogen at a



- 38- . 14. A prbcess according to claim12-inA-which-the
| soneri zation catal yst conprises a boron-containinEuﬂE@Iite bet a
i,

i someri zation catal yst in which the boron is prese " ’mm
"lain114
2

conponent of the zeolite beta. -4~ A proces

in which the isonerization catalyst conprises fromO0.5 to . iSght* percent
pl ati num on a support conprising boron-containing zeolite beta containing
boron as a franmework conponent of the zeolite beta and a matri x. - 16.
A process according to claiml in which the isonerization step is carried
out in the pressure of atdieast W00 psigs(6896f PkPahdadmn e prtesencm0
PkPaa) . 1 £l ' LN i.gh t he
isonerizati%ﬁ gt%%gfga%gﬁggg%agﬁgaggge &Bmﬁggggéé %fnﬁﬁﬁgbgen at a

th
conver si on Rpdsegenation compenent of pgogsestopnﬁomeﬁarle afh Group EFEht

percent, baggdtRe pELid&LE TALiECah@0HB' 12akOBNR! Metal of cﬁ&(}: Arpregess
accordi ng tghclalnllg in mthh the i sonerjzation step |%.cajr|e out at a
t enper at ur NGt PEFLe8LE TABHS 680 R, RROTXBASHS, r POFOUS aluming sSUppoFtss

for produciay a begperatupei by atdisaktibsseart (Basi'my and swsaty index of

wei aht  per cEsveEakT RELER FREULEE 1R°F, QAN AR AC RS BREH A3 ol
feed in a hpupduchkskpfignetepore thanpdodswedghdf perbesdebased gn cthare of

at | east 108@+Pshgun"whResBbgsence of a hydrocracking catalyst conprising a
met al hydrogenation conponent‘of at |east one netal of Group VIII of the
Periodi ¢ Tabl e afdidt h¥dzpispmerizingothe preductofof tdhe

hydrocracking step in the presence of hydrogen at a
hydrogen partial pressure from 200 to 1000 psig (1480 to
6996 Pkpaa) at a temperature from 600° to 700°F (315 to
371°C) and 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 and comprising a boron-containing zeolite beta
containing boron as a framework component of the zeolite,

to produce a product having a viscosity index of at least
140.

33. A process according to claim 32 in which the feed
is a deoiled wax having a wax content of at least 90 wt%.

34. The process of claim 32 wherein the lubricant has
a viscosity index in the range from 140 to 170.

35. The process of claim 34 wherein the preferred
range of viscosity index is from 155 to 160.

36. A process according to claim 32 in which the
650°F+ (343°C) conﬁersion in the hydrocracking step is from
10 to 30 weight percent based on the petroleum wax feed.



Periodi ¢ Table on an anorphous, porous al umina support at a tenperature of
at | east 65gE/L§43£e%rTCY’Eﬁgsét a severity which results in a conversion
to 650[err]F (343 (- (m“ms of not nore than 30 wei ght percent based on
t he petroleu \\\m&\m\ i i) hydroisonerizing the product of the
hydrocracking‘ e Spresence of-4®+drogen at a hydrogen parti al
pressure of at *least 1000 psig at a tenperature from550[err] to 700[err]F
and in the presence of a paraffin isonmerization catalyst conprising a noble
met al hydrogenati on conmponent on a |ow acidity support having an al pha

val ue not greater_ than 10 and conprising a borop- containing zeolite beta
cont ai ni ng boror? s A RERRSRS RCSEFINhitarclatm 29| B ewhighpkB8uce a

produgt ha%wmﬁdtﬁdfﬁ$ﬁﬁt3téﬂw?ﬁ<dﬂﬁgﬂiffﬁﬁ% %ﬁoalh%drogeﬂopaﬁtﬁhlcess
accordi ng claim [ i.C e feed i o]] a wax
content of &%eﬁsé‘%ﬁ % %d%] €' 2t ?Elgrhéliﬁ%ieésg‘af X\ig?;\g#ifggﬁ/ierei n the
viscosity index is in the range from 140 to 170. 22. The process of
claim 21 wherei he Jr rap Vi SCOS] L od IS.from 155 to 160.
23 A process. ad i E T ARG e e CEpLE 290 uRLeh the
hydrocracking catalyst is a fluorided hydrocracking

catalyst.

39. A process according to claim 32 in which the
alpha value of the hydroisomerization catalyst is not
greater than
5.

40. A process according to claim 32 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.

41. A pro@ess according to claim 32 in which the
isomerization step is carried out at a temperature from
600° to 650°F (316 to 343°C).

42. A process according to claim 32 in which the
650°F~ (343°C-) conversion during the isomerization step is
from 10 to 20 weight percent based on the feed to the
isomerization step.

43. A process according to claim 32 in which the
hydroisomerized product is subjected to a dewaxing to
achieve a target pour point, with a loss during the
dewaxing of not more than 20 weight percent.



ef f1 uent: fromthe hydrocracking step is cascaded directly to the

hydr oi soneri zati on step. 24. A process according to claim19 in
whi ch the 650[err]F+ conversion -in the hydrocracking step is from10 to 30
wei ght percent based on the petrol eum wax feed. 25. A process

according to claim23 in which the hydrocracking step is carried out at a
hydr ogen partial pressure of 1500 to 2480 psig (10433.5 to 17338 PkPaa).
26. A process according to claim19 in which the hydrocracking catalyst is

a fluori dedpRppgéP@NAGK iHIEH CAlSBbYSYY. INDEX LUBRACGANTS process according to claim
19 in which the al pha val ue of the hydroi someri zation catalyst is not

greater than 5. 28. Ak m 19 in which the
i soneri zation catal yst conpr® “bet a cat al yst

contai ning boron as a framework conponent of the zeolite, having an al pha

val ue not gr eat epethaieth sk "feﬂhét 8! hBYTHEOR! A0 (A" dork i Tge vl oht

percent based on the tot A process
accor di ng tS°EV&F#P99tPnh®ﬁPC 55851tY index Iubricants by a two-step

hydrocracking-hydroisomerization process in which the wax
feed is initially subjected to hydrocracking under mild
conditions with a conversion to lube range products of
between generally 30 and 40 weight percent of the feed.
The hydrocracking is carried out at a hydrogen pressure of
at least 800 psig (5617 PkPaa) using an amorphous catalyst
which preferentially removes the arcmatic 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. 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 (1480 to 6996 PkPaa). The
second stage catalyst is preferably a noble metal
containing zeolite beta catalyst. The second stage is
carried out at relatively low temperature, typically from
600° to 650°F (316 to 343°C). A final dewaxing step to
target pour point may be used.

(Figure 1 is suggested for publication.)



i sonerization step is carried out at a tenperature from 600[err]

(316[err]C) to 650[err]F (343[err]C). -30. A process according to
claim19 in which the 650[err]F- (343[err]C) conversion during the

i sonerization step is from10 to 20 wei ght percent based on the feed to the
i sonerization step. 31. A process according to claim19 in which the
hydr oi sonmeri zed product is subjected to a dewaxing to achieve a target pour
point, with a |loss during the dewaxiIg of not nore than 20 wei ght percent.
32. A process for producing a high viscosity index |ubricant having a
viscosity index of at least 130 froma petrol eum wax feed having a wax

content of at |east 80 weight percent, which conprises - (i)
hydr ocracki ng the petrol eum wax feed in a hydrocracking step in thq:
presence of hydrogen at a o -41- = @ essure
of at least 1000 psig (6996 PkPaa) in the presen of a hydrocracli fig
catal yst conprising a netal hydrogenation conpopent of at |east oge netal
of Goup VIl of the Periodic Table and at | eagt one netal of Goyp VI of
the Periodic Table on a nmor phous, porous al gmina support at a tgnggerature
of at least 650 F (343[efr]C) and at a severyty which results in 4 ®
conversion to 650[err]F- {(343[err]C) progygts of not nore than 3@ wei ght
percent based on the petnol eum wax feed, (ii) hydroisomerizing the
product of the hydrocracking step in the esence of hydrogen at 61c>
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hydrogen’ partial pressure from 200 to 1000 psig (1480 to 6996 Pkpaa) at a
tenperature from600 to 700[err]F (315 to 371[err]C and in the presence of
a paraffin isonerization catalyst conprising a noble netal hydrogenation
conponent on a low acidity support having an al pha val ue not greater than
10 and conprising a boron-containing zeolite beta containing boron as a
framewor k conponent of the zeolite, to produce a product having a viscosity
i ndex of at |east 140. 33. A pr29§ess according to claim 32 in which
the feed is a deoil ed wax having a wax‘CTontent of at |least 90 Wt %

34. The process of claim32 wherein the lubricant has a viscosity index in

the range from 140 to 170. 35. The process of claim 34 wherein the
preferred range of viscosity index is from 155 to 160. 36. A process
according to claim32 in which the @50[err]F+ (343[err]C) convens®on in the
hydrocracking step is from 10 to 3Q/wei ght percent based on the|p€trol eum
wax feed. -42- 37. A process according to cfaim32 in
whi ch t he hydrocrackin tep is garried out at a hydrogen parti al pressure
of 1500 to 2500 psig (10433.5 t¢g 17338 PkPaa). 38. A prodess
according to claim32 ih which/t he , o
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hyqfocrgtking catalyst is a fluorided hydrocracking catal yst. 39. A
"process according to claim32 in which the al pha val ue of the

hydr oi someri zati on catal yst is not greater than 5. 40. A process
according to claim32 in which the isonmerization catalyst conprises a
steaned Pt/zeolite beta catal yst containing boron as a framework conponent
of the zeolite, having an al pha value not greater than 5 and a platinum
content fromO0.5 to 1.5 wei ght percengsdased on the total weight of the

catal yst. 41. A process according to claim32 in which the
i sonerization step is carried out at a tenperature from600[err] to
650[err]F (316 to 343[err] Q). 42. A process according to claim 32 in
which the 650[err]F- (343[err]C) conversion during the |soner|;a§§on step
is from10 to 20 wei ght percent based on the feed to@he isonerijzlion
st ep. 43. A process according to claim32 in ich the
hydr oi soneri zed product is subjected to a dewaxi ng tjo achi eve aTtarget pour
point, with a |oss during the dewaxi ng of not nore yhan 20 meightcpercent.
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