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This invention relates to the catalytic isomeri 
Zation of olefinic hydrocarbons and more par 
ticularly to a process for the catalytic isomeriza 
tion of olefin-containing gasoline to increase its 
anti-knock rating. 
The process is particularly applicable to gaSO 

lines ornaphthas containing an appreciable quan 
tity of olefins, such as gasoline obtained by ther 
mal cracking. Thermally cracked gasolines have 
an average octane rating considerably below that 
of the thermodynamic equilibrium value and a 
process tending towards the establishment of this 
equilibrium will be characterized by a consider 
able Octane improvement. 
In catalytic cracking the catalyst tends to pro 

duce some olefin isomerization and hence cata 
i lytically cracked gasolines have already been iso 
merized to some extent and thus do not show the 
improvement in octane number that is shown 
with thermally cracked gasolines when subjected 
to isomerization conditions. In addition, the 
lower the original octane rating of the charge 
the greater will be the increase upon isomeriza 
tion. 
The process of isomerization is particularly ap 

plicable to charge stocks characterized by a high 
olefin content, especially olefins of the non 
branched type. Thermally cracked distillates 
and coke still gasolines are especially adaptable 
to this process, while olefinic polyform stocks, that 
is, gasolines cracked in the presence of light hy 
drocarbon gases, are not so improved by the proc 
ess as the other charge stocks. 

It is desirable to carry out the isomerization re 
action alone while holding other reactions such 
as Cracking, Saturation, aromatization, treating 
and hydrogen transfer to a minimum. In the 
prior art processes of isomerization these other 
reactions have not been sufficiently suppressed. 
The catalysts and conditions described in these 
processes are of such a nature as to bring about 
side reactions. Also, those of the prior art proc 
esses which have been directed to gasolines have 
usually been Concerned with improving the octane 
number from 55-60 to 65-68, while it is most 
desirable to increase thermally cracked stocks al 
ready having an octane number of 65-68 and up 
grading them to 71-72. 
The process of the present invention comprises 

passing the charging stock over a catalyst of alu 
mina impregnated with anhydrous hydrogen 
chloride. The reaction conditions include a tem 
perature range of from 300-800° C. and a space 
velocity of from 0.1 to 20 volumes of hydrocarbon 
per hour per volume of catalyst and pressures 
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from 0 to 200 pounds per square inch. Opti 
mum results are obtained in the preferable range 
of 375-425 C., 0.3-1.3 space velocity and atmos 
pheric pressure. 
The process is characterized by liquid yields 

in excess of 95 per cent and usually 97-99 per 
cent. The reaction is almost entirely one of iso 
merization since there is very little cracking, Sat 
uration, aromatization, treating and hydrogen 
transfer. Octane numbers of thermally cracked 
stocks are increased substantially even with the 
higher octane rating charge stocks. 

Further, the octane ratings of the leaded gaso 
lines are correspondingly increased SO that an 
isomerized leaded sample has a rating several 
units higher than an unisomerized sample con 
taining the same amount of lead. Therefore, the 
process is not merely a substitute for tetraethyl 
lead but permits the reaching, with the stocks 
contemplated, of octane numbers impossible to 
obtain by leading alone. . 
The catalyst of the present invention is alu 

mina which is maintained at a proper degree of 
activation by treating the alumina with anhy 
drous hydrogen chloride. The catalyst may be 
prepared as follows: 800 parts of alumina pellets 
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were dried at 250 C. and after cooling to room 
temperature, anhydrous hydrogen chloride was 
passed through the pellets for two hours. Heat 
was applied and the anhydrous hydrogen chlo 
ride passed through for another hour at which 
time the temperature was allowed to reach 400° C. 
The catalyst was then purged with nitrogen gas 
for about 15 minutes. The catalyst contained 
about 4.0 volumes of hydrogen chloride per vol 
ume of catalyst. . . . 
As the catalyst is used, a deposit of carboria 

ceous material is laid down upon the catalyst 
surface, reducing its activity and necessitating 
periodic burn-offs. Burning-off can be accom 
plished with air, maintaining the burn-off tem 
perature below the sintering temperature of the 
catalyst, about 1100°F. The catalyst will gradu 
ally lose activity if it is not periodically reacti 
vated. Activation is accomplished by passing 1 
to 20 volumes of anhydrous hydrogen chloride per . 
volume of catalyst over the catalyst at room tem 
perature and then gradually raising the tempera 
ture to that of the reaction. After the excess hy 
drogen chloride has been Swept out with an inert 
gas, the nydrocarbon feed is passed Over the cata 
lyst. The physical shape of the alumina appears 
to have little effect upon the catalytic activity, 
equally successful results having been obtained 

55 with % inchpellets and with 8-14 mesh granules. 
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Table summarizes data showing the gradual de 
crease of the catalyst activity when not periodi 
cally reactivated. Runs 1, 2 and 3 show the 
gradual decrease in octane improvement when 
the catalyst is burned off but not reactivated. 
Run 4 shows how the improvement returns to nor 
mal when the spent catalyst is reactivated with 
anhydrous hydrogen chloride. 

Table . 

Run. No 
-- 

A 
1. 2 3 4. 

Throughput, vols. gasolinevol. catalyst.------ 9.2 9.3 9. 29.5 
Cycle No------------------------------------- 2 3. 4 

: Temperature, C- - 400 400 400, 400 
Space velocity, hr. 0.5 0.5 0.5 - 0.5 
Catalyst.------------------------------------- () () () () 
Octane number increase: 

A. S. T. M. motor method, D357-43T-2. 4 2.3.5 2.6 
A. S.T.M. motor method, 1 cc. T. E. I. 4, 23.5.3. 4.0 
A.S.T.M. motor method, -3 cc. T. E. L. 3. 2.8 2.0 2.9 

i Aluniaa-ICl 
Alumina 

The length of the cycle between carbon burn 
offs may be 10-30 volumes of charge per volume 
of catalyst, with very little sacrifice in Octane in 
provement at 15-20 vol/vol. catalyst. 
activation need not accompany each carbon burn 
off. This small carbon deposit indicates very 
little side reaction such as cracking or dehydro 
genation. 
The Se of 

anhydrous hydrogen chloride invariably intro 
duces a quantity of chlorine in the treated distill 
late, which has a detrimental effect upon the lead 
susceptibility of the product. The isomerized 
product should be passed over a substance which 
will remove the chlorine without otherwise af 
fecting the product. Bauxite at 200-500° C. and 
space velocities of 0.1-30 volumes of gasoline per 
hour per volume of bauxite is an effective means 
of removal of chlorine. 
herein are for such dehalogenated products. 

Eacample 1.- The ability of this catalyst to ef 
fect isomerization with the almost complete ex 
clusion of any other side reaction is best shown 
by the treatment of n-Octene-i. Three volumes 

the alumina catalyst activated with 
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2,897,689 
aromatics 9 per cent, paraffins and naphthenes 49. 
per cent, the bromine number was 58, and the 
average molecular weight was 107. 

Eacample 2-Thirteen volumes of gasoline were 
passed over one volume of a inch alumina pellets 
activated with anhydrous hydrogen chloride at 
a temperature of 400 C. and 0.5 vol./vol. hour 
space veiocity. The resulting product was de 
halogenated over bauxite at 280 C. and decolor 
ized over clay at 250 C. The following A.S.T.M...: 
motor method octane numbers were obtained on 
the blended 10 pound Reid vapor pressure gaso 
lines: 

Improves 
ent 

A. S. T. M. Inotor method.------ 67.5 --4.3 
A. S. T. M. notor method--1 cc. 
T. E. L. -------------------------- .743 --4.6 

A. S. T. M. motor method--3 cc. 
T. E.L.-------------------------- 78. : -4.1 

After the run was completed, the catalyst was 
swept free of hydrocarbon gases with nitrogen. 
With the catalyst still at approximately 400° C., 
a slow stream of air was passed through the Cata 
lyst bed. The temperature of the catalyst at the 
air entrance rose to about 560° C. at which tem 
perature the incoming air was shut off. The catas 
lyst was allowed to cool to 500 C. and the process 
repeated. The high temperature regeneration 
Zone worked its way gradually through the cata 
lyst bed. After, this zone had passed completely 
through the catalyst bed, addition of air only 
tended to cool the catalyst and no more carbon 
dioxide could be detected in the effluent gases. 

Reactivation was accomplished by passing one 
to twenty volumes of anhydrous hydrogen chlo 
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All the results reported 
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of n-octene-1 were passed over one volume of 6 
inch alumina pellets activated With anhydrous 
hydrogen chloride at a temperature of 400° C. 
and 0.5 vol./vol. hour space velocity. The result 
ing product was dehalogenated over bauxite at 
280° C. and decolorized over clay at 250° C. The 
following data were obtained on the charge and 
the product: / 
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inspection Charge Product Change 

Per cent olefin.-------------------- 95.9 9.9 se-4, 0 
Per cent, paraffin and naphthene- 4. 8. --4. O 
Octane numbers: " . . 

A. S. T. M. motor method 36. 74.9 -38.2 
A. S.T.M. motor method - 3 w 

co. T. E. I.------------------- 602 82.6 22.4 

The following examples show the use of this 
catalyst for gasolines. The charge stock in Ex 
amples 2, 3 and 4 was a debutanized thermally 
cracked gasoline having an A. S. T. M. boiling 
range of 110-390 F. The octane numbers of 
both charge and product were determined after 
normal butane had been added to yield a gasoline 
having a Reid vapor pressure of 10-1 pounds per 
Square inch. The hydrocarbon analysis of the 
charge Was approximately: olefins 42 per cent, 
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ride per volume of catalyst over the catalyst at 
20-400° C. and over a period of one to six hours. 
In this case, ten volumes of anhydrous hydrogen 
chloride were used, taking three hours time. 
After two hours at room temperature, the tem 
perature was raised to 400° C. during the third 
hour. At the end of that time, the excess hy 
drogen chloride was swept-out with nitrogen and 
the isomerization of the charge stock begun. 

Eacample 3.-Ten volumes of gasoline charge 
were passed over alumina granules of 8-14 mesh 
activated with anhydrous hydrogen chloride at 
the same conditions as Example 1. The follow 
ing results were noted on the 10-lb. Reid vapor 
pressure gasolines: w 

Improve 
- Charge Product net 

A.S.T.M. motor method.......... 67.5 71.4 3, 9 
A.S.M. motor method -- cc. 74.3 -- 

18 a1-> a is a saacsa as asses 7.9 

A. S. T. M. motor method -- 3 cc, --3, 6 
T.E.L.------------------------ 78, 7 82.3 +3.6 

The life of the catalyst was found to be satis 
factory provided that the burn-off is controlled 
so that the catalyst is thoroughly cleaned yet not 
sintered. 
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ECample 4-Two hundred and sixty-five vol 
tunes of gasoline charge were passed over one vol 
ume of 8 inch alumina pellets, under condi 
tions comparable with the preceding examples. 
The catalyst was burned of and reactivated 
twenty-three times during the run. The length of 
each cycle between burn-offs was varied from nine 
to twenty-two volumes of charge per volume of 

  

  



catalyst. The following octane improvements 
were obtained: 

Im. 
prove Charge. Product 

s ment 
7 

..T. ... motor method.--------- 67.5-88.0 71.5-72.3 -3.8-4.6 
... motor method -- 1 cc. 

743-745 (78.1-79.1 +3.8-4.8 
... notor method -- 3 cc. 
-------------------------78.7-78.982. 0-83.0 +3.5-4.3 

There was no decline in catalyst 
atter cycles. . 

. . Eacample 5-A gasoline having an A. S. T.M. 
distillation range 110-402 F., a bromine number 
of 35, and a hydrocarbon analysis of olefins 31 
per cent, aromatics 23 per cent, and paraffins 
and naphthenes 46 per cent, and an average 
molecular weight of 137 was obtained by the 
rectification of the heavy bottoms obtained in 
the pressure tar separator from a thermal crack 
ing plant. 
passed over the inch alumina pellets activated 
with anhydrous hydrogen chloride. At a tem 
perature of 400° C., atmospheric pressure and a 
space velocity of 0.5 hr., the following octane 
rating changes were obtained: 

Nine volumes of this gasoline were. 

a,397,880 3 
therein, by passing the charge over a catalyst 
comprising alumina which has been impregnated 
with anhydrous hydrogen chloride. The result 
ing isomerization and increased octane number 

is are the only substantial changes in the gasoline 
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Charge Product prove 
ment 

A.S.T.M. motor method----------. 6.6 70.2 --2.6 
A.S.T.M. Inotor method + 1 cc. 
T. E. L. -------------------------- 72.7 77.1 --4.4 

A. S.T. M. notor method -- 3 cc. 
T. E.L.--------------------------- 77.7 --3.4 81.1 . 35 

Eacample 6.-A series of runs were made . 
on a debutanized polyform gasoline, having 
an A. S. T. M. distillation range 91-430 F., a 
bromine number of 40.5, a hydrocarbon analysis 
of olefins 28.4 per cent, aromatics 16.8 per cent, 
and paraffins and naphthenes 54.8 per cent, and 
an average molecular weight of 109, using 
alumina granules of 8-14 mesh activated with 
anhydrous hydrogen chloride as catalyst. At 
400° C., atmospheric pressure, and 0.5 hr. space 
velocity, the following results were obtained: 

Run No. 

Octane No. increase: 
A.S.T.M. motor method.----------------. 2.2 2. 
A.S.T.M. motor Incthod -- 3 cc. T. E.L. 21 1. 

3 2. 
9 2. 

The octane rating of this charge stock was: 
A.S.T.M. motor method=72.5 
A. S. T. M. motor method--3 cc. T. E. L.-82.7 
In the examples cited above the hydrocarbon 

analysis and the bromine number, showed very 
little change, under proper conditions less than 
10 per cent of their original value, giving ade 
quate proof that the improvements obtained are 
the result of the isomerization of the olefins. 

It will be understood that the catalyst of the 
present invention is alumina activated by anhy 
drous hydrogen chloride and not aluminum chlo 
ride, since no measurable amount of aluminum 
chloride is formed by reaction, 
Thus we have described a new and useful 

invention for the isomerization of olefin hydro 
carbons, particularly in thermally cracked gaso 
lines, for the improvement of octane number 
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and there is no measurable cracking, Saturation, 
aromatization, treating or hydrogen transfer. 
What we claim is: 
1. A method for isomerizing olefin hydrocar 

bons which comprises passing said hydrocarbons 
at a temperature of from 300 to 600° C. over a 
catalyst comprising alumina impregnated with 
anhydrous hydrogen chloride. 

2. A method for increasing the octane num 
ber of thermally cracked gasoline comprising 
passing said gasoline at a temperature of from 
300 to 600° C. over a catalyst comprising alumina 
impregnated with anhydrous hydrogen chloride. 

3. A method for isomerizing olefin hydrocar 
bons which comprises passing said hydrocarbons 
at a temperature of from 300° to 600° C. over 
a catalyst comprising alumina impregnated with 
anhydrous hydrogen chloride, at a Space velocity 
of from 0.1 to 20 volumes of said hydrocarbon 
per hour per volume of catalyst. 

4. A method for isomerizing olefin hydrocar 
bons which comprises passing said hydrocarbons 
at a temperature of from 300 to 600 C. Over a 
catalyst comprising alumina impregnated with 
anhydrous hydrogen chloride at a space velocity 
of from 0.1 to 20 volumes of said hydrocarbon 
per hour per volume of catalyst at a pressure not 
in excess of 200 pounds per square inch. 

5. A method for increasing the octane number 
of thermally cracked gasoline comprising pass 
ing said gasoline at a temperature of from 375 
to 4.25° C. over a catalyst comprising alumina 
impregnated with anhydrous hydrogen chloride. 

6. A method for increasing the octane num 
ber of thermally cracked gasoline comprising 
passing said gasoline at a temperature of from 
375 to 4.25° C. over a catalyst comprising 
alumina impregnated with anhydrous hydrogen 
chloride at a space velocity of from 0.3 to 1.3 
Volumes of gasoline per hour per volume of cata 
lyst and at substantially atmospheric pressure. 

7. A method for increasing the octane number 
of thermally cracked gasoline comprising pass 
ing said gasoline at a temperature of from 300° 
to 600 C. over a catalyst comprising alumina, 
impregnated with about 4 volumes of anhydrous 
hydrogen chloride per volume of alumina. 

8. A method for increasing the octane num 
ber of thermally cracked gasoline comprising 
passing said gasoline over a catalyst comprising 
alumina which has been dried and impregnated 
with anhydrous hydrogen chloride for several 
hours at a temperature of from room tempera 
ture to 400° C. 

9. A method for increasing the octane number 
of thermally cracked gasoline comprising pass 
ing said gasoline at a temperature of from 300° 
to 600 C. over a catalyst comprising alumina, 
impregnated with anhydrous hydrogen chloride, 
interrupting the passage of gasoline periodically 
and passing oxygen over the catalyst to remove 
carbon deposited thereon. 

10. A method for increasing the octane num 
ber of thermally cracked gasoline comprising 
passing said gasoline at a temperature of from 
300 to 600° C. over a catalyst comprising 
alumina impregnated with anhydrous hydrogen 
chloride, interrupting the passage of gasoline 
periodically, passing Oxygen over the catalyst, 
Subsequently passing anhydrous hydrogen chlo 

  



ride over the catalyst and resuming the passing 
of the gasoline. . t 

11. A method for increasing the octane rating 
of an olefinic gasoline comprising isomerizing the 
olefins by passing said gasoline at a temperature 
of from 300° to 600° C. over a catalyst compris 
ing alumina impregnated with anhydrous hy 
drogen chloride and leaving the other constitu 
ents substantially unaffected. 

12. A method for increasing the octane num 
ber of thermally cracked gasoline comprising 
passing said gasoline at a temperature of from 
300 to 600 C. Over a catalyst comprising 
alumina impregnated with anhydrous hydrogen 
chloride and subsequently removing any chlo- 5 
rine from said gasoline. . 

; ; ; ; ; ; . . . . 

a,397,889 
13. A method for increasing the octane num 

ber of thermally cracked gasoline comprising 
passing said gasoline at a temperature of from 
300 to 600° C. over a catalyst, comprising 
alumina impregnated with anhydrous hydrogen 
chloride and subsequently removing any chlorine 
from said gasoline by passing said gasoline over 
bauxite at 200-500 C. and a space velocity of 
0.1 to 30 volumes of gasoline per Volume of 

0 bauxite per hour. 
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