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This invention relates to the catalytic hydroisomeriza 
tion of isomerizable hydrocarbons having 4 to 7 carbon 
atoms per molecule. It is more specifically concerned 
with an improved method of preparation of a highly 
active catalyst for improving the octane rating of petro 
leum hydrocarbon feed stocks consisting, predominately 
of normal hexane and/or normal pentane hydrocarbons. 

According to this invention, it has been found that the 
hydroisomerization of hydrocarbon feed stocks consisting 
predominately of isomerizable aliphatic and alicyclic hy 
drocarbons having 4 to 7 carbon atoms per molecule can 
be efficiently carried out by processing the feed stocks at 
a temperature within the range of about 600 to 800 F., 
a pressure within the range of 100 to 1000 p.s.i.g., and a 
hydrogen/hydrocarbon mol ratio within the range of 
about 0.5 to 5 in the presence of a composite catalyst 
consisting essentially of a palladium-promoted, Silica 
alumina composite which has been activated in a manner 
to be described more fully hereinafter. 

In integrated petroleum refining operations for the pro 
duction of high-octane-number gasolines, in order to ob 
tain maximum effectiveness, one of the unit processes 
selected must be for the processing of feed stocks consist 
ing predominately of the lower-molecular-weight, normal 
ly liquid, aliphatic and alicyclic hydrocarbons containing 
4 to 7 carbon atoms per molecule. Substantial quantities 
of these food stocks are available to warrant, the separate 
processing of these materials. Although octane number 
improvement can be obtained by treating these feed stocks 
in a dehydrogenation process to produce olefins, it is more 
desirable from an octane-yield relationship to utilize 
isomerization processes for effecting the octane number 
improvement in these compositions. Furthermore, the 
isomerization product has an increased motor octane num 
ber and improved road performance, and is a stable prod 
uct which augments the stability of the blended, finished 
gasoline. 

Because of the importance of isomerization as a unit 
process in an integrated refining scheme for the produc 
tion of high-octane-number gasolines, a number of com 
mercial isomerization processes have been developed 
which utilize solid catalysts. The use of such catalysts 
eliminates plant corrosion problems and the accompany 
ing high maintenance cost which are attendant upon the 
use of catalysts of the Friedel-Crafts type. Platinum 
promoted catalyst composites such as platinum-halogen 
alumina, platinum-silica-alumina, etc., which have been 
effectively employed in hydroforming operations, have 
also been utilized in isomerization processes. These cata 
lysts, however, require high operating temperatures 
which are disadvantageous because isomerization is an 
equilibrium reaction, the efficiency of which decreases with 
an increase in the processing temperature. As a result, at 
the high temperatures employed, the equilibrium product 
contains substantial quantities of low-octane number 
paraffins which were not isomerized during the course of 
the reaction. In addition, it has been reported that as the 
equilibrium conversion is approached, the gas loss in 
creases very sharply. Further disadvantages resulting 
from the use of high-temperature processing conditions 
are higher fuel cost for carrying-out the reaction, and 
added expense for fabricating process vessels to with 
stand the combination of high pressures and high tem 
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2 
peratures required for this type of isomerization. A non 
platinum-containing noble metal catalyst, however, has 
been found which permits the isomerization reaction to be 
carried out at lower operating temperatures and thus 
avoids the disadvantages accompanying high-temperature 
isomerization using platinum catalysts. 

It is therefore the primary objective of this invention 
to provide a hydroisomerization process for the isomeriza 
tion of hydrocarbon feed stocks consisting predominately 
of low-molecular-weight isomerizable, saturated hydro 
carbons having 4 to 7 carbon atoms per molecule at tem 
peratures not higher than about 800 F. in the substantial 
absence of hydrocracking. 

It is another object of this invention to provide a low 
temperature, highly selective, hydroisomerization process 
for improving the octane number of petroleum-derived 
feed stocks consisting essentially of C5-C8, normal paraf 
finic hydrocarbons. 

It is an additional object of this invention to carry out 
the hydroisomerization process employing a solid, non 
corrosive catalyst utilizing relatively low temperatures not 
higher than about 800 F. which permit the substantial 
production of branched-chain isomerization products 
with a minimum loss to gaseous products due to hydro 
cracking, consisting of butanes and lower-molecular 
weight hydrocarbons. 

It is a further object to provide an improved method of 
activation of an isomerization catalyst which produces a 
more active catalyst. 
A still further object of this invention is to provide a 

process of catalyst activation in which a palladium on 
silica-alumina catalyst is activated by reduction with 
hydrogen at a temperature of about 750 F. whereby the 
catalyst is substantially more active in isomerizing hydro 
carbons. 

These and other objects will become more apparent 
from the following detailed description of this invention. 

Figures 1 and 2 are illustrative processing schemes em 
ploying the process of this invention. 

It has been found that catalysts consisting essentially 
of small amounts of palladium incorporated in a silica 
alumina cracking catalyst, containing not less than about 
50% by weight of silica, exhibit high activity and selec 
tivity for the isomerization of saturated, aliphatic and 
alicyclic, isomerizable hydrocarbons having 4 to 7 carbon 
atoms per molecule. These catalysts will operate effi 
ciently at reaction temperatures not exceeding about 800° 
F. However, these catalysts function at highest activity 
only when activated by reduction with hydrogen at mod 
erately high temperatures, as will be described more fully 
hereinafter. In carrying out the process of this invention, 
a composite catalyst containing 0.01-1.0% by weight of 
palladium, based on total catalyst composition, incorpo 
rated in a silica-alumina hydrocarbon cracking catalyst 
containing more than 50% by weight of silica, based on 
said cracking catalyst, is employed to carry out the hydro 
isomerization of aliphatic and alicyclic isomerizable hy 
drocarbons having 4 to 7 carbon atoms per molecule, 
employing the following operating conditions: 

Range Preferred 
Range 

Temperature, F., for: 
n-C4--- 0-800 725-800 
11-C5- 680-775 700-760 
n-Cs- 650-740 675-725 
n-C- 600-725 625-700 
Pressure, p.S.i.g----------- 100-1,000 350-750 

Liquid Hourly Volume Space Velocity 1------ 0.5-10 1-4 
Hafhydrocarbon moratio--------------------- (), 5-5 1.5-4.5 

The liquid volume, not applicable to C, of limiting reactant fed per 
hour per unit volume of effective catalyst bed. 
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In this isomerization process a variety of processing 
Schemes are available. In Figure 1 is shown a simple 
scheme which utilizes a feed preparation and product 
recovery employing a minimum number of process 
towers. A light, straight-run naphtha feed having an 
ASTM boiling range of about 100°-180° F. is introduced 
into deisohexanizer 10 via line 11. The residue consist 
ing essentially of n-hexane and heavier hydrocarbons is 
sent through line 12 to reactor 13 for isomerization. The 
isohexane and lighter hydrocarbons are removed from 
deisohexanizer 10 and transferred by means of line 4 
to depentanizer 15 where the isohexane and heavier 
hydrocarbons are separated and removed from the system 
via line 16 to storage. The overhead from depentanizer 
15, which consists essentially of normal and isopentane, 
is sent to C5-splitter 18 through line 9. Isopentane is 
recovered in the fractionator overhead and sent to stor 
age or transferred to gasoline blending facilities (not 
shown) through line 20, and the residue consisting pre 
dominately of normal pentane is transferred by means 
of line 21 to a point of confluence with line 12 wherein 
it is sent to reactor 13 for processing. The reaction 
effluent is initially treated in stabilizer 22 to separate the 
butane and lighter products. The pentane-and-heavier 
fraction is then processed in deisohexanizer as described 
above. 

Catalysts employed in carrying out the process of this 
invention are initially prepared by conventional techniques 
by incorporating a small amount of palladium in a hydro 
carbon cracking catalyst consisting of a silica-alumina 
composite containing more than 50% silica. The small 
amount of palladium is incorporated in the silica-alumina 
Support by impregnation of the support with a solution 
of a reducible palladium salt, such as the chloride or 
nitrate, or with a solution of mixed palladium salt such 
as ammonium chloropalladite. The preparation of the 
Supported catalyst is generally carried out by wetting the 
support with an aqueous solution of palladium chloride. 
It may be desirable, in the event a palladium composi 
tion which is dissolved only with difficulty in water at 
room temperature is used, to employ an aqueous solution 
of an inorganic acid, such as hydrochloric acid as the 
solvent for the selected palladium impregnant. The nor 
mality of the dilute inorganic acid in which the palladium 
salt is dissolved should be within the range of about 
0.1-4N and preferably within the range of about 0.5-2 
N. The quantity of palladium incorporated in the silica 
alumina support can vary between about 0.01 and 1% 
by weight, based on catalyst composition. It has been 
found that optimum effectiveness is obtained if an amount 
within the range of 0.2 to 0.75 wt. percent is employed. 

Prior to the impregnation of the silica-alumina gel 
Support, it is preferable that this component of the catalyst 
composition, which has generally been dried in the 
preparation at an elevated temperature in the range of 
300-500 F. to remove any re-adsorbed water from the 
Support, be calcined at a temperature within the range of 
about 800-1300 F. for a time sufficient to remove the 
gel water and set the gel structure. When these condi 
tions obtain, the water content of the silica-alumina com 
posite as determined by ignition will be less than about 
1.0%. Small amounts of water, however, are retained 
in order to avoid collapsing the gel structure. In carry 
ing out the calcining step the catalyst is treated, depending 
upon the temperature used, for about 1 to 8 hours. 

After impregnation of the support, the impregnated 
mass is dried at a temperature within the range of 225 
350 F. The "green' catalyst, if in fluid or powdered 
form, may then be pelleted or formed into suitable size. 
Alternately, the catalyst support may be pelleted or ex 
truded into suitable shapes before impregnation. 
The "green' or dried catalyst mass is then activated 

by contacting it with a stream of hydrogen for a time 
sufficient to substantially reduce the palladium component 
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4. 
tion generally can be effected by heating the catalyst 
mass in hydrogen to decompose and reduce the metal 
salt to the metallic form. Reduction temperatures are 
generally in the range of 750-975 F. While the reduc 
tion may be carried out at 975 F. to produce a satisfac 
tory catalyst, we have found that reduction temperatures 
of 750-800 F. are much preferred since the catalyst 
produced by activation at this temperature is much more 
active. In general, 2000 to 5000 s.c.f. of H/bbl. of 
catalyst are used and this phase of the catalyst prepara 
tion is carried out for a period of 2-24 hours. The pre 
ferred method of catalyst preparation and activation is 
shown in a flow diagram in Figure 3. 
Although the preparation of supported palladium 

catalysts employed in the process of this invention is 
generally carried out in accordance with the foregoing 
procedure, other manipulative procedures for incorporat 
ing the desired amount of metallic palladium on the 
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selected silica-alumina catalyst base can be used, includ 
ing successive multiple impregnations and techniques of 
activation wherein a combination of oxidation and reduc 
tion steps are used to provide the desired catalyst. 

In selecting the silica-alumina hydrocarbon cracking 
catalyst for use as support in the preparation of the isom 
erization catalyst employed in the process of this in 
vention, it is necessary that the composition contain not 
less than about 50% by weight of silica. Accordingly, 
this component of the isomerization catalyst composition 
will have a silica content within the range of about 
50-95% by weight, and preferably 75-90%, and an 
alumina content within the range of about 50-5%, and 
preferably 25-10%, and will be composited to evince 
acidic properties and hydrocarbon cracking activity. The 
silica-alumina support can be obtained commercially or 
can be prepared by admixing separately prepared por 
tions of silica gel and alumina gel, or in the alternative, 
by conventional co-precipitation techniques. Suitable 
procedures for the preparation of silica-alumina supports 
may be found in "Catalysis' (Emmett), vol. I, p. 341, 
Reinhold Publishing Co., 1954, and in Industrial and 
Engineering Chemistry, 44, 2860 (1952). It is also pos 
sible to prepare a catalyst which can be employed in the 
instant invention by contacting silica hydrogel with a 
solution of an aluminum salt and a palladium salt of the 
desired concentrations. After drying the mixture, it is 
heated for a sufficient time to effect the decomposition 
of the salts. Thereafter the palladium is reduced to the 
metallic state by treatment with hydrogen at elevated 
temperatures. 
The process of this invention is especially adaptable for 

effecting the isomerization of feed stocks consisting pre 
dominately of normal pentane and/or normal hexane to 
produce an octane improvement by promoting the molec 
ular rearrangement of these hydrocarbons, or mixtures 
containing them, such as light petroleum fractions having 
an ASTM boiling range of 100 F-200 F. 
The invention is further illustrated by the following 

non-limiting and illustrative example of the use of a 
palladium-promoted, silica-alumina composite catalyst in 
the isomerization of low-boiling isomerizable hydrocar 
bons having 4 to 7 carbon atoms. 
A palladium-promoted, silica-alumina catalyst was pre 

pared by impregnating a silica-alumina support having 
the following composition: 
Composition: Weight percent 

Algoa --------------------------------- 24 
Na2O --------------------------------- 0:02 
SO4 -------------------- a - - - - - - - - - - - - - - 0.25 

Fe ------------------------------------ 0.25 
SiO2 ---------------------------------- 75.3 

with an acidified, aqueous solution of palladium chloride. 
The palladium chloride solution was prepared by dis 

of the "green” catalyst to the metallic state. This reduc- 75 solving 6.0 grams of palladium chloride dihydrate in 500 
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Inls, of about 1 normal hydrochloric acid. To prepare 
a catalyst containing 0.6% by weight (based on total 
catalyst composition) of palladium on a silica-alumina 
support consisting norminally of 75% by weight of silica 
and 25% by weight of alumina, 500 grams of the silica 
alumina microspheres were placed in a suitable vessel 
containing 500 mls, of palladium chloride solution. This 
volume of solution represented the average amount neces 
sary to fill the actual pore volume of the silica-alumina 
support employed. If some other silica-alumina is em 
ployed, a volume of solution compatible with the ad 
sorptive capacity of that support should be used. The 
wetted mass was mulled thoroughly to effect distribution 
of the impregnating solution throughout the support. 
The impregnated support was removed from the vessel, 
dried at about 230 F. for sixteen hours, and subse 
quently pelleted into /8 x 1/8 inch pellets. Thereafter, 
the dried mass was activated by heating to 975 F. in 
hydrogen over a period of 5 hours, followed by con 
tinued treatment with hydrogen at 975 F. for 16 hours. 
After purging with N and cooling to 750 F., the catalyst 
was oxidized with air for one hour. Then when cool, 
the catalyst was placed in the reactor and heated to 

O 

5 

20 

6 
after which it was cooled to 700°F. Following this, 
the reactor was pressurized to reaction pressure with 
hydrogen and the hydrocarbon feed stock was charged 
under desired conditions. 
A tabular summary of data obtained employing the 

foregoing catalyst composition, as well as other catalyst 
compositions similarly prepared, is set forth in Table I. 
Also included in Table I are comparative data demon 
strating the superiority of the instant palladium-promoted 
silica-alumina over similar catalysts employing platinum 
as the promoting agent. 
The advantages that are to be obtained from employ 

ing the process of this invention are clearly shown by 
the data presented in Table I. It is seen that while plati 
num-promoted catalysts are effective for the isomerization 
of n-C5 parafiinic, hydrocarbon-containing feed stocks, in 
order to obtain high yields of isomers, temperatures above 
about 825 F. are required, but then the efficiencies are 
lower. In contradistinction, the use of the palladium 
promoted silica-alumina composites in the process of this 
invention unexpectedly produce better selectivities, con 
versions, and resultant yields at much lower temper 
atures. 

TABLE 

Catalyst Composition: 

Run Conditions: 

Promoter, Wt. Percent 1- ... 0.6Pd 0.6 Pd 0.4Pd 0.6 Pt 
Support, Wt. Percent 2- 75 SiO2-25Al2O3 87 SiO2- 87 SiO2- .75 SiO 

13 AlO3 3 Ali03 25Al2O3 

Temp., F------------------------- 737 740 39 740 740 740 739 
Pressure, p.S.i.g - 500 - 700 700 500 500 500 i500 
LVEISV------- 

methylcyclopenta. 
Product, Wt. Percent: 

C4 and lighter--- 
i-Cs---------- 
In 5- - - - - - - - - 
cylopentane 
i-Co---------- 
n-C6----------------- 
methylcyclopentane 
cyclohexane.-------- 

Conversion--- 
Yield.-------- 

36 
8 
2 

98.1 97.1 

1 Based on catalyst composition. 
2 Based on support. 

975 F. in H. Thereafter, the catalyst was treated with 
6-8 s.c.f.h. of hydrogen at 975 F. for 8 to 16 hours, 

Catalyst Composition: 
Promoter, Wt. Percent 1------ 
Support, Wt. Percent?------- 

Run Conditions: 
Temp., F------------------- 
Pressure, p.s.i.g.-- 
LVHSV---------------------- 
Hydrocarbon Inol ratio. --- 

Feed, Wt. Percent: 
Cs--------------------------- 

n-C5--------- 

Conversion 
Yield.------ - 

In Table II there is illustrated another feature of the 
instant invention. 

TABLE II 

Effect of support 

0.4 Pd 0.4Pd 0.4 Pd 0.4Pd 0.2Pd 0.2Pd 
87 SiO- 75 SiO2- 7L SiO2- 65 SiO2- 75 SiO2- 5 SiO 
13 AlO3 25AlO3 24 Al2O3- 35MgO 25 A.O3 95 AlO3 

5ZrO2 

700 700 700 700 700 700 
500 500 500 500 500 500 
3.0 3.0 3.0 3.0 3.0 3.0 
I, 0 , 0. 1.0 1.0 .0 ... O 

13 .3 1.3 1.3 1.3 1.3 
97.0 97.0 97.0 97.0 97.0 '97.0 
i. 6 1.6 1.6 1.6 1.6 16 
0.2 0.2 0.2 0.2 0.2 0.2 

43.6 38.5 23.1 0.3 31, 5 5.2 
42.9 37.3 22.6 0.3 31: is, 8 
98.5 97.0 98.0 5.0 98.7 93,0 Selectivity------------------------ 

1.Based on catalyst composition. 
9 Based on support, 
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From these data it is seen that unless a support con 
sisting essentially of a major portion of silica and a 
minor portion of alumina is employed, the efficiency of 
the palladium-containing catalyst is deleteriously affected. 
It is seen also that the type of acidic support is impor 
tant if high isomerization activity is to be attained. 
Thus, a catalyst composed of palladium on a support 
consisting of a commercial, acidic, silica-magnesia, crack 
ing catalyst showed negligible isomerization activity. 
To obtain maximum efficiency, auxiliary equipment is 

employed for pretreating the feed stock and the hydrogen 
utilized in the isomerization process. In order to insure 
long catalyst life, it is necessary to employ a hydrocar 
bon feed stock which is substantially free from sulfur 
or sulfur-containing compounds. Accordingly, a pre 
treater or “guard case' should be installed in the feed 
line immediately ahead of the reactor to effect the re 
moval of the sulfur compounds from the feed. The 
guard case is at substantially the same total flow and 
operating conditions, except for temperature, employed in 
the isomerization. Preferably, the pretreatment should 
be effected by a catalytic, vapor-phase, desulfurization 
process in the presence of clay, bauxite, cobalt molyb 
date, or other suitable catalysts for effecting the desul 
furization of the feed stock in the presence of hydrogen. 
A variety of desulfurization methods, based upon the 
decomposition of the sulfur compounds at elevated tem 
peratures and in the vapor phase, are briefly described 
by Kalichevsky, Petroleum Refiner, vol. 30 (4) at page 
117, et seq. In addition to sulfur removal, the “guard 
case' serves to remove trace metal contaminants, and 
saturate any olefins which are present. When the guard 
“catalyst,” is saturated with sulfur, i.e., when a signifi 
cant amount of sulfur breaks through into the effluent, 
it is bypassed and prepared for regeneration or removal 
of sulfur by high-temperature oxidation in the presence 
of a steam-carrier gas. The process need not be inter 
rupted or shut-down, provided the sulfur content of the 
feed is less than about 3 p.p.m. This is about the maxi 
mum level normally expected in the raw feed to the 
“guard case” unit. The regeneration of the "guard case' 
is carried out in the same manner as that for hydro 
desulfurization reactors. A small furnace is needed for 
the steam preheat. The final oxidation temperature 
should be about 1000 F. After gross sulfur removal 
is complete, steam and air are removed from the vessel 
by evacuation and/or purging. The unit is then returned 
to normal processing conditions. The operating tem 
perature of the “guard case" can be from about 550 
to 725 F. Employing temperatures substantially higher 
than 725 F. causes excessive hydrocracking. The 
amount of guard catalyst employed will depend upon the 
following factors: (1) the amount of sulfur in the feed 
to this unit, (2) the length of the processing cycle be 
tween regenerations of the guard case, and (3) the total 
flow rate. The amount of sulfur that the guard will 
hold is calculated on the assumption that one atom of 
sulfur is held by one atom of metal. The efficiency fac 
tor to be used with this relation should be in the range 
of 70 to 90%. 

It is also preferred that the hydrogen employed as a 
processing aid in the hydroisomerization process be sub 
stantially free of H2O, O, CO, H2S, and related com 
pounds, including those which react under hydroisomeri 
zation conditions to form the above. Although it is 
preferred that the hydrogen be free of these impurities, 
trace amounts of these substances not in excess of about 
2 parts per million can be tolerated. The hydrogen 
employed can be obtained from conventional sources. 
Commercial isomerization systems, however, will for rea 
sons of convenience and efficiency operate in conjunction 
with conventional hydroforming units. In these in 
stances the hydrogen-rich gas from the hydroformer can 
be employed not only for make-up in the isomerization 
reaction section, but also for putting the unit on stream. 
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Although the small quantities of dry hydrocarbons in 
this hydrogen-rich stream will result in a small loss in 
yield at the same space velocity, if the yield is to be held 
constant, the change can be compensated for by an appro 
priate change in space velocity. 

In the preparation and activation of the catalyst we 
investigated the effect of variations in the temperature 
of the hydrogen reduction step on the isoparaffin yield 
from the activated catalyst. Unexpectedly, we found 
that when the activation of the catalyst by hydrogen 
reduction is carried out at 750-800 F. a much more 
active catalyst is obtained than when the reduction is 
carried out at 975 F. The difference in activity is 
greater for the 75/25 silica-alumina base than for 87/13 
silica-alumina. However, the difference is substantial 
and exists at all proportions of palladium on the cata 
lyst. A number of experiments were carried out using 
75/25 and 87/13 silica-alumina supports with different 
proportions of palladium deposited thereon. The pal 
ladium was deposited in the manner described above in 
the principal example. Some of the catalysts were 
reduced with hydrogen at 975 F. and some reduced at 
750 F. The catalysts thus activated were used in the 
isomerization of n-pentane at 700 F., 500 p.s.i.g., liquid 
weight hourly space velocity of 3.0, and hydrogen/n- 
pentane ratio of 1.0. The isopentane yields from these 
catalysts are compared in Figure 4. Thus, comparing 
a catalyst consisting of 0.12% Pd on 75/25 silica 
alumina it is seen that the catalyst activated by reduction 
at 975 F. produced an isopentane yield of 14% while 
the same catalyst composition activated at 750 F. pro 
duced an isopentane yield of 31%. As shown by the 
curves in Figure 4 this difference holds for higher con 
centrations of palladium and for different support com 
positions. A catalyst consisting of 0.48% Pd on 75/25 
silica-alumina which was activated by reduction of 975 
F. produced an isopentane yield of 33% while the same 
catalyst composition activated at 750 F. produced an 
isopentane yield of 48%. After three regenerations at 
temperatures ranging from 750 to 975 F., the latter 
catalyst showed some decrease in activity, but still pro 
duced a yield of isopentane of 41%, well above the 
33% yield produced with the catalyst initially activated 
at 975 F. Thus it is seen that the method of activation 
of this invention produces a lasting improvement in 
activity. Similarly, a catalyst consisting of 0.48% Pd 

... on 87/13 silica-alumina which was activated at 975 F. 

60 

produced an isopentane yield of 43.1% while the same 
catalyst composition activated at 750 F. produced an 
isopentane yield of 45.7%. 
The operating conditions for the catalyst-reactant Sys 

tems are normally selected so that degeneration or fouling 
does not occur. However, degeneration may develop from 
extremely long process periods or operational upsets. 
Operational upsets involving reactor temperatures in ex 
cess of the design level and/or the loss of hydrogen cir 
culation can cause catalyst fouling. In these cases, a 
simple regeneration in place is accomplished by the 
procedure given subsequently. Operating temperature and 
regeneration temperatures are so low for the refractory 
catalyst that virtually no aging or sintering occurs to cause 
deactivation. No deactivation has been encountered even 
in accelerated aging (during regeneration) tests of 150 
to 200 F. higher temperatures than those recommended. 
The function of the regeneration is the revivification 

of a lower-activity catalyst to one equivalent to its virgin 
activity. Aside from poisons like arsenic, and allowing 
for the gross removal of sulfur in the hydrosulfurization 
system and in the isomerization guard-case, only two 

70 fundamental factors cause temporary activity loss. They 
are coke deposition, encountered only by misoperation or 

- by exhaustive processing, and certain combinations of 
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water-vapor partial pressure in relation to temperature. 
The presence of trace water, in excess of that likely from 
saturated feed streams at roughly 90' F., has no effect 
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during processing conditions. However, high partial pres: 
sures of water vapor, high temperature, and extended 
times at certain combinations of these cause the catalyst 
to become temporarily deactivated. These conditions 
should not be employed in the regeneration cycles. In 
the event difficulties arise, proper definition of procedure 
is needed. A simple regeneration cycle of the type de 
fined herein will completely revive a catalyst which has 
lost activity due to the said problem. To define typical 
instances to be avoided, the following examples are given: 

(1) If treatment gases are dry, which means less than 
about 1 mm. (mercury) partial pressure of water, the 
catalyst can withstand temperatures as high as 975 F. 
for extended times and up to 1000 F. for times less than 
about one hour. 

(2) If the gases in the reactors contain 15 mm. (mer 
cury) partial pressure of water, then the upper limit of 
temperature and time is 975 F. for about one hour. 

(3) A partial pressure of 25 mm. or greater at 975 F. 
or higher cannot be tolerated. 

Another operational situation causes catalyst fouling 
and results in the need for catalyst regeneration. If the 
reactor is depressurized after a processing cycle, it is ad 
visable that the simple regeneration be conducted. Ap 
parently, coke lay-down is unavoidable when the reactor 
is depressurized for any reason. - 

It is emphasized that these conditions which cause diffi 
culty are out of the ordinary, and can be avoided by 
proper design and operation of the reaction section. 
The three functional variables involved in the regenera 

tion are as follows: 
(1) Condition of dryness of the catalyst during all re 

generative treatments.--This is controlled by the water 
partial pressure and temperature within the reactor. The 
water partial pressure within the catalyst bed should be 
as low as practicable and certainly below 15 mm. mercury. 

(2) Oxidation temperature-The safe upper level of 
temperature is 950 F. Below this value and above about 
700 F., the oxidation temperature is not critical, except 
that it should be high enough for substantial coke oxida 
tion. A burning front temperature of about 800-850 
F. and a final treatment with the inlet gas and entire bed 
at about 850 F. are recommended. The time require 
ment is consistent with oxidation completion and manipu 
lations. Normally, the coke laid down will be only about 
0.1 to 1% of the catalyst at the metal content employed 
in the catalyst. The metal will completely oxidize with the 
oxygen partial pressure at any convenient level, e.g., 
1-5% oxygen at 25 p.s.i.g. total pressure. The inert gas 
can be nitrogen, or carbon monoxide-free flue gas. 

(3) Reduction temperature. The safe upper level of 
reduction temperature is 950 F. The recommended re 
duction temperature is about 750-800° F. The reduc 
tion gas can be pure hydrogen or reformer off-gas. The 
water partial pressure during reduction should be below 
about 15 mm. and preferably as dry as practicable. A 
reduction time sufficient to reduce the reducible constitu 
ents of the catalyst components is employed. General 
ly a time of about one hour at these conditions is recom 
mended. It is also suggested that in the initial phase of 
the reduction, when water is liberated from the reduc 
tion of the oxide, the total pressure and the circulation 
gas rate should be such that low water partial pressure 
exists in the catalyst bed at all times. 
Other techniques can be employed in the design of 

the regeneration system. For example, first, reverse flow 
can be used in the reactor for purging, or evacuation, and 
for the initial burn. Since it is desirable to eliminate sul 
fur compounds and water from the gases and the catalyst, 
the dry oxidation-gas flow should be once-through and 
not recycled. The oxidation time and capacity are so low 
that this should be the easiest and best approach. Second, 
if an inert gas generator is employed, this gas should be 
dried in order to avoid possible difficulty from water and 
to afford a means of drying the catalyst by purging. 
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Third, regeneration connections to and around the reac 
tor should include a minimum utilization of piping and 
equipment normally used for the feed and product streams, 
If the recycle gas compressor is to be employed during 
the regeneration, processing tanks, exchangers and proc 
ess piping should be by-passed. 
A catalyst regeneration employed after a long process 

ing cycle, can be carried out as follows: 
(1) After the feed system has been shut down and the 

heat outputs have been decreased, the gas recycle circula 
tion is continued until the feed lines and reactor are es 
sentially purged of wet hydrocarbons at operating tem 
perature and pressure. Gas circulation is then stopped. 

(2) The complete unit is depressurized and the gas 
vented. 

(3) After appropriate valving changes, the isolated re 
actor is dried or purged with dry, inert gas. Evacuation, 
as a method of drying and eliminating combustibles, can 
be substituted for the initial inert gas purge. The cata 
lyst bed temperature is maintained around 750-800° F. 
for the purging step. 

(4) After the purging step and the combustible gas re 
moval have been completed, the oxidation step is com 
menced. When the bed and inlet gas temperatures are in 
the range 750-800° F., air (oxygen) is introduced into 
the carrier gas to a content of about 1 to 5% oxygen. 
The mass rate of oxygen is controlled so that oxidation 
front temperatures do not exceed 850 F. When the 
initial burn is complete, the reactor temperature is lined 
out at about 850 F. in the presence of the oxygen-con 
taining gas for a time consistent with thorough oxida 
tion. At this time and hereafter, the presence of some 
moisture in the regeneration gases is not critical, except 
that water partial pressures should be held below about 
15 mm. 

(5) After the removal of oxygen from the reactor and 
System, the catalyst is reduced with hydrogen or hydro 
gen-rich gas at 750-800° F., at about one atmosphere 
and for a time period of about one hour. This con 
cludes the regeneration cycle and the unit is pressurized, 
hydrogen circulation is established, and the bed tempera 
ture is adjusted to the defined level for processing condi 
tions. 

Referring to Figure 1, reactivation of the catalyst is 
provided for by means of the reactivation system shown 
schematically. Inert purging gas, such as nitrogen from 
line 30, is fed into line 31 through which air is ad 
mitted into the system. Before initiating regeneration, 
the reaction System is thoroughly purged of hydrocarbons. 
Thereafter, the reaction system is depressurized to about 
atmospheric pressure and the system purged with heated 
nitrogen which is passed through line 31 into reactor 
13. The purged gases are removed from the system 
through vent 32. The purging can also be effected by 
evacuating the system by means of steam ejector 33 which 
is connected to the system through line 32. After the 
reactor System has been purged, controlled amounts of 
air are introduced into the flowing nitrogen stream by 
means of air Supply line 31, and the air-nitrogen mixture 
is passed through the reactor to oxidize the activated 
catalyst. This is followed by the reduction step above 
described. Then the reactor is cooled to the desired re 
action temperature, the reaction system is repressured, 
and fresh feed is reintroduced into the reactor. 
From the foregoing description of this invention, it is 

apparent that numerous combinations of reactors and 
fractionators are possible for carrying out the isomeriza 
tion process of this invention for the processing of light 
hydrocarbon feed stocks. For example, an alternative 
processing scheme is shown in Figure 2. The process of 
this invention finds application in combination with other 
conventional, unit-refining processes, such as reforming, 
or with split-stream techniques employing a plurality of 
reactors to separately process feed stocks under isomeriza 
tion conditions selected to obtain maximum efficiency with 
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respect to the feed stock being processed. The various 
feed components can be processed jointly or singly, and 
on a once-through or recycle basis. In applications of 
this nature, the debutanized, light, straight-run gasoline 
is deheptanized, either in existing equipment, such as a 
Catalytic Reformer feed preparation unit, or in new 
equipment. 
C5's, including debutanized C5 reactor effluent, are split 
to produce an isopentane product and a normal-pentane 
reactor feed. The degree of fractionation determines 
the product octane number, since normal pentane is re 
cycled to extinction. 

In the alternative, the C fraction can be employed in 
gasoline blending, or can be isomerized by one of two 
methods. Hexane fractions high in normal hexane con 
tent can be improved considerably by direct single-pass 
isomerization. Further improvement in octane number 
is possible by first splitting the iso- from the normal 
hexane, and then isomerizing the normal hexane fraction. 
Further octane improvement is possible by recycling nor 
mal hexane to extinction. This, however, would require 
an extra fractionation step to prevent an excessive build 
up of methyl cyclopentane in the recycle stream. 
An alternate method for procesing normal pentane and 

the total hexane fraction in a single reactor involves de 
heptanizing a debutanized feed stock. The deheptanized 
feed is deisopentanized, and the resultant stream passed 
through the reaction system. The debutanized reactor 
effluent then is fractionated to produce an isomerized hex 
ane fraction, and a pentane recycle stream which passes 
to the deisopentanizer. In this alternate processing, re 
action conditions are determined by the more reactive 
hexanes, resulting in a lower conversion per pass of 
normal pentane. The greater fractionation cost must be 
balanced by the decreased reactor section costs, since only 
one reaction section is required. In processing mixed feed 
stocks, it is evident that optimum operating conditions 
should be selected depending upon the admixture em 
ployed. These conditions are defined as those which 
allow the catalyst to operate at its highest activity con 
sistent with no decline in activity with processing time, 
and in the substantial absence of hydrocracking. The 
factors which determine the reaction rate for a given 
catalyst-reactant system are: (1) temperature of reaction, 
(2) reactant inlet partial pressure, (3) hydrogen partial 
pressure and (4) the partial pressure of inert diluents. 
For example, Table III defines operating conditions which 
have been determined for several feed stocks. 

TABLE II 

Temp., Total H2/He 
Feed Description c F. Press., Mole LVHSV 

p.S.i.g. Ratio 

80% in-hexane-20% cyclo 
hexane--------------------- 725 645 3.2 2.8 

60% n-pentane-30% n-hex 
ane-10% cyclohexane------ 725 700 2 2 

60% n-pentane-30%, n-hex 
ane-10% cyclohexane di 
luted with 5%h-heptane.-- 725 700 2 2 
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This application is a continuation-in-part of our co 

pending application, Serial No. 691,996, filed October 23, 
1957. 
What is claimed is: 
1. A method of preparing a highly active isomeriza 

tion catalyst which comprises impregnating a precalcined 
silica-alumina support, containing at least 50 wt. percent 
silica, with a sufficient amount of a solution of a reducible 
palladium compound to produce a palladium concen 
tration of 0.01-1.0 wt. percent on the support, drying 
the impregnated catalyst, and activating the catalyst by 
reduction with hydrogen at a temperature of about 750'- 
800 F. 

2. A method according to claim 1 in which the reduc 
ible palladium compound is of the group consisting of 
palladium chloride, palladium nitrate, and ammonium 
chloropalladite. 

3. A method according to claim 2 in which the catalyst 
is reduced with 2000-5000 s.c.f. of hydrogen per barrel 
of catalyst for a period of 2-24 hours. 

4. A method in accordance with claim 2 in which the 
catalyst is formed into pellets after impregnation with 
the palladium compound solution and prior to drying. 

5. A method of preparing a highly active isomerization 
catalyst which comprises calcining a silica-alumina gel, 
containing at least 50 wt. percent silica on a dry weight 
basis, at a temperature of about 800°-1300 F. for a time 
sufficient to remove the gel water and set the gel struc 
ture, impregnating the calcined silica-alumina with a suffi 
cient amount of a solution of a reducible palladium com 
pound to produce a palladium concentration of 0.01-1.0 
wt. percent, drying the impregnated catalyst at 225-350 
F., and activating the catalyst by reduction with hydrogen 
at 750-800° F. 

6. A method in accordance with claim 5 in which the 
catalyst is formed into pellets after impregnation with the 
palladium compound solution and prior to drying. 

7. A method according to claim 5 in which the reduci 
ble palladium compound is of the group consisting of 
palladium chloride, palladium nitrate, and ammonium 
chloropalladite. 

8. A method according to claim 5 in which the catalyst 
is reduced with 2000-5000 s.c.f. of hydrogen per barrel 
of catalyst for a period of 2-24 hours. 

9. A highly active isomerization catalyst produced in 
accordance with the process of claim 5. 
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