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This invention relates to improvements in the 
method of producing alkyl aromatic compounds 
which includes condensing halogenated non-aro 
matic hydrocarbons with an aromatic hydrocar 
bon or derivative capable of undergoing con 
densation with an alkyl halide. (The term "non 
aromatic hydrocarbons' is employed herein in 
the generic Sense, including acyclic aliphatic hy 
drocarbons and cyclic aliphatic hydrocarbons.) 
It relates more particularly to improvements in 
the method of producing alkyl aromatic com 
pounds which includes chlorinating a non-aro 
matic hydrocarbon mixture and condensing a 
resulting mixture of alkyl chlorides with an aro 
matic hydrocarbon or derivative capable of un 
dergoing condensation with an alkyl chloride. 
It relates especially to improvements in the meth 
od of producing mixtures Of alkyl aromatic com 
pounds which are adapted to form sulfonated 
derivatives that are useful as detergents which 
method includes the steps of chlorinating non 
aromatic petroleum hydrocarbons and condens 
ing a resulting mixture of alkyl chlorides with an 
aromatic compound of the benzene series in the 
presence of a metal halide condensing agent. 
An object of the present invention is to pro 

vide improvements in the above methods where 
by improved yields are obtained of the alkyl aro 
matic compounds. - 
Another object of the invention is to provide 

improvements in the above methods whereby in 
provements in the yield and quality of Sulfonated 
alkyl aromatic compounds are obtained upon Sul 
fonation of the alkyl aromatic compounds. 
An additional object of the invention is to pro 

vide improvements in the method of producing 
sulfonated alkyl aromatic compounds of the ben 
Zene series, particularly adapted for use as deter 
gents and surface active agents which includes 
the steps of chlorinating a non-aromatic petro 
leum hydrocarbon mixture, condensing the re 
sulting chlorinated hydrocarbon mixture with an 
aromatic hydrocarbon or phenol of the benzene 
series in the presence of a metal halide condens 
ing agent, and sulfonating a resulting mixture of 
alkyl aromatic compounds, whereby improve 
ments are obtained in the yield and quality of 
the alkyl aromatic sulfonates, 
A further object of the invention is to provide 

improvements in the method of producing alkyl 
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aromatic hydrocarbons and derivatives, particul 
larly adapted for the production of detergents by 
Sulfonation, by Condensation of benzene or its 
derivatives capable of undergoing condensation, 
in the presence of a metal halide condensing 
agent of the Friedel and Crafts type, with a mix 
ture of alkyl chlorides resulting from the chlori 
nation of petroleum hydrocarbon mixtures of the 
kerosene type, whereby improvements are ob 
tained in the yield of Said alkyl aromatic hy 
drocarbons and derivatives, 
Other objects of the invention in part will be 

obvious and in part will appear hereinafter. 
It has heretofore been proposed to produce sul 

fonated higher alkylated aromatic compounds 
Which are of particular value for use as deter 
gents in aqueous media, as well as wetting agents, 
penetrating agents, emulsifying agents, and sur 
face active agents in general, by chlorinating a 
non-aromatic hydrocarbon mixture of the type 
of kerosene, "white oil,' and the like, condensing 
a resulting mixture of alkyl chlorides with ben 
Zene, toluene, Xylene, naphthalene, phenol, cresol, 
resorcinol, naphthol, anisole, phenetole, chlor 
benzene, benzyl benzene, diphenyl, hydroxy di 
phenyl, benzoic acid, diphenyl oxide and related 
unsulfonated aromatic compounds, with the aid 
of aluminum chloride or other condensing agent 
of the Friedel and Crafts type, and sulfonating 
the resulting alkyl aromatic compound. Thus, it 
has heretofore been proposed to produce in this 
way compounds of the type represented by the 
general formula 

X 

wherein R represents an alkyl, cycloalkyl, aralkyl, 
alkaryl or similar group derivable from a petro 
leum fraction and containing at least 7 carbon 
atoms; X represents'a replaceable hydrogen atom 
or an equivalent thereof, such as halogen, hy 
droxyl, alkoxy, phenyl, hydroxyphenyl, phenoxy; 

45 and Y represents hydrogen or a salt-forming 
metal or radical, such as sodium, potassium, am 
monium, alkyl ammonium, hydroxyalkyl ammo 
nium, and the like. In my application Serial No. 
737,777, filed July 31, 1934, products of this type 

0 derived from phenols are disclosed. In my ap 
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plication Serial No. 93,521, fled July 30, 1936, 
products of this type derived from various other 
aromatic compounds are disclosed. 
As is well known in the art, petroleum dis 

tillates are mainly mixtures of non-aromatic hy 
drocarbons, including both Saturated acyclic ali 
phatic hydrocarbons (containing straight or 
branched carbon chains) and cyclic aliphatic hy 
drocarbons, as well as some unsaturated aliphatic 
hydrocarbons, depending upon the Source of the 
petroleum and the method of distiilation and/or 
purification. When the petroleum distillates are 
halogenated in the preparation of alkyl aromatic 
sulfonates, mixtures of various halogenated de 
rivatives of the said aliphatic hydrocarbons are 
produced (which are generically referred to here 
in as "alkyl halides'), and the said mixtures of 
alkyl halides, when condensed with aromatic 
compounds, produce mixtures of alkyl aromatic 
compounds in which the alkyl groups correspond 
with aliphatic hydrocarbons of the petroleum 
distillate from which they were produced. Ac 
cordingly, when the mixtures of alkyl aromatic 
compounds are sulfonated, compositions are pro 
duced which contain mixtures of sulfonated alkyl 
aromatic compounds differing from each other in 
the alkyl groups, which groups correspond with . 
the aliphatic hydrocarbons of the mixture em 
ployed. 
Owing to the diverse nature of the non 

aromatic hydrocarbons in petroleum distillates 
and their different degrees of reactivity to chlo 
ririe, mixtures of various chlorinated non-aro 
matic hydrocarbons are obtained as a result of 
their reaction with chlorine, and when the mix 
tures of chlorinated hydrocarbons are reacted 
with an aromatic compound, such as benzene or 
phenol or the like, in the presence of a condens 
ing agent of the Friedel and Crafts type, for 
the production of alkylbenzenes or alkyl phenols 
or the like, the resulting condensation products 
are mixtures of compounds not all of which, when 
subjected to sulfonation (for example, with 100 
per cent sulfuric acid or oleum), result in sul 
fonated alkyl aromatic compounds useful as de 
tergents and Surface active agents in aqueous 
media. 
According to the present invention, the con 

densation of the aromatic compound with the 
mixture of chlorinated non-aromatic hydrocar 
bons is carried out with a weight of the aromatic 
compound in excess of the weight of the mixture 
of chlorinated non-aromatic hydrocarbons, more 
particularly with a Weight of the aromatic Com 
pound at least One and One-fourth times the 
weight of the mixture of chlorinated non-aro 
matic hydrocarbons, and preferably with a 
weight of the aromatic compound which is one 
and one-half to two times the weight of the 
chlorinated non-aromatic hydrocarbon mixture. 
The present invention is based on the discov 

ery that markedly higher yields are obtained of 
alky aromatic compounds which are adapted on 
Sulfonation to produce valuable marketable 
agents in the form of mixtures of alkyl aromatic 
sulfonates of the type hereinbefore defined, and 
which are derivable from any specific type of 
non-aromatic hydrocarbon mixture (for exam 
ple, a kerosene or a kerosene distillate) by chlo 
rinating the hydrocarbon mixture, admixing the 
chlorinated hydrocarbon mixture with the aro 
matic compound, and heating the admixture at 
a condensation temperature in the presence of 
a metal halide condensing agent, when the 
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employed is greater than the amount by weight 
of the chlorinated hydrocarbon mixture. 
Thus I have found, in accordance with the 

present invention, when the chlorination reac 
tion mixture resulting from the chlorination of 
a petroleum distillate such as kerosene or a kero 
sene distillate is heated With at least one and 
one-fourth times its weight of benzene, phenol, 
or other aromatic compound of the type above 
referred to, in the presence of aluminum chlo 
ride, zinc chloride or other metal halide condens 
ing agent of the Friedel and Crafts type, a prod 
uct is obtained which contains a considerably 
higher yield of desirable alkyl aromatic Com 
pounds, as is evident in the higher amount of 
alkyl aromatic sulfonates obtained finally from 
Such Condensation products, as Compared with 
the condensation products resulting from the 
use of an amount by weight of the aromatic com 
pound less than the weight of the chlorination 
reaction mixture. 
This result is surprising inasmuch as accord 

ing to British Patent No. 364,537 the wetting and 
dispersing properties of products obtained by 
treating aromatic hydrocarbons or their deriva 
tives with aliphatic alcohols containing at least 
three carbon atoms in such proportion that, for 
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each molecule of the hydrocarbon, more than 2.2 
mols of the alcohols come into operation are 
superior as compared with the properties of the 
products made with a lesser amount of the 
alcohol. The weights of alkyl chlorides employed 
in accordance with the present invention repre 
sent only a fraction of 1 mol per mol of aromatic 
Compound. 
The fact that the use of the preferred amounts 

of aromatic compound in the condensation of 
chlorinated kerosenes and related chlorinated 
hydrocarbon mixtures with benzene and related 
aromatic compounds, in accordance with the 
present invention, leads to increased yields of 
Sulfonatable products is of special importance in 
connection with the production of detergents 
from the alkylbenzenes and other alkyl aromatic 
compounds by sulfonation. The preparation of 
detergents such as keryl benzene sulfonates from 
chlorinated kerosene fractions involves the diff 
Culty of excluding much unreacted kerosene 
like (unsulfonated) products from the keryl 
benzene sulfonate. The chlorinated kerosene 
mixture always contains unchlorinated hydro 
carbon which cannot be separated profitably 
from the chlorinated hydrocarbons. When the 
crude chlorinated kerosene mixture is condensed 
with the aromatic compound, for example, ben 
Zene, to form the keryl-aryl mixture, the un 
chlorinated kerosene portion remains unreacted, 
and is not removable by simple stripping and/or 
distillation, without excessive losses, because the 
said kerosene boils over a range which overlaps 
that of the keryl aryl mixture. It is therefore 
present after the sulfonating step, through which 
it passes apparently unchanged. Accordingly, as 
the yield of keryl benzene sulfonate from a given 
amount of crude chlorinated kerosene is in 
creased (all conditions of preparation being Con 
stant) the proportion of residual unsulfonatable 
material remaining associated with the keryl aryl 
Sulfonate is proportionately decreased, and the 
amount which must be removed if the keryl aryl 
Sulfonate is to function as a detergent is also 
proportionately decreased. Thus I have found, 
in accordance with the present invention, a 
greatly increased yield is obtained of alkylben 

amount by weight of the aromatic compound 75 zene sulfonates which, in the form of their 
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sodium salts, are excellent detergents and sur 
face active. agents in aqueous media, when a 
petroleum distillate of the kerosene type is chlo 
rinated, the resulting chlorinated hydrocarbon 
mixture is reacted with at least one and one 
fourth times its weight of benzene in the pres 
ence of a small amount of anhydrous aluminum 
chloride as a condensing agent, the resulting 
condensation product is distilled to separate from 
lower boiling and higher boiling unreacted COn 
stituents and by-products, a middle fraction 
comprising chiefly the desired alkylbenzenes and 
the mixture of alkyl benzenes is sulfonated, as 
compared with the yield obtained when a weight 
of benzene less than the weight of the chlorin 
ated hydrocarbon mixture is employed under the 
same conditions, 
The invention will be illustrated by the follow 

ing examples. It will be realized by those skilled 
in the art that the invention is not limited there 
to except as indicated in the appended patent 
claims. The parts are by weight, the tempera 
tures are in degrees centlgrade and the pressure 
is atmospheric, unless otherwise indicated. 

ExAMPLE 1.-1000 parts of a kerosene fraction 
of Pennsylvania petroleum boiling over the range 
186° to 291, with 80 per cent of the distillate 
boiling between 200 and about 265, were filtered 
into a closed nickel-clad vessel fitted with a nickel 
agitator. 0.4 part of iodine was dissolved in the 
agitated kerosene fraction. Chlorine gas, fl 
tered through a porous earthenware plate, was 
run at the rate of about 3 parts per minute into 
the liquid charge at a temperature of 55 to 60° 
until the specific gravity of the kerosene had in 
creased from about 0.790 to 0.920. This chlorin 
ation period was about 2 hours. 

1000 parts of benzene and 25 parts of anhy 
drous aluminum chloride were charged into a 
glass flask fitted with a glass agitator. 500 parts 
of the chlorinated kerosene were then run in with 
agitation during the course of 20 minutes, the 
temperature being about 30. The agitated mix 
ture in the flask was heated to 45' and main 
tained at that temperature for about 1% hours. 
The reaction mass was transferred to a separa 
tory funnel and tar was allowed to separate from 
the crude alkylbenzene for at least two hours. 
The lower, tar layer was withdrawn and dis 
carded. 
The crude alkyl benzene contained consider 

able free benzene, which was removed by strip 
ping the crude alkyl benzene first to 100-105 
at atmospheric pressure and then in vacuo to 85 
at 30-40 mm. absolute pressure. The residual 
material weighing about 450 parts was distilled 
at 4 mm. pressure. The first distillate from 
about 7 per cent of the distilland was removed 
and consisted mainly of kerosene. The distilla 
tion was then continued and the distillate ob 
tained from that point until the boiling point of 
the distilland was 234 at 4 mm. was collected as 
alkyl benzene. 

100 parts of the resulting alkyl benzene dis 
tillate were agitated for 45 minutes with 19 parts 
of 100 per cent sulfuric acid; the mix was al 
lowed to settle for 15 minutes and the acid layer 
was withdrawn. 
The acid treated alkyl benzene was then 

treated with 120 parts of 100 per cent sulfuric acid 
in a glass vessel. After agitating without warm 
jing for 15 minutes, the temperature of the mix 
ture was raised to 55 to 60° and held there with 
continued agitation for 1 hour. The sulfonation 
mixture was allowed to settle for 1 hour. Three 
distinct layers were formed. The middle, sul 
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fonic acid layer was separated from the other 
layers and drowned in 500 parts of water con 
taining 100 parts of cracked ice, the drowned 
mass was neutralized with 50 per cent aqueous 
caustic soda, and dried on a rotary drum drier. 
ExAMPLE 2.-10,620 lbs. Pennsylvania kerosene 

(having a specific gravity of 0.788 at 24° and boil 
ing range 185 to 275) were filtered through 
porous stoneware into a lead-lined kettle fitted 
with lead-covered agitator, thermometer well 
and other accessories. 4.4 pounds of iodine were 
dissolved in the agitated kerosene charge which 
was then warmed to about 60° and maintained 
between 60 and 70 while chlorine gas, also fil 
tered through porous stoneware, was passed into 
the liquid at an average rate of about 300 pounds 
per hour, until the specific gravity of the chlorin 
ated kerosene was 0.918 at 24, corresponding 
with 115 per cent monochlorination of the kero 
Sene. . . The amount of chlorine required for the 
purpose was about 4825 lbs. The final chlorin 
ated kerosene mixture weighed 12,834 lbs. The 
chlorinated hydrocarbon thus obtained was con 
densed in portions with benzene as follows: 
A mixture of 3,272 lbs. of benzene and 332 lbs. 

of anhydrous aluminum chloride was agitated 
and 6636 lbs. of the chlorinated kerosene mix 
ture were added thereto over a period of three 
hours, during which the temperature of the mass 
rose to about 35. The mixture was then heat 
ed to 45° and held there for about 1A hours. 
Agitation was then stopped, the mixture was al 
lowed to stand for about 2 hours; thereafter the 
lower tarry layer was withdrawn. The upper 
layer was conveyed to a stripping kettle in which 
the liquid was stripped of low-boiling hydrocar 
bons, chiefly benzene, by boiling the liquid until 
its temperature reached 150° at atmospheric pres 
Sure, then reducing the pressure in the distilling 
System to a pressure of 3 to 4 inches of mercury 
absolute pressure and continuing the boiling 
without further supply of heat for about one 
hour, until the temperature of the distilland was 
about 120. The material left after this strip 
ping was distilled in vacuo until about 7 per cent 
of the charge in the still had been removed as 
distillate. The remaining distilland was distilled, 
and distillate therefrom was collected separately 
until the boiling point of the distilland was 250° 
at 14 mm. mercury pressure. This last distillate 
was chiefly the condensation product of the chlo 
rinated hydrocarbons of the kerosene fraction 
and the benzene; and for convenience it is called 
'kerylbenzene.' 
The kerylbenzene was treated with 100 per 

cent sulfuric acid by mixing it with about 15 per 
cent of its weight of the acid and agitating the 
mixture for about 1 hour at about 40°. The mix 
ture was allowed to stand about 4 hour to per 
mit separation of the acid, which constituted 
the lower layer and was withdrawn. 
The upper acid-treated layer of kerylbenzene 

was mixed with about 1.25 times its weight of 100 
per cent sulfuric acid at a temperature between 
30 and 35°. The mixture was then warmed to 
55' and agitated at that temperature for 1 hour. 
It was then allowed to stand for 2 hours during 
which time three layers of material separated. 
The top layer was chiefly unsulfonated material; 
the middle layer was chiefly sulfonated keryl 
benzene: and the bottom layer was spent sulfuric 
arid. The middle layer was separated from the 
others; drowned in ice water; neutralized with 
caustic Soda (acqueous solution), and dried on a 
rotary drum drier. 
ExAMPLE 3-Part 1-Chlorine is passed inta 
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4C) parts of a kerosene boiling from about 195 
to about 300 (and boiling for the most part from 
about 225 to 275), having a specific gravity of 
0.799 at 24, containing about 5.6 per cent of un 
saturated hydrocarbons, and having a probable 
carbon content ranging from 11 to 18 Carbon 
atoms and a probable average content of about 
134 carbon atoms, at 50 in diffused light until 
there is an increase of weight of 111 parts, 2 parts 
of which are due to dissolved hydrogen chloride, 
The resulting product comprises unchlorinated 
hydrocarbon in admixture with mono-, di- and 
polychlorinated hydrocarbons, the average chlo 
rine content of the mixture being equivalent to 
about one and one-half atoms of chlorine per 
molecule of hydrocarbon having the stated car 
bon content. 

Part 2-150 parts of the chlorinated mixture 
produced in Part 1 of this example are slowly 
added to an agitated mixture of 200 parts of 
phenol and 5 parts of anhydrous zinc chloride 
at 75°, and the temperature is maintained at 
75° for about 30 minutes after all the chlorinated 
mixture has been added. The temperature of 
the mixture is then raised and maintained at 
135° for 2.5 hours. 5 parts of zinc dust are then 
added, and after one hour another 5 parts of 
zinc dust are added, the temperature being 
maintained during this addition, and for about 
3 hours afterward, at 135°. The reaction mix 
ture is cooled, treated with water, and the oil 
is separated from the water and residual zinc 
dust and fractionally distilled. 
boiling from 140 to 250 at 4 mm. pressure is 
separately collected. The product, which is an 
oil showing fluorescence under ultra-violet light, 
insoluble in water, soluble in alcohol, gasoline, 
and other organic solvents, is comprised mainly 
of a mixture of alkyl phenols which may be 
represented by the general formula: 

OH 

N/ 
in which R' is a primary, secondary or tertiary 
alkyl group which for the most part is probably 
in the para-position to the hydroxyl group. 
ExAMPLE 4-Part 1-A crude chlorinated hy 

drocarbon mixture is prepared by chlorinating at 
50°, in a lead-lined vessel, a kerosene of the 
type employed in Example 3, until the reaction 
mixture reaches a specific gravity of 0.91. 
Part 2-150 parts of the product of Part 1 of 

this example is reacted with 200 parts of phenol 
as described in Example 3. The crude alkyl 
phenol product is washed with water and dis 
tilled in vacuo. The fraction distilling from 
140° to 240° at 3 mm. pressure is separately col 
lected. It comprises a mixture of alkyl phenols 
in which the alkyl groups correspond with the 
hydrocarbons of the kerosene, being probably 
for the main part saturated alkyl hydrocarbon 
groupS. 

Part 3.- The crude oil obtained in Part 2 of 
this example is fractionally distilled in vacuo 
and the distillate boiling from 175 to 225 at 4 
mm. pressure is separately collected. To 25 
parts of this distillate, under agitation and main 
tained at a temperature of 30, there is slowly 
added 11.6, parts of chlorsulfonic acid. The 
mixture is agitated for 15 minutes after all of 
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2,267,725 
perature of the mixture is then raised and held 
at 70 for 15 minutes. The mixture is then 
drowned in 250 parts of water, the solution is 
made neutral to Brilliant Yellow and Congo Red 
papers by addition of caustic soda, thereto, and 
evaporated to dryness On a double drum drier. 
The resulting product comprises the sodium salts 
of a mixture of alkyl phenol Sulfonic acids in 
which the alkyl groups are mainly Saturated 
aliphatic hydrocarbons. It is a light colored to 
white powder substantially free (less than 4 per 
cent) of inorganic. Salts, 

ExAMPLE 5.-10 parts of the alkyl phenol mix 
ture obtained in Example 4, Part 2, are stirred 
and thereto 10 parts of Sulfuric acid monohy 
drate (100 per cent slfuric acid) are added 
slowly SO that the temperature of the reaction 
mixture does not exceed about 30 to 35. The 
sulfonation mixture is then warmed to 40 and 
held at that temperature until a sample is com 
pletely soluble in neutral, acid and alkaline 
water, and/or does not precipitate calcium salts 
from a calcium chloride solution containing the 
equivalent of 0.224 gram calcium oxide per liter 
(30 to 90 minutes). The solution is sometimes 
slightly turbid due to the presence of insoluble 
impurities. The sulfonation mass is then diluted 
with water to about 100 parts by weight and 
neutralized with sodium or potassium hydroxide, 
or their equivalents. The neutral Solution of 
sulfonates is filtered and evaporated to dryness. 
The final product is a mixture of sodium (or 

potassium, etc.) salts of alkyl phenol Sulfonic 
acids which in the free state correspond with 
the general formula 

O 

R- -SOH 

in which R', is a primary, secondary or tertiary 
alkyl group. The alkyl group is probably para, 
and the sulfonic acid group is probably Ortho 
to the hydroxyl group. 
The following tables set out, representative 

comparative results obtained in accordance with 
the procedure set out in above Example 2. Each 
series was made from a separate composite mix 
ture of several lots of uniformly chlorinated 
kerosene. In each preparation the chlorinated 
kerosene was condensed with benzene by means 
of aluminum chloride, the condensation mass 
was stripped of excess benzene and low boiling 
material, the distilled product was sulfonated 
with sulfuric acid, neutralized, and evaporated 
to dryness. The amount of keryl benzene Sul 
fonate in the final product was ascertained by 
extracting the dry product with alcohol and 
evaporating of the alcohol from the extract. 
All of the experiments set out in one table were 
conducted under the same conditions and with 
the same amounts of reagents, except as indi 
cated in the table. All amounts in the tables 
are on the basis of 100 parts by weight of the 
chlorkerosene. As noted from the above exam 
ples, the chlorkerosene contained unchlorinated, 
monochlorinated and polychlorinated hydrocar 
bons. In carrying out the sulfonations set out in 
Tables I and II, the amount of sulfuric acid 
employed for the two sets of experiments was 
somewhat different (being based on the amount 
of sulfonatable products found by analysis to be 

the chlorsulfonic acid has been added. The tem- 75 present in the keryl benzene product). As above 
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noted, however, the same amount of sulfuric 
acid was employed for all experiments of One 
table. 

Table I 

|Yield, parts of Yield, parts of pure sodiurn distiate of Parts benzene in condensation kery benzene keryl benzene Sulfonate 

69,2 43.8 
69.8 44.6 
72.7 50, 
745 50, 8 
3, 2 50 
74.7 54.5 
76.8 5. A 
78.9 59.3 
78.8 60, 

be 

Yield, parts prSE 

S 

O 

5 
of petroleum hydrocarbon. Preferably the 
halogenation of the non-aromatic hydrocarbon 
mixture is carried out to an extent such that 
the resulting halogenation reaction mixture con 
tains an amount of organically combined halogen 
Substantially corresponding with 75 per cent to 
175 per cent complete monohalogenation of the 
Original non-aromatic hydrocarbon mixture. 
The halogenation of the non-aromatic hydro 

carbon mixtures may be carried out by any well 
known process. The approximate extent of 
halogenation may be determined by the increase 
in the weight of the hydrocarbon material hal 
ogenated or by the increase in the specific gravity 
of the mixture. Instead of chlorine, other hal 
Ogens may be employed in the processes of the 
above examples, e. g., bromine, etc. 

SO 

25 

Parts benzene in condensation distillate of keryl benzene begul 

63, 6 47, 4 
65.3 49.5 
73. 59.6 
7, 5 59, 
73.7 60. 
6, 7 67.3 
4.5 69.7 
73, 1 67.9 

Table III 

Yield, parts of Parts of 100% 
distiate of sulfuric acid sodiumkery Parts of benzene in 

condensation used for sulfo- benzene sul 
keryl-benzene nation fonate 

100------------------- 794 126 5. 
8.4 139 52.4 
82 150 56.8 

It will be realized by those skilled in the art 
that changes may be made in the processes here 
inbefore described without departing from the 
Scope of the invention. 
The non-aromatic hydrocarbon mixtures 

which are useful in connection with the present 
invention are the petroleum hydrocarbon mix 
tures containing hydrocarbons having 7 or more 
carbon atoms, particularly those having not less 
than 10 carbon atoms and not more than 30 
carbon atoms per molecule; the mixtures which 
consist of hydrocarbons having not less than 10 
and not more than 23 carbon atoms, and 
especially those consisting of not less than 12 
nor more than 16 carbon atoms per molecule are 
preferred. The preferred non-aromatic hydro 
carbon mixtures employed in accordance with the 
present invention are exemplified by fractions 
of Pennsylvania and Michigan (Mount Pleasant) 
petroleum distillates, and especially the kerosene 
fractions of said distillates. These distillates 
consist essentially of Open chain aliphatic (par 
affinic) hydrocarbons of which a large portion 
have probably relatively long carbon, chains 
rather than more condensed molecules. Such 
distillates will be referred to as "of the Penn 
sylvania type', whether derived from natural 
sources or derived by processing or by purifica 
tion of less favorable distillates from other 
SOCCS, 
The extent to which the non-aromatic hydro 

carbons may be halogenated may vary. In gen 
eral, halogenation of a petroleum hydrocarbon 
mixture may be carried out to an extent cor 
responding with a product containing a ratio of 
about 4 to 2% atoms of halogen per molecule 
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Warious chlorination temperatures may be em 
ployed, for example, temperatures within the 
range 0 to 75° C., and preferably in the neigh 
borhood of 50 to 60° C. The chlorination may 
be carried out with the aid of chlorine carriers, 
catalysts or adjuvants; as for example, phos 
phorus trichloride, iodine, sunlight, etc. 
In carrying out the condensation of the mixed 

alkyl halides with the aromatic compound and 
the further treatment of the alkyl aromatic 
compounds for the production of the desired sul 
fonated products, the reagents, methods and con 
ditions of treatment may be varied. For ex 
ample, there may be used those described in my 
Copending applications Serial No. 737,777, filed 
July 31, 1934, and Serial No. 93,521, fled July 
30, 1936, of which this application is a continua 
tion-in-part, as well as my copending applica 
tions Serial No. 186231, filed January 21, 1938; 
Serial No. 186,733, filed January 24, 1938; Serial 
No. 95,414, filed March 11, 1938; and Serial No. 
257,719, filed of even date herewith. 
I claim: 
1. In the production of an alkyl aromatic com 

pound which is adapted to be converted by sul 
fonation to an alkyl aromatic sulfonate useful as 
a detergent, by a process which comprises halo 
genating a non-aromatic hydrocarbon mixture 
Containing at least 7 carbon atoms per molecule 
and condensing a resulting mixture of alkyl hal 
ides With an aromatic compound to produce a 
mixture of alkyl aromatic compounds, the im 
provement. Which comprises carrying out the con 
densation. With a weight of the aromatic com 
pound in excess of the Weight of alkylhalide mix 
ture. 

2. In the production of an alkyl aromatic com 
pound Winlon is adapted to be converted by sul 
fonation to an alkyl aromatlic sulfonate useful as 
a detergent, by a process Which comprises chlo 
rinating a petroleum distillate containing at least 
10 carpon atoms per molecule of nydrocarbon and 
Condensing a resultling mixture of alkyl chlorides 
With an aromatic compound in tine presence of a 
metal halide condensing agent to produce a mix 
ture of alkyl aromatic compounds, the improve 
ment Which comprises carrying out the condensa 
tion. With at least one and one-fourth parts of 
an aromatic compound of the benzene series per 
part by Weight of alkyl chloride mixture, 

3. In the production of an alkyl aromatic com 
pound which is adapted to be converted by sul 
fonation to an alkyl aromatic Sulltonate useful as 
a detergent, by a proceSS Which comprises chlo 
rinating a non-aromatic petroleum hydrocarbon 
mixture containling about 10 to about 30 carbon 
atons per molecule, and condensing a resulting 
mixture of alkyl chlorides with an aromatic con 
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pound in the presence of a metal halide con 
densing agent to produce a mixture of alkyl aro 
matic compounds, the improvement which con 
prises carrying out the condensation with one and 
one-half to two parts of the aromatic compound 
per part by weight of the alkyl chloride mixture. 

4. In the production of an alkyl aromatic con 
pound which is adapted to be converted by sul 
fonation to an alkyl aromatic sulfonate useful as 
a detergent, by a process which comprises chlo 
rinating a non-aromatic hydrocarbon mixture 
and condensing a resulting mixture of alkyl chlo 
rides with an aromatic compound to produce a 
mixture of alkyl aromatic compounds, the in 
provement which comprises chlorinating a mix 
ture of non-aromatic hydrocarbons containing at 
least 7 carbon atoms per molecule, admixing the 
resulting chlorination reaction mixture With an 
amount by weight of the aromatic compound in 
excess of the weight of the resulting chlorination 
reaction mixture, and heating the admixture at 
a condensation temperature in the presence of a 
metal halide condensing agent. 

5. In the production of an alkyl aromatic com 
pound which is adapted to be converted by Sul 
fonation to an alkyl aromatic sulfonate useful as 
a detergent, by a process which comprises chlo 
rinating a non-aromatic hydrocarbon mixture 
and condensing a resulting mixture of alkyl chlo 
rides with an aromatic compound to produce a 
mixture of alkyl aromatic compounds, the in 
provement which comprises chlorinating a pe 
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troleum distillate containing at least 10 carbon . 
atoms per molecule of hydrocarbon, admixing the 
resulting chlorination reaction mixture With an 
amount by weight of an aromatic compound Of 
the benzene series in excess of the weight of the 
resulting chlorination reaction mixture, and heat 
ing the admixture at a condensation temperature 
in the presence of a metal halide condensing 
agent. 

6. In the production of an alkyl aromatic sul 
fonate useful as a detergent, by a process which 
comprises chlorinating a non-aromatic hydro 
carbon mixture and condensing a resulting nik 
ture of alkyl chlorides with an aromatic con 
pound to produce a mixture of alkyl aromatic 
compounds, the improvement which COmpriSeS 
chlorinating a non-aromatic petroleum hydrocar 
bon mixture containing about 10 to about 30 car 
bon atoms per molecule, admixing the resulting 
chlorination reaction mixture With an amount by 
weight of the aromatic compound at least one and 
one-fourth times the weight of the resulting 
cnlorination reaction mixture, and heating the 
admixture at a condensation temperature in the 
presence of a metal naalde condensing agent. 

1. In the production of an alkyl arolinatic con 
pound wnicn is adapted to be converted by Sul 
Ionation to an alkyl aromatic sulfonate useful aS 
a detergent, by a process Which comprises chlo 
rinating a non-aromaulic hydrocarbon tle 
and condensing a resulting mixture of alkyl chlo 
rides witn an aromatic compound to produce a 
mixture of aiky) aromatic compounds, the lin 
provement. WhilCil comprises cn ornating a pe 
roleum hydrocarbon mixture contalling about 

to about 3u carpon atoms per molecule, ad 
mixing time resuung chlorination reaction ill 
ture win one and one-mali to two times its 
weignt of an aromatic compound of the benzene 
series, and heating the admixture at a condenSa 
tion temperature in the presence of a metal naide 
condensing agent. 

a. In the production of an alkyl aromatic com" 

35 

40 

45 

5) 

55 

65 

70, 

75 

2,267,725 
pound which is adapted to be converted by sul 
fonation to an alkyl aromatic sulfonate useful as 
a detergent, by a process which comprises chlo 
rinating a non-aromatic hydrocarbon mixture 
and condensing a resulting mixture of alkyl chlo 
rides With an aromatic compound to produce a 
mixture of alkyl aromatic compounds, the in 
provement which corprises chlorinating a pe. 
troleum hydrocarbon distillate of the Pennsyl 
vania type containing 10 to 23 carbon atcms pel 
molecule of hydrocarbon, admixing the resulting 
Chlorination reaction mixture with a benzene hy. 
drocarbon and aluminum chloride, the weight of 
benzene hydrocarbon being at least one and one 
fourth times the weight of the chlorination reac. 
tion mixture, and heating the resulting admixture 
to effect condensation of alkyl chlorides with the 
benzene hydrocarbon. 

9. In the production of an alkyl aromatic com 
pound which is adapted to be converted by sul 
fonation to an alkyl aromatic sulfonate use 
ful as a detergent, by a process which comprises 
chlorinating a non-aromatic hydrocarbon mix 
ture and condensing a resulting mixture of alkyl 
chlorides with an aromatic compound to produce 
a mixture of alkyl aromatic compounds, the 
improvement which comprises chlorinating a 
petroleum hydrocarbon distillate of the Penn 
Sylvania type containing about 12 to about 16 
carbon atoms per molecule, admixing the re 
Sulting chlorination reaction mixture with an 
amount by weight of benzene from one and one 
half to two times the weight of the resulting 
chlorination reaction mixture, and heating the 
admixture at a condensation temperature in the 
presence of aluminum chloride as a condensing 
agent. 

10. In the production of an alkyl aromatic 
compoundi, which is adapted to be converted 
by sulfonation to an alkyl aromatic sulfonate 
useful as a detergent, by a process which com 
prises chlorinating 8 non-aromatic hydrocarbon 
mixture, condensing a resulting mixture of alkyl 
chlorides with an aromatic compound to produce 
a mixture of alkyl aromatic compounds, and sep 
arating a mixture of alkyl aromatic compounds 
from higher-boiling by-products by distilla 
tion, the improvement which comprises chlorin 
ating a mixture of Ilon-aromatic hydrocarbons 
containing at least 7 carbon atoms per mole 
cule to an extent such that the resulting chlorin 
ation reaction mixture contains an amount of 
organically combined chlorine substantially cor 
responding with 75 per cent to 175 per cent com 
plete Inonochlorination of the hydrocarbon mix 
ture, admixing the resulting chlorination reac 
tion mixture with an amount by weight of the 
aromatic compound in excess of the weight of 
said chlorination reaction mixture, and heat 
ing the admixture at a condensation temper 
ature in the presence of a metal halide con 
densing agent. 

ll. In the production of an alkyl aromatic 
sulfonate useful as a detergent, by a process 
which comprises chlorinating a non-aromatic 
hydrocarbon mixture and condensing a resulting 
mixture of alkyl chlorides with an aromatic 
Compound to produce a mixture of alkyl aro 
natic compounds, the improvement which com 
prises chlorinating a mixture of non-aromatic 
hydrocarbons containing at least 10 carbon atoms 
per molecule to an extent such that the result 
ing chlorination reaction mixture contains an 
amount of organically combined chlorine sub 
stantially corresponding with .5 per cent to 175 
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per cent complete monochlorination of the hy 
drocarbon mixture, admixing the resulting chlo 
rination reaction mixture with an amount by 
weight of the aromatic compound at least one 
and One-fourth times the weight of the result 
ing chlorination reaction mixture, and heating 
the admixture at a condensation temperature in 
the presence of a metal halide condensing agent. 

12. In the production of an alkyl aromatic 
compound which is adapted to be converted by 
Sulfonation to an alkyl aromatic sulfonate use 
ful as a detergent, by a process which comprises 
chlorinating a non-aromatic hydrocarbon mixture 
and condensing a resulting mixture of alkyl 
chlorides with an aromatic compound to produce 
a mixture of alkyl aromatic compounds, the im 
provement which comprises chlorinating a pe 
troleum hydrocarbon distillate of the Pennsyl 
vania type containing hydrocarbons having not 
less than 10 nor more than 23 carbon atoms per 
molecule to an extent such that the resulting 
chlorination reaction mixture contains an 
amount of Organically combined chlorine sub 
stantially corresponding with 75 per cent to 175 
per cent complete monochlorination of the hy 
drocarbon distillate, admixing the resulting 
chlorination reaction mixture with an aromatic 
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compound of the benzene series and aluminum 
chloride, the amount of aromatic compound being 
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amount of organically combined chlorine sub 
stantially corresponding with 75 per cent to 175 
per cent complete monochlorination of the hy 
drocarbon distillate, admixing the resulting 
chlorination reaction mixture with a benzene hy 
drocarbon and aluminum chloride, the weight of 
benzene hydrocarbon being at least one and one 
fourth times the weight of the chlorination 
reaction mixture, and heating the resulting ad 
mixture to effect Condensation of alkyl chlorides 
with the benzene hydrocarbon. 

14. The method of producing higher alkyl 
aromatic sulfonates which comprises chlorinating 
a petroleum hydrocarbon distillate containing hy 
drocarbons having not less than 10 normore than 
23 carbon atoms per molecule to an extent such 
that the resulting chlorination reaction mixture 
contains an amount of organically combined 
chlorine substantially corresponding with 75 per 
cent to 175 per cent complete monochlorination 
of the hydrocarbon distillate, admixing the re 
Sulting chlorination reaction mixture with an 
aromatic compound of the benzene series and a 
metal chloride condensing agent, the amount of 
aromatic compound being at least one and one 
fourth times the weight of the chlorination re 
action mixture, heating the resulting admixture 
to effect condensation of alkyl chlorides with 
the aromatic compound, and reacting a sul 

at least one and one-fourth times the weight of so fonating agent with a resulting mixture of 
the chlorination reaction mixture, and heating 
the resulting admixture to effect condensa 
tion of alkyl chlorides with the aromatic com 
pound. 

13. In the production of an alkyl aromatic 
compound which is adapted to be converted by 
sulfonation to an alkyl aromatic sulfonate use 
ful as a detergent, by a process which comprises 
chlorinating a non-aromatic hydrocarbon mix 
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ture, condensing a resulting mixture of alkyl O 
chlorides with an aromatic compound to produce 
a mixture of alkyl aromatic compounds, and sep 
arating a mixture of alkyl aromatic compounds 
from higher-boiling by-products by distillation, 
the improvement which comprises chlorinating 
a petroleum hydrocarbon distillate of the Penn 
Sylvania type containing hydrocarbons having 
not less than 10 nor more than 23 carbon atoms 
per molecule to an extent such that the result 
ing chlorination reaction mixture contains an 

higher alkyl aromatic compounds. 
15. The method of producing higher alkyl 

aromatic sulfonates which comprises chlorinating 
a petroieum hydrocarbon distillate of the Penn 
Sylvania type containing hydrocarbons having 
not less than 10 nor more than 23 carbon atoms 
per molecule to an extent such that the re 
Sulting chlorination reaction mixture contains . 
an amount of organically combined chlorine sub 
stantially corresponding with 75 per cent to 175 
per cent complete monochlorination of the hydro 
carbon distillate, admixing the resulting chlorin 
ation reaction mixture with one and one-half 
to two times its weight of benzene, heating the 

s admixture at a condensation temperature in the 
presence of aluminum chloride as a condensing 
agent, and reacting a resulting mixture of al 
kyll benzenes with a sulfonating agent. 

LAWRENCE. H. FLETT, 


