
REPLACEMENT SHEET
2 0 JAN 1998                                               -1-
CATALYTIC ISOMERISATION OF WAX WITH A HIGH POROSIT  HIGH
SURFACE AREA ISOMERIZATION CATALYST  Description  



The present invention relates to a process for the catalytic isomerization
of wax.      Isomerization of wax over a catalyst comprising a Group VIII
metal. usually platinum support on a fluorided alumina base has long been
practised. See for instance US Patent 2,668.866. US Patent 3.308,052, and
US Patent 3,365.390.     US Patent 4,906.601 and US Patent 4,923.588 teach
a small particle size low fluorine content catalyst and the use of said
catalyst for the iscmerization of wax into lube oil base stocks or blending
stocks. The catalyst comprises a noble Group VIII metal on fluorided
alumina wherein the fluoride content is less than 2 wt% and the support has
a particle diameter of less than 1/16 inch. In US 4,923.588 eight catalysts
are described by example. Pore volumes and surface areas are not recited.
GB 1,499,570 teaches a method for improved white mineral oil production. A
catalyst is described for use in the second step comprising a support.
palladium and a halogen. The support is a refractory metal oxide such as
alumina having a surface area of 25 to 600 m[err]/gram. The alumina support
when formed into pellets has an apparent bulk 



density of from 0.60 gm/cc to .85 gm/cc, pore volumes of from 0.45 ml.g to
0.70 ml/gm and surface areas of from 50 m[err]/g to 500 m[err]/gm. In the
Example an alumina support extrudate having a surface area of 194 m[err]/gm
and a total pore volume of 0.60 cc/gram was used to produce a palladium on
chlorided alumina catalyst. This catalyst was used to treat the 650 to
900[err]F cut of oil obtained from the first stage hydrogenation zone of
the process.     US Patent 2,838,444 teaches an improved reforming catalyst
comprising platinum or alumina. An acidic promoter such as fluorine can be
added to enhance hydrocracking activity. The isomerization of normal
paraffins to isoparaffins is defined in the patent as a reforming
operation. The alumina is described as having a pore volume distribution as
determined by nitrogen adsorption in the range of 0.1 to about 0.5,
preferably 0.15 to 0.3 cc/gram of their pore volume in pores greater than
about 1 00A, and surface areas of about 300 sq m/g (when the monohydrate
has a crystallite size of about 30 to 40A) or 60 to 250 sq m/gram (when the
crystallite size of the uncalcined trihydrate is in the range of about 300
to 1 OOOA). After calcination of the trihydrate the crystallite size is
predominantly in the range of about 35 to 



65A and the surface area is in the range of about 350 to 500 or more sq
m/gram. Average crystallite size of the trihydrate phase determined dry
before calcination and the pore size distribution after calcination may be
an indication of base structure accessibility related to catalyst activity
and stability.     US Patent 3,963,601 teaches hydrocracking using a
catalyst comprising an alumina-silica support, a Group V/III and Group VIB
metallic component and fluorine. A catalyst useful in this process would
have a surface area of about 50 to about 700 sq m/gram, a pore diameter of
about 20 to 300A, a pore volume of about 0.10 to about 0.80 ml/g, and an
apparent bulk density in the range 0.10 to 0.30 gm/cc.     US Patent
3,794,580 teaches a hydrocracking process using a catalyst comprising a
Group V1-B, VII-B and VIII metal deposited on a refractory metal oxide
support. preferably promoted with a halogen or phosphorus. The process
isthen run in the presence of added ammoniaor other nitrogen containing
compound which is converted intoammonia under operating conditions. The
alumina has a compacted bulk density of 0.75 to 1.6 g/ml and a pore volume
of 0.15 



to 0.5 ml/gm.     US Patent 3,709,817 describes a process for the selective
hydrocracking and isomerization of paraffin hydrocar- bons using added
water as a hydrocracking moderator. The catalyst comprises a Group VII-B or
VIII metal on fluorided alumina. The alumina has a surface area of from 50
to 800 sq m/gram as determined by the BET method. Preferably the alumina is
eta or gamma alumina having a surface area of 50 to 400 sq m/gram (see also
US Patent 3,717,586).     US Patent 4,588,701 teaches a catalytic cracking
catalyst comprising a mixture of zeolite and an inorganic refrac- tory
metal oxide combined with a fluoro salt, ammonium exchanging the product to
produce a catalyst having less than 0.3 wt% Na[err]0 and optionally adding
an effective amount of cation selected from the rare earths. In describing
the inorganic refractory metal oxide component of this mixture, the oxide
is identified as being preferably alumina and having a surface area, as
measured by the BET method of greater than 20 m[err]/g more preferably
about 100 to 300 m[err]/ gram and having a pore volume greater than 0.35
cc/gram. 



U.S. Patent 3,830,723 teaches a process for preparing high VI lube oil by
hydrocracking a wax. The process uses a fluorided alumina catalyst
containing mixed metal sulfides of nickel and/or cobalt and in addition
molybdenum and/ or tungsten. In Example 1 Catalyst A had a pore volume of
0.44 ml/g and a specific surface area of 117.1 m[err]/g. Catalyst B had a
pore volume of 0.23 ml/g and a specific surface area of 63 m2/g. Catalyst
E, F and G are reportedly made using an alumina xerogel with a compacted
bulk density between 0.75 and 1.6 g/ml and a pore volume between 0.15 and
0.5 ml/g.     U.S. Patent 3,486,993 teaches the catalytic production of low
pour point lubricating oils. The process is improved if the aromatics
content of the feed is reduced via hydrogenation prior to the isomerization
step. The hydrogenation catalyst comprises Group VIII metal on alumina. The
alumina is described as loading high porosity and surface area to the
composite.     US-A-4,493,761 relates to catalytic hydroliquefaction of a
solid carbonaceous material, for example coal or coke, 



employing a hydrocarbon conversion catalyst consisting essentially of Cr
and Mo on a support or Cr, Mo and either
- 2- 



Co or N[err] on a support. The support is a porous refractory oxide and the
catalyst has a surface area from 150 to 300 m[err]/g and a porosity of
from 0.4 to 0.8 cm[err]/g.      US-A-4,758,544 discloses a hydroprocessing
and/or hydrodenitrification catalyst, consisting essentially of a co-
precipitated alumina-aluminum phosphate-silica support bearing a halogen, a
Group VI metal and a Group VIII metal. The support can have a surface area
from 50 to 400 m[err]/g and a pore volume of 0.1 to 1.5 cm3/g.
US-A-2,838,444 relates to a reforming catalyst and its use in reforming
light hydrocarbon liquid feedstocks to produce gasoline of enhanced octane
value. The reforming catalyst essentially consists of platinum on a
calcined base of a mixture of gamma alumina modifications. A promoter, for
example a fluoride, may be present when enhanced hydrocarbons cracking is
desired, to further enhance octane number. The support has a surface area
of 350 to 550 



m2/g and a porosity of 0. 1 to O.5 cm[err]/g.      Finally, WO-A-911 7825.
published 28 November 1991, discloses a catalytic hydrocarbon reforming
catalyst and a hydrocarbon reforming process employing the catalyst. The
catalyst essentially comprises a platinum component, a halogen component
and a porous carrier of gamma alumina having a defined pore diameter range
and BET surface area.      According to the present invention there is
provided a process for the catalytic isomerization of wax into liquid
products of high viscosity index and low pour point, which process
comprises contacting the wax, in the presence of hydrogen and under wax
isomerization conditions of elevated temperature and pressure, with a wax
isomerization catalyst comprising a catalytically active Group VIII metal
component on a fluorided refractory metal oxide support, in which catalyst
in its finished form (i) the porosity, as measured by Hg porosimetry, is at
least 0.50 cm[err]/g, (ii) the surface area, as measured by the BET method,
is at least 140 m[err]/g and (iii) the value of the porosity and of the
surface area 



are each separately selected from said ranges such that the dimensionless
product of those values is at least 107.  DESCRIPTION OF THE INVENTION
It has been discovered that wax can be isomerized in a high yield into
liquid products, preferably and especially into high viscosity index, low
pour point lubricating oil base stocks and blending stocks, using a
catalyst comprising a catalytic metal component selected from the group
consisting of Group VIB metals, Group VIII metals and mixtures thereof,
preferably Group VIII metals and mixtures thereof, more preferably noble
Group VIII metals and mixtures thereof, most preferably platinum deposited
on a fluorided, high porosity high surface area refractory metal oxide sup-
port, preferably predominantly alumina (i.e., at least 50 wt% alumina),
most preferably gamma or eta alumina. The catalytically active metal
component is present in the range of 0.01 to 5.0 wt% metal, preferably 0.1
to 1.0 wt% metal. 



The fluorine content of the support is 10.0 wt% and less, preferably 0.11
to 2.0 wt% fluorine. The refractory metal oxide support is characterized by
possessing a high porosity, expressed in terms of pore volume, of at least
0.50 cc/gram preferably at least 0.55 cc/gm, more preferably at least 0.65
cc/gm and a high surface area (in m[err]/gm), the surface area of the
finished catalyst being such that when the porosity value (in cc/gm) is
multiplied by the surface area the product obtained is at least 107,
preferably at least 110, more preferably at least 115, most preferably at
least 120. In absolute terms the minimum surface area of the support is 140
m[err]/g. By observing the aforesaid relationship between porosity and
surface area the finished catalyst never possesses both the minimum
porosity and minimum surface area simultaneously. Expressed differently, in
the finished catalyst, when the porosity is .50 cc/g the surface area must
be at least 214 m[err]/g whereas when the porosity is .70 cc/gm the surface
area can be 152.8 m[err]/g. Similarly, if a support with the minimum
surface area of 140 m[err]/g is employed, the porosity of that support must
be at least .764 cc/gm.     That the larger pore, high porosity alumina
base catalysts used in the present invention can produce high yields 



of high VI low pour point product is surprising because previous results
have shown that wax isomerization catalysts with widely differing pore
structures have generated products of comparable VI. See Table B which
compares the performance of Pt-Zeolite Beta (see US Patent 3,308,069)
having micropores of about 7A diameter with a Pt-luorided alumina catalyst
(not one within the scope of this invention) with a median pore radius of
35A on a synthetic Fischer- Tropsch wax. The synthetic Fischer-Tropsch wax
is described in Table A.     Products were generated at two conversion
levels (58 and 84 wt% conversion of 370[err]C+ wax) over the Pt Zeolite
Beta catalyst and at an intermediate level (69 wt% 370)C+ wax conversion)
over the Pt fluorided alumina catalyst. The total liquid products were
distilled into narrow boiling range fractions then dewaxed, resultingin the
dewaxed oil products shown in Table A. It is seen that the products from
each catalyst do not have quite the same viscosities or pour points. Lower
pour point isomerate oils generally have lower Vt's associated with the
removal of the less branchy paraffin species. However, even taking this
into account, there is no doubt that the quality of products in terms of VI
from 



microporous zeolite Beta is as good as or better than product from the Pt
fluorided [err]alumina catalyst. Zeolite Beta is not necessarily the better
catalyst, however, because the yields of isomerate oil are low compared
with Pt fluorided alumina catalyst but it does show that even microporous
catalysts can yield high VI product         



2 0 JAN 1998                  Table A HCS Wax as Received      Pour Point,
[err]C       +99      Cloud Point. [err]C        +116      Flash Point.
[err]C      +94      Fire Point, [err]C          +120      Melting Point 



(From Supplier), [err]C  Hivac Distillation. W%, Grams     1-370[err]C
21.1%     370[err]C+                78.9%       
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[err]      In this light it is, therefore surprising that alumina porosity
should influence VI, especially because the cross section of the reacting
waxy species is quite small relative to the diameter of the vast majority
of pores in alumina.   The wax which is isomerized can be any natural
petroleum wax identified as slack wax, recovered by the solvent 
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dewaxing of petroleum hydrocarbon feeds. or synthetic wax such as that
obtained by the Fische  Tropscn process:      Natural waxes such as the
aforementioned slack wax can contain appreciable amount of oil. It is
desirable to deoil  the slack wax before the isomerization process. Slack
waxes containing anywhere between 0 to 50% oil can be isomer-  ized,
although the more desirable oil content is about 35% oil and less. Natural
waxes also can contain heteroatom  compounds, that is compounds containing
nitrogen and sulfur. Such heteroatom compounds are known to deactivate
noble metal containing isomerization catalysts. Before isomerizing such
heteroatom containing wax feeds it is neces-  sary to reduce the sulfur and
nitrogen content of the feed, These heteroatom containing wax feeds should
be hydrot-  reated to reduce the level of heteroatom compounds to levels
commonly accepted in the industry as tolerable for feeds  to be exposed to
isomerization catalysts. Such levels will typically be a nitrogen content
of about 1 to 5 ppm and a  sulfur content of about 1 to 20 ppm, preferably
2 ppm or less nitrogen and 5 ppm or less sulfur. The hydrotreating step 



will employ typical hydrotreating catalysts such as Co/Mo, Ni/Mo, or
Ni/Co/Mo on alumina understandard, commercially  accepted conditions, e.g.,
temperature of about 280[err]C to 400[err]C, space velocity of about 0.1 to
2.0 VN/hr, pressure  of from about 3.45 to 20.69 MPa (500 to 3,000 psig) H2
and hydrogen gas rates of from about 89 to 890 m3/m3 (500  to 5000
SCF/bbl).      As previously stated, synthetic waxes such as those obtained
from Fischer-Tropsch synthesis processes can also be used as the wax feed
to the isomerization process. Because such waxes are usually free of sulfur
and nitrogen compounds, hydrotreating to remove S and N is not needed.
Synthetic waxes, however, may contain other polar or oxygenated components
and trace metals which may be removed prior to isomerization to improve
product daylight and oxidation stability. The waxes are also very high
melting and should be softened somewhat to facilitate handling prior to
isomerization. These two goals can be accomplished by treating the
synthetic wax with a hydrotreating catalyst and hydrogen to reduce the
oxygenate and trace metal levels of the wax and to partially
hydrocrack/isomerize the wax 



to lighter and lower melting point materials. This pretreatment of
synthetic Fischer-Tropsch waxes is one aspect of the invention taught in
U.S. Patent 4,943,672.      Isomerization over the catalyst is conducted at
a temperature of 300[err]C-400[err]C, 3.45 to 20.69 MPa (500 to 3000 psi)
H[err]; 178 to 178 m[err]/m[err] (1000-10,000 SCF/bbl) H[err], and 0.1-10.0
UHSV, preferably 320C-385C, 6.90 to 10.34 MPa (1000-1 500 psi) H[err], and
1-2 V/V/hr.     An integrated process to produce lube base stock oils or
blending stocks by isomerizing waxes is disclosed in application US Serial
No. 522,275, filed May 11, 1990; now US-A-5 059 299.     The desired
conversion of wax to a finished grade lube oil is dictated by two factors:
(1) the ability of the dewaxing unit to process the unconverted wax
remaining in the isomerate and (2) maximum production of dewaxed oil
boiling in the lube oil range, e.g., about 330[err]C+, preferably
370[err]C+; thus high levels of conversion to non lube boiling range
products are undesirable. Consequently, a balance mustbe struck between
lowconversions (favoring lubes production 



but sending too much residual wax to the dewaxer) and high conversion
(sending law levels of wax to the dewaxer but producing fuels at the
expense of lubes).     In US Patent 5,059,299 a process is disclosedof the
production of non-conventional lube oil base stocks or blending stocks of
very low pour point, pour point of about -21 [err]C or lower, preferably
about -24[err]C or lower, said pour points being achieved by conventional
dewaxing techniques without resort to deep dewaxing procedures, and very
high vis- cosity index (VI), VI's of about 130, and higher, preferably 135
and higher by the isomerization of waxes over isomer- ization catalysts in
an isomerization unit to a level of conversion such that about 40% and
less, preferably 15-35%, most preferably 20-30% unconverted wax remains in
the fraction of the isomerate boiling in the lube boiling range sent to the
dewaxing unit calculated as (unconverted waxy(unconverted wax + dewaxed
oil) x 100. For the purposes of that calculation the amount of unconverted
wax in the 370[err]C+ oil fraction is taken to be the amount of wax removed
or recovered from said oil fraction upon dewaxing. 



Following isomerization the isomerate is fractionated into a lubes cut and
fuels cut, the lubes cut being identified as that fraction boiling in the
330[err]C+ range, preferably the 370[err]C+ range or even higher. The lubes
fraction is then dewaxed to a pour point of about -21 [err]C or lower.
Dewaxing is accomplished by techniques which permit the recovery of
unconverted wax, since in the process of the present invention this
unconverted wax is recycled to the isomerization unit. It is preferred that
this recycle wax after the removal of the solvent used in the dewaxing
operation be recycled to the isomerization reactor. A separate stripper can
be used to remove entrained dewaxing solvent or other contam- inants.
Solvent dewaxing utilizes typical dewaxing solvents such as C[err]-C[err]
ketones (e.g., methyl ethyl ketone, methyt isobutyl ketone and mixtures
thereof), C[err]-C[err] aromatic hydrocarbons (e.g., toluene) mixtures of
ketones and aromatics (e.g., MEK/toluene), autorefrigerative solvents such
as liquified, normally gaseous C[err]-C[err] hydrocarbons such as pro-
pane, propylene, butane, butylene, etc., at filter temperature of -25C to
-30[err]C. It has been discovered that the preferred 



solvent to dewax the isomerate under miscible conditions and thereby
produce the highest yield of dewaxed oil at a high filter rate is a mixture
of MEK/HIBK (20/80 VN) used at a temperature in the range of -25[err]C to
-30[err]C. Pour points lower than -21 [err]C can be achieved using lower
filter temperatures and other ratios of said solvent. Further, when de-
waxing isomerate made from a microwax, e.g., Bright Stock slack wax, it has
been found to be preferred that the        



traction of the isomerale which is dewaxed is the 'broad heart cut'
identified as the fraction boiling between about 330C to 600C, preferably
370[err]C-600C. When processing wax fractions higher than 565 [err]C
(1050[err]F+) the heavy bottoms fraction contains appreciable unconverted
wax so they can be recycled to the hydrotreating unit.     It has also been
found that prior to fractionation of the isomerate into various cuts and
dewaxting said cuts. the total liquid prcduct (TLP) from the isomertzation
unit can be advantageously treated in a second stage at mild conditions
using the isomerization catalyst or a noble Group VIII on refractory metal
oxide catalyst to reduce PNA and other 



contaminants in the isomerate and thus yield an oil of improved daylight
stability. This aspect is covered in copending application. US Serial No.
07/263,659, filed December 13. 1988. which is a ccntinuation-in-part of US
Serial No. 135,149, filed December 18, 1987, in the names of Cody,
MacDonald, Eadie and Hamner.'     In that embodiment. the total liquid
product is passed over a charge of the isomerization catalyst or over noble
Group VIII on, e.g., gamma alumina catalyst under mild conditions, e.g.. a
temperature in the range of 170[err]C-270[err]C, preferably 18 0C to 220 C
at a pressure of 2.07 to 10.34 MPa (30O- 1500 psi) H[err], preferably 3.45
to 6.90 MPa (500 to 1000 psi) H2, a hydrogen gas rate of 89 to 1780
m[err]/m[err] (500 to 10,000 SCF/bb1). preferably 178 to 890 m[err]/m[err]
(1000 to 5CCO SCF/bb1) and a flow velocity of 0.25 to 10 VN/hr, preferably
1-4 VN/hr.     The total liquid product can be treated under these mild
conditions in a separate. dedicated unit or the TLP from the isomerization
reactor can be stored in tankage and subsequently passed through the
isomerization reactor under said mild conditions. It has been found to be
unnecessary to fractionate the total liquid product prior to this mild
second 



stage treatment. Subjecting the whole TLP to this mild second stage
treatment produces an oil product which upon subsequent fractionation and
dewaxing yields a base oil exhibiting a high level of daylight stability
and oxidation stability.     In preparing the catalysts the catalytically
active metal, preferably noble Group VIII metal is deposited in the high
porosity, high surface area refractorymetaloxide support by any convenient
methodsuch as soaking, spraying, incipient wetness, solution exchange,
etc., followed by drying, typically conducted at 120[err]C to 150[err]C,
and calcination, typically conducted at 350C to 500[err]C, preferably 450C
to 500[err]C, typically for from 1 to 5 hours. Suitable sources of noble
Group VIII metal include chloroplatinic acid and fluoro platinic acid.
Metal loading in from 0.01 to 5 wt%, preferably 0.1 to 1.0 wt%, most
preferably 0.2 to 0.6 wt%. The preferred metal is platinum.     Following
metal deposition, drying and calcination, the catalyst is fluorided. Total
fluoride levels of 0.01 to about 2.0 wt% are produced using fluoride
solution, e.g., HF or NH[err]F solutions, preferably aqueous NH4F
solutions. Following fluoriding the catalyst is dried. fluoriding is
conducting using any convenient method such as soaking, spraying,,incipient



wetness, etc.     The catalyst is usually activated prior to use by heating
in a hydrogen atmosphere (e.g., pure or plant hydrogen (i.e., -60 to 70
vol% H[err])) to from 350[err]C to 500[err]C for from 1 to 48 hours or
longer.     A typical hydrogen activation profile may be a period of 2
hours to go from room temperature to 100[err]C with the catalyst being held
at 100[err]C from 0 to 2 hours, then the temperature is raised from
100[err] C to about 350C to 500[err]C, preferably 350[err]C to 450[err]C
over a period of 1 to 50 hours with a hold at the final temperature of from
0 to 24 hours, (preferably 24 hours). Similarly hydrogen activation can be
accomplished by going from room temperature to the final temperature of
350[err]C to 5OO[err]C preferably 350[err]C to 450[err] C in 1 to 50 hours.
The present invention is demonstrated below in the following non-limiting
examples.  Examples 



In the following Examples catalysts employed in the process of the
invention are demonstrated and compared against other wax isomerization
catalyst. Two slack waxes derived from 600N distillate streams were
employed as feed and they are described more fully in Table 1 below.
TABLE 1                                                  6OON Slack Wax
(Feed A)  600N Slack Wax (Feed B)             Oil content, wt%
20                      16 to 17             Sulphur, wt%
0.06                    0.07             Total Nitrogen, wppm
9                      25             Density [err] 15[err]C, g/cc GCO, 1
vol%        0.8342                       0.8367 



1%, [err]C                                   389                    397
5%, C                                         423
437             10%, [err]C                                  439
454             50%, [err]C                                   488
501             95%. [err]C                                   549
563       



In characterizing the catalysts, surface area was measured by the BET
method using N[err] as the adsorbate. Pore volume and particle density were
measured by Hg porosimetry. The median pore diameter is taken as the
calculated diameter at which half of the pores are filled on a volume basis
in the Hg porosimetry experiment, using a Hg contact angle of 140[err] and
a Hg surface tension of 474 ergs/cm[err].     Each catalyst was prepared
according to the general procedure of loading platinum, in the form of
chloroplatinic 



acid, onto the alumina supports. calcining the metal loaded support
followed by fluoridation using an aqueous solution of ammonium fluoride
(NH4F) after which the catalyst was calcined at 400[err]C.     The high
purity (reformer grade) alumina bases in catalysts A to F (below) were
prepared by Akzo and are all 0.127 cm (1/20") trilobe extrudates. Catalyst
C was derived from a semi-commercial scale 1361 kg (3000 lb.) run. Catalyst
G was a laboratory scale preparation. The base alumina of Catalyst G was
made into 0.159 cm (1/16") cylindrical extrudates prior to loading Pt and
F. The properties of the catalyst are shown in Table 2. Inspections on
catalysts A to F were performed at Akzo and on catalyst G in the laboratory
facilities of the investigators.     Catalysts E, F and G are the catalysts
employed according to the invention; catalysts A and B are representative
of the "low fluoride" catalysts disclosed in USP 4,906,601.   



[err]     





[err]  









[err]     The two stack wax feeds previously identified were used. For each
of the above catalysts, the isomerization experiment was performed in a
two-reactor system using a commercial hydrotreating catalyst (KF-840 a
Co/Mo/AI[err]0[err] catalyst) in     



the first reactor, stripping the H[err] gas stream free of NH, and H[err]S.
then introducing polar free H[err] liquid feed to the isomerization reactor
(the second reactor), The hydrotreating catalyst was used at a feed rate of
0.7 v/hr, 340[err]C, 6.9 MPa (1000 psi) H[err] and 455 m[err]/m[err] (2500
SCF/bbl ) conditions which minimize wax conversion, but sufficient to
reduce feed nitrogen to less than 1 ppm. 



The hydrotreating and isomerization catalyst were charged to the reactors
and activated according to the following procedures. All catalysts were
tested at low mass velocity 781.2 kg/hr/m[err] (-160 1b/hr/ft[err]).
Reactor 1 (R1) contained 150 cc of catalyst and reactor 2 (R2) contained 60
cc of catalyst. Both reactors were tested at the maximum operating pressure
of 6.9 MPa, using nitrogen then hydrogen. The catalyst was then heated in
hydrogen at a gas rate of 0.065 m[err]/hr (2.3 cubic ft/hr) at 2.1 MPa
pressure, upflow through R1 and R2 in series in the following way:  R1,
increase temperature at 8[err]C/hr to 350[err]C, hold for 1 hour. R2
increase temperature at 80C/hr to 200[err]C, hold at 200C.  The pressure
was then reduced to 0.69 MPa, while maintaining temperature and gas rate.
Both reactors were pressure 



tested under hot conditions using hydrogen at the maximum operating
pressure of 6.9 MPa, after which a hydrogen flow at 0.065 m[err]/hr (2.3
cubic feet/hr) at 6.9 MPa up flow through R[err] and R[err] in series was
established. R[err] was then cooled to operating temperatures but R[err]
was maintained at 200[err]C.     The isomerization catalyst was operated at
1.0 v/v/hr, 6.9 MPa (1000 psi) H[err] and 455 m[err]/m[err] (2500 SCF/B)
and at temperatures needed to convert about 20% of the feed to 370[err]C
(fuels) product. Actual temperatures used are reported in Tables 3 A&B.
Base oil products were generated by topping the total liquid product from
isomerization, at 390[err]C and 410[err]C (atmospheric equivalent
temperatures) using a Model C Hivac distillation apparatus. These waxy
topped fractions were then dewaxed at a filter temperature of -24[err]C
using a 100% MIBK at a solvent to waxy oil ratio of 3:1.   
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[err]        
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[err]          



-12 -       The properties ct the base oil products from the two slack wax
feeds are shown in Tables 3A and 3B. In all cases, products from catalysts
A, B. C and 0 have lower quality (lower VI) and/or are made in lower yield
than products from catalysts E, F and G. for example, in Table 3A. catalyst
E having both a high pore volume (0.57 cc/gm) and surface area (2CO
m[err]/gm)produces higher quailty products than sitter A or B, at equal or
higher yield. Catalysts A and B both have Lower Pore volumes than E.     In
Table 3B, catalysts E and F, with a ccmoination of high persity (0.57, 0.60
cc/gm) and high surface area (2C0, 



20g m[err]/gm), and catalyst G having very high porcsity (0.70 cc/gm)
though not as high surface area (190 m[err]/gm), are seen to be supenor to
catalysts C and D that have only moderate pore volume (O.54. 0.55 cc/gm)
and mocerate surface areas (1 94, 1 73 m[err]/gm).     On feed B. catalysts
E, F and G axhibit both higher yield and quality versus catalysts C and D.
For a fixed viscosity base oil product of 5.80 cSt. catalysts C, E. F and G
show a clear advantage over the other three catalysts. The performance ot
catalyst G is particularly impressive because it has been previously shown
that catalysts having low flucride contents (0.1 to 2 wt%) have better
selectivity when particle size is reduced (see USP 4,906.601). Because
catalyst G has 0. 159 cm (1/16)  particle diameter, it is reasonable to
suppose that even better yields might have been expected had it been
composited as 0.127 Cm (1/20) trilcbes like each of the other catalysts in
the set.     Catalysts E. F and G are distinct from catalysts A, B and C
because they have higher pore volumes. Pore volumes greater than about 0.55
cc/gm, preferably greater than about 0.55 cc/gm are desirable. 



Catalyst 0 illustrates that there is an additional requirement for
catalysts with pore volume in the range 0.50 to 0.60 cc/gm - that surface
area be at least 180 m[err]/gm to 215 m[err]/gm, so that pore vol. x
surface area is at least 107.0. Even though it has acceptable pore volume,
the lower surface area is believed responsible for the poorer selectivity
of this catalyst.     In the isomerization process, it is believed that the
combination of high quality and good yield is achieved with low fluoride
content catalysts when pore volume is high and surface area is high, such
that the product obtained by mul- tiplying pore volume times surface area
is at least 107, preferably at least 110, more preferably at least 115,
most preferably at least 1 20. A related compositional leature is the
particle density. Superior catalysts have particle densities below 1.20
gm/cc.   





Claims    1. A process for the catalytic isomerization of wax into liquid
products of high viscosity index and low pour point,       which prccess
comprise contacting the wax,in the presence of hydrogen and under wax
isomerization conditions       of elevated temperature and pressure. with a
wax isomerization catalyst comprising a catalytically active Group
VIII metal component on a fluorided refractory metal oxide support, in
which catalyst in its finished form (i) the       porosity, as measured by
Hg porosimetry, is at least 0.50 cm[err]/g, (ii) the surface area, as
measured by the BET       method, is at least 140 m[err]/g and (iii) the
value of the porosity and of the surface area are each separately selected
from said ranges such that the dimensionless product of those values is at
least 107.   2. The process of claim 1, wherein the wax is hydrotreated
prior to the isomerization step. 



3. The process of claim 1 or claim 2, wherein isomerization is conducted at
a temperature of 300 to 400[err]C, a pressure       of 500 to 3000 psi
(34.5 to 2C6.9 bar), a hydrogen gas treat rate of 1000 to 10,000 SCF
H[err]/bbI (178 to 1780 m[err]H[err]/       m[err]), and a LHSV of 0.1 to
10.O.   4. The prceess of any preceding claim in which the catalyst has a
porosity and surface area such that the said product       is at least 120
5. The process of any preceding claim in which the porosity of the catalyst
is at least 0.55 cm[err]/gm.   6. The process of any preceding claim.
wherein the catalytically active metal component of the catalyst is
selected 



from Group VIII noble metals.   7. The process of claim 6, wherein the
catalytically-active metal component is platinum.   8. The process of any
preceding claim, wherein the catalytically active metal component of the
catalyst is present      from 0.01 to 5.0 wt%.   9. The process of any
preceding claim, wherein the fluorine content of the catalyst is from 0.01
to 10 wt.%.  10. The process of any preceding claim. wherein the refractory
metal oxide support of the catalyst is gammalumina     or eta-alumina. 












