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[57] ABSTRACT

Waxes, for example waxes obtained from dewaxing
hydrocarbon oils, called slack waxes, and synthetic
waxes such as those obtained by Fischer-Tropsch pro-
cesses, are isomerized into oils boiling in the lube oil
boiling range, e.g., 370° C.+, by contacting the wax
under isomerization conditions and in the presence of
hydrogen with an isomerization catalyst comprising a
noble Group VIII metal on a small particle size refrac-
tory metal oxide support having a low total fluoride
content catalyst wherein the total fluoride content is in
the range of 0.1 to up to but less than 2 wt % fluoride
and the support has a particle diameter of less than 1/16
inch. The small particle size refractory metal oxide
support is preferably alumina or material containing
alumina, preferably predominantly (i.e, >50%) alu-
mina, more preferably an alumina such as gamma or eta.
The most preferred alumina is 1/20 inch alumina tri-
lobes. Noble metal content ranges from 0.1 to 2.0 wt %.

11 Claims, No Drawings
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WAX ISOMERIZATION USING SMALL
PARTICLE LOW FLUORIDE CONTENT
CATALYSTS

DESCRIPTION OF THE INVENTION

The present invention is directed to a method for
converting waxes, such as slack-waxes obtained by the
dewaxing of hydrocarbon oils, or synthetic waxes ob-
tained for example from Fischer-Tropsch synthesis
processes, into liquid hydrocarbons boiling in the lube
oil boiling range, e.g., 370° C.+. Conversion is accom-
plished by passing the wax over an isomerization cata-
lyst comprising a noble Group VIII metal on a small
particle size refractory metal oxide support having a
low fluoride content in the presence of hydrogen under
isomerization conditions. The catalyst has a fluoride
content in the range of 0.1 to up to but less than 2.0 wt
% fluoride, preferably 0.1 to 1.5 wt % fluoride, more
preferably 0.2 to 1.0 wt % fluoride. The small particle
size refractory metal oxide support is preferably alu-
mina or material containing alumina, preferably pre-
dominantly (i.e., >50%) alumina, more preferably an
alumina such as gamma or eta. The small particle size
support has a particle diameter of less than 1/16 inch.
The most preferred support material is 1/20 inch alu-
mina trilobes. Noble metal content ranges from 0.1 to
2.0 wt %. Noble metals of choice include platinum and
palladium.

The catalyst used in the present process is the subject
of copending application, U.S. Ser. No. 07/285,437 filed
even date herewith in the names of Cody and Brown.

As stated in that case, the catalyst is made by deposit-
ing the noble Group VIII metal on the small particle
size refractory metal oxide support, calcining the metal
loaded support and fluoriding the metal loaded support
using a fluoriding source solution such as HF or NH4F,
preferably NHy4F, to a total fluoride level of 0.1 to up to
but less than 2 wt %. As previously stated, the support
is of small particle size, less than 1/16 inch in diameter.

The refractory metal oxide support is preferably alu-
mina or material containing alumina, preferably pre-
dominantly (i.e., >50%) alumina, more preferably
gamma or eta alumina, most preferably 1/20 inch alu-
mina trilobes.

The noble Group VIII metal is deposited on the sup-
port by any convenient method such as soaking, spray-
ing, incipient wetness, solution exchange, etc., followed
by drying, typically conducted at 120° C. to 150° C.,
and calcination, typically conducted at 350° to 500° C.,
preferably 450° to 500° C., typically for from 1 to 5
hours. Suitable sources of noble Group VIII metal in-
clude chloroplatinic acid and fluoro platinic acid. Metal
loading in from 0.1 to 2 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 0.1 to
up to but less than 2.0 wt % are produced using fluoride
solution, e.g., HF or NH4F solutions, preferably aque-
ous NH4F solutions. Following fluoriding the catalyst is
dried. Fluoriding is conducting using any convenient
method such as soaking, spraying, incipient wetness,
etc.

The small particle size catalyst is usually activated
prior to use by heating in a hydrogen atmosphere (e.g.,
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pure or plant hydrogen (i.e., ~60 to 70 vol % H»)) to
from 350° to 500° C. for from 1 to 48 hours or longer.

A typical hydrogen activation profile may be a per-
iod of 2 hours to go from room temperature to 100° C.
with the catalyst being held at 100° C. from 0 to 2 hours,
then the temperature is raised from 100 to about 350° to
500° C., preferably 350° to 450° C. over a period of 1 to
3 hours with a hold at the final temperature of from 1 to
4 hours. Alternatively, the catalyst can be hydrogen
activated by heating from room temperature to the final
temperature of 350° to 500° C. preferably 350° to 450°
C. over a period of 2 to 7 hours with a hold at the final
temperature of 0 to 4 hours. Similarly, hydrogen activa-
tion can be accomplished by going from room tempera-
ture to the final temperature of 350° to 500° C. prefera-
bly 350° to 450° C. in 1 hour.

The small particle size catalyst can be produced by
starting with a small particle, one already smaller than
1/16 inch in diameter, preferably a 1/20 inch alumina
trilobe and depositing the noble Group VIII metal and
fluoride therein. Alternatively, a larger particle can be
metal loaded and fluorided to the desired level, then
crushed and sized to recover catalyst particles of less
than 1/16 inch in diameter.

The wax is any readily available natural or synthetic
wax. Natural waxes include those waxes obtained by
dewaxing natural hydrocarbons, commonly called slack
waxes. Slack waxes contain anywhere from 0 to 45% oil
more typically 35% oil or less depending on the molec-
ular weight of the oil being dewaxed to a specific pour
point.

Slack waxes, coming from natural petroleum sources,
contain numerous molecular species such as heteroatom
compounds and polynuclear aromatic materials which
are detrimental to the life and activity of isomerization
catalysts. Thus, the heteroatoms should be removed
prior to isomerization using a hydrotreating catalyst
under mild hydrotreating conditions. Exemplary of
hydrotreating catalysts are Ni/Mo on alumina, Co/Mo
on alumina. Hydrotreating conditions are 250°-400° C.;
0.1-10 LHSV; 500 to 3000 psi Hp; 500-2000 SCF
H,/bbl. Following hydrotreating acceptable levels will
be a nitrogen content of about 1-5 ppm, preferably 2
ppm and less and a sulfur content of about 1-20 ppm,
preferably 5 ppm and less. '

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, hy-
drotreating to remove S and N is not needed. Synthetic
waxes, however, may contain other polar or oxygen-
ated components and trace metals which should be
removed prior to isomerization so that the resulting
isomerate exhibits satisfactory 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 accom-
plished by treating the synthetic wax with a hydrotreat-
ing catalyst and hydrogen to reduce the oxygenate and
trace metal levels of the wax and to partially hydro-
crack/isomerize the wax to lighter and lower melting
point materials. This pretreatment of synthetic Fischet-
Tropsch waxes is one aspect of the invention taught in
copending application, U.S. Ser. No. 07/283,643 filed
12/13/88 which is a CIP of U.S. Ser. No. 134,797 filed
Dec. 18, 1987, in the names of Wachter, Boucher and
Hamuner.
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Isomerization over the small particle size catalyst is
conducted at a temperature of 300°-400° C., 500 to 3000
psi Ha; 1000-10,000 SCF/bbl, H2, and 0.1-10.0 LHSV,
preferably 320°-385° C., 1000-1500 psi Hj, and 1-2
V/V/hr.

An integrated process to produce lube base stock oils
or blending stocks by isomerizing waxes is disclosed in
copending application U.S. Ser. No. 07/283,664 filed
Dec. 13, 1988, which is a continuation-in-part of Ser.
No. 135,150, filed Dec. 18, 1987, in the names of Cody,
Achia, Bell, West and, Wachter.

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 remain-
ing in the isomerate and (2) maximum production of
dewazxed oil boiling in the lube oil range, e.g., about
330° C.+, preferably 370° C.+; thus high levels of
conversion to non lube boiling range products are unde-
sirable. Consequently, a balance must be struck between
low conversions (favoring lubes production but sending
too much residual wax to the dewaxer) and high con-
version (sending law levels of wax to the dewaxer but
producing fuels at the expense of lubes).

Following isomerization the isomerate is fractionated
into a lubes cut and fuels cut, the lubes cut being identi-
fied as that fraction boiling in the 330°C.+ range, pref-
erably the 370° C.+ range or even higher. The lubes
fraction is then dewaxed to a pour point of about —21°
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 isom-
erization reactor. A separate stripper can be used to
remove entrained dewaxing solvent or other contami-
nants.

Solvent dewaxing utilizes typical dewaxing solvents
such as C3«Cg ketones (e.g., methyl ethyl ketone,
methyl isobutyl ketone and mixtures thereof), C¢~Cio
aromatic hydrocarbons (e.g., toluene) mixtures of ke-
tones and aromatics (e.g., MEK/toluene), autorefriger-
ative solvents such as liquified, normally gaseous C>-Cy4
hydrocarbons such as propane, propylene, butane, bu-
tylene, etc., at filter temperature of ~25° to —30° 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/MIBK (20/80 v/v) used at a
temperature in the range of —25° to —30° C. Pour
points lower than —21° C. can be achieved using lower
filter temperatures and other ratios of said solvent. Fur-
ther, when dewaxing isomerate made from a microwax,
e.g., Bright Stock slack wax, it has been found to be
preferred that the fraction of the isomerate which is
dewaxed is the “broad heart cut” identified as the frac-
tion boiling between about 330° to 600° C., preferably
370°-600° C. When processing wax fractions higher
than 1050° 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 dewaxing said cuts,
the total liquid product (TLP) from the isomerization
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
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and thus yield an oil of improved daylight stability. This
aspect is covered in copending application, U.S. Ser.
No. 07/283,659, filed Dec. 13, 1988, which is a con-
tinuation-in-part of U.S. Ser. No. 135,149, filed Dec. 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 about 170°-270° C., preferably about 180° to 220° C.
at a pressure of about 300-1500 psi Hj, preferably about
500 to 1000 psi Hy, a hydrogen gas rate of about 500 to
10,000 SCF/bbl, preferably 1000 to 5000 SCF/bbl and a
flow velocity of about 0.25 to 10 v/v/hr., preferably
about 1-4 v/v/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 re-
actor 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 pro-
duces an oil product which upon subsequent fraction-
ation and dewaxing yields a base oil exhibiting a high
level of daylight stability and oxidation stability.

EXAMPLES
EXAMPLE 1

Five catalysts were prepared and compared for wax
isomerization. Catalysts 1 and 2 were low fluoride con-
tent materials using 1/20 inch alumina trilobes as sup-
port. Catalyst 3 was a low fluoride content material
which used a 1/16 inch extrudate as support. Catalysts
4 and 5 were high fluoride content materials which used
1/16 inch alumina extrudates and 1/20 inch alumina
trilobes, respectively, as support. All of the catalysts
were fluorided using aqueous NH4F solution, contained
platinum as the catalytic metal component, and were
calcined at 400° C. after fluorination. The catalysts were
evaluated in a tubular reactor containing 200 cc of cata-
lyst and wet feed introduced in an upflow mode.

The isomerization feed was a slack wax obtained
from.the dewaxing of a 600N oil. The slack wax con-
tained about 20% oil in wax and was hydrotreated using
commercial KF-840 catalyst (Ni/Mo alumina) to a sul-
fur level of <5 ppm and a nitrogen level of <1 ppm.

The results of isomerizing the wax using the five
catalysts are summarized in Table 1.

TABLE 1

YIELD ADVANTAGES AT LOW FLUORIDE
CONTENT AND SMALL PARTICLE SIZE

Catalyst Composition 1 2 3 4 3

F, wt % 0.93 0.5 0.42 7.0 6.7
Pt, wt % 03 03 0.3 0.58 0.62
Particle Diameter (inch) 1/20 1/20 1/16 1/16 1/20
Shape(D T T E E T
Reaction Temp, °C.2) 355 370 380 320 330
Pressure, psi Hy 1000 1000 1000 1000 1000
LHSV, v/v/hr 10 10 1.0 1.0 1.0
Gas Rate, SCF/B 2500 2500 2500 2500 2500
370° C. + Yield on feed, 60 67 55 50 50
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TABLE 1-continued

YIELD ADVANTAGES AT LOW FLUORIDE
CONTENT AND SMALL PARTICLE SIZE

Catalyst Composition 1 2 3 4 5

wt. %3

ME = extrudate, T = trilobe

Memperature required for 70% conversion of wax in feed after 250 hours on
stream

(YMaximum once-through yield of 370° C. + oil based on oil content determination
using 100% MIBK

From the above it is clear that isomerization using a
catalyst having low fluoride content and small particle
size, 1.e., a particle size of less than 1/16 inch is superior
as compared to isomerization using a catalyst having
high fluorine contents or large particle size. Catalysts 1
and 2 which possess both low fluorine content and small
particle size are superior to catalyst 3, which has low
fluorine but larger particle size and to catalyst 5 which
has small particle size but high fluorine and to catalyst
4 which had both high fluorine and larger particle size.
Reference to catalyst 5 shows that possession of small
particle size is not in itself sufficient to produce a cata-
lyst of superior selectivity. Similarly reference to cata-
lyst 3 shows that low fluorine control is also not in itself
sufficient to produce a catalyst of superior selectivity. It
is necessary that the catalyst possess both low fluorine
and small particle size.

EXAMPLE 2

This example is offered to show that catalysts fluo-
rided using aqueous NH4F solutions and having noble
Group VIII metal are preferred

Three catalysts were prepared on 1/16 inch extruder
while this size base is not within the scope of this pres-
ent invention, the example is offered to show that NH4F
is the preferred fluoriding solution

The feed is hydrotreated slack wax obtained by de-
waxing 600N oil, and is the same as described in Exam-
ple 1, but the test unit was smaller with only 80 cc of
catalyst charge Feed was again introduced in an upflow
mode. Experience has shown that yields obtained from
the smaller charge are considerably lower than yields
obtained from the larger unit of Example 1.

The results of isomerizing the wax using these three
different catalyst are summarized in Table 2.

TABLE 2

NH4F TREATED CATALYST IS MORE

ACTIVE THAN HF TREATED CATALYST
Catalysts()
6 7 8
Metal, wt % 0.3, Pt 0.3, Pt 2.0, Ni
F. wt % 05 0.5 0.5
Particle Size 1/16” 1/16” 1/16"
Extrudate  Extrudate  Extrudate
Source of Fluoride HF (aq) NH4F (aq) NH4F (ag)
Conditions
Temperature, °C. 380 364 385
Pressure, psi Hy 1000 1000 1000

Space Velocity, v/v/hr 0.9 0.9 0.9
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TABLE 2-continued

NH4F TREATED CATALYST IS MORE
ACTIVE THAN HF TREATED CATALYST

Catalysts(!)
3 6 7 8

Gas Rate, SCF/B, Hy 5000 5000 5000
Time on Stream, hour 80 to 81 102 to 104 65 to 66
370° C.+

Yield on feed, 52.9 52.2 40.6

wt, %2

370° C.— 28.5 235 279

DAYl catalyst 1716”7 extrudates
(PIMaximum oncesthrough yield of 370° C.+ oil based on oil content determination

using 1009% MIBK

Catalysts 6 and 7 both contained the same level of
fluoride loading (0.5 wt %) and the same amount of
platinum (0.3 wt %). The only difference in their prepa-
ration was the type of fluoride source used. Catalyst 6
was fluorided using aqueous HF while catalyst 7 was
fluorided using aqueous NH4F. Both catalyst were run
to produce maximum yields of 370° C.+ oil. Both cata-
lysts produced approximately the same amount of such
oil (52.9% for catalyst 6 and 52.2% for catalyst 7) but
catalyst 6, made using HF was 16° C. less active than
catalyst 7, made using NH4F. From this it is clear that
catalyst made using NH4F as the fluoriding solutions
are preferred.

Likewise, review of catalyst 8 wherein the catalytic
metal is nickel shows that noble Group VIII metals are
the metals of choice in preparing the wax isomerization
catalysts of the present invention.

We claim:

1. A method for the isomerization of waxes into liquid
hydrocarbons comprising passing the wax to be isomer-
ized in the presence of hydrogen and under isomeriza-
tion conditions over an isomerization catalyst compris-
ing a noble Group VIII metal on small particle size,
fluorided, refractory metal oxide wherein the catalyst
possesses a fluoride content in the range of 0.1 to up to
but less than 2.0 wt % and the small particle size refrac-
tory metal oxide has a particle diameter of less than
1/16 inch.

2. The method of claim 1 wherein the fluoride con-
tent is in the range 0.1 to 1.5 wt %.

3. The method of claim 2 wherein the fluoride con-
tent is in the range 0.2 to 1.0 wt %.

4. The method of claim 1, 2 or 3 wherein the small
particle size refractory metal oxide is selected from
alumina or material containing alumina.

5. The method of claim 4 wherein the refractory
metal oxide is alumina.

6. The method of claim 1, 2 or 3 wherein the Group
VIII noble metal is platinum or palladium.

7. The method of claim 4 wherein the Group VIII
noble metal is platinum or palladium.

8. The method of claim 5 wherein the Group VIII
noble metal is platinum or palladium.

9. The method of claim 1, 2 or 3 wherein the small
particle size refractory metal oxide is 1/20 inch alumina
trilobes.

10. The method of claim 6 wherein the small particle
size refractory metal oxide is 1/20 inch alumina trilobes.

11. The method of claim 1 wherein the wax is hydro-
treated prior to being passed over the isomerization

catalyst.
* * * * *



