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[57] ABSTRACT *

A fluorided platinum-on-alumina catalyst for wax isom-
erization wherein the platinum is substantially uni-
formly distributed throughout the catalyst in the form
of relatively small crystallites, of the total fluoride pres-
ent in the catalyst very little is located on the outer
surface of the catalyst and a significant concentration of
the fluoride within the catalyst is present as aluminum
fluoride hydroxide hydrate. The catalyst is prepared by
contacting a platinum-on-alumina with a solution hav-
ing a relatively high concentration of fluoride and dry-
ing the fluorided platinum-on-alumina catalyst at tem-
peratures not in excess of 650° F.

14 Claims, 5 Drawing Sheets
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CATALYST FOR THE HYDROISOMERIZATION
AND HYDROCRACKING OF WAXES TO
PRODUCE LIQUID HYDROCARBON FUELS AND
PROCESS FOR PREPARING THE CATALYST

CROSS-REFERENCE TO COPENDING
APPLICATION

This is a Continuation-in-Part application of copend-
ing application Ser. No. 134,796 filed Dec. 18, 1987,
now abandoned.

BACKGROUND OF THE INVENTION

I. Field of the Invention

This invention relates to a catalyst useful for the pro-
duction of liquid hydrocarbon fuels from wax. In partic-
ular, it relates to a catalyst composition useful for hy-
droisomerizing and hydrocracking a Fischer-Tropsch
wax to normally liquid hydrocarbons, especially more
valuable mid distillate hydrocarbons with low freezing
point and high diesel cetane index.

I1. Description of the Prior Art

In the Fischer-Tropsch process a synthesis gas
(CO+Hb3) made, e.g., from natural gas, is converted
over a catalyst, e.g., a ruthenium, iron or cobalt catalyst,
to form a wide range of products inclusive of gaseous
and liquid hydrocarbons, and oxygenates, and a nor-
mally solid paraffin wax which does not contain the
sulfur, nitrogen or metals impurities normally found in
crude oil. It is generally known to selectively catalyti-
cally convert the paraffin wax, or syncrude obtained
from such processes to lower boiling paraffinic hydro-
carbons falling within the gasoline and middle distillate
boiling ranges.

Paraffin waxes have been isomerized over various
catalysts, e.g., Group VIB and VIII catalysts of the
Periodic Table of the Elements (E. H. Sargent & Co.,
Copyright 1964 Dyna-Slide Co.) Certain of such cata-
lysts can be characterized as halogenated supported
metal catalysts, e.g., a hydrogen chloride or hydrogen

fluoride treated platinum-on-alumina catalyst as dis--

closed, e.g., in U.S. Pat. No. 2,668,866 to G. M. Good et
al. In the Good et al process a partially vaporized wax,
such as one from a Fischer-Tropsch synthesis process, is
mixed with hydrogen and contacted at 300° C. to 500°
C. over a bed of supported platinum catalyst. Palladium
or nickel may be substituted for platinum. The support
may be a number of conventional carrier materials, such
as alumina or bauxite. The carrier material may be
treated with acid, such as HCl of HF, prior to incorpo-
rating the platinum. In preparing the catalyst, pellets of
activated alumina may be soaked in a solution of chloro-
platinic acid, dried and reduced in hydrogen at 475° C.

U.S. Pat. No. 2,817,693 discloses the catalyst and
process of U.S. Pat. No. 2,668,866 with the recommen-
dation that the catalyst be pretreated with hydrogen at
a pressure substantially above that to be used in the
process.

U.S. Pat. No. 3,268,439 relates to the conversion of
waxy hydrocarbons to give products which are charac-
terized by a higher isoparaffin content than the feed-
stock. Waxy hydrocarbons are converted at elevated
temperature and in the presence of hydrogen by con-
tacting the hydrocarbons with a catalyst comprising a
platinum group metal, a halogenatable inorganic oxide
support and at least one weight percent of fluorine, the
catalyst having been prepared by contacting the sup-

2

port with a fluorine compound of the general formula:

F

|
Y—X—F

|

Y

where X is carbon or sulphur and Y is fluorine or hy-
drogen.

U.S. Pat. No. 3,308,052 describes a hydroisomeriza-
tion process for producing lube oil and jet fuel from
waxy petroleum fractions. According to this patent,
product quality is dependent upon the type of charge
stock, the amount of liquid hydrocarbon in the waxy
charge stock ard the degree of conversion to products
boiling below 650° F. The greater the amount of charge
stock converted to material boiling below 650° F. per
pass the higher the quality of jet fuel. The catalyst em-
ployed in the hydroisomerization zone is a platinum
group metal catalyst comprising one or more of plati-
num, palladium and nickel on a support, such as alu-
mina, bentonite, barite, faujasite, etc., containing chlo-
rine and/or fluorine.

In U.S. Pat. No. 3,365,390 a heavy oil feed boiling at
least partly above 900° F. is hydrocracked and oil efflu-
ent thereof is separated into fractions, including a distil-
late fuel and a higher boiling hydrocracked lube oil
boiling range fraction. The hydrocracked lubricating
oil boiling range fraction is dewaxed to obtain a hydro-

" cracked wax fraction which is hydroisomerized in the
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presence of a reforming catalyst and the oil effluent
thereof is separated into fractions, including a distillate
fuel and an isomerized lube oil boiling range fraction.

In U.S. Pat. No. 3,486,993 the pour point of a heavy
oil is lowered by first substantially eliminating organic
nitrogen compounds present in the oil and then contact-
ing the nitrogen-free oil with a reforming catalyst in a
hydrocracking-hydroisomerization zone. Hydroisomer-
ization is conducted at a temperature of 750° F.-900° F.
over a naphtha reforming catalyst containing no more
than two weight percent halide.

U.S. Pat. No. 3,487,005 discloses a process for the
production of low pour point lubricating oils by hydro-
cracking a high pour point waxy oil feed boiling at least
partly above 700° F. in at least two stages. The first
stage comprises a hydrocracking-denitrofication stage,
followed by a hydrocracking-isomerization stage em-
ploying a naphtha reforming catalyst containing a
Group VI metal oxide or Group VIII metal on a porous
refractory oxide, such as alumina. The hydrocracking-
/isomerization catalyst may be promoted with as much
as two weight percent fluorine.

U.S. Pat. No. 3,709,817 describes a process which
comprises contacting a paraffin hydrocarbon contain-
ing at least six carbon atoms with hydrogen, a fluorided
Group VIIB or VIII metal alumina catalyst and water.
These catalysts are classified by the patentee as a well-
known class of hydrocracking catalysts.

SUMMARY OF THE INVENTION

A particulate fluorided Group VIII metal-on-alumina
catalyst composition useful for the production of a
pumpable refinery processable syncrude, and transpor-
tation fuels from a wax, which catalyst is comprised of
from about 0.1 to about 2 percent Group VIII metal,
preferably from about 0.3 to about 0.6 percent Group
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VIII metal, and from about 2 percent to about 10 per-
cent fluoride, preferably from about 5 percent to about
8 percent fluoride, based on the total weight of the
catalyst composition (dry basis), such fluoride concen-
tration being referred to herein as the bulk fluoride
concentration. The catalyst composition is constituted
of alumina, or alumina-containing, particles which con-
tain a discrete outer shell within which Group VIII
metal is distributed, with only a minor portion of the
fluoride distributed thereon.

Platinum is the preferred Group VIII metal where
Group VIII refers to the Periodic Table of Elements (E.
H. Sargent & Co., Copyright 1964 DynaSlide Co.).

The particulate catalyst in a form suitable for a fixed
bed operation, e.g., an extrudate having a diameter in
the range of 1/32-} inches, will have a fluoride concen-
tration less than about 3.0 weight percent, preferably
less than about 1.0 weight percent and most preferably
less than 0.5 weight percent in the layer defining the
outer surface of the catalyst, provided that the surface
fluoride concentration is less than the bulk fluoride
concentration. The outer surface is measured to a depth
less than one one hundredth of an inch. The surface
fluoride was calculated from total fluoride analysis and
electron microscopy analysis. The remaining fluoride is
distributed at a depth below the outer shell into and
within the particle interior.

The fluoride content of the catalyst can be deter-
mined in a number of ways.

One technique analyzes the fluorided catalyst using
oxygen combustion methodology which is well estab-
lished in the literature. Approximately 8-10 mgs of
sample is mixed with 0.1 g benzoic acid and 1.2 gms of
mineral oil in a stainless steel combustion capsule which
is mounted in a 300 mL. Parr oxygen combustion bomb.
The “sample” is purged of air and subsequently com-
busted under 30 Atms of pure oxygen. Combustion
products are collected in 5 mL. of deionized water.
Once the reaction has gone to completion (about 15
minutes), the absorbing solution is quantitatively trans-
ferred and made to fixed volume.

Fluoride concentration of the sample is determined
by ion chromatography analysis of the combustion
product solution. Calibration curves are prepared by
combusting several concentrations of ethanolic KF
standards (in the same manner as the sample) to obtain
a 0-10 ppm calibration range. Fluoride concentration of
the catalyst is calculated on an ignition-loss-free-basis
by comparison of the sample solution response to that of
the calibration curve. Ignition loss is determined on a
separate sample heated to 800 degrees F for at least 2
hours. Ion chromatographic analysis uses standard
anion conditions.

Another procedure employs the use of fluoride distil-
lation with a titrimetric finish. Fluorides are converted
into fluorosilicic acid (H2SiFs) by reaction with quartz
in phosphoric acid medium, and distilled as such using
super heated steam. This is the Willard-Winter-
Tananaev distillation. It should be noted that the use of
super heated, dry (rather than wet) steam is crucial in
obtaining accurate results. Using a wet steam generator
yielded results 10-20% lower. The collected fluorosil-
icic acid is titrated with standardized sodium hydroxide
solution. A correction has to be made for the phos-
phoric acid which is also transferred by the steam. Fluo-
ride data are reported on an ignition-loss-free-basis after
determination of ignition loss on sample heated to 400
degree C for 1 hour.
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X-ray diffraction data (X-ray Diffractometer, Scintag
USA) show that the catalyst of the invention will have
high intensity peaks characteristic of aluminum fluoride
hydroxide hydrate as well as the peaks normally associ-
ated with gamma alumina. In accordance with the in-
vention, the catalyst has an aluminum fluoride hydrate .
level greater than about 60 where an aluminum fluoride
hydrate level of 100 corresponds to the X-ray diffrac-
tion peak height at 20=5.66 A for a Reference Standard
defined as follows.

The Reference Standard contains 0.6 wt % Pt and 7.2
wt % F on vy alumina having a surface area of about 150
m2/g. The Reference Standard is prepared by treatment
of a standard reforming grade platinum on alpha alu-
mina material containing 0.6 wt % Pt on 150 m’/g
surface area vy alumina by single contact with an aque-
ous solution containing a high concentration of hydro-
gen fluoride (e.g., 10-15 wt % such as 11.6 wt % HF
solution) with drying at 300° F.

The platinum contained on the alumina component of
the catalyst of the invention will preferably have an
average crystallite size of up to 50 A, more preferably
below about 30 1&, and most preferablay the crystallige
size average will range from about 12 A to about 20 A.
It is to be understood that the alumina component of the
catalyst may contain minor amounts of other materials,
such as, for example, silica, and that alumina herein
encompasses alumina-containing materials.

The catalyst of the invention is preferably prepared
by contacting a calcined platinum-on-alumina catalyst
composition, preferably one wherein the platinum is
distributed generally substantially uniformly through-
out a particulate alumina support, with a solution of a
fluoride compound at a pH of less than 3.5, preferably
hydrogen fluoride, containing at least about 10 percent
to about 20 percent, preferably from about 10 percent to
about 15 percent of the fluoride compound, based on
the weight of the solution, to disperse a major concen-
tration of the fluoride within the interior of the parti-
cles. The catalyst composite is washed and dried at a
temperature not in excess of 650° F., preferably not in
excess of about 500° F., and more preferably not in
excess of about_300° F., to preserve the high intensity
peaks shown by x-ray diffraction data to be characteris-
tic of aluminum fluoride hydroxide hydrate as well as
the peaks normally associated with gamma alumina.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts, in accordance with the practice of
this invention, a plot of x-ray diffraction data of a fluo-
rided platinum alumina catalyst wherein, after impreg-
nation of the platinum onto the alumina support, calci-
nation of the platinum-alumina support, and adsorption
of the fluoride upon the calcined alumina support, the
catalyst was dried at temperature not exceeding 650° F.

FIG. 2 depicts a plot of x-ray diffraction data of a
fluorided platinum alumina catalyst not of this invention
wherein, after impregnation of the platinum upon the
alumina support, calcination of the platinum-alumina
support, and adsorption of fluoride onto the calcined
platinum-alumina support, the catalyst was dried and
calcined at temperature in excess of 650° F. (16 hours at
1000° F.).

FIG. 3 depicts scanning electron microscopy data of
a round cross-section of a catalyst extrudate particle
according to the preferred aspects of this invention
(prepared as was the catalyst described, and depicted by
reference to FIG. 1), showing the relative intensities for
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platinum, and fluoride across the diameter of the parti-
cle.

FIG. 4 depicts scanning electron microscopy data of
a round cross-sectipn of a catalyst of similar composi-
tion, and prepared in similar manner to the catalyst
depicted in FIG. 3 except that after the adsorption of
the fluoride onto the calcined platinum-alumina com-
posite the catalyst composite was heated as a final step
of the preparation to a temperature in excess of 650° F.

FIG. § presents a plot of the 26=30° (D=2.96 A) and
20=16° (D=5.66 A) lines for aluminum fluoride hy-
droxide hydrate as a function of catalyst calcination
temperature along with, for comparative purposes, sim-
ilar data of the platinum crystallite sizes.

DETAILED DESCRIPTION

A particulate fluorided platinum alumina catalyst
composition comprised of from about 0.1 to about 2
percent platinum, preferably from about 0.3 to about 0.6
percent platinum, and from about 2 percent to about 10
percent fluoride, preferably from about 5 percent to
about 8 percent fluoride, based on the total weight of
the catalyst composition (dry basis), is found useful for
the production of liquid hydrocarbon fuels from a wax.
The platinum is distributed into individual particles of
the particulate alumina from the outer peripheral sur-
face inwardly to the very center, or core of the parti-
cles.

The outermost surface of a particle, as indicated,
contains platinum but is substantially devoid of or con-
tains minimal concentration of fluoride. The interior,
and preferably a discrete inner shell, contains both plati-
num and fluoride. The interior, or inner shell of plati-
num and fluoride, due to its different composition, dis-
tinctive boundary, or boundaries, and location within
the particles in effect delineates and defines an outer
shell rich in platinum but deficient in fluoride. The
absence, or low level of fluoride in the outer shell re-
duces cracking, and less cracked products are found in
the use of such catalyst particles.

In forming the particulate fluorided platinum alumina
catalyst of the invention;, the platinum is distributed,
generally substantially uniformly throughout a particu-
late alumina support, the platinum-alumina composite is
calcined, and the fluoride then adsorbed upon a particu-
late form of the calcined platinum-alumina composite to
deposit a major concentration of the fluoride within the
interior of the particles. The platinum is initially added
to an alumina support, calcined or uncalcined, in any
suitable manner and atomically dispersed, generally
substantially uniformly throughout said support in aver-
age crystallite size preferably ranging up to about 50
Angstrom units (A), and more preferably the average
crystallite size will not exceed about 30 A. In the actual
catalyst preparation steps, the platinum component is
distributed substantially uniformly throughout a partic-
ulate alumina support, suitably by cogellation or by
impregnation of a precalcined support, and the plati-
num-alumina composite is then calcined, suitably at
relatively high temperature. Calcination temperatures
suitably range above about 650° F., preferably from
about 900° F. to about 1000° F. The fluoride is then
absorbed upon and distributed into the particles, suit-
ably from a solution containing z high concentration of
a fluoride compound, suitably hydrogen fluoride. The
fluoride will then be adsorbed into the platinum-
alumina particles, the fluoride penetrating and passing
through the outermost layer of platinum, sufficient to
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form in effect a distinct boundary containing both plati-
num and fluoride, contiguous and interfacing with said
outer shell rich in platinum, but lean in fluoride. After
addition of the fluoride, the composite can thereafter be
washed and then dried at a temperature not in excess of
650° F., and preferably not in excess of about 500° F.,
and more preferably not in excess of about 300° F.

X-ray diffraction data show that a catalyst composite
constituted of a precalcined platinum-on-alumina sup-
port on which the platinum has been uniformly distrib-
uted, and the catalyst composite then fluorided to dis-
tribute fluoride primarily into the interior of the com-
posite, will contain platinum as a shell on the outer
surface of the particles, and this shell will interface with
an inner layer, and preferably an inner contiguous shell,
of both platinum and fluoride. The composite, if dried at
temperatures not exceeding 650° F., preferably 500° F.,
and more preferably about 300° F., without exposure to
any higher catalyst preparation temperature will differ
profoundly from fluorided platinum catalyst composi-
tions described by the prior art. These catalysts will be
more highly selective in the production of a lower mo-
lecular weight hydroisomerized product from a hydro-
carbon synthesis, or Fischer-Tropsch wax, or feed frac-
tion derived therefrom, at hydroisomerization and mild
hydrocracking conditions than known prior art cata-
lysts. Indeed, these catalysts have higher selectivity in
said hydroisomerization and mild hydrocracking reac-
tions than fluorided platinum catalyst compositions
similarly prepared except that the catalyst on which the
platinum and fluoride are dispersed is calcined, or
heated at a temperature in excess of 650° F. during
catalyst preparation. The catalyst composition of this
invention is shown by x-ray diffraction data to possess
high intensity peaks characteristic of aluminum fluoride
hydroxide hydrate as well as the peaks normally associ-
ated with gamma alumina whereas the calcined catalyst
shows greatly reduced or no hydrate peaks. The fluo-
rided platinum catalyst compositions of this invention,
characterized by x-ray diffraction data to possess high
intensity peaks characteristic of aluminum fluoride hy-
droxy hydrate, when employed for use in treating a
hydrocarbon feed, or feed fraction derived from a hy-
drocarbon synthesis or Fischer-Tropsch process at hy-
droisomerization and mild hydrocracking conditions
are far more selective, particularly during the earlier
stages of a run, at lower reaction temperatures for the
production of liquid hydrocarbon fuels even than cata-
lyst compositions otherwise similar except that they
have been calcined, or heated during the catalyst prepa-
ration steps at excessive temperatures after the platinum
and fluoride have been composited with the alumina
support.

The particulate catalyst composition of this invention
is prepared by compositing a compound, or salt, of
platinum and a compound, or salt, of a fluoride with a
particulate alumina support. The platinum-alumina
composite can be, and generally is prepared in conven-
tional manner and the fluoride adsorbed thereupon in
specified manner to produce the catalyst of the inven-
tion. The alumina support can be separately prepared,
and the platinum then composited therewith, or the
platinum-on-alumina composite can be formed in a sin-
gle step, as by cogellation of the reactants which simul-
taneously form the platinum-on-alumina composite.
The platinum component may be incorporated in the
particulate platinum-alumina composite in any manner
known to distribute the platinum component to the



http://ww. Pat ent Gopher.com

4,923,841

7

required depth within, or throughout the alumina. A
catalytically active amount of the platinum can thus be
incorporated with the catalyst in any suitable manner,
such gs by coprecipitation or co-gellation with the alu-
mina support, or by ion exchange with the alumina
support and/or at any stage in preparation and either
after or before calcination of the alumina hydrogel. A
preferred method for adding the platinum group metal
to the alumina support involves the use of an aqueous
solution of a water soluble compound, or salt of plati-
num to impregnate the alumina support. For example,
platinum may be added to the support by co-mingling
the uncalcined alumina with an aqueous solution of
chloroplatinic acid, ammonium chloroplatinate, plati-
num chloride, or the like, to distribute the platinum
substantially uniformly throughout the particle. Fol-
lowing the impregnation, the impregnated support can
then be dried, and subjected to a high temperature calci-
nation, generally at a temperature in the range from
about 700° F. to about 1200° F., preferably from about
850° F. to about 1000° F., generally by heating for a
period of time ranging from about 1 hour to about 20
hours, preferably from abdut 1 hour to about 5 hours.
The platinum component added to the alumina support,
is always calcined at high temperature to fix the plati-
num thereupon prior to adsorption of a fluoride, suit-
ably hydrogen fluoride, into the platinum-alumina com-
posite. Alternatively the solution of a water soluble
compound, or salt of platinum can be used to impreg-
nate a precalcined alumina support, and the platinum-
alumina compeosite again calcined at high temperature
after incorporation of the platinum.

Suitably, the platinum component is substantiaily
uniformed distributed throughout a precalcined alu-
mina support by impregnation. The platinum-alumina
composite is then again calcined at high temperature,
and the fluoride, preferably hydrogen fluoride, is dis-
tributed onto the precalcined platinum-alumina com-
posite in a manner that most of the fluoride will be
substantially composited at a level below the outer
surface of the particles. Distribution of the fluoride,
preferably hrydrogen fluoride, is preferably achieved by
a single contact of the precalcined platinum-alumina
composite with a solution which contains the fluoride in
sufficiently high concentration. Preferably an aqueous
solution containing the fluoride in high concentration is
employed, a solution generally containing from about
10 percent to about 20 percent, preferably from about
10 percent to about 15 percent hydrogen fluoride. Solu-
tions containing hydrogen fluoride in these concentra-
tions will be adsorbed to incorporate most of the hydro-
gen fluoride below the outer surface of the platinum-
alumina particles. The platinum-alumina composite,
after adsorption thereupon of the fluoride component is
heated during preparation to a temperature ranging up
to but not exceeding about 650° F., preferably about
500° F., and more preferably 300° F. A characteristic of
the inner platinum-fluoride containing layer is that it
contains a high concentration of aluminum fluoride
hydroxide hydrate. It can be shown by x-ray diffraction
data that a platinum-alumina catalyst formed in such
manner displays high intensity peaks characteristic of
both aluminum fluoride hydroxide hydrate and gamma
alumina. An x-ray diffraction pattern can distinguish the
catalysts of this invention from fluorided platinum alu-
mina catalysts of the prior art.

X-ray diffraction trace data are given for a preferred
catalyst of this invention in Table IA, and these data are
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_ graphically depicted in FIG. 1. The preparation of this

catalyst is given as follows: A commercially obtained
calcined platinum on alumina catalyst in the form of a
1/16 inch diameter extrudate containing 0.6 wt % plati-
num and sold under the trade-name Ketjen CK-306 was
treated in a single contact with an aqueous solution
containing 11.6 wt 9% hydrogen fluoride to adsorb the
hydrogen fluoride. The fluorided platinum on alumina
composite was then heated to a temperature of 350° F.
over a period of 16 hours. The specimen was then sub-
jected to x-ray diffraction analysis, and an x-ray trace of
this specimen was made. The x-ray diffraction trace
data are given in Table 1A, and graphically depicted in
FIG. 1. This is a catalyst of the invention.

TABLE IA
Sample FN: 4039 Q4.RD: ID: 4262 - GPH 143
D Relative Intensity 1/1
5.7 Strong
4.55 Weak
2.96 Strong
2.83 Medium
2.468 Weak
2.424 Medium
2.280 Medium
2.005 Weak
1.983 Strong
1.892 Medium
1.738 Medium
1.665 Weak
1.549 Weak
1.514 Weak
1.498 Weak
1.480 Weak
1.396 Strong
1.378 Medium
1.277 Weak
1.154 Weak
1.144 Weak
1.124 Weak
1.097 Weak

A fluorided platinum catalyst composition was pre-
pared in similar fashion to that described for use in
obtaining the data given by reference to Table 1A and
FIG. 1, except that the specimen of calcined gamma
alumina to which the platinum and fluoride had been
added was calcined by heating same to a temperature of
1000° F. for a period of 16 hours. These data are given
for comparative purposes reference being made to
Table IB, and to the graphical representation thereof as
given in FIG. 2.

TABLE IB
Sample FN: 5079 Q3.RD; ID: 4260 - GPH 2040

DA Relative Intensity I/1
4.55 Weak

2.808 Weak

2.415 Medium

2.272 Medium

1.975 Strong

1.514 Medium

1.395 Strong

1.141 Weak

These compositions are compared for convenience
with specimens of aluminum fluoride hydroxide hy-
drate and gamma alumina (gamma alumina oxide), the
characteristics of each which are also given for compar-
ative purposes in Table IC and ID, and in FIGS. 1 and
2.
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TABLE IC
Aluminum Fluoride Hydroxide Hydrate
DA /1 nkl
5.7 100 11
2.979 50 31
2.841 20 222
2.460 6 400
2.258 4 331
2.009 10 422
1.893 20 333.551
1.737 25 440
1.661 8 531
1.553 6 620
1.498 10 533
1.480 10 622
1.375 12 711,551
1.277 10 731,553
1.158 6 822.660
‘1.127 4 662
1.099 4 840
TABLE ID
Gamma Aluminum Oxide
DA i1 nKl
4.56 40 111
2.80 20 220
2.39 80 311
2.28 50 222
1.977 100 400
1.520 30 311
1.395 100 440

1.140 20 444

The values obtained, and reported in Tables IA and
IB were determined by standard x-ray diffraction tech-
niques. The radiation used was the K-alpha doublet of
copper and a diffractometer equipped with a solid state
germanium crystal detector and an associated com-
puter. The peak heights, I, and the positions as a func-
tion of 2 theta, where theta is the Bragg angle, were
determined using algorithms on the computer associ-
ated with the spectrometer. From these, the relative
intensities, 100 1/1,, where I,is the intensity of the stron-
gest line or peak, and d (obs.) the interplanar spacing in
Angstrom units, A, corresponding to the recorded lines,
were determined. The x-ray diffraction pattern given in
Table IA, and graphically depicted in FIG. 1 is charac-
teristic of all the catalyst compositions of this invention.
When the x-ray diffraction equipment is operated in this
manner, as will be observed, the x-ray diffraction pat-
tern will generally show in excess of 250 counts per
second (CPS) for the peak at 5.66 A, and in excess of
195 CPS for the peak at 2.96 A for the catalyst of this
invention. A standard sample is subjected to this analy-
sis to obtain a relative amount of hydrate as measured
by the peak at 5.66 A.

FIG. 3 presents scanning electron microscopy data
on a preferred fluorided platinum-on alumina catalyst
(0.58 wt. % Pt; 6.8 wt. % F) of this invention, prepared
as described for use in obtaining the data given in Table
1A, as further depicted by reference to FIG. 1. This
catalyst, throughout which the platinum is substantially
uniformly dispersed, was prepared by treating a com-
mercial 1/16” diameter extrudate platinum/alumina
reforming catalyst sold under the tradename Ketjen
CK-306 with an aqueous solution containing 11.5%
hydrogen fluoride over a period of 6 hours. The catalyst
was dried for 3 hours in an oven at 350° F. A round
cross-section of catalyst was then subjected to analysis
by scanning electron microscopy, graphically given by
reference to FIG. 3. FIG. 4, for purposes of compari-
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son, likewise presents electron microscopy data of a
catalyst of similar composition, and similarly prepared
except that the catalyst during the final step of prepara-
tion, after the catalyst had been fluorided, was subjected
to a calcination temperature of 1000° F. for a period of
3-hours in air.

The figures show the concentrations of both platinum
and fluoride as a function of the particle diameter of the
1/16 inch extrudate catalyst. With regard to FIG. 3, the
platinum concentration across the particle diameter
appears to be fairly uniform except at the very edge of
the particle, where there appears to be a little higher
level of platinum than deeper within the particle. Fluo-
ride occurs at a lower level of concentration within the
edge, or outside ring of the particle. In contrast, the
fluoride appears highly concentrated, with additional
platinum, in a concentric ring in an area adjacent to the
edge of the particle. Thus, the fluoride appears as an
inside ring contiguous to and interfaced with what is in
effect an outer ring within which platinum, with little or
no fluoride, is distributed. Calcination at 1000° F. does
not appreciably affect the platinum or fluoride concen-
tration profile; the amount of hydrate is drastically re-
duced, however.

The aforedescribed catalyst of this invention is pre-
pared such that (1) the calcined platinum-on-alumina
catalyst composite is treated, in the fluoride adsorption
step, with a solution that contains the fluoride in high
concentration, and (2) after the fluorided platinum-on-
alumina catalyst has been prepared by contact with
solution, it is dried at relatively low temperature, i.e.,
below about 650° F., preferably below about 500° F.,
and more preferably about 300° F. to retain the alumi-
num fluoride hydroxide hydrate phase, and avoid ag-
glomeration of the platinum. If the platinum-on-alumina
catalyst, e.g., that prepared as described in obtaining the
data given in Table 1A, is subjected to a single treatment
with an aqueous solution containing, e.g., 11.6% hydro-
gen fluoride, the hydrogen fluoride will be transported
through the outer surface of the catalyst to a site below
the outer surface of the support to form an inner ring, or
shell, within which the fluoride is highly concentrated.
If on the other hand, the catalyst is subjected to several
adsorption steps, e.g., two adsorption steps with solu-
tions containing the fluoride in relatively low concen-
trations, each solution containing for example about 5 to
6 wt. % hydrogen fluoride, albeit the catalyst may con-
tain about 8% fluoride and contain an outer shell defi-
cient in fluoride, no discrete fluoride ring will be pres-
ent anywhere within the particle. Rather, except within
the outer shell the fluoride will be substantially uni-
formly dispersed throughout the particles. Further, the
catalyst will contain less hydrate.

The drying temperature is also important for the
retention, or preservation of the aluminum fluoride
hydroxide hydrate phase, and small crystallites of plati-
num, which are formed during the catalyst preparation
steps. If, e.g., the catalyst is dried finally at 300° F., the
inner fluoride shell, or ring formed during the fluoride
adsorption step will be retained. If, on the other hand,
the same catalyst is dried at temperatures above about
650° F., e.g., at about 900°-1000° F., the fluoride ring
will continue to exist as a discrete phase. In the former
case, however, the fluoride phase will continue to exist
as aluminum fluoride hydroxide hydrate. In the latter
case, on the other hand, a minimum amount if any of the
fluoride phase will be retained as aluminum fluoride
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hydroxide hydrate. Mqgreover, the platinum crystallite
size in the latter case will increase due to agglomeration
of the platinum which adversely affects the activity of
the catalyst for the hydroisomerization and hydrocrack-
ing of Fischer-Tropsch waxes to produce liquid hydro-
carbon fuels. The catalyst of this invention, is substan-
tially more active for the production of liquid hydrocar-
bon fuels than a catalyst otherwise similar except for the
presence of the aluminum fluoride hydroxide hydrate
phase. It is believed that the inner shell, or ring of
highly concentrated fluoride is conductive to the for-
mation and/or retention of the aluminum fluoride hy-
droxide hydrate phase, as well as enhancing the activity
of the catalyst.

In the catalysts of this invention, the inner ring, or
shell, contains a high concentration of the fluoride as a
discrete aluminum fluoride hydroxide hydrate phase. In
the catalyst specimen prepared, e.g., by two consecu-
tive treatments of the catalyst with 5 to 6 wt. % hydro-
gen fluoride solutions, a discrete inner ring or shell
wherein the fluoride was concentrated did not develop
even though this catalyst contained a relatively large
concentration of total fluoride, i.e., greater than about 8
wt. %. A discrete inner ring, or shell of the fluoride is
formed and a high concentration of the ring fluoride is
present as aluminum fluoride hydroxy hydrate where
the fluoride was added by singular contact with the
solution containing a high concentration of hydrogen
fluoride (e.g., 11.6 wt. %). The exact mechanism of the
formation of this ring is not completely understood, but
it is clear that the presence of both the fluoride ring and
high concentration of aluminum fluoride hydroxide
hydrate within the ring will optimize the activity and
selectivity of the catalyst for hydrocarbon synthesis
wax isomerization to liquid hydrocarbon fuels.

Without wishing to be bound by any specific theory
of mechanism, it is believed that the effectiveness of the
catalyst of this invention can be explained; at least in
part. Pore diffusion calculations have been made on the
particulate catalysts of this invention. The hydrocarbon
synthesis wax molecules are quite large, the molecular
weight thereof ranging up to and in excess of 500. These
molecules are estimated to have molecular diameters of
about 5 to 10A or larger, and the isomerized paraffins
produced as a product can have molecular diameters in
excess of 25A. The particulate catalysts of this invention
have average pore diameters rangmg generally from
about 100A to 150A, which can impose diffusional re-
strictions upon these molecules, especially as relates to
the egrees of the isomerized molecule out of the pores
of these catalysts. Further, it is known that hydroisom-
erization of normal paraffins occurs via the formation of
an olefinic intermediates over bifunctional catalysts.
Initially, normal paraffins on entry into the pores of the
catalyst are believed to be dehydrogenated to the nor-
mal-olefin over a platinum site within the outer shell.
This reaction is followed by isomerization of the nor-
mal-olefin to the iso-olefin, this occurring principally
within the contiguous inner shell over an acidic fluoride
site. The iso-olefin is then rehydrogenated over the
platinum sites on egress, or diffusion of the product
from the pores of the catalyst. Cracked products form
via an alternate path, and iso-olefins can crack to
smaller molecular fragments if contacted with an acidic
fluoride site before it is rehydrogenated.

High selectivity to form isomerized fuel products is
favored where the catalyst particies contain an inner
fluoride ring, or shell, and the outer shell is deficient in
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fluoride. Pore diffusion calculation have shown that
selectivity towards an isomerized product (vis-a-vis
cracked products) is increased significantly by the pres-
ence of the inner fluoride ring, or shell, and a deficiency
of fluoride in the outer ring, or shell. For example,
cracked products can be reduced 70 wt. % or more, by
placing the fluoride in the particulate catalyst as an
inner ring, while maintaining a fluoride deficient outer
shell, vis-a-vis a catalyst otherwise similar except that it
contains a more uniform fluoride profile. Where fluo-
ride is present in the outer ring, or shell, the iso-olefin
egresses from the particle, contacts the acidic fluoride
in the outer shell and cracks rather than hydrogenates.
The increased activity due to the presence of the dis-
crete inner fluoride ring, or shell provides a further
advantage. With the high fluoride available at those
sites wherein it is most needed, and due to its presence
in the desired alumina fluoride hydroxide hydrate phase
in high concentration, the overall rate of the isomeriza-
tion reaction is enhanced as compared to a catalyst with
a more uniform fluoride profile. A further advantage of
this same catalyst is that it can be used for hydrocrack-
ing simply by raising the reaction temperature. Having
the fluoride in the inner ring, or shell, permits effective
utilization of the fluoride to create the highly active
acidic cracking sites. Minimizing the fluoride in the
exterior surfaces of the particles minimizes further re-
cracking to the less desirable lower molecular weight
hydrocarbons, thus maximizing the desired mid mole-
cule cracking reactions.

To maintain the desired hydroisomerization and hy-
drocracking activity of the aluminum fluoride hydrox-
ide hydrate phase, it is important to minimize the
amount of nitrogen present in the catalyst. As prepared,
the catalysts should have a nitrogen to aluminum ratio
(N/Al) less than 0.005, preferably less than 0.002 and
more preferably less than 0.0015 as measured by elec-
tron spectroscopy for chemical analysis (ESCA). The
catalysts prepared by HF treatment reported herein all
contain less than 0.0015 N/AL It is also preferred that

" feeds treated by these catalysts contain minimal nitro-
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gen. The hydrocarbon synthesis feeds utilized herein all
contained minimal nitrogen compounds.

FIG. 5 demonstrates the effect, in the preparation
steps, of final calcination temperature on the average
platinum crystallite size and the amount of aluminum
fluoride hydroxide hydrate retained, or lost. A catalyst
was prepared using a sample of commercially available
0.6% platinum on a 1/16 inch diameter alumina extrud-
ate reforming catalyst. This catalyst was treated with an
aqueous solution containing 11.6 wt % hydrogen fluo-
ride as previously described. Samples of this catalyst
were dried for 3 hours at 300° F., 500° F., 700° F., 900°
F., and 1000° F., respectively. Each sample, to deter-
mine the crystallite size of the platinum was analyzed
using oxygen chemisorption (full details of the appara-
tus and procedure can be found in the literature. See,
e.g., D. J. C. Yates, W. F. Taylor, and J. H. Sinfelt, J.
Am. Chem. Soc., 86, 2996, 1964 and D. J. C. Yates and
J. H. Sinfelt, J. Catalysis, 8, 348, 1967). The plot shows
the platinum crystallite size as a function of the final air
calcination temperature.

Each sample was further analyzed using x-ray dif-
fraction, as described previously. The aluminum fluo-
ride hydroxide hydrate peaks at 20°=16° (D=35. 66A)
and 20°=30° (D=2. 96A) were selected as measures of
the relative amount of that phase present. Generally, the
peak at 5.66A will show in excess of 250 CPS, and the
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peak at 2.96A will show in excess of 195 CPS for the
catalyst compositions of this invention. These values
were assigned a relative value of 100, these peak heights
corresponding to theé peak heights for the sample heated
at 300° F., arbitrarily selected to be the Reference Stan-
dard referred to hereinbefore. This Reference Standard

contains 0.6 wt % Pt and 7.2 wt % F on 7y alumina
having a surface area of about 150 m2/g. The relative
peak height measured for the 5. 66A peak is taken as a
measure of the aluminum fluoride hydroxide hydrate
content with the 5.66A peak of the Reference Standard
assigned a hydrate level of 100. A material having an
aluminum fluoride hydrate level of 60 would therefore
have a 5.66A peak height equal to 60% of the 5. 66A
peak height of the Reference Standard. Similarly, a
material having an aluminum fluoride hydrate level of
80 would therefore have a 5.66A peak height equal to
80% of the 5.66A peak height of the Reference Stan-
dard.

The data show that the final drying or calcination
step is important for retention of the desired aluminum
fluoride hydroxide hydrate phase. When the sample
was dried or calcined in air at 900°-~1000° F. little evi-
dence of the preferred fluoride phase existed. As the
drying temperature was decreased, as graphically de-
picted in FIG. 5, the preferred fluoride phase began to
appear, reaching a maximum retention in the neighbor-
hood of 300° F. The calcination temperature is set such
that the relative peak height for the 5.66A peak of the
aluminum fluoride hydroxide hydrate is greater than 60,
preferably greater than 80 and most preferably at least
about 100. Similarly, as graphically depicted in FIG. §,
the platinum exhibited excessive agglomeration when
the sample was calcined in air at 900°-1000° F. When
the drying temperature was reduced to 500° F. and
below, the highly desirable small crystallite platinum
was retained. Consequently, calcination temperatures
are set to provide final catalysts with platinum crystal-
lite sizes preferably less than about 50A, more prefera-
bly less than about 30A. The presence of the highly
active small crystallites of platinum are needed to dehy-
drogenate the normal paraffins, and rehydrogenate the
iso-olefins. The high concentration of the aluminum
fluoride hydroxide hydrate phase in the interior ring is
needed to optimize isomerization of the normal olefinic
intermediates.

The invention, and its principle of operation, will be
more fully understood by reference to the following
examples. All parts are in terms of weight except as
otherwise specified.

EXAMPLE |

This example exemplifies the production of a pump-
able syncrude (<70° F. pour point) from a Fischer-
Tropsch wax, by reaction of the wax over a Pt/F/Al-
203 (0.58 wt % Pt, 7.2 wt % F.) catalyst of this inven-
tion (Catalyst A), this run being contrasted with a run
made at similar conditions over a second catalyst, Cata-
lyst B, of similar composition made at similar conditions
except that the catalyst was calcined during the final
step of the catalyst preparation procedure at 1000° F.

The catalyst employed in these runs, Catalysts A and
B, were prepared by impregnation of a precalcined
commercial reforming catalyst available under the
tradename Ketjen CK-306, in the form of 1/16" diame-
ter extrudates, by contact with hydrogen fluoride (11.6
wt. % HF solution). The catalysts were covered with
the HF solution for a period of 6 hours, and occasion-
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ally stirred. The HF solution was then decanted from
the catalysts, and the catalysts then washed with deion-
ized water. The catalysts were then dried overnight and
throughout the day in flowing air, and then dried in an
oven overnight at 260° F. Catalyst A, after drying was
reduced by contact with hydrogen at 650° F. The cata-
lyst has pore of average diameter ranging from about
1004 to 1504, a pore volume of from about 0.5 cc/g to
0.6 cc/g, and a surface area of 121.8 m?/g. Catalyst B,
after drying was calcined at 1000° F., and thereafter
reduced with hydrogen at 650° F. The catalyst has
pores of 175A average diameter and a surface area of
165.1 m2/g. The concentration of fluoride at the edge of
Catalyst A was calculated from the total fluoride analy-
sis (7.2 wt %) and FIG. 3 to be 1.4 wt %.

Catalysts A and B, respectively, were employed as
14/35 mesh crushed extrudates to hydrocrack and hy-
droisomerize a 350° F.4 fraction split from a raw
Fischer-Tropsch wax obtained by reaction of a synthe-
sis gas over a ruthenium catalyst. The raw Fischer-
Tropsch wax was thus split into 550° F.— and 550° F.+
fractions, and the 550° F.+ fraction was reacted over
Catalysts A and B, respectively, in separate runs. The
Cs+ liquid products obtained from each of these runs,
respectively, were then blended back, in production
amounts, with the 550° F.— fraction to obtain the
pumpable syncrude products. The process conditions
for each of the runs, the characterization of the raw’
Fischer-Tropsch feed obtained by reaction over the
ruthenium catalyst, and the pumpable syncrude prod-
ucts obtained by runs made with Catalyst A (Product
A) and Catalyst B (Product B), respectively, are given
as follows:

Catalyst
Process Conditions A B
Temperatures, °F. 660 660
Pressure, psi 1000 1000
Space Velocity, 0.5 0.3
V/V/Hr.
Gas Rate. Scf Ha/Bbl 3000 8000
Raw Fischer
Tropsch
Product A Product B Wax Feed
Gravity, AP1 4.8 42.6 319.0
Pour Point, °F. 21 75 Hard
Solid

Scanning Electron Microscope (SEM) profiles made
of each of these catalysts are as previously described by
reference to FIGS. 3 and 4. The SEM profile for Cata-
lyst A, a preferred catalyst of this invention, is as de-
picted by reference to FIG. 3. The SEM profile for
Catalyst B, a catalyst not of this invention, is as depicted
by reference to FIG. 4. The data presented by reference
to FIG. 3 clearly show that Catalyst A contains two
distinct concentric shells, an outer shell containing a
high concentration of platinum, with a low concentra-
tion of fluoride, and an inner shell interfaced therewith
which contains relatively high concentrations of both
platinum and fluoride. An inner core contains platinum,
and a minimum amount of fluoride. A major concentra-
tion of the fluoride on Catalyst A is present as aluminum
fluoride hydroxide hydrate. Catalyst B is not shown to
contain any significant concentration of aluminum fluo-
ride hydroxide hydrate.
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EXAMPLE 2

This example demonstrates the conversion by hydro- Process Conditions - Catalyst -
cracking of a solid waxy 550° F.+ Fischer-Tropsch - — -
product to premium quality distillates employing Cata- 3 gfe";spuer‘:‘“:' F. 1888 1888
lyst A, the preparation and characteristics of which are V/V/Hr. P 0.5 0.5
described by reference to Example 1. A comparison is Gas Rate, Scf Ha/Bbl 7000 7000
made with a run at similar conditions with the same feed Product Distribution
employing Catalyst B, also as previously described. A Yield on Feed.
second comparison is made with a commercially ob- 0 Wt % Product A Product B Feed
tained nickel-silica/alumina (5 wt. % NiO) catalyst G- 4.7 (VOL %) 0.4 (VOL %)
(Catalyst C), of a type commonly used in hydrocrack- 'nc(i 2:3 2'30‘)6) 8:;':) Egj)ﬂ
ing operations with low nitrogen-containing hydrocar- Cs-320° F. 65.3 (73.6) 3.7 (4.3)
bons tested as 14/35 mesh CI‘lilSth extrudates. 15 ggg—;gg: lli 13.3 E (1)9?.)7) 18‘(1) :} (1). (1):

In these runs, the raw Fischer-Tropsch syncrude 00 Fo e 749 (75.0) 1000

obtained by reaction of carbon monoxide and hydrogen
over a ruthenium catalyst, was distilled to obtain a 700°
F.+ fraction. The 700° F.+ fraction was reacted, with
hydrogen, over each of Catalysts A, B, and C, respec-
tively, at 50 percent conversion to obtain a product; the
product from Catalyst A being hereinafter referred to as
Product A, the product from Catalyst B is Product B,
and the product from Catalyst C as Product C. Process
conditions for each of the three runs, and the distribu-
tion of the products obtained are tabulated below.

Catalyst

A B C
Process Conditions
Temperature, °F. 660 700 576
Pressure, psi 1000 1000 1000
V/V/Hr. 0.45 0.45 0.45
Gas Rate, Scf Hy/Bbl 8000 8000 8000
Product Distribution
Yield on Feed, Wt. %
H,O 0.27 0.27 0.27
Ci— 1.9 0.9 L7
Cs 1.7 1.7 8.8
C5-320° F. 11.7 9.4 350
320-700° F. 67.2 61.7 28.5
700° F.+ 18.1 26.8 272

These data show that Catalyst A is more effective for
the conversion of the feed to gasoline and middle distil-
lates, without excessive gas formations than Catalyst B
even at lower temperatures. Catalyst C, on the other
hand, shows poor selectivity for distillate production
and excessive gas formation relative to Catalyst A.

EXAMPLE 3

This example demonstrates the production of an iso-
paraffinic naphtha and jet fuel by conducting a hydro-
cracking-hydroisomerization reaction of a 700° F.4
Fischer-Tropsch wax over Catalyst A. This run is com-
pared with a run made by reaction of the feed at similar
conditions over Catalyst B, as previously described.

A 700° F.+ fraction from a Fischer-Tropsch opera-
tion, as described by reference to Example 2, was thus
reacted at similar conditions over Catalyst A and Cata-
lyst B, respectively, and comparisons made between the
runs to show the effectiveness of each in the production
of naphtha, jet fuel and diesel fuel. The process condi-
tions of these runs are given below, along with a com-
parison of the products obtained from the runs employ-
ing Catalyst A (Product A) and Catalyst B (Product B),
respectively.
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These data show the superior performance of Cata-
lyst A for the production of naphtha, jet fuel and diesel
fuel as contrasted with Catalyst B.

EXAMPLE 4

A catalyst was prepared in a manner similar to that
used for Catalyst A of Example 1 except it was dried at
300° F. A sample of the catalyst was also calcined at
750° F. The 300° F. dried catalyst exhibited a relative
peak intensity of 100% for the aluminum fluoride hy-
droxide hydrate phase whereas the 750°  F. calcined
catalyst showed a loss of peak intensity down to 60%.
Each of these catalysts were tested for hydroisomeriza-
tion/hydrocracking of hydrotreated petroleum slack
wax. Each was reduced with hydrogen at 650° F. at
atmospheric pressure and tested at temperatures rang-
ing up to 650° F. Discharged samples of the catalyst
revealed that the 300° F. calcined catalyst had a loss in
peak height down to 66% wherein the 750° F. caicined
catalyst peak height was relatively unchanged. These
catalysts had a N/Al ratio of 0.0012.

EXAMPLE 5

A series of catalysts were prepared in a manner de-
scribed by reference to Example 4, except the catalysts
were dried or calcined at 300° F. (Catalyst E), 500° F.
(Catalyst F), 700° F. (Catalyst G), 900° F. (Catalyst H),
and 1000° F. (Catalyst I). Drying/Calcination was con-
ducted for period of 3 hours. The catalysts were sub-
jected to x-ray diffraction analysis, platinum content
analysis, chemisorption analysis for platinum crystal-
lites size, and analysis for fluoride content. Fluoride
analysis showed that Catalyst E contained 7.9 wt. %
fluoride. The results are tabulated in Table I1. The Pt
crystallite size and x-ray diffraction data for these cata-
lysts are graphically illustrated, and plotted in FIG. 5.

TABLE II
Catalyst

E F G H I
Drying/Calcination, °F. 300 500 700 900 1000
Wt. % Platinum . 0.578 0513 0598 0592  0.601
Average Cryst. Size, A 26 29 49 121 818
X-ray Diffraction*
D = 5.66A 100 100 30 6l 19
D = 296A 100 82 36 0 0

*Refative Peak Intensity.

The results show that platinum agglomeration in-
creases exponentially as the Drying/Calcination tem-
perature is increased. Significant agglomeration begins
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to occur as temperature is increased from above 500° F.
to 700° F., and greater. As indicated by the x-ray dif-
fraction peak at D=2.96A, a significant decrease in the
amount of alumina fluoride hydroxide hydrate phase
begins to occur at temperatures above about 300° F.
when the catalyst is dried or calcined in air. Although
this peak indicates none of the phase is present at 900° F.
and above, the peak at D=5.66A indicates that some is
still retained, albeit to a very low level. Scanning Elec-
tron Microscopy, or SEM analyses of the samples
showed evidenced that the inner fluoride ring existed as
shown in FIG. 3.

EXAMPLE 6

Another series of catalysts, Catalysts J, K, and L,
were prepared to demonstrate the importance of cata-
lyst preparation conditions. These catalysts were pre-
pared in a manner similar to those of Example 4 except
that all of these catalysts were dried at 300° F. drying

temperature. The low drying temperature avoided plat- 5

inum agglomeration and provided maximum retention
of the aluminum fluoride hydroxide hydrate phases.
Catalyst J was prepared by impregnation in a single
contact with a solution containing 5.8 wt. % HF and
Catalyst K was prepared with two consecutive HF
treats with solutions each containing 5.8 wt. % HF.
Catalyst L. was prepared by a single HF treat with a
solution containing 17.4 wt. % HF. Each of these cata-
lysts was analyzed by x-ray diffraction for the presence
of the aluminum fluoride hydroxide hydrate phase, for
platinum content, and for platinum crystallite size by
chemisorption. Analysis was also made for fluoride
content, and for platinum and fluoride distribution by
SEM. Analysis by SEM showed that of these three
catalysts, only Catalyst L. contained the inner ring or
shell of high fluoride concentration, similar to that ob-
tained with Catalyst A, depicted by reference to FIG. 3.
The results are presented in Table III along with data
for Catalyst A for comparative purposes.

TABLE 111
Catalyst

J K L A
% HF in Solution 5.8 5.8 17.4 11.6
HF Treat(s) 1 2 1 1
Wt. % Fluoride in 4.3 8.4 9.2 7.2
Catalysts
Wt. % Pt in Catalyst 0.62 0.57 0.54 0.58
Pt Average Cryst. 25 26 25 19-22
Size, A
X-ray Diffraction(!) .
D = 5.66A 54 . 85 120 > 100
D = 2.96A 60 79 94 100
Fluoride
Distribution(?)
Outer Ring
Thickness, mm 0.15-0.18 0.19-0.21 0.12-0.20  0.1-0.19
% of Total F 6.0 35 4.0 2.6
Inner Ring .
Thickness, mm 0-0.10 0-15  0.14-0.18 0.11-0.20
% of Total F 8.1 7.9 30.4 351
Interior
Thickness, mm 116 1.02 1.08 1.05
% of Total F 859 88.6 65.6 62.3

e Relative Peak Intensity. Catalyst E being taken as a standard to which the
value 100 is assigned.

P - :

I2ISEM of 1/16 inch extrudate catalyst.

The data show that all Catalyst J, K, L and A contain
the aluminum fluoride hydroxide hydrate phase. How-
ever, a single treat with a solution containing HF in
high concentration, i.e., about equal to or in excess of
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about 10 wt % HF in water is needed to produce a
catalyst which contains fluoride as a distinct inner ring,
or shell. This type of treat is needed to create the pre-
cursor containing a high concentration of the required
aluminum fluoride hydroxide hydrate phase. As shown
in Table II, catalysts A and L contain a distinct inner
ring, or shell within which the aluminum fluoride hy-
droxide hydrate phase is concentrated. Catalyst K, it
will be observed, contained a high fluoride level but a
distinct inner ring of relatively high fluoride concentra-
tion was not produced, since this catalyst was made by
treating the alumina with two treats with low concen-
tration HF solutions (5.8 wt. %). The amount of the
required aluminum fluoride hydroxide hydrate phase
was also reduced by this type of treat. Catalyst L, in
contrast to Catalysts J and K, illustrates that high levels
of fluoride can be introduced on the catalyst as a distinct
inner shell, and also create the high level of the alumi-
num fluoride hydroxide hydrate phase required for
optimum catalyst performance.

Having described the invention, what is claimed is:

1. A particulate fluorided Group VIII metal-on-
alumina catalyst having: (2) a Group VIII metal con-
centration ranging from about 0.1 ta about 2 weight
percent; (b) a bulk fluoride concentration ranging from
about 2 to about 10 weight percent, wherein the fluo-
ride concentration is less than about 3.0 weight percent
at the outer surface layer to a depth less than one one
hundredth of an inch, provided the surface fluoride
concentration is less than the bulk fluoride concentra-
tion; (c) an aluminum fluoride hydroxide hydrate level
greater than 60 where an aluminum fluoride hydroxide
hydrate level of 100 corresponds to the X-ray diffrac-
tion peak height at 5.66A for a Reference Standard; and
(d) a N/Al ratio less than about 0.005.

2. The catalyst composition of claim 1 wherein said
Group VIII metal is platinum.

3. The catalyst of claim 2 wherein the aluminum
chloride hydroxide hydrate level is greater than 80.

4. The catalyst of claim 3 wherein the fluoride con-
centration at the surface of the catalyst is less than about
1.0 weight percent.

5. The catalyst of claim 4 wherein the N/Al ratio of
the catalyst is less than 0.002.

6. The catalyst of claim 5 wherein the fluoride con-
centration ranges from about 5 to about & percent, based
on the total weight of the catalyst composition.

7. The catalyst of claim 2 wherein the aluminum
fluoride hydroxide hydrate level is at least about 100.

8. The catalyst of claim 6 wherein the aluminum
fluoride hydroxide level is at least about 100.

9. The catalyst of claim 8 wherein the fluoride con-
centration at the surface of the catalyst is less than about
0.5 weight percent.

10. A process for the preparation of a particulate
fluorided platinum alumina catalyst composition from a
calcined platinum-on-alumina composition containing
from about 0.1 to about 2 weight percent platinum,
based on the total weight of the catalyst composition,
which comprises:

(a) contacting the calcined platinum-on-alumina com-
position with an aqueous HF solution containing
from about 10 percent to about 20 percent hydro-
gen fluoride and having a pH below 3.5 to distrib-
ute fluoride within the interior of the alumina com-
ponent and to produce a fluorided platinum alu-
mina catalyst composition containing from about 2
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to about 10 percent fluoride, based on the total
weight on the catalyst composition, wherein a dis-
tinct inner ring of fluoride is formed;

(b) drying the fluorided platinum alumina catalyst
composition at a temperature not in excess of 650°
F,, and

(c) recovering a catalyst composition having an alu-
minum fluoride hydroxide hydrate level greater
than 60, a fluoride concentration less than about 3.0
weight percent at the outer surface to a depth less
than one one hundredth of an inch, and a N/Al
ratio less than about 0.005.
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11. The process of claim 10 wherein the fluorided
platinum alumina catalyst composition is dried at a
temperature not exceeding about 500° F.

12. The process of claim 11 wherein the recovered
catalyst has an aluminum fluoride hydroxide hydrate
level greater than 80.

13. The process of claim 12 wherein the fluorided
platinum alumina catalyst composition is dried at a
temperature not exceeding about 300° F.

14. The process of claim 13 wherein the recovered
catalyst has an aluminum fluoride hydroxide hydrate

level of at least about 100.
* * * % *



