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This invention relates to the production of alkylated 
aromatic hydrocarbons from fractions obtained in the 
refining of mineral oils. 
The refining of mineral oils, such as petroleum, hydro 

genated coal, shale oil, etc. is increasingly being effected 
by processes which result in the production of substan 
tial amounts of aromatic compounds. The separation 
and recovery of the aromatic compounds presents a seri 
ous practical problem as they are often associated with 
saturated compounds, such as paraffins, having the same 
or very close boiling points. Often these compounds 
form azeotropes with the aromatic hydrocarbons and 
separation by fractional distillation becomes impossible 
or economically unattractive. As a result, the value of 
the aromatic hydrocarbons is substantially their fuel value 
and in Some cases even less. For many purposes a frac 
tion of a mineral oil is of less value when substantial 
amounts of aromatic hydrocarbons are present. For ex 
ample, the presence of aromatic hydrocarbons increases 
soot formation on combustion and makes fuel fractions 
unsuitable for certain uses such as in jet engines. 
The present invention effectively removes aromatic 

hydrocarbons from mineral oil fractions containing them 
in a form in which they have enhanced value as raw ma 
terials for chemical reactions. Essentially, the present 
invention is based on a discovery that in spite of the 
complexity of the mixtures of many mineral oil frac. 
tions, it is possible to alkylate the aromatic hydrocarbons 
almost quantitatively without affecting the other constitu 
ents. When this is done, the hydrocarbons are trans 
formed into products whose boiling points differ very 
markedly from those of the accompanying more saturated 
hydrocarbons, and separation by distillation becomes a 
simple matter. It is not known why the large variety of 
other types of hydrocarbons present in the mineral oil 
fractions do not react with the alkylating agents and no 
theory on why the alkylation can be effected, even when 
a relatively small percentage of the aromatic hydrocar 
bons are associated with preponderant amounts of other 
hydrocarbons, is advanced. The results are in direct 
conflict with ordinary alkylation procedures where rela 
tively pure aromatic hydrocarbons or derivatives have 
been considered essential as raw materials. It is thus 
possible, by means of the present invention, to accomplish 
a combined result of freeing mineral oil fractions from 
unwanted aromatic hydrocarbons and at the same time 
to recover these aromatic compounds in a form in which 
their value is enhanced and they constitute suitable ma 
terials for various industrial chemical purposes such as 
aviation gasoline additives, synthetic rubber intermedi 
ates, intermediates for various plastics, oxidation to hy droperoxides for use as polymerization catalysts or fur 
ther syntheses, sulfonation for production of synthetic detergents, and the like. 
Another advantage of the present invention is that 

alkylated aromatic compounds are produced in a high 
degree of purity with the elimination of one or more steps 
which were formerly considered necessary. In the past, 
when pure alkylated aromatic compounds were desired, 
the aromatic compounds were first recovered and purified 
and then were alkylated. Although the present invention 
eliminates steps of separating and/or purifying the aro 
matic hydrocarbons, the same end result of pure alkylated 
aromatic hydrocarbons is obtained. The elimination of 
the step or steps involved in the separation or purifica 
tion of aromatic hydrocarbons constitutes a marked sav 
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ing in the cost of production of the alkylated aromatic hydrocarbons. 
While the present invention may be used with any suit 

able alkylating agent such as the various alkyl halides, for 
instance methyl, ethyl, amyl, and benzyl chlorides, butyl 
bromide, etc., alcohol such as isopropyl, butyl, or amyl 
alcohols and the like, the use of olefins is so much cheaper 
that they constitute the preferred type of alkylating agent. 
Typical examples of readily available economical olefins 
are ethylene, propylene, the butenes, the octenes and the 
like. The reaction proceeds in the presence of a catalyst 
and for this purpose known types of alkylating catalysts 
may be used. Aluminum chloride, being both cheap and 
effective, constitutes the preferred catalyst. However, 
other catalysts such as ferric chloride, hydrogen fluoride, 
stannic chloride, boron trifluoride, zinc chloride, sulfuric 
acid, phosphorus pentoxide, phosphoric acid, and contact 
catalysts, such as alumina and silica may be used. 
Among the most important fractions in the refining of 

minerals oils are petroleum reformates or platformates, 
in many cases these fractions contain substantially only aromatic hydrocarbons and 

saturated hydrocarbons. However, in some instances 
these are associated with olefins. The latter may con 
stitute undesirable constituents because we have found 
that side reactions involving the olefins may also take 
place when alkylating a mixture containing them. In 
general, amounts below about 0.2% of the total fraction 
are unobjectionable for any use and for certain usages 
much larger amounts will do no harm. Where desired 
the olefins may be removed by conventional means, such 
as acid treatment, prior to alkylation. In other words, it 
is not necessary that the processes of the present inven 
tion be applied to mineral oil fractions in the form in 
which they are ordinarily obtained and includes the al 
kylation of such fractions which have been subjected to 
various preliminary treatments to alter their composition. 

Azeotropic mixtures which are frequently obtained as 
end-products of fractionation procedures or as certain 
cuts are very effectively treated by means of the process 
of the present invention. These azeotropic mixtures are 
often much richer in aromatics than are the ordinary 
fractions from the refining of mineral oils. The content 
of aromatics may even exceed that of other constituents. 
It is an important advantage of the present invention 
that a satisfactorily complete removal and recovery of 
the aromatic hydrocarbons is obtainable over a very wide 
range of concentrations. This flexibility of the process 
of the present invention is an important practical advan tage. 
A problem is presented due to the fact that the amount 

of alkylating agent required almost always results in the 
production of polyalkylated compounds in addition to 
monoalkylated compounds. Separation of the polyalkyl 
ated compounds presents no problem for their boiling 
points will ordinarily be even further removed from that 
of the original mixture than is the case with monoalkyl 
ates. However, they are often not useful. Many reac 
tions, such as the oxidation to certain hydroperoxides in the syntheses of phenolic compounds requires that 
the alkylated aromatic hydrocarbon have but a single alkyl group, usually a secondary group. This problem, 
fortunately, is easily solved in most cases by effecting a 
Separation of mono and polyalkylated aromatic hydro 
carbons by distillation or by other well known means. 
Fortunately, alkylation results in a fairly definite equi 
librium mixture when sufficient alkylating agent is used, 
and as is the case with equilibrium mixtures the equilib 
rium may be reached from either end, and, thus, when polyalkylated aromatic hydrocarbons are mixed with fur 
ther feed they are dealkylated to the extent that the equi 
librium mixture results. In many cases, therefore, it is desirable to mix, the feed with separated polyalkylated 
compounds. This is another instance where the original 
mineral oil fraction is advantageously subjected to pre 
treatment before the alkylating step which constitutes the principal feature of the present invention. 

It is an advantage of the present invention that the 
process proceeds with any mineral oil fraction regardless 
of the origin or of the treatment by which the fraction is produced. By far the most important mineral oil 
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fractions from the standpoint both of quantity and cost 
are the fractions obtained in the refining of petroleum. 
However, the process is equally effective with similar 
fractions obtained by the refining of hydrogenated coal, 
shale oil, products from the pyrolysis of tar sands, etc., 
and it should be understood that throughout the present 
specification and claims the term "mineral oil' will be 
used to cover any of the essentially hydrocarbon frac 
tions obtained from mineral sources as contrasted with 
the predominantly glyceride or organic acid character of 
oils derived from vegetable and animal sources. 

It is possible to effect alkylation in a single step. In 
some cases, however, a cyclic process presents advan 
tages, and in such a case polyalkylates may be recycled 
at any point. The dealkylation of the polyaikylates 
requires highly active alkylation catalysts which is an 
additional reason why aluminum chloride, which is one 
of the most active, is preferred in practice. When the 
alkylation is carried out in several stages, with an excess 
of the aromatic constituent present in most of the stages, 
the production of the ordinarily more desirable mono 
alkylated products is favored. Fractionation resulting in 
the removal of the monoalkylate formed prior to the 
next stage then makes it possible to produce a high con 
tent of monoalkylated aromatic hydrocarbon. As in 
most chemical reactions, the preferred compromise be 
tween completeness of monoalkylation and operating 
costs and equipment throughput will be chosen in each 
instance. It is an advantage of the present invention 
that it is very flexible and that the best compromise from 
an overall economic standpoint can easily be chosen in 
every instance. The relatively pure alkylated aromatic 
hydrocarbons obtained as final products normally need 
no further purification, although in some instances where 
a product of the highest purity is necessary they may be 
subjected to further purification by conventional means. 

Referring to the accompanying drawing, which shows 
diagrammatically a preferred flow sheet for carrying out 
the process of the present invention, a mixture of aro 
matic hydrocarbons and saturated hydrocarbons which 
form an azeotrope are charged to a reactor, and a por 
tion of the aromatic constituents thereof alkylated with 
an appropriate alkylating agent in the presence of a suit 
able catalyst. After alkylation, the mixture is discharged 
from the reactor and passed into a first fractionator from 
which the unalkylated aromatic and saturated hydrocar 
bons are removed as an overhead fraction, and the alkyl 
ated aromatics are removed as a bottom fraction. The 
azeotrope and excess saturates over those needed to form 
the azeotrope are separated by close fractionation in a 
second fractionator, the azeotrope is recycled to the re 
actor, and the saturates essentially completely uncon 
taminated by aromatics are removed. The alkylated 
fraction is charged to a third fractionator from which 
the monoalkylaromatics are removed as a final product 
and from which the polyalkylaromatics are removed for 
recycling to the reactor. The drawing is illustrative only 
as disclosing a continuous cyclic process for recovering 
from the mixture all of the aromatic hydrocarbons as 
monoalkylaromatics and all of the saturated hydrocar 
bons substantially free of aromatic hydrocarbons. Obvi 
ously, the invention may be carried out batch-wise in a 
single highly efficient fractionator, if desired, and the same 
result obtained. 
The invention is further illustrated by the following 

specific examples, the parts being by weight unless other 
wise specified. Temperatures are in degrees centigrade. 
In the examples which give an azeotrope of the unre 
acted aromatics as one of the products the description is 
based on the first stage of a cyclic process, the aromatic 
hydrocarbon-containing-azeotrope being recycled. 

Example 1 

13 parts of anhydrous aluminum chloride is added at 
100 C. to 1490 parts of the naphthalene-dodecane azeo 
trope, which contains about 43% by weight of naph 
thalene. The resulting mixture is thoroughly agitated 
while propylene is passed through it until 210 parts is 
absorbed. During this operation, the temperature is 
maintained at 100 C. by cooling. The catalyst is then 
decomposed with water and the product fractionated with 
the following results: 
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4 
Fraction: Weight, parts 

Naphthaleple-dodecane azeotrope ------------ 477 
Dodecane ----------m a sm r - a r re-rm men - - - as an - 578 

Monoisopropyl naphthalene ---------------- 272 
Polyisopropyl naphthalene ----------------- 340 
Residue --------------------------------- 33 

The naphthalene-dodecane azeotrope with or without 
the polyisopropylnaphthalene is recycled for further 
alkylation. The final overall yield of alkylnaphthalene is 
about 94%. Example 2 

818 parts of the benzene-cyclohexane azeotrope, con 
taining about 55% by weight of benzene, is heated to 
74° C., and there is added to it 9 parts of anhydrous 
aluminum chloride. The mixture is thoroughly agitated 
and propylene passed into it until 242 parts are absorbed. 
The reaction mixture is allowed to reflux during this 
operation, and the temperature gradually rises to approxi 
mately 90° C. The catalyst is then decomposed with 
water and the product fractionated as follows: 
Fraction: Weight, parts 

Benzene-cyclohexane azeotrope ------------- 322 
Cyclohexane ----------------------------- 223 
Cunene -------------------------------- 228 
Diisopropylbenzene ----------------------- 152 
Triisopropylbenzene ---------------------- 108 
Residue --------------------------------- 25 

The recovered azeotrope may be recycled, affording 
complete separation of the benzene and cyclohexane; the 
former is recovered in 96% yield as useful alkyl deriva 
tWeS. 

Example 3 
800 parts of a mixture, consisting of 50% toluene and 

50% mixed octanes, is heated to 100 C. and 16 grams 
of anhydrous aluminum chloride added. With vigorous 
agitation, 272 parts of butylene is gradually introduced, 
the temperature being held at 100 C. The catalyst is 
then destroyed with water and the product fractionally 
distilled, giving the following fractions: 
Fraction: Weight, parts 

Toluene octane mixture (containing approxi- 498 
mately 20% toluene). 

Monobutyltoluene ------- a n w - - - - - as - - - - - 252 

High, boiling products (mainly dibutyltolu- 322 
ceS. 

Thus, in a single step, approximately 75% of the tolu 
ene is separated and recovered in the form of synthetically 
useful alkyl derivatives. 

Example 4 
A sample of platformate, obtained from the aromatiza 

tion of a fraction of C6 hydrocarbons, was subjected to 
an acid treatment to remove small amounts of olefinic 
materials. The product of this operation was analyzed 
by silica-gel adsorption and found to contain about 61.8% 
benzene by weight, the remainder being paraffin hydro 
carbons having a refractive index, no=1.38-1.39. The 
overall boiling range was 8.6 C. To. 650 parts of this 
material at 70° C. is added 13 g. of anhydrous alumi 
num chloride. With vigorous agitation, propylene gas is 
added until 302 parts has been absorbed. After destroy 
ing the catalyst with water, the reaction product is frac 
tionally distilled, giving the following fractions: 
Fraction: Weight, parts 

Cs hydrocarbons, 24% benzene ------------ 328 
Cumene -------------------------------- 216 
Diisopropylbenzene ----------------------- 250 
Triisopropylbenzene ---------------------- 100 
Residue --------------------------------- 57 

About 80% of the original benzene was alkylated. 
Example 5 

To 640 parts of the starting mixture of Example 4 is 
added 6 parts of anhydrous aluminum chloride at 70° 
C. With vigorous agitation, ethylene gas is added until 
30 parts have been absorbed. After destroying the cata 
lyst with water, the product is fractionated, giving 562 
parts of C6 hydrocarbons distillate and 108 parts of alkyl 
ated benzene residue. The recovered C6. hydrocarbons 
are subjected to a second alkylation with 30 parts of 
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ethylene, under identical conditions with the first. Dis 
stillation of this product gives 484 parts of C6 hydrocar 
bons and 108 parts of alkylated benzene. A third, 
fourth, and fifth alkylations are similarly carried out giv 
ing a final product of 250 parts of Cs hydrocarbons, essen 
tially aromatic free, and a total of 540 parts of alkylate. 
Fractionation of the combined alkylates gives 478 parts 
of ethylbenzene, 33 parts of diethylbenzene, and 29 parts 
of residue. 
Thus the benzene in the original mixture is converted 

to ethylbenzene with an overall yield of 90%. 
Example 6 

A light cycle gas oil, of petroleum origin, having the 
following properties: specific gravity-0.8569, refractive 
index at 20 C-1.4825, distillation range-216.7-241.8 
C. was fractionally distilled in an efficient fractionating 
column at 98% reflux. The naphthalene containing 
fraction distilled over at a head temperature of 212.5 
C. to 215.5 C, and amounted to 18.7% by weight of 
the charge. An analysis of this naphthalene concentrate 
by silica gel adsorption showed it to contain, by weight, 
47% of aliphatic hydrocarbons having an average refrac 
tive index of 1.43, 30% of benzenoid hydrocarbons hav 
ing an average refractive index of 1.51, and 23% of 
naphthalene. The fact that its distillation range was 4 
C. below that of pure naphthalene (218 C.) indicates it 
to be an azeotropic mixture. 
To 1300 parts of this concentrate were added 13 parts 

of anhydrous aluminum chloride and the mixture heated 
to 100° C. With vigorous stirring, propylene gas was 
introduced until 90 parts had been absorbed. After an 
additional reaction time, until substantial equilibrium is 
reached, the catalyst was destroyed with water and the 
product fractionally distilled. The composition was found 
to be the following. 

Per cent 
Napthalene concentrate (distilling at 212-216 C.), 64.6 
216-220 C. 

Aliphatic hydrocarbons (n0=1.43), 140-146° C. 11.8 
at 25 mm. 

Alkyl benzenoid hydrocarbons (n0=1.51), 150 7.6 
C. at 25 mm. 

Isopropylnaphthalene (n=1.59) -------------- 6.0 
Polyakylated hydrocarbons -------------------- 7.0 
Residualtar --------------------------------- 3.0 

100.0 
It may be observed that this complex azeotropic mix 

ture was broken up in a manner similar to the simple 
binary azeotropes described in earlier examples. The 
naphthalene concentrate may be recycled to further alkyl 
ations, thus insuring complete separation of the starting 
Ital into alkylated aromatic and aliphatic hydro 
CaOS. 
We claim: 
1. A process of separating a mixture of aromatic hy 

drocarbons and saturated hydrocarbons which form an 
azeotrope therewith and recovering substantially all of 
the aromatic hydrocarbons in the form of monoalkyl de 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

8 
rivatives and all of the saturated hydrocarbons substan 
tially free of aromatic hydrocarbons, which comprises 
alkylating said mixture in the presence of an alkylation 
catalyst with less than 2 moles of an alkylating agent per 
mole of aromatic hydrocarbon, separating the reaction 
product by distillation into an azeotrope fraction, a frac 
tion of saturated hydrocarbons substantially uncontami 
nated with aromatic hydrocarbons, a fraction of mono 
alkylaromatics and a fraction of polyalkylaromatics, the 
fraction of saturated hydrocarbons having a distillation 
range between the boiling point of the azeotrope and that 
of the monoalkylaromatics and recycling said azeotrope 
fraction and said polyalkylaromatic fraction to the alkyla 
tion step so as to recover substantially all of the aromatic 
hydrocarbons as monoalkylaromatics and all of the satu 
rated hydrocarbons substantially free of aromatic hydro 
carbons 

2. A process according to claim 1 in which the alkyla 
tion catalyst is a Friedel-Crafts catalyst and in which the 
alkylation agent is a normally gaseous olefin. 

3. A process according to claim 2 in which the cata 
lyst is aluminum chloride and in which the olefin is pro pylene. 

4. A process according to claim 1 in which the aro 
matic hydrocarbons in the azeotropic mixture are mono 
nuclear aromatic hydrocarbons. 

5. A process according to claim 4 in which the alkyla 
tion catalyst is a Friedel-Crafts catalyst and in which the 
alkylation agent is a normally gaseous olefin. 

6. A process according to claim 5 in which the catalyst 
is aluminum chloride, in which the olefin is propylene, 
and in which the mononuclear aromatic hydrocarbon in 
the azeotropic mixture is benzene. 

7. A process according to claim 6 in which the azeo 
tropic mixture is a benzene-cyclohexane azeotrope. 

8. A process according to claim 1 in which the aro 
matic hydrocarbons in the azeotropic mixture are poly 
nuclear aromatic hydrocarbons. 

9. A process according to claim 8 in which the alkyla 
tion catalyst is a Friedel-Crafts catalyst and in which the 
alkylation agent is a normally gaseous olefin. 

10. A process according to claim 9 in which the cata 
lyst is aluminum chloride, in which the olefin is pro 
pylene, and in which the polynuclear aromatic hydrocar 
bon in the azeotropic mixture is naphthalene. 
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