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This invention relates to the conversion of hy drocarbon oils and gases, and has to do particu 
larly with the production of high antiknock hy 
drocarbons Suitable for the manufacture of mo 
tor fuel, such as aviation gasoline. 
In accordance with the invention, hydrocarbon 

charging stock of higher molecular weight than 
butane is subjected to conversion attemperatures 
lower than normal cracking temperatures in the 
presence of a catalyst, whereby a Substantial 
amount of normally gaseous hydrocarbons is 
formed, containing a large proportion of isobu 
tane. The isobutane, or fraction containing the 
isobutane, in the presence of normally gaseous 
olefins, is treated with an alkylation catalyst, 
whereby the isobutane is alkylated by the olefins 
to form high antiknock hydrocarbons, such as 
branched chain, normally liquid hydrocarbon 
within the gasoline boiling point range. J 

It has been found that hydrocarbon oils, pref 
erably parafiinic hydrocarbons of the lower boil 
ing point series, may be cracked and isomerized 
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high antiknock gasoline and isobutane. It has 
been found that a parafiinic oil is suitable and 
preferably a low boiling naphtha fraction, such 
as one boiling within the range of about 97-220 
F. A paraffinic or straight-run naphtha from a 
paraffin base crude gives good results. 
The conversion operation is carried out at tem 

peratures below those normally used in cracking 
and differs from a cracking operation in that no 
large amount of unsaturated normally gaseous 
products is obtained. The reaction apparently 
consists largely of isomerization with some split 
ting of the higher boiling oils into lower boiling 
liquid and normally gaseous isoparaffins. The 
temperatures used may be about 75 to 400 F. 
and preferably between about 150 and 300°F., al 
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under proper conditions and in the presence of a 
suitable catalyst, to produce a large yield of 
branched chain or isoparaffin hydrocarbons. The : 
normally liquid hydrocarbons may simultaneous 
ly be substantially increased in antiknock prop 
erty and the reaction is peculiar in the produc 
tion of a substantial quantity of normally gaseous 
hydrocarbons predominating in isobutane. In 
this way, it is possible to produce from normally 
liquid hydrocarbons, normally gaseous hydrocar 
bons, containing 50% or more of isobutane and 
substantially free from olefins. 

In the alkylation of the isoparaffins produced ; 
by the catalytic conversion operation, isobutane, 
for example, is treated in the presence of olefinic 
hydrocarbons, preferably normally gaseous ole 
fins with an alkylation catalyst to effect, alkylation 
of the isobutane with the olefins to form higher 
molecular weight, normally liquid hydrocarbons 
of high antiknock value, including iso-octanes. 
In the alkylation operation it is desirable to use 
a charging stock containing a high proportion of 
isobutane which may not be always readily avail 
able from natural sources. The present invention 
insures an adequate supply of isobutane and pro 
vides a unitary process for the production and 
alkylation of isobutane to produce high anti 
knock gasoline hydrocarbons. 
The charging stock to the catalytic conversion 

operation may be any hydrocarbon oil which 
yields on treatment with a catalyst of substan 
tially the catalytic properties of aluminum chlo 
ride and hydrogen chloride, a substantial yield of 
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though considerable latitude is intended. Good 
results have been obtained at about 200 to 250 
F. Pressure of 75 to 150 pounds per square inch 
may be used although atmospheric temperatures 
are often satisfactory. The process may be car 
lied out under milder conditions than normal 
cracking operations and, as contrasted to crack 
ing, wherein heavier higher boiling molecules are 
converted into lower boiling products including 
aromatics, olefins and paraffins, the present op 
eration produces low boiling products of Substan 
tially saturated and largely of branched chain 
type. The catalyst used may be an anhydrous 
metallic halide, such as an anhydrous aluminum 
chloride or bromide, and preferably a mixture 
of a metallic halide and a hydrogen halide pro 
moter, such as hydrogen chloride or hydrogen 
bromide. The time of reaction depends on the 
temperature. At low temperature, the time is 
relatively long and may range from about 2 to 50 
hours, for example between about 2 to 20 hours. 
At higher temperatures the time may be much 
shorter, such as 1 minute to 1 hour. The amount 
of catalyst in batch operation may range from 2 
to 50% and preferably about 5 to 10% by weight, 
based on the hydrocarbon charged. In continu 
ous operations the amount of catalyst will vary 
and may be considerably less. The hydrogen 
halide may be about 5 to 10% of the metallic 
halide and usually is around 2% or less. 

In the alkylation step it is preferable to use 
normally gaseous hydrocarbons between 2 and 5 
carbon atoms, such as C3 or C4 hydrocarbons or 
a mixture thereof. A portion of these is derived 
from the paraffin hydrocarbons formed in the 
above described conversion operation, for exam 
ple, isobutane or a hydrocarbon fraction contain 
ing a large amount or predominating in isobu 
tane, such as a mixture of isobutane and nor 



2 
mal butanes or a mixture of isobutane, normal 
butanes and propane. The above paraffin charg 
ing stock is mixed with olefinic hydrocarbons 
which may be olefins of substantially the same 
number of carbon atoms derived from the crack 
ing of hydrocarbon oils or gases, such as crack 
ing still gases or refinery gases, or olefins result 
ing from the cracking or dehydrogenation of nor 
mally gaseous paraffin hydrocarbons. A C4 hy 
drocarbon fraction, or a mixture of C4 and C3 
hydrocarbons, comprising cracked products, is 
preferable, and it is desirable that the ratio of 
isoparaffins to olefins in the mixed feed be fairly 
high, for example at least about 1:1 and prefer 
ably between about 3:1 and 5:1. The excess 
isoparaffins, such as isobutane are recycled. The 
mixture of isoparaffins and olefins is intimately 
contacted at temperatures of about 0. F. to 100° 
F. and preferably about 60° to 90° F., with strong 
sulfuric acid, for example sulfuric acid of about 
90 to 100% strength, and preferably about 94 to 
98%. The reaction is carried out under suffi 
cient pressure to maintain a liquid phase, for 
example, from about atmospheric to fifty pounds. 
The products comprise largely normally liquid 
branched chain, or isoparaffin hydrocarbons of 
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from the un 
saturated oil which may be used for the manu 
facture of resins, 
The oil substantially free from the catalyst is 

drawn from the upper portion of the separator 
2 through the line 24 and introduced into a 
fractionator 25. In the fractionator. 25 it is in 
tended to make a separation between the nor 
mally liquid and normally gaseous hydrocarbons. 

Sc. 

to separate the metal compounds 

10. The normally liquid hydrocarbons may be with 

high antiknock value suitable for the manufac 
ture of gasoline. 

In practicing the invention it is advantageous 
to blend the gasoline from the alkylation opera- : 
tion with the gasoline from the naphtha conver 
sion step. The stabilized alkylation gasoline has 
a relatively high antiknock value but also high 
10% and 50% boiling points, whereas the isoner. . . 

'ized naphtha may be of somewhat lower octane 
number but a low 50% boiling point and especial 
ly low on points below 50%. The resulting blend 
will have a fairly high octane number and about 
the desired 50% boiling point. It is possible in 
this way to obtain a product which will meet 
the required specifications of an aviation gaso 
line. 
The invention will be more fully understood by 

the following description read in connection with 
the accompanying drawing which shows dia 
grammatically, in elevation, one form of appara 
tus for carrying out the process of the invention. 

Referring to the drawing, a hydrocarbon oil is 
charged through the line by the pump 2 to a 
heating coil 3, located in a furnace 5.' In the 
coil 3 the oil is raised to the desired temperature, 
and then transferred through the line 7 to reac 
tion chambers 8 and 9, connected in series by 
the line O. While two reactors are shown, any 
number may be used, or other means such as a 
coil may be used. A catalyst, in any suitable 
form, preferably in a liquid form, such as a sus 
pension in an inert liquid, is introduced through 
the line f2 by the pump 4. and passed through 
the valve controlled line 5, which is in com 
munication with the line f, leading to the heat 
ing coil 3. The heating coil 3 may be by-passed, 
if desired, and the catalyst passed directly to the 
line 7 through the valve controlled line 6. In 
the reaction chambers 8 and 9 the oil and catalyst 
are intimately contacted by means of stirring 
mechanisms 8 for sufficient time to accomplish 
the desired reaction. The reaction products are 
transferred from the lower portion of the reac 
tion chamber 9 through the line 20 to a separa 
tor 2 wherein the catalyst and sludge separate 
from the oil and are then withdrawn from the 
bottom of the Separator through the valve con 
trolled line 22. This sludge material may be 
subsequently treated, for example by hydrolysis, 

drawn from the bottom of the fractionator 
through the line 26 and discharged from the sys 
tem through the valve controlled line 28 or re 
cycled to the system by pump 30 through the 
line 3 which communicates with the line , 
leading to the heating coil 3. The product drawn 
off through line 28 may require further frac 
tionation to obtain a product suitable for use as 
gasoline. Such fractionation may be obtained 
by separate distillation or rerunning, or by suit 
able fractionation in the tower 25. For this 
purpose, a side stream of the required boiling 
range may be taken from the fractionator 
through the line 32 and discharged from the sys 
tem or recycled all or in part through the branch 
line 33 and iine 3 to the system. Instead of 
taking a side stream from the tower 25, it is con 
templated that another fractionator may be used 
for fractionating out a gasoline cut of any de 
sired boiling range. The normally gaseous hy 
drocarbons are withdrawn from the top of the 
fractionator 25 through the line 35 and intro 
dueed into a secondary fractionator 36 in which 
the gases are fractionated to separate and re 
lease through line 37 those of a more permanent 
nature, such as methane and hydrogen, and all 
or a portion of the C, and C3 hydrocarbons, if 
desired. 1 
The higher boiling normally gaseous hydrocar 

40 bons, comprising C4 hydrocarbons, are withdrawn 
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from the bottom of the fractionator 36 by the 
pump 38 and forced through the line 40 to the 
alkylation vessels 4 and 42 connected in series 
by line 44. The alkylation catalyst, such as sul 
furic acid, is introduced by the pump 45 through 
the line 46 which communicates with the line 40. 
The olefin charging stock is introduced by the 
pump 48 through the line 49 which communicates 
by the branch lines 50 and 5 f with the vessels 4 
and 42 respectively, whereby the olefin charge 
may be introduced into either vessel 4 f and 42 
or both. The alkylation vessels 4 and 42 are 
provided with contacting means, such as stirrers, 
whereby intimate contact is provided between the 
mixture of hydrocarbons and the catalyst. The 
reaction products, pass from the last alkylation 
vessel through the line 53 to a separator 54 
wherein the acid separates and may be with 
drawn from the lower portion thereof through 
the line 55 and discharged from the system or 
recycled through the line 56 by the pump 57. 
The hydrocarbons, substantially free from acid, 
are removed from the upper portion of the sep 
arator 54 through the line 59 and discharged into 
a fractionator 60 wherein a separation is made 
between the gasoline hydrocarbons and the 
higher boiling products, or bottoms, which are 
withdrawn from the bottom of the fractionator 
through the valve controlled line 6 f. The gaso 
line hydrocarbons are taken overhead through 
the vapor line 62, condenser 63 and run-down 
line 64 to a receiver 65. The gasoline in receiver 
65 may be passed through valve controlled line 
66 to a stabilizer 68 to stabilize the gasoline. 

75. In the stabilizer the light materials are separated 
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as vapors and may be removed overhead. A 
stabilized gasoline having higher 10% and 50% 
boiling points than required to meet commercial 
aviation gasoline specifications as hereinbefore 
set forth is withdrawn from the lower portion 
of tower 68 as bottons through line T0, and is 
preferably combined with the isomerized naphtha, 
in line 32, 
The Overhead products comprising isobutane 

are passed through the vapor line , condenser 
72, and rundown line 73 to a receiver 75. When 
charging C4 hydrocarbons to the alkylation unit, 
the product collected in receiver 75 may be 
chiefly isobutane with or without some n-butane. 
In case hydrocarbons lighter than C4 hydrocar 
bons, such as C3 hydrocarbons, are removed from 
the top of stabilizer, these hydrocarbons may be 
separated from the isobutane and used as reflux 
or discharged from the system. It is contem 
plated, for example, that the C3 hydrocarbons, 
in the latter case, may be collected in the receiver 
75 and the isobutane removed as a side stream 
from the stabilizer 68. The latter method of 
operation is not shown in the drawing. The iso 
butane is preferably recycled to the alkylation 
vessels through the line 76 in which is located 

3 
The tests on the naphtha before and after treat 
ment were as follows: . 

Distillation (A.S.T. M.) 
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pump 73. Any portion of the isobutane may be 
discharged from the system through branch 
line 80. 

Eacample I 

A straight run naphtha, from paraffin base 
crude, having a boiling point range of about 185 
to 220 F. and an octane number of about 50, was 
mixed with about 10% of anhydrous aluminum. ' 
bromide and reacted at a temperature of about 
200 E. for about 16 hours. About 10% by volume 
of sludge was formed Which was separated from 
the reaction products. About 85% by volume of 
liquid products was obtained, boiling substantially 
within the boiling point range of the original oil. 
About 20 volumes of normally gaseous hydrocar 
bons were liberated, showing the following per 
centage composition by volume: 

Per cent 
Methane -------------------------------- 5.7 
Propane--------------------------------- 39.1 
Normal butane------------a - m on an in - - - m rum - - m. 4.5 

Isobutane ------------------------------- 50.5 

The gaseous hydrocarbons were fractionated 
to obtain a C4 fraction comprising about 90% 
isobutane. This fraction was mixed with a 
cracked C4 hydrocarbon fraction in Such propor 
tion that the ratio of isobutane to olefins was 
about 3:1. The mixture was intimately con 
tacted with 94% sulfuric acid in the proportion 
of about 0.8% by weight based on the olefins and 
the mixture allowed to react for about one hour 
at aibout 75° F. The acid was separated from the 
reaction products and the hydrocarbons frac 
tionated to obtain a gasoline fraction. The yield 
of gasoline was about 170% based on the olefins 
consumed and showed an antiknock value of 
about 90. 

Eacample II 

A straight run naphtha, was intimately con 
tacted with 18.9% aluminum bromide and 0.9% 
hydrogen bromide for 6 hours at 199 to 207 F. 
There was obtained 87.6% of gasoline, 5.4% of 
gas of which about 80% was isobutane, and 7% 
hydrocarbons in combination with the catalyst. 

0 

Percentree- 97.5 94.5 
Percent res------------------------------------------- 1.0 
Percent loss------------------------------------------- 4.5 
Octane numbe 67.6 80.6 

The following examples are listed which show 
the results obtained in the catalytic isomeriza 
tion of a broad boiling range straightrun 
naphtha or higher boiling fraction of straightrun 
naphtha. By comparison with Example II above, 
it will be noted that greatly superior results from 
the standpoints of octane and volatility or boil 
ing point distribution of the isomerizate were 
obtained in the case of the low-boiling fraction 
of said Example II; and that the isomerizate of 
said. Example II constitutes a satisfactory blend 
ing Stock for alkylation gasoline stabilized to 
lower 10% and 50% boiling points than required 
to meet commercial aviation gasoline specifica 
tions, to improve the front end volatility of the 
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latter and maintain high octane of the blended 
product as required to meet said commercial 
aviation gasoline Specifications. 

Eacample III 
An acid treated Straight run naphtha was 

intimately contacted for 2.5 hours at 230 to 
241°F. and under a pressure of 110 to 131 pounds 
with 10% aluminum chloride and 0.8% hydrogen 
chloride. About 91% gasoline, 3% gas and 6% 
of hydrocarbons in the form of a complex with 
the catalyst were obtained. The gas contained 
about 83% of isobutane. The tests in the charge 
and product were as follows: 

Charge Product 

Initial boiling point- 130 100 
5--- 168 30 
10. 180 44 
20 98 7. 
80---------------------------------------- 21. 94. 
40- 222 22 
50-- 232 226 
6- 240 239 
70. 250 252 
80----------------------------------------- 260 269 
3. 5. 306 

- - - - - - - 436 

E. P.--- 309 472 
Percentrec 99 97. 
Percentres--------- 1 0.8 
Percent loss------- -i? { 2.2 
Octane number-------- 54 f3 
Plus 1 cc. tetraethyl lead- - 65 74 
Plus 2 cc. tetraethyl lead- 73 80 

Eacample IV 
Another example of the naphtha used in Ex 

ample III was treated with 20% aluminum chlo 
ride and 0.8% hydrogen chloride, for 3.3 hours at 
238 to 245' F. under a pressure of 125 to 135 
pounds. About 76% of gasoline, 13.5% gas con 
taining about 80% isobutane, and 10.5% of hy 
drocarbons in the form of a complex with the 
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catalyst, were obtained. The gasoline product 
showed the following tests: 

Product 

Initial boiling point.-- 
5--------------------- 
10. 
20---- 
30.... 
40---- 
50---- 
60---- 
70 
80. 
90. 
95. 
E.P.--------- 
Percentrec 
Percent res----- 
Percent loss--- 
Octane number-......---- - - - 

Plus 1 cc. tetraethyl lead-...-------------------------- 
blus 2 cc. tetraethyl lead.------------------------------- 

Eacample W 
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A straight run acid treated naphtha was 3. 
treated with 10% aluminum chloride and 0.8% 
hydrogen chloride for 4.2 hours at 260' to 264 F. 
under a pressure of 80 to 100 pounds. Approxi 
mately 89% gasoline, 2% gas consisting of about 
77% isobutane and 9% hydrocarbons in the form 
of a complex with the catalyst was obtained. The 
charge and product tested as follows: 

Charge Product, 

Initial boiling point.----------------------- 284 J02 
5------------------------------------------------------ 150 
0. 300 92 
20 304 266 
30 308 283 
40 31. 30. 
50 35 31) 
60 38 316 
70. 322 324 
80.-- 329 334 
90---- 340 364 
95------- 352 500 
E. E. 394 500 
Percentrec.------------------------------------------- 95. 
Percentres--- 
Percent loss----...----- 
Octane unumber.---------- 26.5 
Plus 1 cc. tetraethyl lead- - 43 
Plus 2 cc. tetraethyl leaf-----------...------ 52.5 

The isobutane in the gases evolved in the above 
examples is alcylated with C4 or C3 and C4 olefins 
to produce a gasoline having an Octane number 
of about 90. This product is blended with the 
isomerized naphtha such as produced in Example 
II to obtain a blend having an Octane number 
substantially higher than the isomerized naphtha, 
the exact amount depending on the amount of 
alkylate added. 
While sulfuric acid has been specified as the 

catalyst used in the alkylation step, it is contem 
plated that other alkylation catalysts may be 
used, such as anhydrous metallic halides, includ 
ing aluminum chloride or bromide, and hydro 
fluoric acid. g 
This application is a continuation in part of. 

my application Serial Number 210,701, fled May 
28, 1938. 
Obviously many modifications and variations of 

the invention, as hereinbefore set forth, may be 
made without departing from the spirit and scope 
thereof, and therefore Only such limitations 
should be imposed as are indicated in the ap 
pended claims. 
I claim: - 

1. A process for the manufacture of high anti 
knock aviation fuel which comprises subjecting 
a relatively low anti-knock paraffinic hydro 
carbon charging stock of higher molecular 
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2,317,142 
weight than butane but boiling below about 212 
F. to the action of an anhydrous metallic halide 
and a hydrogen halide at temperatures above 
75° F, but below 400' F. to effect isomerization 
of the hydrocarbons without the formation of 
any substantial amount of unsaturated hydro 
carbons, whereby substantially saturated nor 
mally liquid hydrocarbons within the gasoline 
boiling range of increased branched chain struc 
ture are produced together with normally gase 
ous substantially saturated parafiinic hydro 
carbons consisting mainly of isobutane, the said 
charging stock of relatively low boiling range 
producing under the said isomerizing conditions 
a resultant liquid product of greatly improved 
antiknock value but having lower 10% and 50% 
boiling points than desired for commercial avia 
tion gasoline, separating the resulting isomerized 
normally liquid hydrocarbons from the normally 
gaseous fraction, alkylating isobutane of the 
normally gaseous fraction with low-boiling ole 
fins in the presence of an alkylating catalyst 
under alkylating conditions to produce substan 
tially Saturated hydrocarbons within the gaso 
line boiling range of high anti-knock value 
mixed with light normally gaseous hydrocarbons, 
stabilizing the mixture to remove the light mate 
rial as vapors and produce a stabilized alkylation 
gasoline having higher 10% and 50% boiling 
points than desired for commercial aviation gas 
oline, and blending resulting isomerized liquid 
hydrocarbons with resulting alkylate for the 
production of a commercial aviation gasoline of 
high antiknock value and desired boiling range. 

2. A process in accordance with claim 1, in 
which the alkylating catalyst is concentrated 
sulfuric acid of alkylation strength. 

3. A process in accordance with claim 1, in 
which the temperature of the isomerization is 
maintained at about 200° to 250 F. 

4. A process in accordance with claim 1, in 
which the anhydrous metallic halide is anhy 
drous aluminum chloride and the hydrogen 
halide is HCl, 

5. A process in accordance with claim 1, in 
which the paraffinic hydrocarbon charging stock 
is a low-boiling fraction of straightrun naphtha. 

6. In the manufacture of aviation gasoline of 
high anti-knock rating, wherein isobutane is , 
alkylated with a low-boiling olefin in the pres 
ence of an alkylation catalyst under alkylating 
conditions to produce hydrocarbon reaction prod 
lucts, the improvement which comprises fraction 
atting and stabilizing the hydrocarbon reaction. 
products to separate hydrocarbons boiling above 
the aviation gasoline boiling range and also to 
Separate normally gaseous hydrocarbons to 
thereby produce a resulting stabilized alkylation 
gasoline having 10% and 50% boiling points 
above those required to meet commercial aviation 
gasoline specifications, and then blending with 
the said stabilized alkylation gasoline a low-boil 
ing fraction consisting essentially of normally 
liquid saturated hydrocarbons of largely isopar 
affinic character and of high anti-knock value, 
which is the product of catalytic isomerization 
of a paraffinic hydrocarbon charging stock of 
higher molecular weight than butane but boiling 
below about 220 F., said low-boiling fraction 
having substantially lower 10% and 50% boiling 
points than required to meet said commercial 
aviation gasoline specifications, whereby an avia 
tion gasoline of high anti-knock value is ob 
tained which meets said commercial aviation gasoline volatility specifications, 
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7. Process as defined in claim 6, wherein the 

said low-boiling fraction is the product of cataly 
tic isomerization with an aluminum halide and 
a hydrogen halide at temperatures of about 
75-400 F. of a straightrun parafiinic naphtha, 
fraction boiling within the range of 97-220 F. 

8. In the manufacture of aviation gasoline of 
high anti-knock rating, wherein isobutane is 
alkylated with C4 olefins of a C4 hydrocarbon 
fraction in the presence of an alkylation catalyst 
under alkylating conditions, and resulting hydro 
carbon phase is separated from catalyst phase, 
the improvement which comprises fractionating 
and Stabilizing the hydrocarbon phase to sepa 
rate hydrocarbons boiling above the aviation 
gasoline boiling range, and also to separate 
normally gaseous hydrocarbons to thereby pro 
duce a resultling stabilized alkylation gasoline 

10 

15 

S 
having 10% and 50% boiling points above those 
required to meet commercial aviation gasoline 
specifications, and then blending with the said 
stabilized alkylation gasoline a low-boiling iso 
merizate consisting essentially of normally liquid 
Saturated hydrocarbons of largely isoparaffinic 
character and of high anti-knock value resulting 
from catalytic isomerization of a parafiinic 
charging stock of higher molecular weight than 
butane but boiling below about 220 F., said iso 
merizate having a 10% Joiling point at least as 
low as 106 F. and a 50% boiling point at least 
as low as 144 F., to thereby produce a resulting 
gasoline of high anti-knock value meeting said 
commercial aviation gasoline volatility specifica- - 
tions. 

ARTHUR. R. GOLDSBY. 

  


