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- This invention relates to a reforming process 
and to the manufacture of catalysts for use 
therein. 
The term “reforming' is well known in the pe 

troleum industry and refers to the treatment of 
gasoline fractions to improve the anti-knock 
characteristics thereof. The gasoline fraction 
may be a full boiling range gasoline having an 
initial boiling point within the range of from 
about 50 to about 100 F. and an end boiling 
point within the range of from about 350° to 
about 425 F., or it may be a selected fraction 
thereof which usually will be a higher boiling 
fraction, commonly referred to as naphtha, and 
generally Will have an initial boiling point of from 
about 150° to about 250 F. and an end boiling 
point Within the range of from about 350° to 
about 425 F. 
The present invention is particularly applicable 

to the reforming of straight run gasolines which 
contain naphthenic hydrocarbons, particularly 
Cyclohexane compounds, and paraffinic hydro 
Carbons which usually are of straight chain or 
slightly branched chainstructure, as well as 
Varying proportions of aromatic hydrocarbons. 
In Order to obtain best results in reforming op 
erations, it is desired to dehydrogenate the 
naphthenic hydrocarbons to produce aromatics, 
to cyclisize the straight chain parafiinic hydro 
carbons to form aromatics, as well as to effect a 
controlled type of cracking which is selective both 
in quality and quantity. In addition, various 
other concomitant reactions occur such as iso 
merization, hydrogen transfer, etc. a. 
The cracking or splitting of carbon to carbon 

bonds is one of the important factors in a suc 
cessful reforning process. Controlled or selective 
Cracking is highly desirable since such cracking 
will result in a product of improved anti-knock 
characteristics. In general, the lower molecular 
Weight products have higher octane numbers, 
and thus a final gasoline product of lower aver 
age molecular weight will usually have a higher 
Octane rating. Furthermore, during the crack 
ing reaction, isomerization or other molecular 
rearrangement occurs which also results in prod 
lucts having higher anti-knock characteristics. 
The selective cracking is also of particular ad 
Wantage When the charging stock contains com 
ponents boiling above about 400° F. in order to 
convert these components to fractions boiling 
below about 400 F. It is thus seen that the 
Selective cracking results not only in an improved 
quality product but also in an increase in quantity 
of the desired products. 
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However, the cracking must be selective and 

must not result in the decomposition of the nor 
mally liquid hydrocarbons substantially Or Com 
pletely into normally gaseous hydrocarbons. The 
desired selective cracking generally comprises 
the splitting of a higher boiling hydrocarbon 
molecule into two molecules both of Which are 
normally liquid hydrocarbons. To a lesser ex 
tent it comprises the removal of methyl, ethyl 
and, to a still lesser extent, propyl groups, in 
the form of methane, ethane and propane. How 
ever, the removal of these radicals is controlled 
so that not more than one or possibly two of 
such radicals are removed from a given mole 
cule. For example, decane may be reduced to 
two pentane molecules, heptane to hexane, 
nonane to octane or heptane, etc. On the other 
hand, uncontrolled or non-selective cracking will 
result in the decomposition of normally liquid 
hydrocarbons into normally gaseous hydrocar 
bons as, for example, by the continued demethyl 
ation of normal heptane to produce 7 molecules 
of methane. . . . 
Another important objection to non-selective 

or uncontrolled cracking is that this type of 
cracking will result in the more rapid formation 
of larger quantities of coke or carbonaceous na 
terial which deposits on the catalyst and de 
creases or destroys its activity to catalyze the 
desired reactions. This in turn results in shorter 
processing cycles or periods, with the necessity of 
more frequent regeneration of the catalyst by 
burning the carbonaceous products therefron Or, 
should the catalyst activity be destroyed, it will 
be necessary to shut down the unit to remove the 
old catalyst and replace it with new catalyst. 
Another important feature in successful re 

forming processes is the matter of hydrogen 
production and consumption. Investigation has 
shown that the presence of hydrogen in the re 
forming zone further tends to decrease the 
amount of carbonaceous deposit on the catalyst. 
Reforming processes effected in the presence of 
hydrogen are known as “hydroforming.”. In 
View of the fact that the COSt Of hydrogen is quite 
high, it is essential that there be no net con 
Sumption of hydrogen or, in other words, at least 
as much hydrogen must be produced in the 
process as is consumed therein. 

In One embodiment the present invention re 
lates to a process for reforming a gasoline frac 
tion which comprises subjecting said fraction to 
contact at reforming conditions with a cata 
lyst prepared by combining a halogen with 
alumina, in an amount of from about 0.1 to about 
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8% by Weight of said akunina on a dry basis, 
commingling thereWith a platinum compound 
annonium hydroxide solution in an amount to 
form a final catalyst containing from about 
0.01% to about 1% by weight of platinum. 

In a Specific embodiment the present invention 
relates to a process for reforming a straight run 
gasoline fraction which comprises subjecting said 
gasoline fraction to contact at a temperature of 
from about 600 to about 1000 F., a pressure of 
from about 50 to about 1000 pounds per square 

10 
inch and a weight hourly space velocity of from . . 
about 0.5 to about 10 in the presence of a catalyst 
as herein set forth. 
In another Specific embodiment the present in 

vention relates to a method of manufacturing a 
catalyst which comprises combining a halogen 
With alumina, in an amount of from about 0.1 
to about 8% by Weight of said alumina on a dry 
basis, commingling therewith a platinum com 
pound-annonium hydroxide solution in an 
amount to form a final catalyst containing from 
about 0.01 to about 1% by Weight of platinum, 
and heating the composite in air at a temperature 
of from about 500 to about 1000°F. 
The use of platinum as a catalyst for conver 

Sion processes has been of limited commercial 
acceptance because of the high cost of the cat 
alyst. The present invention is based on the 
discovery that exceptionally good catalysts may 
be prepared to contain very low concentrations 
of platinum. While these catalysts may contain 
larger concentrations of platinum, which may 
range up to about 10% by weight or more of the 
alumina, it has been found that exceptionally 
good catalysts may be prepared to contain as low 
as from about 0.01% to about 1% by weight of 
platinum. Catalysts of these low platinum con 
centrations are particularly preferred in the 
present invention because of the considerably 
lower cost of the catalyst. It is well known that 
platinum is very expensive and any satisfactory 
method of reducing the amount of platinum con 
siderably reduces the cost of the catalyst and 
thus enhances the attractiveness of the catalyst 
for use in commercial processes. 

However, in order to obtain improved results 
With these low platinum concentrations, it is 
necessary that a particular type of supporting 
:Component must be composited with the plati 
-num. It has been found that alumina shows un 
expected advantages for use as a supporting com 
ponent for the low platinum concentrations, ap 
parently due to Some peculiar association of the 
alumina. With the platinum, either as a chemi 
cal combination or as a physical association. It 
has been found that the specific combination of 
alumina and low platinum concentration, not 
Only to be a very active catalyst, but also to have 
a long catalyst life; that is, the catalyst retains to 
its high activity for long periods of service. After 
these long periods of service, the catalyst may 
show a drop in activity and it has further been 
found that the particular combination of alumina, 
and platinum renders the catalyst susceptible to 
ready regeneration. 
AS another eSSential feature of the present 

invention, impregnation of the alumina must be 
effected in the presence of ammonium hydroxide. 
A particularly Suitable method of impregnation 
is by means of a solution of a suitable platinum 
Compound. However, it has been found that, 
unless the impregnation is effected in the pres 
ence of ammonium hydroxide solution, uneven 
distribution of the platinum in or on the alumina 
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particles is obtained. Usually this uneven dis 
tribution comprises surface coating, that is the 
platinum Compound is distributed only on the 
Surface of the particles and not evenly through 
out the maSS. By effecting the impregnation in 
the presence of ammonium hydroxide solution, 
even distribution of the platinum throughout the 
alumina particles is obtained. 
A particularly Satisfactory method of impreg 

nating the alumina, comprises the use of an 
aqueous Solution of chloroplatinic acid. In a pre 
ferred embodiment, the aqueous solution of 
chloroplatinic acid is commingled with an am 
monium hydroxide solution and the mixture is 
added to alumina particles. In another embodi 
ment, the ammonium hydroxide solution may be 
added to the alumina particles and the chloro 
platinic acid solution is thereafter added to the 
mixture. In still another embodiment, the 
chloroplatinic acid solution may be added to the 
alumina particles and the ammonium hydroxide 
Solution is thereafter added. In any event, the 
mixture is allowed to stand, preferably with or 
after Suitable agitation, so that thorough mixing 
is obtained and even distribution of the platinum 
throughout the alumina particles is effected. 
In its preferred embodiment, the present in 

vention is directed to the use of ammonium hy 
droxide solution in order to avoid the formation, 
upon commingling with chloroplatinic acid, of 
annonium chloroplatinate because animonium 
chloroplatinate is insoluble in aqueous solutions 
and will not result in even distribution through 
out the alumina, particles. Thus, an ammonium 
Salt aS, for example, ammonium chloride, can 
not be used in place of ammonium hydroxide be 
cause upon commingling of ammonium chloride 
with chloroplatinic acid a precipitate of an 
monium chloroplatinate is obtained. Even upon 
heating or upon the addition of ammonium hy. 
droxide, the precipitate will not be redissolved 
to form a clear Solution. However, in Some cases, 
both the addition of ammonium hydroxide and 
heating will redissolve the precipitate to form a 
clear Solution and, in Such cases, the use of am 
monium chloride may be employed in conjunc 
tion with both ammonium hydroxide and heat 
ing. 
With proper selection of the chloroplatinic 

acid Solution and of ammonium hydroxide solu 
tion, conmingling of these solutions will not 
form a precipitate and, therefore, will not form 
ammonium chloroplatinate. Applicant is not 
certain as to the exact chemical formula of the 
compound formed but it is believed to be 
IPt(NH3)2Cl2]Cl2. In any event it is apparent 
that the clear solution formed upon the mixing 
of ammonium hydroxide with chloroplatinic acid 
Solution is different than the ammonium chloro 
platinate precipitate formed upon the addition 
of ammonium chloride to chloroplatinic acid so 
lution. If ammonium chloroplatinate solution 
is formed, as hereinbefore set forth, or due to 
the use of a too highly concentrated solution of 
chloroplatinic acid, the ammonium chloroplatin 
ate Solution may be redissolved to form the 
clear Solution which is no longer ammonium 
chloroplatinate and apparently is the compound 
hereinbefore set forth. The difference between 
the two compounds is further evidenced by the 
fact that the addition of carbonate ions as, by 
the addition of sodium carbonate, will not form 
a precipitate in the case of the mixture of am 
monium chloride with chloroplatinic acid upon 
heating, but will form a precipitate in the case 
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of the solution of ammonium hydroxide With 
chloroplatinic acid upon heating. 
... To further improve these catalysts, it is an 
essential feature of the present invention that 
the final catalyst contains halogen ions in a Spe 
cific concentration. It has been found, and Will 
be shown in the following examples, that the 
presence of halogen ions within a specific range 
effects a considerable improvement in the cata 
lyst. It is believed that the halogen enters into 
some chemical combination or loose complex with 
the alumina and/or platinum, and thereby serves 
to improve the final catalyst. 
While any of the halogen ions will serve to 

effect improved results, fluoride ions are particu 
larly preferred. Next in order are the chloride 
ions, while the bromide and iodide ions are gen 
erally less preferred. It is understood that, while 
all of these halogens will serve to effect an im 
provement, they are not necessarily equivalent. 

: In still another essential feature of the present 
invention the final composite of alumina plati 
num compound and combined halogen is calcined 
in the presence of an oxygen-containing gas, par 
ticularly air, at a temperature of from about 500 
to about 1000 F. for a period of 2 to 12 hours 
or more. As will be shown in the following ex 
amples, calcination in the presence of air results 
in a final gasoline product of higher octane num 
ber than is obtained. When the catalyst only is 
calcined in the presence of a reducing atmos 
phere. In still another embodiment of the in 
vention, the final composite may be reduced in 
the presence of hydrogen and then calcined in 
the presence of air, both the reduction and calci 
nation being effected at temperatures within the 
range of from about 500 to about 1000 F. 
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: In a preferred embodiment of the invention, 
the alumina is formed into particles of uniform 
size and shape prior to impregnation with the 
platinum compound. As another particular fea 
ture of this embodiment, the alumina particles 
of uniform size and shape are Subjected to cal 
cination at a temperature above 1000F. and 
preferably within the range of from about 1000 
to about 1400°F. for a period of 1 to 8 hours or 
more. The temperature and time of heating are 
correlated; that is, shorter times are employed 
with higher temperatures and longer times are 
employed with lower temperatures. On the other 
hand, the final composite containing platinum 
compound must not be heated at a temperature 
above 1000 F. and preferably is calcined in air 
at a temperature of from about 500 to about 
1000F. for a period of 2 to 12 hours or more as 
hereinbefore set forth. ; : . . . . - 
The catalyst of the present invention may be 

prepared in any suitable.manner. . A particularly 
preferred method is to prepare alumina by add 
ing a Suitable reagent, Such as annonium hy 
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droxide, ammonium carbonate, etc. to a salt of . 
aluminum Such as aluminum chloride, aluminum 
nitrate, aluminum acetate, etc. in an amount to . 
form aluminum hydroxide which, upon drying is 
converted to alumina and, in the interest of sim 
plicity, the aluminum hydroxide is referred to as 
aluinina in the present specification and claims 
in order that the percentages are based on the 
alumina free of combined water. It has been 
found that aluminum chloride is generally pre 
ferred as the aluminum salt, not only for con 
Venience in Subsequent Washing and filtering pro 
cedures, but also because it appears to give best 
results. . . . ' 

After the alumina has been formed, it is 75 

6 
generally washed to remove soluble impurities. 
Usual washing procedures comprise Washing with 
water, either in combination with filtration or 
as separate steps... It has been found that filtra 
tion of the alumina is improved when the wash 
Water includes a Small amount of ammonium hy 
droxide. The severity of Washing will depend 
upon the particular ninethod employed in pre 
paring the catalyst. In one embodiment of the 
invention, the alumina is thoroughly washed 
With a Suitable amount of Water and preferably 
Water containing ammonium hydroxide to reduce 
the chlorine content of the alumina, to below 
about 0.1%. In another embodiment of the in 
vention this washing may be selective to retain 
chloride ions in an amount of from about 0.2% 
to about 8% by weight of the alumina on a dry 
basis. In accordance with this method of pre 
paring the catalyst, the chloride ions are obtained 
from the original aluminum chloride and are re 
tained in the alumina, thus avoiding the neces 
sity of adding the halogen ions in a later step of 
catalyst preparation. However, it generally is 
difficult to control the washing procedure to re 
tain the desired amount of halogen ion and, for 
this reason, it usually is preferred to wash the 
alumina to remove ... substantially all of the 
chlorine ions and thereafter add the halogen 
ions in a controlled amount. The addition of the 
halogen ions in this manner permits better con 
trol of the amount of halogen being added. . In 
another embodiment of the invention, the wash 
ing, may be selective to retain the chloride ions in 
an amount constituting a portion of the total 
halogen desired, and the remaining portion of 
the halogen is then added in a subsequent step. 
In this method, the halogen ion-may comprise. 
the same halogen or a mixture of two different 
halogens, as for example, chlorine and fluorine. 
:Alumina prepared in the above manner, after 

Washing and filtration, is generally recovered as 
a Wet cake. In a preferred embodiment of the 
present invention, the halogen is added at this 
stage of the catalyst preparation, the composite 
is dried to reduce the same to a moisture con 
tent of about 30%, which generally requires dry 
ing at a temperature of from about 200° to about 
500F. for a period of about 2 to 24 hours or more, 
and the composite is formed into particles of 
uniform size and shape as by pilling, extrusion 
or other Suitable methods. In another embodi 
ment, the alumina may be formed into particles 
of uniform size and shape and the halogen there 
after added. In still another embodiment the 
halogen and platinum addition may be effected 
prior to forming the composite. into particles of 
uniforn size and shape. 

Regardless of the stage of catalyst prepara 
tion at which the halogen is added, the halogen 
may be incorporated therein in any suitable 
manner. However, the halogen must be added 
in a form which will readily react with the 
alumina in order to obtain the desired results 
and also must not leave undesired deposits in 
the catalyst. A preferred method of adding the 
halogen is in the form of an acid, such as hydro 
gen fluoride, hydrogen chloride, hydrogen bro 
mide and/or hydrogen iodide. Hydrogen fluoride 
is preferably added as an aqueous solution for 
ease in handling and for control of the specific 
amount to be added. Another satisfactory 
Source to be used for adding the halogen is the 
volatile Salts, such as ammonium fluoride, am. 
monium chloride, etc. The ammonium ions will 
be removed during the subsequent heating of the 
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catalyst and, therefore, will not leave undesir 
able deposits in the catalyst. In still another 
method, the halogen may be added as fluorine, 
chlorine, bromine or iodine but, in view of the 
fact that the halogens are normally more diffi 
Cult to handle, it is generally preferable to utilize 
then in the form of a solution for ease in han 
dling. In some cases, the inclusion of certain 
components Will not be harmful but may be bene 
ficial, and in these cases the halogen may be 
added in the form of suitable salts, 
The concentration of halogen ion in the fin 

ished catalyst will be within the range of from 
about 0.1% to about 8% by weight of the alumina, 
On a dry basis. The fluoride ion appears to be 
more active and therefore will be used within 
the range of from about 0.1% to about 3% by 
Weight of the alumina on a dry basis. The chlo 
ride ion will be used within the range of from 
about 0.2% to about 8% and preferably from 
about 0.5% to about 5% by Weight of the alumina, 
On a dry basis. It has been found that halogen 
concentrations below these lower limits do not 
give the desired improvement and, on the other 
hand, concentrations of halogen above the upper 
limits adversely affect the selectivity of the cat 
alyst, thus catalyzing side reactions to an ex 
tent greater than desired. 
As hereinbefore set forth, it is essential that 

the platinum compound be incorporated in the 
alunnina, or alumina-halogen composite in the 
presence of ammonium hydroxide to obtain uni 
form distribution of the platinum throughout 
the Catalyst maSS. In a preferred embodiment 
of the present invention, the alumina, either with 
or Without halogen, is formed into particles of 
uniform size and shape prior to the addition of 
the platinum compound. When the alumina is 
to be formed into particles of uniform size and 
shape by pilling, the wet alumina cake, with or 
without halogen, is dried at a temperature of 
from about 200 to about 500 F. for a period 
of from about 2 to 24 hours or more. The par 
tially dried cake is ground and a suitable lubri 
cant is added, such as stearic acid, rosin, hy 
drogenated coconut oil, graphite, etc., after which 
the composite is formed into pills in any suitable 
pelleting machine. Particularly satisfactory par 
ticles comprise cylindrical pills of a size rang 
ing from about s' X is to A' x A' or there- it 
aboutS. Pills of uniform size and shape may also 
beformed by extrusion or other suitable methods. 
As hereinbefore set forth, it is an essential fea 
ture of the preferred embodiment of the present 
invention that the pills, prior to the addition of 
the platinum compound, are calcined at a tem 
perature above 1000F. In some cases, the lubri 
cant will be removed during the high tempera 
ture heating. : In other cases as, for example, 
when graphite is used as the lubricant, the lubri 
cant will not be removed during the heating step. 
In accordance With the invention, the alumi 

na, or alumina-halogen particles are impreg 
nated With a platinum compound-ammonium 
hydroxide Solution in order to obtain even dis 
tribution of the platinum compound through 
out the preformed particles. This has not been 
obtained in the absence of the ammonium hy 
droxide solution as has been clearly demon 
strated by impregnating alumina, pills in the 
presence and absence of annonium hydroxide 
solution. Pills prepared in both of these meth 
ods have been treated with hydrogen sulfide to 
fix the platinum compound as the sulfide which 
is-a dark color. Upon splitting open, it was ob 
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8 
served that the pills impregnated in the pres 
ence of ammonium hydroxide solution were of 
the same color throughout, whereas the pills 
impregnated in the absence of ammonium hy 
droxide were of a dark color on the outside and 
of a light color on the inside. 
A possible explanation of the benefits ob 

tained with the evenly distributed catalyst pills 
is that the platinum molecules are spread 
throughout the pills and therefor are spaced 
further apart and Will not result in the forma 
tion of large crystals of platinum. On the other 
hand, in the Surface coated pills, the platinum 
molecules are Spaced closer together and there 
fore may form large crystals. Another advan 
tage to the even distribution of the platinum 
throughout the catalyst is that the platinum in 
aSSociation with hydrogen tends to reduce car 
bon formation and thus when the platinum is 
distributed evenly throughout the catalyst this 
effect is enhanced. On the other hand, when 
the platinum comprises only surface coating, the 
center of the pill may catalyze carbon formation 
because of not being able to benefit from the 
tendency of the platinum and hydrogen to re 
duce carbon formation. 
Another important advantage to the even dis 

tribution of platinum throughout the catalyst 
from a commercial viewpoint is that a smaller 
Volume of catalyst is required for a given plant 
capacity than in the case of the surface coated 
pills. This reduces the cost of the plant equip 
ment by permitting the use of smaller vessels and 
reduced Supporting structures, as well as lower 
catalyst shipping charges, etc. Still another ad 
Vantage from a commercial viewpoint is, be 
cause of the high cost of platinum, it is advan 
tageous to incorporate the platinum compound 
at the later stages of catalyst preparation in or 
der that platinum will not be lost during subse 
quent handling and treating of the catalyst. 
Thus, it is preferred that as much of the neces 
Sary mixing, Washing, filtering and heating 
steps be done before the platinum compound is 
incorporated. Further, this permits effecting 
the desired high temperature heating of the 
alumina pills at temperatures above 1000 F. 
Without also subjecting the composite contain 
ing platinum to these high temperatures. 
As hereinbefore Set forth, impregnation of the 

alumina particles with the platinum compound 
is effected in the presence of an ammonium hy 
droxide Solution and in a preferred embodiment 
an aqueous Solution of chloroplatinic acid is com 
ningled with annonium hydroxide solution in 
proportions to form a mixed solution having a pH 
Within the range of from about 5 to about 10 and 
preferably within the range of from about 8 to 
about 10. This mixture is then commingled with 
the calcined alumina-halogen pills in the pre 
ferred embodiment of the invention. As herein 
before set forth, in another embodiment of the 
invention, the ammonium hydroxide solution or 
the chloroplatinic acid solution may be added to 
the alumina and the other solution subsequently 
added thereto. 
Regardless of the order of adding the am 

nonium hydroxide and chloroplatinic acid solu 
tions, a particularly advantageous method of 
commingling the solutions with alumina is to soak 
the alumina-halogen pills in an aqueous solution 
of chloroplatinic acid and ammonium hydroxide, 
and then heating the mixture. In this embodi. 
ment of the invention the alumina pills may be 
added to either a hot or cold solution of chloro 
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platinic acid-ammonium hydroxide. In another 
embodiment of the invention, the alumina pills 
are soaked in an aqueous Solution of chloro 
platinic and ammonium hydroxide, and the water 
and residual ammonium hydroxide are removed 
by decantation, filtering or the like. In this en 
bodiment of the invention, the chloroplatinic acid 
solution is preferably utilized as a hot solution. 
After the chloroplatinic acid solution has been 

incorporated in the alumina pills and the water 
and residual ammonium hydroxide removed 
therefrom, the composite is dried at a tempera 
ture of from about 200 to about 500 F. for a 
period of about 2 to 24 hours or more and the 
composite is then calcined in air at a tempera 
ture of from about 500° to 1000°F, but, as herein 
before set forth, shall not exceed 1000 F. In 
still another embodiment of the invention, the 
composite after drying may be reduced in the 
presence of hydrogen at a temperature of from 
about 500 to about 1000 F. and then calcined 
in the presence of air at a temperature of from 
about 500 to about 1000F. . . . . . . . m 
In the embodiment of the invention wherein 

pilling of the catalyst is not effected until after 
the platinum compound has been added thereto, 
the mass is dried at a temperature of about 
200° to 500 E. for 2 to 24 hours or more and 
then calcined at a temperature not to exceed 
1000 F. As hereinbefore set forth, after the 
platinum compound has been incorporated into 
the catalyst the composite should not be heated 
to a temperature in excess of 1000°F. 
Although the catalyst of the present invention 

will have a long life, it may be necessary to 
regenerate the catalyst after long periods of serv 
ice. The regeneration may be effected by treat 
ment with air or other oxygen-containing gas 
to burn carbonaceous deposits therefrom. In 
general, it is preferred to control the regenera 
tion temperature not to exceed 1000°F. and pref 
erably the regeneration is effected at a tem. 
perature within the range of from about 600° 
to about 800°F. 
The reforning process will be effected at a 

temperature Within the range of from about 
600° to about 1000 F., a pressure within the 
range of from about 50 to about 1000 pounds per 
Square inch and at a Weight hourly Space Velocity 
of from about 0.5 to about 10. The weight hourly 
Space Velocity is defined as the Weight of oil per 
hour per weight of catalyst in the reaction zone. 

Hydrocracking reactions are favored at tem 
peratures within the range of from about 600 
to about 700° F. and at pressures within the 
range of from about 500 to about 1000 pounds or 
more. Hydrocracking is defined as cracking or 
splitting of carbon bonds accompanied by satura 
tion of the fragments so formed by hydrogen 
present in the reaction Zone and, in accordance 
with the present invention, the hydrocracking 
will be selective both in quality and in quantity 
as hereinbefore set forth. On the other hand, 
aromatization reactions are favored at tempera 
tures within the range of from about 650° to 
1000°F. and at lower pressures within the range 
of from about 50 pounds to about 400 pounds per 
square inch. It is an essential feature of the 
present invention that the temperature, pressure 
and space Velocity are correlated to produce the 
desired aromatization and selective hydrocrack 
ing. The exact temperature, pressure and Space 
velocity to be used in any given operation will 
depend upon the particular gasoline fraction be 
ing treated and the particular. products desired. 
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In one embodiment of the process, sufficient 

hydrogen will be produced in the reforming reac 
tion to furnish the hydrogen required in the 
process and, therefore, it may be unnecessary 
to either introduce hydrogen from an extraneous 
source or to recycle hydrogen within the process. 
However, it usually will be preferred to introduce 
hydrogen from an extraneous source, generally 
at the beginning of the operation, and to recyclf 
hydrogen within the process in order to he as 
sured of a sufficient hydrogen atmosphere in the 
reaction zone. The hydrogen present in the 
reaction zone will be within the range of from 
about 0.5 to about 10 mols of hydrogen per mol 
of hydrocarbon. In some cases the gas to be 
recycled will contain hydrogen sulfide, intro 
duced with the charge, or liberated from the 
catalyst, and it is within the scope of the present 
invention to treat the hydrogen containing gas 
to remove hydrogen sulfide or other impurities 
before recycling the hydrogen within the process. 
The process of the present invention may be 

effected in any Suitable equipment. A partic 
ularly suitable process comprises the well known 
fixed bed system in which the catalyst is dis 
posed in a reaction 20ne and the hydrocarbons 
to be treated are passed therethrough in either 
upward or downward flow. The products are 
fractionated to separate hydrogen and to recover 
the desired products. As hereinbefore set forth, 
the hydrogen preferably is recycled for further 
use in the process. Other suitable units in which 
the process may be effected include the fluidized 
type process in which the hydrocarbons and 
catalysts are maintained in a state of turbulence 
under hindered settling conditions in a reaction 
Zone, the compact...moving bed type in Which 
the catalyst and hydrocarbons are passed either 
concurrently or countercurrently to each other, 
and the Suspensoid type of Operation in Which 
the catalyst is carried into a reaction zone as a 
slurry in the hydrocarbon oil. 
The following examples are introduced to fur 

ther illustrate the novelty and utility of the pres 
ent invention, but not with the intention of un duly limiting the same. . . 
- . . EXAMPLE I. 

A catalyst was prepared in accordance with the 
present invention by adding ammonium hydrox 
ide to aluminum chloride hexahydrate to form 
aluminum hydrate. The resultant aluminum hy 
drate was washed very thoroughly in order to re 
duce the chloride content to below 0.1% by weight 
on a dry basis. This washing entailed 6 separate. 
washes with large amounts of water containing 
a small amount of ammonium hydroxide and a 
final wash with water, with intervening filtering 
between washes. An aqueous solution of hydro 
gen fluoride was added to the washed alumina in 
an amount of about 0.3% by weight of alumina on 
a dry basis. The alumina-fluorine composite was 
dried at a temperature of about 340° F. for 8-10 
hours in order to reduce the moisture content to 
about 30%; The partially dried alumina was 
ground, Stearotex added as lubricant, and then 
pilled in a Stokespelleting machine to form cylin 
drical pills of 78' x 6'...in size. The pills were: 
then calcined in air at a temperature of about 
932 F., for .6 hours to remove the lubricant and 
then further calcined at a temperature of about 
1200F for 3 hours. Concentrated ammonium hy 
droxide. Solution (30%) was added to a dilute so 
lution of chloroplatinic acid (0.1 grams of chloro 
platinic acid in 10 cc. of water). This solution 
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produced no precipitate but remained a clear yell 
low solution, having a pH of about 9. The alu 
mina pills were Soaked in the chloroplatinic acid 
ammonium hydroxide solution, the quantities be 
ing controlled to form a final catalyst containing 
0.3% by Weight of platinum. The mixture was 
then heated on a steam bath, after which the cat 
alyst was dried at 230 F. for 3 hours and calcined 
in air at 932 F. for 3 hours. 
Another catalyst was prepared in substantially 

the same manner except that the final calcina 
tion in air at 932 F, was omitted and the catalyst 
instead Was reduced in hydrogen at 932 F. for 3 
hourS. 

Still another catalyst was prepared in sub 
Stantially the Same manner but was first reduced 
with hydrogen at 932 F. for 3 hours and then 
calcined in air at 932 F. for 3 hours. 
: These catalysts Were used for the reforming 
of a Mid-Continent straight-run naphtha, hav 
ing a boiling range of from 180° to 400° F., at 
a temperature of about 850 F. a pressure of 500 
pounds per Square inch, a Weight hourly space 
velocity of about 2 and a hydrogen to hydrocarbon 
ratio of 3:1. The results of these runs are 
indicated in the following table. 

Table I 

E. Catalyst 1, Catalyst 2, EE 
Charge Calcined Reduced WE 

a with He cined in 
3. 

Reformate yield, i? 90.6 94.4 90.7 
weight percent of ------...- 90.5 94 3 9.1 
charge. ; S: , S: 

Fi octane number (Re- y W. s search Inlethod). 34.8 { S. : S. 
F2 octane number 77.8 7.8 26.8 
(A. S. T. Vi. motor 34.6 77.7 2.0 76.5 
method). w 77.5 70. 76.5 

Aromatics, weight per- 6.8 4.6 3. : 
cent of charge. V - - -Ai.5 26.6 45.8 

The results reported in the above table con 
prise three Successive 20 hour test runs for each 
catalyst. In this Way, any tendency of the 
catalyst to lose activity or to increase in either 
aromatization or hydrocracking properties is 
observed. m 

It will be noted from the above data that the 
catalyst calcined in air (catalyst 1) produced a 
reformate having a much higher octane number 
than that produced in the catalyst which only 
was reduced in hydrogen (catalyst 2). Particular 
attention is called to the aromatic content of 
the product, which it Will be noted remains Sub 
stantially constant with catalyst 1 but dropped 
from 39.2 to 26.6 with catalyst 2. It also Will 
be noted that following the reduction in hydro 
gen with caicination in air restored part of the 
desirable properties of the catalyst as evidenced 
by catalyst 3. 

EXAMPLE I 

This example illustrates the effect of final cal 
cination temperature. A batch of catalyst was 
prepared to contain 0.3% by Weight of combined 
fluorine and 0.3% by Weight of platinum. The 
catalyst was pilled after the platinum WaS in 
corporated therein. A portion of the pills was 
calcined at 932 F. for 3 hours. Another portion 
of the pills was calcined at 1337 F. for 3 hours. 
These catalysts when used for the reforming 
of a Pennsylvania, straight-run naphtha at a 
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12 
temperature of about 873 F., pressure of 500 
pounds per Square inch, a weight hourly space 
Velocity of about 2 and a hydrogen to hydro 
carbon ation of 3:1 gave the results in Table II. 

Table II 

Catalyst 4, Catalyst 5, 
Calcited Calcined 
at:932 F. at 337 F. 

Stabilized reformate yield, Volume, per 
cent of charge--------------------------- 

Aronatics, weight percent of charge------- 
Percent of material boiling below 212° F. based on total liquid product.-----a 

93.0 
38.9 

3. 

7, 
26.9 

63. 

It will be noted from the data in the above 
table that the catalyst calcined after the plati 
nun was composited therewith at a tempera 
ture of 1337 F. had decreased aromatization and 
increased hydrocracking properties as compared 
to the catalyst calcined at 932 F. This is illus 
trated in the lower yield, the decrease in aro 
natics and in the higher percentage of material 
boiling below 212 F. As set forth in the present 
Specifications, this amount of hydrocracking is 
undesirable because it represents a loss of charg 
ing Stock to lower boiling material and particu 
larly to gaseous products which cannot be used 
in gasoline. 

EXAMPLE I 

Another batch of catalysts was prepared in 
Substantially the same manner as hereinbefore 
Set forth except that the composite of alumina 
and fluorine was divided into two portions. One 
portion was calcined at 932 F. for 3 hours and 
the other portion was calcined at 1337 F. for 3 
hours. Platinum was thereafter composited sep 
arately with the two portions, following which 
the portions were separately dried, pilled and 
calcined at 932 F. for 3 hours. These portions 
Were used in Separate runs to reform a Mid-Con 
tinent straight-run naphtha, under substantially 
the Sane conditions recited in Example II, and 
gave the following results, 

Table III 

Catalyst 6, Catalyst 7, 
Calcined Calcined 
at 932° F. at 1337 F. 

Stabilized reformate yield, Wolume per 
cent of charge--------------------------- 92.5 89, 6 

Aromatics, weight, percent of charge. 4 44.5 
Fi octane number--------------. 83.7 88.8 
F2 Octare number.---------------- 6.6 80. 
Percent of material boiling below 212° F. 
based on total liquid product.---------- 28.2 39.6 

From the data, in the above table, it will be 
noted that calcination of the alumina-fluorine 
composite to a temperature of above 1000° F. 
results in a reformate of higher octane number. 
Although hydrocracking is moderately increased 
by the higher temperature calcination of the 
alumina-fluorine composite, aromatization is not 
decreased, which results in a final reformate 
product of higher octane number and only slightly 
lower yield. 

EXAMPLE IV 

Another batch of catalyst was prepared in sub 
stantially the same manner as hereinbefore set 
forth. After preparation of the alumina-fluorine 
pills, the batch was divided into two portions. 
One portion of the pills was impregnated with 
chloroplatinic acid-ammonium hydroxide solu 
tion and the other portion of the pills was im 
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pregnated with chloroplatinic acid Solution free 
from ammonium hydroxide. After final calcina 
tion at 932° F., hydrogen sulfide was separately 
passed through each of the two portions and the 
catalyst pills were split in half. The pills impreg 
nated in the presence of ammonium hydroxide 
solution were of a uniform grayish color through 
out. The pills impregnated in the absence of 
ammonium hydroxide solution were a grayish 
color on the outside but were of a lighter color 
in the center. This illustrates that the pills 
impregnated with ammonium hydroxide Solution 
contained the platinum evenly distributed 
throughout and that the pills impregnated in 
the absence of ammonium hydroxide Solution re 
Sulted only in surface coating. 

EXAMPLE W 

In order to show the effect of fluoride ions in 
alumina-platinum catalysts, two separate cata 
lysts were prepared, one to contain no fluorine 
and the other to contain, 1.5% fluorine. These 
catalysts were used in separate runs for reforn 
ing a Pennsylvania, straight-run naphtha, hav 
ing an F2 octane number of 41.8, at a tempera 
ture of 874° F., pressure of 500 pounds per square 
inch and a weight hourly space velocity of about 
2. The results are shown in the following table, 

Title IV 

O 

15 

20 

Catalyst 9, 
Catalyst 

containing 
1.5% 

fluorine 

Catalyst 8, 
No fuor 
ite in 

catalyst 

3 5 96.0 
59.8 

Liquid volume yield, percent of charge---- 
F2, octane number------------------------ 

It will be noted that the catalyst containing 
fiuorine yielded a reformate of 19 Octane nun 
bers higher than the catalyst containing no 
fluorine. 

40 

EXAMPLE WI 

This example illustrates the effect of different 
amounts of flourine in the alumina-platinum 
catalysts. These catalysts were prepared to con 
tain i.5%, 3% and 6% fluorine and were used 
for the reforming of the same gasoline described 
in Example V and under the same conditions of 
operation except that the temperature was varied 
as shown in the following table. . . . . 

Table V 

Catalyst 55 
10, 1.5% 
fluorine 

Catalyst 
1, 3% 
fluorine 

Catalyst 
12, 6% 

fluorine 

755 
77.6 ; : 60 

874 

83.2 
78.8 

S24 

85 
77.4 

Reforming temperature, F 
Reformate yield, weight per 
cent of charge--------------- 

F2 octane number...--------- 

It will be noted that the catalyst containing 
1.5% and 3% fluorine gave octane numbers of 
78.8 and 77.4 and yields of 83.2% and 85% re 
spectively, whereas the catalyst containing 6% 
fluorine gave a much lower yield and a lower 
octane number gasoline. 

EXAMPLE VII O 

The effect of chlorine content on the catalyst 
as shown in this example, wherein three different 
catalysts comprising 0.1% platinum on alumina, 
were prepared to contain 0.5%, 1.5% and 3.5% 
chlorine in the final catalyst. These catalysts 75 

65 

were used for the separate reforming of a. 

30 ; 

14 
a. Penn 

Sylvania, straight-run naphtha, having a boiling 
range of from 21.9° to 339°F. and an F2 octane 
number of 41.2. The reforming was effected at 
872 F., 500 pounds and a space velocity of about 
2. The results of these runs are shown in the 
following table. 

Table VI 

Catalyst Catalyst Catalyst 
13,0.5% 14, 1.5% 15, 3.5% 
chlorine chlorine chlorine 

Liquid volume yield, weight 
percent of charge----------- 92.8 89.5 93.4 

F2, octane number----------- 64.2 74.6 76. 

It Will be noted that the catalyst containing 
0.5% chlorine produced a reformate of 64.2 oc 
tane number. Therefore, the chloride content 
of the catalyst preferably is not below about 0.5% 
and certainly not below about 0.2%. Catalysts 
No. 8 and No. 9 containing higher concentra 
tions of chlorine produced higher octane num 
ber products. However, the chlorine content 

5 should not be increased above about 8% and 
preferably not above about 5% because the cat 
alyst will produce excessive hydrocracking and 
result in an eXcess of gas formation. 

EXAMPLE WIII 

In order to show the definite advantage to the 
use of a Small amount of platinum in conjunc 
tion. With alumina, two catalysts were prepared 
in Substantially the same nanner except that 
One catalyst contained 0.1% by weight of plati 
nun composited with alumina, and the other 
Catalyst comprised alumina, but contained no 
platinum. These catalysts were used in the re 
forming of a Pennsylvania straight-run naphtha, 
having a boiling range of from 226 F. to 350°F. 
and an F2 octane number of 41.8, at 872 F., 
500 pounds and weight hourly space velocity of 
about 2. The results of these runs are shown 
in the following table. . . . . . . . . 

Table VII 

C . . . . . .: atalyst y 

iii. E. platini-" " 
alumina, 3. 

Liquid volume yield percent of charge - - - 86 • 99 
F2 octane number------------------------ 80. 50.6 

It Will be noted that the catalyst containing 
no platinum yielded a product of 50.6 octane 
number, whereas the platinum-containing cat 
alyst yielded a product of 80 octane number. 
It is readily apparent that the 0.1% by weight 
of platinum exerts a definite catalytic effect. 

: I claim as my invention: 
1. A method of manufacturing a catalyst whic 

comprises combining a halogen with alumina in 
an amount of from about 0.1 to about 8% by 
Weight of Said alumina, on a dry basis, forming 
the alumina into particles of uniform size and 
shape, calcining said particles at a temperature 
of from about 1000 to about 1400°F, commin 
gling With the calcined particles a platinum con 
pound-ammonium hydroxide solution in an 
amount to form a final catalyst containing from 
about 0.01 to about 1% by weight of platinum, 
and heating the composite at a temperature of 
from about 500 to about 1000°F. 

2. The method of claim 1 further characterized 
in that said halogen comprises fluorine in an 
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amount of from about 0.1 to about 3% by weight 
Of altimina. On a dry basis. 

3. The method of claim 1 further character 
ized in that said halogen comprises chlorine in an 
amount of from about 0.2 to about 8% by weight 
of the aiunina. On a dry basis. 

4. A method of preparing a catalyst which 
comprises precipitating alumina, from aluminurn 
chloride, washing to remove chloride ions to below 
about 0.1% by weight of said alumina, combin 
ing fluorine with the alumina in an amount of 
from about 0.1 to about 3% by weight of Said 
alumina, forming the composite into particles of 
uniform size and shape, calcining the particles 
at a temperature of from about 1000 to about 
1400°F, comminging With the calcined particles 
a platinum compound-annonium hydroxide S0 
lution in an amount to form a final catalyst con 
taining from about 0.01% to about 1% by Weight 
of platinum, and heating the composite at a tem 
perature of from about 500° to about 1000 F. 

5. A method of manufacturing a catalyst which 
comprises precipitating alumina, from aluminum 
chloride, washing to remove chloride ions to below 
about 0.1% by weight of said alumina, adding a 
dilute aqueous solution of hydrogen fluoride to 
said alumina in an amount to form a final cat 
alyst containing from about 0.1 to about 3% by 
weight of fluorine based on said alumina, pellet 
ing the composite to form pills of uniform size 
and shape, calcining the pills at a temperature 
of from about 1000 to about 1400 F., commin 
gling with said pills a platinum, compound-am 
monium hydroxide Solution having a pH of from 
about 5 to about 10 in an amount to form a final 
catalyst containing from about 0.01 to about 1% 
by weight of platinum, and calcining the final 
composite in air at a temperature of from about 
500° to about 1000 F. 

6. The method of claim 5 further characterized 

0 

5 

30 

40 in that said platinum compound-annonium hy 
droxide solution is commingled with the alumina 
fluorine pills by soaking the latter in the former 
and thereafter heating the same. 

7. A method of manufacturing a catalyst which 
comprises precipitating alumina, from aluminum 
chloride, washing to remove chloride ions to below 
about 0.1% by Weight of Said alumina, pelleting 

45 

the alumina, to. form pills of uniform size and 
shape, calcining the pills at a temperature of 
from about 1000 to about 1400°F., adding a di 
lute aqueous, solution of hydrogen fluoride to said 
pills in an amount to. form a final catalyst con 
taining from about 0.1 to about 3% by weight of 
fluorine based on said alumina, commingling with 
the calcined pills a platinum compound-ammo 
nium hydroxide. Solution having a pH of from 
about 5 to about 10 in an amount to form a final 
catalyst containing from about 0.01 to about 1% 
by weight of platinum, and calcining the com 
posite in air at a temperature of from about 500 
to about 1000°F. 

8. A method of preparing a catalyst which 
comprises precipitating alumina, from aluminum 
chloride, Washing. With water containing ammo 
nium hydroxide to remove chloride ions to below 
about 0.1% by weight of said alumina, adding a 
dilute aqueous solution of hydrogen fluoride to 
said alumina in an amount to form a final cat 
alyst containing from about 0.1% to about 3% 
by weight of fluorine based on said alumina, dry 
ing the composite to a moisture content of about 
30%, grinding the mass, and adding a lubricant, 
pelleting to form cylindrical pills, calcining at a 
temperature of from about 1000 to about 1400° 
F., commingling with the calcined pills a plati 

55 

60 

16 
num compound-ammonium hydroxide Solution 
having a pH of from about. 5 to about 9. in an 
amount to form a final catalyst containing, from 
about 0.01% to about 1% by weight of platinum 
by soaking the alumina pills in Said platinum 
compound-ammonium hydroxide Solution, theire 
after heating to evaporate water and residual am 
monium hydroxide, and finally calcining the com 
posite in air at a temperature of from about 500 
to about,000 F. 

9. The method of claim 8 further character 
ized in that said composite is reduced in the preS 
ence of hydrogen at a temperature of from about 
500° to about 1000 F. prior to said calcining 
in ail. 

10. A process for reforming a gasoline fraction 
which comprises subjecting said fraction to con 
tact at reforming conditions with a catalyst pre 
pared by combining a halogen with alumina in 
an amount of from about 0.1 to about 8% by 
weight of said alumina on a dry basis, forming 
the alumina into particles of uniform Size and 
shape, calcining said particles at a temperature 
of from about 1000 to about 1400. F., commin 
gling with the calcined particles a platinum Com 
pound-amnonium hydroxide Solution in an 
amount to form a final catalyst containing from 
about 0.01 to about 1% by weight of platinum 
and heating the composite at a temperature of 
from about 500 to about 1000 F. 

11. A process for reforming a saturated gaSO 
line fraction which comprises subjecting said 
fraction to contact at reforming conditions with 
a catalyst prepared by precipitating alumina 
from aluminum chloride, Washing to remove 
chloride ions to below about 0.1% by weight of 
said alumina, combining fluorine with the alu 
mina in an amount of from about 0.1% to about 
8% by weight of Said alumina, on a dry basis, 
forming the alumina into particles of uniform 
size and shape, calcining said particles at a tem 
perature of from about 1000 to about 400 F., 
commingling with the calcined particles a plati 
num compound-ammonium hydroxide Solution in 
an amount to form a final catalyst containing 
from about 0.01 to about 1% by weight of plati 
num, and heating the composite in air at a tem 
perature of from about 500 to about 1000 F. 

12..A. process for reforming a straight-run gas 
oline which comprises subjecting said fraction to 
contact at a temperature of from about 500 to 
about 1000 F., a pressure of from about 50 to 
about 1000 pounds per square inch and a weight 
hourly Space velocity of from about 0.5 to about 
10, in the presence of from about 0.5 to about 10 
mols of hydrogen per mol of hydrocarbon, with 
a. catalyst prepared by precipitating alumina, 
from aluminum chloride, Washing to remove chlo 
ride ions to below about 0.1% by Weight of Said 
alumina, combining, fluorine with the alumina 
in an amount of from about 0.1% to about 3% 
by Weight of said alumina on a dry basis, form 
ing the composite into particles of uniform size 
arld. Shape, calcining. the particles at a tempera 
ture of from about 1000 to about 1400° F., com 
mingling therewith a platinum compound-am 
monium hydroxide solution in an amount to 
form a final catalyst containing from about 0.01 
to about 1% by Weight of platinum and heating 
the composite in air at a temperature of from 
about 500 to about 1000°F. 

- 13. In the manufacture of a platinum-alumina 
catalyst wherein a halogan is combined with 
alumina in an amount of from about 0.1 to about 

75 8% by weight of the alumina on a dry basis and 
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the alumina is impregnated with a platinum 
containing solution in an amount to form a final 
catalyst containing from about 0.01 to about 1% 
by weight of platinum, the method which com 
prises forming the halogen-containing alumina 
into particles of uniform size and shape, calcin 
ing said particles at a temperature of from about 
1000 to about 1400° F., impregnating the cal 
cined particles with a Solution of a platinum 
compound in the presence of ammonium hydrox 
ide, and heating the thus impregnated particles 
at a temperature of from about 500 to about 
000° E. - 
14. In the manufacture of a catalyst compris 

ing platinum, alumina, and a combined halogen 
in an amount of from about 0.1 to about 8% by 
weight of the alumina on a dry basis, wherein 
the alumina is impregnated with a platinum-con 
taining solution in an amount to form a final 
catalyst containing from 0.01% to 1% by weight 
of platinum, the method which comprises form 
ing the alumina, into particles of uniform size and 
shape, calcining said particles, impregnating the 
calcined particles with a Solution of a platinum 
compound in the presence of ammonium hydrox 
ide, and calcining the thus impregnated particles 
at a temperature not substantially in excess of 
about 1000' E. 

15. A method of manufacturing a catalyst 
which comprises combining a halogen with alu 
mina in an amount of from about 0.1 to about 8% 
by Weight of the alumina, on a dry basis, forming 
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the alumina into particles of uniform size and 
shape, calcining said particles, impregnating the 
calcined particles in the presence of ammonium 
hydroxide with a solution of a platinum com 
pound in an amount to form a final catalyst con 
taining from about 0.01 to about 1% by weight 
of platinum, and heating the Composite at a ten 
perature of from about 500 to about 1000 E. 
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