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This invention relates to the catalytic conver 
sion of hydrocarbons and more particularly to 
a process for the conversion of hydrocarbons 
involving the use of an active aluminum halide 
catalyst. Still more specifically, it relates to a 
conversion process of this type in which the cata- . 
lyst is an active liquid aluminum halide-hydro 
carbon complex having an exceptionally long 
life. 

It is well-known that the branched-chain para 
affin hydrocarbons and naphthas containing 
them in substantial proportions are very valua 
ble as motor fuels and particularly as airplane 
fuels because of their high antiknock values, 
freedom from gum-forming tendencies and high 

straight-chain paraffin hydrocarbons can be 
carried out most effectively in the presence of 
an active liquid aluminum halide-hydrocarbon 
complex produced by the action of an aluminum 
halide such as anhydrous aluminum chloride on 
highly branched paraffin hydrocarbons in the 
presence of an activator such as hydrogen chloa 
ride at a relatively low temperature, and that 
Such complexes exhibit the unexpected property O 

5 heat content per unit weight of fuel. It has been 
proposed to produce such naphthas from Sub 
stantially saturated liquid fractions which are 
rich in straight-chain paraffin hydrocarbOnS by 
the action of aluminum chloride or other active 
aluminum halide catalysts in the presence of an 
activator such as hydrogen chloride, and we have 
described a particularly advantageous proceSS Of 
this type in our co-pending application Serial 
No. 308,480, filed December 9, 1939, of which this application is a continuation-in-part. 
In carrying out the conversion of straight 

chain paraffin hydrocarbons to branched-chain 
paraffin hydrocarbons on a refinery scale it is 
extremely advantageous that the process be con 
tinuous and this fact makes it very desirable to 
have the catalyst in liquid form, so that it can 
be pumped readily through pipes, tubes and other 
apparatus. It has, of course, long been known 
that aluminum chloride in the presence of a 
hydrocarbon Such as an olefinic or aromatic 
hydrocarbon under conversion conditions will 
gradually, and sometimes very rapidly, be con 
verted into an aluminum chloride-hydrocarbon 
complex which is a liquid and retains a portion 
of the activity of the original aluminum chloride. 
However, such complexes are rapidly degraded 
under the usual reaction conditions to an inactive 
sludge and this degradation has been a major 
factor in limiting the Commercial use of alumi 
num chloride in hydrocarbon conversion proc 
eSSeS. 

We have found that hydrocarbon conversion 
processes, and particularly the production of 
branched - chain paraffin hydrocarbons from 
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of increasing in activity with use. 
It is an object of our invention to provide an 

economical hydrocarbon conversion process par 
ticularly adapted to the production of high anti- . 
knock mptor fuel fractions in the presence of 
an unusually effective liquid aluminum halide 
catalyst. Another object is to provide a process 
whereby naphthas having low antiknock values 
due to their content of straight-chain parafin 
hydrocarbons are converted into high antiknock 
motor fuel fractions in the presence of an active 
aluminum halide Catalyst derived from highly 
branched paraffin hydrocarbons. A still further 
object is to provide a continuous process of the 
type described in which the naphtha to be con 
verted and a liquid aluminum halide-hydrocar 
bon complex catalyst are continuously and con 
Currently passed through an elongated reaction 
Zone. Other objects, advantages and uses of our 
invention will appear from the following detailed 
description thereof read in conjunction with the 
drawings, which form a part of this specification, 
and in which: 

Figure 1 shows in a schematic manner an ap 
paratus suitable for carrying out our invention, and 

Figure 2 is a graph of the results obtained in 
comparable experiments demonstrating in part 
the advantages derived from operating in accord 
ance with our invention, 
The active liquid aluminum halide-hydrocar 

bon complex utilized in accordance with our 
invention is prepared by the action of an alumi 
num halide catalyst, such as anhydrous alumi 
num chloride or aluminum bromide, and an 
activator affording a hydrogen halide on a sub 
stantially saturated fraction containing predom 
inantly at least one paraffin hydrocarbon having 
at least two side chains at a temperature in the 
range from about 50 F. to about 175° F. Pref erably this liquid catalyst complex in prepared 

  



from aluminum chloride and a substantially sat 
, - urated fraction containing paraffin hydrocarbons 
". . . having at least six carbon atoms and two side 

chains per molecule. Suitable saturated frac 

2,30,249 
and a fraction rich in branched-chain para?in : 

tions are for example the hydrogenated polymers 
and co-polymers of olefins having less than six 
carbon atoms per molecule, namely, ethylene, 
propylene and the butylenes, and amylenes, and , 
the products of alkylation of isobutane and of 
isopentane with olefins of the class described. 
These fractions are very rich in highly branched 
paraffin hydrocarbons, the hydrogenated poly 
mers of isobutylene, for example, being rich in 
so-called iso-octane (2,2,4-trimethylpentane). 
While certain alkylation products also contain 15 
this and other similar hydrocarbons, we prefer 

0. 

fuel fraction is separated from the products. 
hydrocarbons comprising a high antiknock motor 
This process is referred to herein as "isomeriza 
tion," although some changes in molecular weight. 
occur, simultaneously with the molecular rear- . . . 
rangement. . . ... 
The feedstock to our isomerization process can 

be any substantially saturated naphtha rich in 
straight-chain paraffin hydrocarbons. For ex 
ample, it can be a relatively pure, normally liquid 
straight-chain paraffin hydrocarbon such as nor 

to prepare our complex from a fraction rich in 
iso-octane, although less volatile fractions rich 
in hydrogenated trimers and even heavier poly 
mers of isobutylene are also effective in produc 
ing the desired complex. 

mal pentane, normal hexane or normal heptane, º but generally predominantly straight-run naph 
thas such as those from Michigan, Pennsylvania 
-or Mid-Continent crude oil are preferred since 
they are much more readily available. Another 
excellent feed stock is the highly paraffinic naph 

20 

In one case an aluminum chloride-hydrocar 
bon complex was prepared by stirring together 
at atmospheric pressure á quantity of anhydrous 
aluminum chloride with an excess of commercial 
iso-octane at 120°F. to 140°F. until a liquid com 
plex resulted. During the complex formation 
large amounts of isobutane were produced and 
the remaining hydrocarbon liquid contained 50% 
of material boiling higher than the end point. 
of the original iso-octane. This heavy material. 
is suitable for safety fuel while the isobutane 
can be utilized readily in an alkylation process, 
for example. The complex itself can be decanted 
from the unreacted aluminum chloride, which 
can be ultimately converted in its entirety to the 
complex by further treatment with additional 
quantities of iso-octane. The viscosity of the 
complex catalyst produced was less than that of 
S. A. E. 50 lubricating oil and it could be easily 
pumped through pipes, towers or any form of 
contacting equipment. A complex catalyst pre 
pared by the action of anhydrous aluminum 
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chloride on a light naphtha fraction rich in . 
straight-chain paraffin hydrocarbons, On the. 
other hand, at a temperature above 200F, which 

45 

is necessary in order that the complex may be 
formed in a reasonable time, was much less fluid. 
As will be shown hereinafter, the activity of the . . . 
complex prepared from iso-octane increased very 
markedly with use while that from the light 
naphtha gradually declined. 
The active liquid aluminum halide-hydrocarbon 

complex is particularly useful in reactions involv 
ing the production of branched-chain from straight-chain paraffin hydrocarbons, although it. 
can also be used in the alkylation of isobutane 
or isopentane with normally gaseous olefins and . . 
for the catalytic polymerization of such olefins 
under suitable conditions. In one of its most in 
portant aspects our invention comprises contact 
ing an admixture of a substantially saturated naphtha rich in straight-chain parafin hydro 
carbons, an active liquid aluminum halide-hy 
drocarbon complex prepared from a highly 
branched parafin hydrocarbon as described above 
and an activator affording a hydrogen halide un 
der the reaction conditions in a reaction Zone 
maintained at a temperature in the range from 
about 100°F. to about 450 F. and a Superatmos 
pheric pressure sufficient to maintain the naphtha 

50 

tha produced by the Fischer-Tropsch process from 
carbon monoxide and hydrogen. Natural gaso 
line fractions and so-called "distillates' are also 
suitable and are plentiful and inexpensive in some 

It is very important that the . production areas. 
feed stock be free or almost free from aromatic 
hydrocarbons since they have been found to re 
duce the activity of the catalyst to a very marked 
degree, and consequently to limit seriously the 
amount of conversion obtained per unit weight | 
of catalyst. Our preferred feed stock, therefore 
contains less than about 5% and preferably 0.5- 
1.0% or less of aromatic hydrocarbons. In many 
cases a preliminary solvent extraction step or 
other treatment is necessary or desirable to re 
duce the aromatic content of the feed. Olefinic 
hydrocarbons are also undesirable and should not 
be present in more than very small amounts, while cyclo-paraffinic ornaphthenic hydrocarbons 
can be tolerated in considerable quantities. 
Nevertheless, the feed stock should preferably 
contain at least 50% of paraffin hydrocarbons 
and those containing at least 80% of paraffin 
hydrocarbons are especially desirable. 
In general the naphtha feedstock should have 

a boiling range within the range from about 100 
F. to about 500 F., although naphthas having an 
initial boiling point as low as about 30 F. and 
including about 25% to 30% by weight of butanes may be used. A particularly suitable naphtha 
feed is one prepared by the distillation and frac 
tionation of a straight-run or natural gasoline 
stock to produce a light naphtha having an initial 
boiling point in the range from about 30°F. to 
about 90° F. or higher and an end point in the 

55 

straight-chain paraffin hydrocarbons. 
60 

range from about 145 F. to about 158°F, pref 
erably about 152 F. Substantially all of the 
aromatic hydrocarbons and most of the naph 
thenic hydrocarbons such as cyclohexane are ex 
cluded from this fraction and it is very rich in 

Under 
special circumstances it may be desirable to use 
a light naphtha, fraction boiling within a still 
narrower range. . . 
The concentration of aluminum halide-hydro 

carbon complex catalyst present in the reaction 
65 
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largely in the liquid phase. Under these condi tions a large proportion of the straight-chain 
paraffin hydrocarbons in the naphtha are con- . 

Zone can vary within wide limits depending pri 
marily upon the temperature, reaction time and 
catalyst activity. Generally the catalyst concen 
tration will be within the range from about 5%. 
to about 30% by weight of the liquid hydrocar 
bons present, based on the alluminum halide con 
tent of the complex, although larger or smaller 
amounts can be used if the other conditions, are 
controlled in accordance therewith. It will be 
understood that the actual catalyst consumption 

verted to branched-chain paraffin hydrocarbons 75 will be considerably lower since the complex re 
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tains its activity for a considerable period of time 
and is preferably recycled to the reaction zone. 
The activator supplied to the reaction zone is a 

substance affording a hydrogen halide under the 
conditions prevailing therein, which can be either 
a hydrogen halide itself such as hydrogen chlo 
ride or hydrogen bromide, or it can be carbon 
tetrachloride or one of the alkyl halides such as 
methyl chloride or bromide, ethyl chloride or 
bromide, etc. In general, the chlorinated and 
brominated hydrocarbons, particularly the more 
volatile ones, are suitable, and even water can be 
used since a hydrogen halide will be generated 
therefrom by reaction with the catalyst, but this 
is not preferred since the catalyst is thus de 
activated more rapidly than would otherwise be 
the case. Preferably the amount of activator 
used is suficient to supply a concentration in the 
reaction zone of about 1 to 2 mols of hydrogen 
halide per mol of aluminum halide, which will 
usually be in the range from about 0.1% to about 
15.0% by weight, based on the reacting hydrocar 
bons present. The activator used in the prepara 
tion of the complex catalyst can be any of those 
indicated above, with the exception of water, 
which is undesirable for the reasons pointed out. 
Hydrogen chloride, however, is the preferred ac 
tivator in all cases because of its availability and 
OW cost. 
The isomerization reaction is preferably carried 

Out in the presence of free hydrogen, as disclosed 
in our application Serial No. 308,480, for the 
reason that the hydrogen greatly assists in in 
creasing the yield of valuable hydrocarbon prod 
ucts per unit weight of catalyst. In this case the 
hydrogenis supplied under a pressure in the range 
from about 250 to about 3000 pounds per square 
inch and preferably at a pressure in the range 
from about 500 to about 1500 pounds per square 
inch. Relatively pure hydrogenis, of course, par 
ticularly suitable but in the plant operation of 
our process hydrogen containing impurities such 
as methane is available at much lower cost and 
can be used effectively as long as the hydrogen 
content of the gas is above about 50 molper cent, 
in which case the hydrogen pressure previously 
mentioned would be the hydrogen partial pres 
sure rather than the total gas pressure. It is 
also preferred that the hydrogen should be largely 
dissolved in the naphtha, particularly when Our 
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process is operated on a continuous basis. Gen 
erally the amount of free hydrogen present is less 
than about 50 volumes of gaseous hydrogen meas 
ured at 60° F. per volume of liquid naphtha and 
preferably it lies in the range from about 10 to 25 
volumes of hydrogen per volume of naphtha, 
although under some circumstances Smaller 
amounts can be used. 

5 

Another important variable which influences 
the course of the reaction is temperature. In 
general temperatures ranging from about 100' 
F. to about 450° F. are suitable, although differ 
ent reaction times and amounts of Catalyst are 
almost imperative in Order that economically 
practicable results may be obtained at various 
temperatures. Usually We prefer to carry Out 
the reaction in the range from about 200 F. to 
about 350°F, in order that it may proceed rapidly 
and without drastic over-treatment. In the upper portion of the broad temperature range 
specified the tendency toward decomposition into 
normally gaseous hydrocarbons such as isobutane 
can be inhibited by supplying a relatively small 
quantity of one of the butanes to the reaction 
ZOne, 
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3 
It is apparent that the isomerization process 

above described can be carried out either batch 
wise or continuously, although we greatly prefer 
continuous concurrent flow of the naphtha feed 
and the active liquid aluminum halide catalyst. 
Certain portions of the apparatus must obvi 
Ously be constructed of corrosion-resistant mate 
rial to prevent rapid deterioration thereof from 
active halogen compounds present. Many suit 
able types of apparatus can be designed readily 
by one skilled in the art, but our invention will 
be described in detail in connection with only one 
of these, as illustrated in Figure 1, to which ref 
erence is now made. 
The naphtha feed is introduced into the sys 

tem by means of pump 10 and line 1 and passes 
into a chamber 2 in which it is mixed with a gaseous activator such as hydrogen chloride sup 
plied by pump 3 through line 4. In the ar 
rangement shown only that portion of the acti 
vator which dissolves in the naphtha is allowed 
to escape from chamber 2 and in the case of 
hydrogen chloride this is sufficient, as shown by 
the following data on the solubility of hydrogen 
chloride in a light naphtha at various tempera 
tures and pressures: 

???? 

SASTSTSLSSSLSSSMSSSMSSSiSSSiS 
Weight percent HCl in light 

naphtha HCl pressure ? 

58°F. 25°E. 336 F. 

15 bsjina 
205 lbs./in.--- 

However, the activator can be mixed directly 
with the feed stock or otherwise introduced into 
the System and these methods are, of course, 
used in connection with normally liquid acti 
vators. When very high pressures are to be used 
in carrying out the isomerization reaction the 
pressure in chamber 2 is preferably maintained 
in an intermediate range, for instance, 200 to 300 
pounds per square inch or less. This pressure 
is controlled so as to supply enough activator to 
give the desired concentration when considered 
with the activator in the recycle streams de 
scribed below. 
The naphtha now containing dissolved acti 

vator is passed through pump 5 and lines 6 
and into a reaction zone 8 which, as shown, 
is a heated elongated coil 9 maintained at the 
desired reaction temperature. A pressure vessel, 
including stirring equipment may be substituted 
for reaction zone 8 but the form shown or a 
modification thereof using heat exchange with 
steam, diphenyl or other heat-transferring fiuid, 
is preferred for continuous operation. In order 
to maintain the necessary agitation between the 
catalyst and the other reactants it is necessary 
that the velocity through coil 9 shall be great 
enough to insure turbulent flow. Knothole mix 
ers or other baffle arrangements may be inserted 
in coil 9 at several places to aid in achieving 
this result. The liquid aluminum halide-hydro 
carbon complex prepared as hereinabove speci 
fled is supplied to line 7 and mixed therein with 
the feed stock by means of pump 20 and lines 2 
and 22, and when hydrogen is used, as we prefer, 

  



4 
it is likewise introduced into line IT through com 
pressor 23 and lines 24 and 25. 
The entire reaction mixture from coil is 

passes through line 26 and cooler 27 to a sep 
arator 28 in which the aluminum halide-hydro 
carbon complex settles out as a lower layer and 
is continuously withdrawn through line 29. This 
complex or a major portion thereof is preferably 
recycled to line 7, through valve 30, line 3, 
pump 32 and line 22. If desired, however, all 
of the complex or any portion thereof can be 
withdrawn from the system through valve 33 and 
line 34. The complex withdrawn can, of course, 
be regenerated and the aluminum halide recov 
ered therefrom used to make more complex and 
reintroduced into the system through pump 20, 
or a portion thereof can be treated with water 
or otherwise to furnish hydrogen halide for use 
as activator in the proceSS. 
The remainder of the products from coil 9 

consists essentially of free hydrogen, if that sub 

2,800,249 
atoms per molecule and possibly additional free 
hydrogen and some hydrogen halide, is with 
drawn as an overhead through line 50. This 
gaseous fraction is preferably recycled to line. 
through valve 5, line. 52, pump 53 and line 54. 
In order that inert gases may be prevented from 
accumulating in the system, however, a portion 

10 
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stance has been supplied to the reaction, hydro 
gen halide, naphtha rich in branched-chain 
paraffin hydrocarbons and possibly some nor 
mally gaseous paraffins such as isobutane formed 
during the reaction. These are allowed to strat 
ify in separator 28 so that a gaseous phase forms 
above the liquid hydrocarbon layer. When hy 
drogen has been used the pressure within Sep 
arator 28 is preferably maintained as close as 
possible to the reaction pressure existing within 
coil 9, although it is obvious that there will be 
some pressure drop in transferring the reactants 
from coil f9 to separator 28. In this case the 
temperature of separation depends to a very con 
siderable extent upon the character of the feed 
stock and the pressure, but generally it will lie 
within the range from about 50 F. to about 150 
F., under which conditions very substantial quan 
tities of free hydrogen formerly in Solution are 
released as a gas. This hydrogen-rich gas is . 
withdrawn from the top of separator 28 and re 
turned to the reaction ZOne 8 by means of line 
35, pump 36, line 25 and line 7. If hydrogen 
has not been used, however, the pressure in sep 
arator 28 is preferably substantially reduced and 
the temperature is maintained at a somewhat 
higher value so that the gas recycled through 
line 35 will consistessentially of gaseous paraffins 
such as isobutane, together with some activator. 
The hydrocarbon layer is removed from sepa 

rator 28 through line 37 and Valve 38 and in 
troduced into fractionating tower 39 through a 
heater 40. Walve 38 is preferably of the pres 
Sure-reducing type adjusted to the desired frac 
tionating pressure. Fractionating tower 39 can 
be of any conventional design and, as shown, is 
provided with a side stream outlet 4 for the 
withdrawal of those hydrocarbons having the 
desired boiling range. If it is desired to remove 
a closely selected high antiknock fraction Such 
as a fraction rich in neohexane, the bottoms 

of the material in line 50 may be vented either 
intermittently or continuously through valve 55 
and line 56. In that case free hydrogen and/or 
hydrogen halide can be recovered from vent. 
gases. Alternatively, the hydrogen halide can 
be removed from the products by a caustic wash 
ing step or the like prior to their introduction 
into heater 40 and fractionating tower 39. . . . . . . 
As previously mentioned, small amounts of 

normal butane or isobutane can be supplied to 
reaction zone 8. When the reaction temperature. 
is relatively. high, for instance, 300°F. to 450 F. 
and this can be done by means of pump 57, line 
58, valve 59 andlines 54 and 7. Generally, how 
ever, this expedient will be unnecessary when op 
eration has been carried out for a period of time 

25 

30 

since sufficient isobutane will be formed and re 
cycled through line 35 and/or line 52 to act as 
an inhibitor effective in suppressing the forma 
tion of further quantities of isobutane. . . 

It is apparent from the above that we have 
described a novel method of iSOmerizing paraf 
finic naphthas to produce high antiknock motor 
fuel fractions by the use of a liquid aluminum . 
halide-hydrocarbon complex which is particular 
ly adapted to continuous plant operation. 

In order to illustrate the unusual property of 
the aluminum halide-hydrocarbon complex cata 
lysts prepared as already described an experi 
ment was carried out, herein called "Run 1' to 
determine the effectiveness of catalysts of this 
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perimental conditions. 
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will contain considerable amounts of uncon- . 
verted naphtha and are recycled to the reaction 
zone 8 through line 42, valve 43, line 44, pump 
45, valve 46 and lines 6 and T. If substantially 
all of the material boiling in the motor fuel 
range is withdrawn as a side stream, however, 
the relatively heavy bottom fraction may be 
withdrawn from the system through valve 47 
and line 48, although this also can be recycled. 
The desired product in line 4f is passed through 
a cooler 49 to storage or for other treatment 
and the more volatile material containing, for 
example, gases having less than five carbon 
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type. In Run 1 the particular catalyst used was 
prepared by the action of anhydrous aluminum 
chloride and hydrogen chloride at atmospheric 
pressure and about 120° F. to 140° F. on com 
mercial iso-octane, which is a product consist 
ing essentially of the hydrogenated polymers and 
Co-polymers of the butylenes. Since no con 
tinuous apparatus was available a number of 
Successive tests were made under typical condi 
tions, using the same charge of catalyst, the 
length of each test being determined by the 
time in which the bomb pressure dropped a pre 
determined amount, since it had been previously 
noticed that this was related to the extent of 
octane number improvement of the naphtha, 
feed, although the proper reaction time, cannot 
be determined accurately in all cases under ex 

In this experiment the 
naphtha feed was a sample of light virgin naph 
tha derived from Mid-Continent crude oil boil 
ing between 110° F. and 153° F. and having an 
dictane number of 67.5 (CFR-M). The pertinent : 
data for Run 1 are shown in Table II. It will 
be noted that in the first six portions of this 
run the amount of aluminum chloride, in the 
catalyst was 98.5gms., whereas thereafter it was . 
74.5 gms. This reduction in the amount of cata 
lyst was due to the fact that it was at first 
thought that the amount of aluminum chloride 
in the complex was about 45%. whereas it was 
actually 62.6%, as discovered by subsequent 
analysis, and the amount of complex was there 
fore reduced during Run 1 to make it correspond 
more nearly to Run 2. described below. How 
ever, perusal of the data will indicate clearly 
that the activity of the catalyst increases very 
markedly with use. 
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Table II 

ACls nitia Pro- || Isobu- In 

plex 46 ?? v 

Grane Grams ??m.? | °F ffin. Hours Feet Grams Grams 
655 98.5 20.0 600 320 1200 | .0,55 0. 8, 5. None 11.7 Not deter. 72.8 3.3 
508 98.6 3.8 600 328 980 1.10 0.32 -0.2. None ??? 16.9?-d0-- - - - - 76.8 9,3 
508 98.5 3,8 800 326 940 1.10 0.32 0.8 None i 78.9 11.4 
508 98.5 3.8 600 330 920 1.10 0.4 -1.7 None 809 13,4 
508 98.5 18.8 600 328 930 .10 0,57 4. ? None 82,0 14.5 
508 98.5 3.8 600 330 920 0.85 0.48 -0.2. None 82,0 4.8 
508 4.5 38 600 330 940 0,85 0,40 0, 6 None 82.5 15.0 
508 74.5 3.8 600 333 940 0.88 0.44 1.2 None 82.? 14,9 
508 74.5 3.3 600 334 930 0.78 0.51 -0.5. None 81,7 4.2 . 
508 74.5 3.8 600 333 950 0. ?5 0.47 -1.0 None 815 4,0 
508 74.5 3.8 600 330 940 0.55 0.33 m-1.1 None 8.2 13.7 
508 74.5 13.8 600 328 980 0.25 0.8 2.6 None 80. 12.6 

. 508 745. 13.8 600 330 980 0.25 0, 18 -0.3 None . . 79.7 12.2 

Totals---- 6,751 -------- 185.6 13.2 4.72 .10 ---??---????? ----? ??????????. None || 157.6| 98.4%----- 80.2 12.7 
Average-- 520 -------- 14.3 600 330 965 0.78 0.36 1.0 None 12.1 98.4%----- 80.2 2. 

It will be observed that the reaction time re 
quired to increase the antiknock value of the feed 
to an average of 80.2 octane number gradually 
decreased from more than 1 hour to approxi 
mately 15 minutes and that the catalyst obviously 
was not exhausted at the end of the run. In 
Figure 2 curve A shows the approximate relation 
ship of reaction time plotted - against the yield 
of product per pound of aluminum chloride in 
the catalyst. Another important feature not 
shown is that the catalyst complex remaining at 
the end of this run had a viscosity of only 5 
second Saybolt at 300º F., as compared with a vis 
cosity under similar conditions of 42 seconds for 
the fresh complex, thus demonstrating that the 
increase in viscosity with use is relatively small 
and that the complex can be used for a long 
period of time while retaining its pumpability. 

in order to demonstrate the difference between 
the results obtained using aluminum halide-hy 
drocarbon complex according to our invention 
and using anhydrous aluminum chloride Run 2 
was made which was similar to Run 1 and the 
results are shown in Table III, 

30 

35 

4. 

It will be noted that the reaction time in this 
case leveled pff at a considerably higher value 
than in the fase of Run 1 and this is shown by 
curve B of Figure 2. Furthermore, the complex 
formed during Run 2 became more and more 
viscous until it approached the limits of pump ability. 
These results show conclusively the unexpected 

and advantageous behavior of aluminum halide 
hydrocarbon Complexes of the type hereinabove 
described in a continuous process for the isom 
erization of the straight-chain paraffin hydro 
carbons in a saturated naphtha... Miany modifi 
cations of our invention and of the apparatus 
shown herein for carrying out the same will be 
apparent to those skilled in the art and they will 
be able to supply numerous details not herein de 
scribed nor illustrated in the drawings. We do 
not desire therefore to be limited to the specific 
modifications and examples used in illustrating 
Our invention but Only by the scope of the ap 
pended claims. 
We claim: 

... The process of producing a high antiknock 
Table III. 

Pro- sob- In Initial Tem- Reac- HC Light Pres- Bacon. pané | tane Liquid Octane No crease Run 2 AlCls | HCl Hapres- pera- tion CO 
naphtha sure She *?? O yieldi (CFR-M) ina sure ture time Sümed |d: | di: O.N. 

Grams || Grams || Grams | i?in. F. fin. Hours Feet Grams 
655 70.3 20,0 600, 305 950 0.83 0.10 8.3 79.9 12,4 
492 -------- 13.9 600 310 900 0.23 0.22 5.2 82.0 14.5 
492 13.9 600 305 850 0.10 0.21 2.2 79.5 2.0 
508 13.8 600 325 925 0.28 0.19 2.5 82.1 14?6 
490 13.9 600 330 950 0.45 0.20 0.5 79.8 2.3 
504 13.9 600 328 950 0.66 0.42 1.2 817 14.2 
504 13.9 600 330 950 0.75 0.42 2. 81.8 14,3 
504 13.9 600 330 - 950 0.87 , 0.24 3.2 81.5 14.0 
504 13.8 600 334 925 0.88 0.43 1.3 80.9 13,4 
502 3.8 600 332 925 0.92 0,46 1.4 80.9 13,4 
500 -------- 13.9 600 334 925 0.92 0.44 1.7 80.9 3.4 
504 -------- 3.9 600 333 925 0.75 0.37 1.6 80.7 13.2 

4.2 8.7 0,9 49?}{ 1.00 925 334 600 3.8 ?- - - - - - - - || 505 
506 -------- 3.9 600 333 925 0.97 0.33 -0.1 82.0 ?4.5 
504 13.9 600 333 925 0.93 0.39 -0.5 80.7 3.2 
505 13.8 600 334 900 1.00 0.35 -0, 3 80.8 13.3 
504. 14.0 600 332 925 00 0.33 -0.3 80.9 13.4 
508 13.8 600 33 925 0.97 0,43 -0.1 81.0 13. 5 
506 13.8 600 331 925 0.97 0.40 0.2 80, 9 13,4 
508 14.0 600 332 925 1.00 0.44 0.2 80.6 13.1 

fore cor 
C # 10,205 70.3 || 2846 || ------------- 3.2 6.86 4.78 ? ? ? ? ----?? ? ? None 344.0 96.0% 81.0 13.5 Ortec 

totals--- 10,205 70.3 !13.5 81.0 97.7 28,6 9.0 31.2 6.86 78?14 -------???---?---?? -----------???? Average-- 52 -------- 14.2 600 330 925 0.74 0.34 1.56 None 10.9 97.7 81.0 13.5 

In Run 2 the reaction time required to raise 
the octane number of the stock on the average to 
81 gradually increased from less than 0.1 hour 
to about 1 hour and remained substantially Con 

motor fuel fraction from a substantially satu 
rated naphtha rich in straight-chain paraffin 
hydrocarbons which comprises contacting in a 
reaction Zone maintained at a temperature in 

stant at the latter value for a considerable period, "º the range from about 100°F. to about 450°F, and 

  

  

  



a pressure in the range from about 250 to about 
3000 pounds per square inch an admixture of 
said naphtha, an activator affording a hydrogen 
halide and an active liquid aluminum halide-hy 
drocarbon complex prepared by the action of an 
aluminum halide catalyst and an activator af 
fording a hydrogen halide on a substantially 
saturated fraction containing predominantly at 
least one paraffin hydrocarbon having at least 
two side chains at a temperature in the range 
from about 50 . to about 175 F., removing the 
products from said reaction zone, and separating 
said high antiknock motor fuel fraction from said products. 

2. The process in claim 1 wherein said active 
liquid complex is prepared from a substantially 
saturated fraction containing hydrocarbons hav 
ing at least six carbon atoms per molecule. se 
lected from the group consisting of hydrogen 
ated polymers and copolymers of olefins having 
ess than six carbon atoms per molecule, and the 
products of alkylation of isobutane and of iso 
pentane with olefins having less than six carbon 
atoms per molecule. 

3. The process of claim wherein said sub 
stantially saturated fraction is rich in hydrogen 
ated polymers of isobutylene. 
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4. The process of claim 1 wherein the tem 
perature in said reaction zone is in the range 
fronta about 2008, to about 350 F. 

5. The process of claim i wherein said alu 
minum halide catalyst is aluminum chloride and 
said activator is hydrogen chloride. 

6. In a continuous process for producing a 
high antiknock motor fuel fraction from a sub 
stantially Saturated naphtha rich in straight 
chain parafin hydrocarbons, the step comprising. 
passing an admixture of said naphtha, an ac 
tivator affording a hydrogen halide and an ac 
tive liquid aluminum chloride hydrocarbon com 

30 

40 

2,300,249 
plex through an elongated reaction Zone main 
tained at a temperature in the range from about 
100° E. to about 450 F. and a superatmospheric 
pressure sufficient to maintain said naphtha, 
substantially in the liquid phase, said complex 
being prepared by the action of anhydrous alu 
minum chloride and an activator afording a 
hydrogen halide on a substantially saturated 
fraction rich in at least one paraffin hydrocar 
bon having at least two side chains and at least 
six carbon atoms per molecule at a temperature 
in the range from about 50 F. to about 175 F. 

7. The process of claim 6 including the addi 
tional steps of removing the products from said 
reaction Zone, separating aluminum chlorider-hy 
drocarbon complex from said products, and re 
cycling at least a portion of said separated com 
plex to said reaction Zone. 

8. In a continuous process for producing a 
high antiknock motor fuel fraction from a sub 
stantially saturated naphtha rich in straight 
chain paraffin hydrocarbons, the Steps compris 
ing passing an admixture of Sadd naphtha, an 
active liquid aluminum chloride-hydrocarbon 
complex, hydrogen chloride and free hydrogen 
through an elongated reaction Zone maintained 
at a temperature in the range from about 200 F. 
to about 350 F. and under a pressure in the 
range from about 250 to about 3000 pounds per 
square inch, said complex being prepared by the 
action of anhydrous aluminum chloride and hy 
drogen chloride on a substantially saturated 
fraction rich in iso-octane at a temperature in 
the range from about 75° F. to about 150 F., 
separating a hydrocarbon-containing portion 
from said products and recovering said motor 
fuel fraction from said hydrocarbon-containing 
portion. 

BERNARD L. EVERING. 
83)ÎMONID L. D'OUVELLE. 


