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his invention relates to improvements in 
methods of producing higher alkyl aromatic 
sulphonates useful as surface active agents and 
for detergent, wetting, penetrating, emulsifying 
and related purposes. It relates more particu 
larly to improvements in methods of producing 
higher alkyl aromatic sulphonates from halo 
genated non-aromatic hydrocarbon mixtures by 
condensation with aromatic compounds with 
the aid of aluminum chloride as a condensation 
catalyst, followed by sulphonation of the con 
densation product. 
An object of the invention is to provide in 

provements in the method of producing higher 
alkyl aromatic Sulphonates from halogenated 
aOn-aromatic hydrocarbons, on the one hand, 
and aromatic compounds of the class consisting 
of hydrocarbons, chlor hydrocarbons and alkoxy 
Substituted hydrocarbons of the benzene and 
naphthalene series, on the other hand, by con 
densation with the aid of aluminum chloride as 
a condensation catalyst, followed by sulphona 
tion, whereby sulphonated products are ob 
tained having improved properties. 
Another object of the invention is to provide 

in provements in the method of producing high 
er alkyl aromatic sulphonates from halogenated 
non-a-romatic hydrocarbons and aromatic con 
pounds of the class referred to above by con 
gensation with the aid of aluminum chloride as 
a condensation catalyst, followed by sulphona 
tion, whereby sulphonated products are ob 
tained which are sufficiently free from colored 
by-products to be commercially acceptable. 
A further object of the invention is to provide 

improvements in the method of producing high 
er alkyl aromatic sulphonates from halogenated 
non-aromatic hydrocarbons and aromatic com 
pounds of the class referred to above by con 
densation with the aid of aluminum chloride as 
a condensation catalyst, followed by sulphona 
tion, whereby Sulphonated products are ob 
tained having improved surface active, deter 
gent, Wetting and penetrating action, 
An additional object of the invention is to 

provide improvements in the method of pro 
ducing higher alkyl aromatic sulphonates of the 
benzene Series from chlorinated kerosene frac- . 
tions of petroleum distillates and aromatic hy. 
drocarbons of the benzene series by condensa 
tion with the aid of aluminum chloride as a con 
densation catalyst, followed by Sulphonation, 
whereby sulphonated products are obtained 
which are sufficiently free from colored by-prod 

(CE, 260-505) 
lucts to be commercially acceptable, and which 
have improved surface active, detergent, Wetting 
and penetrating action. 
Other objects of the invention in part will be 

obvious and in part will appear hereinafter. 
Alkyl aromatic sulphonates in which a higher 

alkyl group is present as a substituent in the 
aromatic nucleus represent a desirable class of 
products, particularly in the form of their al 
kali metal and Organic ammonium salts, for use 
as substitutes for soaps in view of certain of 
their advantageous properties; as for example, 
resistance to acid and hard water, washing and 
lathering ability in hard water and sea water, 
and freedom from hydrolysis. . 
One method for producing alkyl aromatic 

Sulphonates involves halogenating a mixture of 
non-aromatic hydrocarbons, condensing the re 
Sulting mixture of halogenated hydrocarbons 
With the aromatic compound of the type de 
sired in the final product, sulfonating the result 
ing condensation product, and recovering the 
Sulphonated product, after conversion to a salt 
When desired. Thus, one method of producing 
an alkyl benzene Sulphonate product comprises 
chlorinating a petroleum distillate, condensing 
the resulting Emixture of alkyl chlorides with 
benzene. With the aid of a small amount of an 
hydrous aluminum chloride as a catalyst, sepa 
rating the resulting mixture of alkyl benzenes 
from the condensation mass, sulphonating the 
mixture of alkyl benzenes to produce a mix 
ture of alkyl benzene sulphonates, neutralizing 
the Sulphonation reaction mixture with aqueous 
Sodiugin hydroxide Solution, and recovering the 
resulting mixture of sodium alkyl benzene 
Sulphonates. 
The products obtained by this process have 

the disadvantages that they are highly colored 
and have insufficient cleansing ability to be 
commercially acceptable as substitutes for soap 
in the usual household and textile uses. In gen 
eral, Soap substitutes which are colored are not 
acceptable because they stain goods treated 
With then and leave deposits which later de 
velop Stains in the goods. Furthermore, their 
appearance is unattractive and they dissolve in 
water to form undesirably colored solutions. 
While in some cases the color of the products 
can be improved by treatment with reducing 
agents, as for example. Zinc and acetic acid or 
Zinc dust, or with oxidizing agents, such treat 
ments are costly and result in yield losses while 
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the improvement in color which is produced is 
generally of a temporary nature. 

According to the present invention alkyl aro 
matic sulphonates of commercially acceptable 
color and of sufficient detergent, wetting and 
surface active action to be commercially ac 
ceptable as soap Substitutes are obtained by in 
corporating into the process of producing the 
alkyl aromatic sulphonates the improvements 
hereinafter disclosed, 
In the practice of the present invention in ac 

cordance with one preferred method of proce 
dure, a non-aromatic hydrocarbon mixture, 
more particularly one containing at least 10 car 
bon atoms, and preferably about 12 to about 30 
carbon atoms per molecule, is halogenated to an 
extent such that the resulting halogenation re 
action mixture contains an amount of organi 
cally combined halogen substantially corre 
sponding with 75 per cent to 175 per cent com 
plete monohalogenation of the original non 
aromatic hydrocarbon mixture; the resulting 
mixture of halogenated hydrocarbons (herein 
generically designated by the term "alkyl halide 
mixture') is reacted with the aromatic com 
pound to be alkylated, in the presence of an 
amount of aluminum chloride equal to 5 per 
cent to 20 per cent of the weight of the alkyl 
halide mixture and at a temperature which does 
not exceed 130 C.; the condensation reaction 
mass is permitted to stratify into an upper layer 
containing mainly a mixture of alkyl aromatic 
compounds and a lower layer of darkly colored 
sludge; the upper layer is removed from the 
lower layer, and the mixture of alkyl 'aromatic 
compounds is subjected to sulphonation. The 
resulting mixture of sulphonic acids is prefer 
ably converted into a mixture of their corre 
Sponding Salts. If inorganic salts are simulta 
neously formed, they may be left in the mixture 
of Said Sulphonic acid salts, or they may be sep 
arated therefrom, as the use of the product may 
determine. 

I have found, in accordance with one feature 
of the present invention, that the use of an 
amount of aluminum chloride equal to 5 to 20 
per cent of the weight of the alkyi halide mix 
ture at a temperature not exceeding 130 C, 
followed by separation of the mixed alkyl aro. 
matic compounds from the sludge formed as 
a by-product of the condensation, results in a 
product which when sulphonated has superior 
properties with respect to color and surface ac 
tive action, as compared with products obtained 
with a smaller amount of aluminum chloride 
and/or at higher temperatures. I have further 
found, in accordance with another feature of the 
present invention, that the halogenation of the 
non-aromatic hydrocarbon mixture to an extent 
Such that the resulting halogenation reaction 
mixture contains an amount of organically com 
bined halogen Substantially corresponding with 
75 per cent to 175 per cent complete monohalo 
genation of the original non-aromatic hydro 
carbon mixture, results in commercially satisfac 
tory yields of alkyl aromatic sulphonates not 
withstanding the use of the relatively large 
amounts of aluminum chloride employed in ac 
cordance with the present invention, especially 
when amounts of aluminum chloride not exceed 
ing 15 per cent of the weight of the alkyl halide 
mixture are employed. 
Thus I have found that higher alkyl benzene 

Sulphonates which in the form of solids are a 
pale yellow to white color, dissolving in Water to 

2,223,364 
form clear, almost colorless solutions which pos 
sess excellent washing and wetting properties, 
are obtained in good yield by chlorinating a kero 
sene fraction of petroleum distillate to an extent 
such that the resulting chlorination reaction 
mixture contains an amount of organically com 
bined chlorine Substantially corresponding with 
100 to 140 per cent complete monochlorination 
of the kerosene hydrocarbons, reacting benzene 
With the resulting chlorkerosene mixture (com 
prising higher alkyl monochlorides together with 
some polychlorides and unchlorinated kerosene) 
in the presence of an amount of anhydrous alu 
minum chloride equal to 5 per cent to 20 per cent 
of the Weight of the chlorkerosene mixture at 
temperatures not exceeding 110° C., separating 
the light-colored oily mixed alkyl benzenes from 
the dark-colored sludge produced as a by-product, 
distilling off excess benzene from the mixed alkyl 
benzenes, then reacting the mixed alkylbenzenes 
with a Sulfphonating agent, and neutralizing the 
Sulphonated product with sodium hydroxide in 
aqueous Solution. The oily mixed alkyl benzenes 
obtained as an intermediate product by this pro 
cedure are but faintly colored, and the sulpho 
nated products without further purification are 
sufficiently free from objectionable colored by 
products to be acceptable for commercial sale 
and use, 

It was heretofore known to condense an alkyl 
halide with an aromatic hydrocarbon with the 
aid of anhydrous aluminum chloride as a cat 
alyst, but in order to avoid low yields of alkyl 

O 

S 

aromatic product the amount of aluminum chlo 
ride employed was linited to amounts just ade 
quate to effect the condensation, generally below 
4 per cent of the Weight of alkyl halide or alkyl 
halide mixture. When a halogenated fraction 
of petroleum distillate containing an amount of 
organically combined halogen substantially cor 
responding with 75 per cent to 175 per cent com 
plete halogenation of the hydrocarbon mixture, 
as for example chlorinated kerosene containing 
an amount of organically combined chlorine cor 
responding with about 125 per cent monochlo 
rination of the kerosene, is condensed with an 
aromatic hydrocarbon, for example benzene, tolu 
ene, etc., With the aid of anhydrous aluminum 
chloride in a catalytic amount, for example, less 
than 4 per cent by weight of the alkyl halide mix 
ture, the resulting alkyl aromatic condensation 
products are inferior in quality and the sulpho 
nated mixtures derived therefrom are highly co 
Ored. Even when the alkyl aromatic condensa 
tion products are substantially decolorized by a 
decolorizing treatment of the type above men 
tioned, they generally produce sulphonated prod 
lucts in which the undesirable color again de 
velops as a result of the sulphonation. 
The invention will be illustrated by the follow 

ing Specific examples. It will be realized by those 
skilled in the art that the invention is not lim 
ited thereto except as indicated in the appended 
patent claims. The parts are by weight, the tem 
peratures are in degrees centigrade and the pres 
Sure is atmospheric, unless otherwise indicated. 

Eacample 1 
Part 1-553 parts of a kerosene fraction of 

Pennsylvania petroleum distillate, boiling over 
the range of approximately 180° to 300 and hav 
ing a Specific gravity of 0.79, which, on the basis 
of its Source and properties, was considered to 
be a mixture of hydrocarbons (mainly open chain 
aliphatic hydrocarbons) having an average mo 
lecular carbon content of 13 to 14 carbon atoms 
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2,223,364 
and a range from about 10 to about 17 carbon 
atoms per molecule, Were chlorinated by passing 
therethrough a stream of chlorine gas while the 
mixture was maintained around 50 to 60 and 
exposed to diffused daylight, until the organically 
combined chlorine in the mixture amounted to 
about 125 parts, corresponding to about 125 per 
cent of the amount theoretically required for 
complete monochlorination. 600 parts of this 
chlorinated oil Were added in a small stream to 
a well agitated mixture of 395 parts of benzene 
and 35 parts of anhydrous aluminum chloride. 
The reaction mixture was maintained through 
out the addition at about 30 to 35 and, after 
the addition of the chlorinated oil, was stirred 
for about three-quarters of an hour, and then 
allowed to stand about 20 minutes. The mix 
ture separated into tWO layers. The upper layer, 
consisting of a brown mobile oil, was decanted 
from the lower layer of black tarry matter and 
washed with one-half its Volume of 5 per cent 
muriatic acid. The Washed product, a pale yell 
low oil, was distilled until a vapor temperature 
of 123 of 5 mm. mercury pressure was reached, 
to remove unreacted material. The residue, Con 
sisting of a light amber oil, weighed 363 parts. 
It comprised a mixture of alkylbenzenes in which 
the number of carbon atoms in the alkyl groups 
averaged about 13 to 14. 
Part 2.--For the production of a sulphonated 

product, 200 parts of the oil were agitated Well 
with 245 parts of 26 per cent oleum at a temper 
ature of 5 to 15 until 1 part of a test portion, 
after neutralizing with sodium hydroxide, was 
soluble in 20 parts of Water. The mixture WaS 
then poured into approximately, 2500 parts of an 
ice-water mixture, and the resulting Solution Was 
made neutral to Brilliant Yellow and Congo Red 
papers with concentrated acqueous caustic alkali 
(e. g. a 50% aqueous solution of sodium hydrox 
ide). The neutralized solution, when evaporated 
to dryness on a rotary drum dryer, resulted in 
a pale yellow friable solid, readily soluble in water 
to form solutions which were clear and tinged 
very faintly yellow. The solutions possessed ex 
cellent Wetting and washing properties. The 
product comprised chiefly nuclearly alkylated 
benzene Sulphonates in which the alkyl groups 
averaged about 13 to 14 carbon atoms. 

Eacample 2 
400 parts of a chlorinated kerosene contain 

ing approximately 16 per cent organically com 
bined chlorine (corresponding to about 100 per 
cent of the amount theoretically required for 
complete monochlorination) and prepared from 
a kerosene of the type employed in Example 1 
by the process described in Example 1, were 
added as a small stream to an agitated mixture 
of 35 parts of anhydrous aluminum chloride and 
350 parts of toluene, which initially was at a 
temperature of about 12. The temperature of 
the reaction mixture spontaneously rose to 45° 
and then slowly subsided as the evolution of hy 
drogen chloride gas diminished. After being 
stirred for about 1% hours the mixture was al 
lowed to stand and to separate into two layers. 
The upper layer was decanted and washed with 
one-half its volume of 5 per cent muriatic acid. 
It was then distilled until a vapor temperature 
of 120 at 4 mm. was reached. The residue (238 
parts) was a pale yellow mobile oil, similar to 
that produced in Example 1, part 1. 20 parts of 
the oil were Sulphonated by mixing it with 25 
parts of 26% oleum and agitating the mixture 

3 
for about 14 hours at a temperature from about 
10 to about 15 until part of a test portion, 
after being neutralized with caustic Soda was 
soluble in 20 parts of water. The mixture was 
then diluted in about 250 parts of ice-water, neu 
tralized with concentrated aqueous caustic Soda, 
and dried. The resulting product was a pale 
yellow to white solid which gave clear substan 
tially colorless aqueous solutions having desira 
ble wetting and washing properties. The prod 
uct was chiefly a mixture of nuclearly alkylated 
toluene sulphonates in which the introduced 
alkyl groups averaged about 13 to 14 carbon 
atoms. 

Eacample 3 
562 parts of a kerosene fraction of Pennsyl 

vania, petroleum distillate, boiling over the range 
approximately 165 to 225 and having a specific 
gravity of 0.785, which, on the basis of its source 
and properties, was considered to be a mixture 
of hydrocarbons (mainly open chain aliphatic 
hydrocarbons) having a range from about 10 to 
about 13 carbon atoms per molecule, Were chlo 
rinated in diffused daylight until about 138 parts 
of chlorine had been absorbed (corresponding to 
about 107 per cent of the amount theoretically 
required for complete monochlorination). 400 
parts of this mixture of chlorinated hydrocarbons 
were added as a small stream to an agitated mix 
ture maintained at about 60° to about 70° of 30 
parts of anhydrous aluminum chloride, 400 parts 
of naphthalene, and 240 parts of Pennsylvania 
kerosene. The mixture was stirred and allowed 
to cool for about one hour, then it was allowed 
to stand and separate into two layers of which 
the upper was decanted, washed and distilled 
until a vapor temperature of 120° at 4 mm. was 
reached. The residue (302 parts). Was an amber 
colored oil comprising chiefly a mixture of alkyl 
naphthalenes in which the alkyl groups con 
tained from about 10 to about 13 carbon atoms. 
20 parts of the oil were sulphonated by mixing 
it with 24A, parts sulphuric acid monohydrate, 
and agitating the mixture for about 1% to 2 
hours at a temperature from about 10 to about 
15, until 1 part of a test portion, after being 
neutralized with caustic soda was soluble in 20 
parts water. The mixture was then diluted with 
about 250 parts ice-water, neutralized with con 
centrated aqueous caustic soda, and dried. The 
resulting product was an almost White Solid, 
soluble in water to form Substantially colorless 
solutions having desirable wetting and washing 
properties. The product was chiefly a mixture 
of nuclearly alkylated naphthalene sulphonates 
in which the alkyl groups contained from about 
10 to about 13 carbon atoms, 

Eacample 4 
Parafin oil of the type known commercially as 

“white oil,' having a specific gravity of about 
0.848, and boiling over the range approximately 
224 to 278 at 15 mm. mercury pressure, having 
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an average molecular carbon content of 26 car 
bon atoms (determined by the CryOScopic meth 
od), and, on the basis of its source and prop 
erties, considered to be a mixture of hydrocar 
bons ranging in carbon content from about 22 
to 28 carbon atoms per molecule, was chlorinated 
in a lead-lined vessel by passing chlorine gas into 
the oil at sabout 75 in the presence of about 0.05 
per cent of iodine as catalyst until a gain in spe 

65 

70 

cific gravity of 0.09 had been realized. The re 
sulting chlorinated oil contained approximately 
1.3 times the amount of organically combined s 
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4. 
chlorine theoretically required for complete 
monochlorination of the hydrocarbons in the 
white oil. 300 parts of the resulting chlorinated 
white oil were added to an agitated mixture, 
maintained at about 25 to about 30, of 21 parts 
of anhydrous aluminum chloride and 150 parts 
of benzene. Hydrogen chloride gas was evolved. 
The mixture was agitated at about 25 to about 
30° for one hour and then at 45 to 50 for One 
hour. The mixture was then allowed to stand for 
16 hours. Two layers formed; a brown, nobile 
oily upper layer and a black, tarry, more viscous 
lower layer. The upper layer of brown mobile 
oil was decanted, washed with a 5 per cent aque 
ous NaHSO3 solution, and distilled until vola 
tile components boiling up to 100 at 4 mm were 
removed. The residue of the distillation Was 
about 200 parts of an amber oil comprising 
chiefly alkylated benzenes in which the alkyl 
groups ranged from about 22 to 28 in carbon con 
tent and averaged about 26 carbon atoms. 200 
parts of the oil were sulphonated by slowly add 
ing thereto 48% parts of chlorsulphonic acid 
while the mixture was maintained at about 20 
to about 25°. Thereafter the mixture was stirred 
for about 2 hours until 1 part of a test portion, 
after being neutralized with caustic soda, was 
soluble in 20 parts of Water. The mixture Was 
then diluted with about 4 parts of Water, made 
neutral to Brilliant Yellow by addition of con 
centrated aqueous caustic SOda, and dried. The 
resulting product was a practically yellowish 
solid which was clearly soluble in water to give 
almost colorless solutions and which was solu 
ble in dry cleaner's naphtha, carbon tetrachlo 
ride, trichlorethylene and the like dry cleaning 
solvents. 

Eacample 5 
A kerosene fraction of Pennsylvania, petroleum 

distillate boiling over the range about 172 to 
about 250, which, on the basis of its source and 
properties, was considered to be a mixture of hy 
drocarbons (mainly open-chain aliphatic hydro 
carbons) having a range from about 10 to about 
15.5 carbon atoms per molecule, Was chlorinated 
in diffused daylight at a temperature between 
50° and 60 until about 21 parts of chlorine had 
been absorbed per 100 parts of kerosene (corre 
sponding to about 109 per cent of the amount 
theoretically required for complete monochlorina 
tion). 200 parts of this mixture of chlorinated 
hydrocarbons were reacted at ordinary temperar 
ture with 150 parts of monochlorbenzene and 20 
parts of anhydrous aluminum chloride. The tem 
perature of the mixture was allowed to rise to 
about 60° with agitation and agitation WaS COn 
tinued for about 1 additional hour after this ten 
perature was reached. The mixture was allowed 
to stand and separate into two layers of which 
the upper was decanted, washed with dilute hy 
drochloric acid and distilled until a Vapor ten 
perature of 120° C. at 5 mm. was reached. The 
residue (85 parts) was an amber-colored oil com 
prising chiefly a mixture of alkyl chlorbenzenes 
in which the alkyl groups contained from about 
10 to 15.5 carbon atoms. 20 parts of the oil were 
sulphonated by mixing it with 25% parts of 26 
Bé, oleum at a temperature from about 10 to 15 
for about 3 hours. The mixture was then heated 
to 40° to 55°, where it was held for about 4 hour. 
The mixture was then diluted by drowning it in 
6 to 7 times its weight of ice and Water, neu 
tralized with concentrated aqueous caustic soda, 
and dried. The resulting product was an almost 
,white solid soluble in water to form substantially 

2,223,364 
colorless solutions having desirable wetting and 
washing properties. The product was chiefly a 
mixture of nuclearly alkylated chlorbenzenes in 
which the alkyl groups contained from about 10 
to about 15.5 carbon atons. 5 

In the above examples the amount of aluminum 
chloride employed can be increased up to 20 per 
cent of the weight of the alkyl chloride mixture, 
but amounts in excess of about 15 per cent are 
not preferred for the obtainment of desirable lC 
yields, 

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. 5 
The hydrocarbon mixtures which may be en 

ployed as starting materials in accordance with 
the present invention are non-aromatic mixtures, 
preferably aliphatic hydrocarbon mixtures, and 
especially mineral oil distillates, containing from 20 
10 carbon atoms to 30 carbon atoms, and pref 
erably from 12 to 28 carbon atoms. The particu 
lar type of hydrocarbon mixture employed will 
vary, depending upon the specific use for which 
the product is designed and the particular aro- 2 
matic nucleus with which it is combined, as will 
be evident to those acquainted with the art. 
As is Well known in the art, petroleum distill 

lates are mainly mixtures of aliphatic hydrocar 
bons, including both saturated acyclic aliphatic 3( 
hydrocarbons containing Straight or branched 
carbon chains and cyclic aliphatic hydrocarbons, 
as well as some unSaturated aliphatic hydrocar 
bons, depending upon the source of the petroleum 
and the method of distillation and/or purifica- 3 
tion. When the petroleum distillates are halo 
genated in the preparation of products of the 
present invention, mixtures of various halogen 
ated derivatives of the said aliphatic hydrocar 
bons (alkyl halides) are produced and the said 4 
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 pro- 4. 
duced. Accordingly, When the mixtures of alkyl 
aromatic compounds are sulphonated, composi 
tions are produced which contain mixtures of 
Sulphonated alkyl aromatic compounds differing 
from each other in the alkyl groups, which groups 5 
correspond With the aliphatic hydrocarbons of 
the mixture employed. 
The preferred hydrocarbon mixtures employed 

in accordance with the present invention are ex 
emplified by fractions of Pennsylvania and Michi 
gan (Mount Pleasant) petroleum distillates. 
These distillates consist essentially of open chain 
aliphatic (paraffinic) hydrocarbons a large por 
tion of which are probably relatively long carbon 
chains rather than more condensed molecules. 6 
Such distillates Will be referred to as “of the 
Pennsylvania type,' whether derived from nat 
ural sources or derived by processing or by puri 
fication of less favorable distillates from other 
SOCeS. 6 
The halogenation of the non-aromatic hydro 

carbon mixture may be carried out by any well 
known process. The approximate extent of halo 
genation may be determined by the increase in 
the weight of the hydrocarbon material halogen- 7 
ated or by the increase in the specific gravity of 
the mixture. Instead of chlorine, other halogens 
may be employed in the processes of the above 
examples, e.g., bromine, etc. 
Various chlorination temperatures may be em- 7 

5, 



catalysts or adjuvants; 

2,223,364. 
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, 

as for example, phos 
phorus trichloride, iodine, Sunlight, etc. 

in accordance with the present invention are the 
various aromatic hydrocarbons and their alkoxy 

O 

5 

20 

25 

30 

50 

55 

60 

5 

5 

carried out may vary within wide limits. 

and halogen derivatives, as for example benzene, 
toluene, xylene, diphenyl, naphthalene, mono 
chlorbenzene, anisole, phenetole. 
To effect the improved results of the present 

invention, the temperature at which the mixed 
alkyl halides and the aromatic compounds are 
condensed in the presence of the relatively large 
amounts of anhydrous aluminum chloride Ought 
not exceed 130° C., and is preferably between 
about 20° and 80° C. In general at temperatures 
below 20° C., the condensations are slow, incom 
plete and cause lower yields of desired condensa 
tion products; while condensations effected at 
temperatures above 130° C. result in compositions 
which comprise undesirable compounds that in 
crease in amount and in undesirable properties 
as the temperature of condensation increases, 
until at temperatures above about 160 C. the 
compositions are of little if any Value for the 
manufacture of commercially acceptable alkyl 
aromatic Sulphonates. 
The proportion of mixed alkyl halides employed 

with respect to the aromatic compound in the 
preparation of the alkylated aromatic compounds 
may be varied. Preferably the proportion of 
mixed halogenated hydrocarbons employed with 
respect to the aromatic compound is such that 
only one higher alkyl radical is contained in the 
resulting alkyl aromatic compounds. Thus, at 
least 1.25 mols of aromatic compound per mol of 
mixed halogenated hydrocarbons is Ordinarily 
employed in the condensation. A molar ratio as 
low as 1 to 1 may be employed, but the yield of 
the resulting mixed alkyl aromatic compounds 
containing one long alkyl group will be less. 
The sulphonation of the mixture of alkyl aro 

matic compounds may be carried out with any 
Suitable agent; as, for example, Sulphuric acids 
of various strengths (66° Bé., 100 per cent, 26 
per cent oleum, 65 per cent oleum, etc.), chlorsul 
phonic acid, etc. The sulphonation may be car 
ried out in the presence of inert solvents or dilu 
ents, as for example, the halogenated aliphatic or 
aromatic hydrocarbons (carbon tetrachloride, 
tetrachlor ethane, ethylene dichloride, dichlor 
benzene, etc.) or sulphonation may be carried out 
in their absence. When an inert solvent or dilu 
ent is used, it may be separated mechanically 
or by evaporation from the alkaline aqueous so 
lution of the sulphonic acid salts of the alkyl aro 
matic compounds which results upon diluting the 
Sulphonation mass with Water and adding an al 
kali. If desired sulphonation assistants may be 
employed; as for example the lower fatty acids 
and their anhydrides (e. g., acetic acid, acetic 
anhydride, etc.) or the alkali metal sulphates 
(e. g., sodium or potassium sulphate, etc.). 
The temperature at which the sulphonation is 

For 
example, temperatures as low as about 0 and 
as high as about 140 may be employed. In 
general the more vigorous the sulphonation agent 
the lower is the preferred temperature. Preferred 
sulphonation temperatures lie between about 5' 
and about 90. 
The ratio of sulphonating agent employed with 

5 
respect to the mixture of alkyl aromatic Com 
pounds also may be varied. Thus, for complete 
Sulphonation, the sulphonating agent in terms of 
100 per cent sulphuric acid may range from 0.3 
to 5 times or more the weight of the alkyl aro 
matic compounds to be sulphonated. The extent 

The aromatic compounds preferably employed . to which the Sulphonation is carried out may 
Vary with the individual material being Sull 
phonated, the duration. Or time of Sulphonation, 
and the use to be made of the sulphonated prod 
uct. In SOme cases, a degree of Sulphonation 
Which corresponds with a product having maxi 
mum detergent properties is not completely sol 
uble in Water to form a clear solution and/or 
may cause Some precipitation of lime salts. On 
the other hand, a product which causes no pre 
cipitation of lime salts may not have maximum 
obtainable detergent properties because of ex 
Cessive Sulphonation. Furthermore, in some cases 
the degree of sulphonation may not be the same 
for products to be used as detergents in soft 
water, in hard water and in alkaline solutions. 
(As a standard of comparison, an aqueous solu 
tion of calcium chloride equivalent to 0.224 gram 
calcium oxide per liter of solution is employed 
as a standard hard water.) 
The Sulphonated products may be prepared in 

the form of their free sulphonic acids or in the 
form of Salts. They are preferably prepared in 
accordance with the present invention in the 
form of Salts of the alkali metals. The salts may 
be obtained in any suitable manner; for exam 
ple, by reacting the sulphonated product with a 
metal oxide or hydroxide, ammonia, or an organic 
base, or of a Suitable salt of one of these, in an 
amount adapted to form a neutral product. 
Among the bases, oxides and salts which may be 
combined with the sulphonated products to pro 
duce Salts in accordance with the present inven 
tion are, for example, sodium, potassium and am 
nonium hydroxides; sodium, potassium and an 
monium carbonates and bicarbonates; ammonia; 
magnesium oxide; ethylamine; pyridine; tri 
ethanolamine; propanolamines; butanolamines; 
diamino propanol; ethylene diamine; triethylene 
tetramine; aniline; o-toluidine; etc. 
The reaction mixtures resulting from the sul 

phonation of the mixed alkyl aromatic compounds 
may also be directly employed for the forma 
tion of mixed products, as for example, mixtures 
of salts of the alkyl aromatic sulphonic acids and 
Other acids present in Sald reaction mixtures. 
Thus, the sulphonation reaction mixture result 
ing from the treatment of the mixed alkyl aro 
matic compounds with an amount of sulphonat 
ing agent in excess of that theoretically required 
to effect the desired degree of Sulphonation may 
be treated with a suitable inorganic or organic 
base or basic Salt (as for example, one of those 
mentioned) and the resulting mixture of the 
salts of the sulphonated alkyl aromatic com 
pounds and the inorganic salt (as for example, 
sodium sulphate) may be jointly isolated from 
the reaction mixture and employed as Such. If 
it is desired to produce salts of the sulphonated 
alkyl aromatic compounds in a form. Substan 
tially free from inorganic salts (for example, in 
organic sulphates) this may be accomplished by 
taking advantage of their greater solubility than 
the inorganic salts in alcohol and other organic 
solvents, or by using an amount of chlorSulphonic 
acid such that no excess, or only a relatively 
small excess, of it is present in the final sulphona 
tion mass or mixture. 
The improvement in the properties of the al 
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6 
kyll aromatic sulphonates resulting from the use 
of the relatively large amounts of aluminum chlo 
ride at temperatures below 130° C. in accordance 
with the present invention are not limited to 
the unitary procedure above illustrated in the 
specific examples; although in view of economies 
in number of operations, equipment, and labor 
involved, the unitary procedure is preferred. 
Thus, the present invention comprehends a pro 
cedure in which the condensation of the alkyl 
halide mixture with the aromatic constituent 
may be carried out at a temperature below 30 
C. with a small amount of anhydrous aluminun 
chloride (4 per cent or less of the weight of the 
alkyl halide mixture) and the resulting conden 
sation product then subjected to further treat 
ment at a temperature below 130 C. With addi 
tional anhydrous aluminum chloride, to effect 
the improved result of the present invention. 
The following example illustrates such a pro 
cedure: 

Eacample 6 
Part 1-A kerosene fraction of Pennsylvania, 

petroleum distillate of the type employed in Ex 
ample , to which a small amount of iodine (0.05 
part per 100) was added as a halogenating 
catalyst, was chlorinated by passing there 
through a stream of chlorine gas while the Inix 
ture was maintained at about 60 until organi 
cally combined chlorine in the mixture core 
sponded to about 25 per cent of the aaos nt 
theoretically required for complete monochlo 
rination. 50 parts of this chlorinated of Were 
added in a small stream to a well agitated mix 
ture of 100 parts of benzene and 6 parts of 
anhydrous aluminum chloride. The reaction. 
mixture was inaintained throughout the addie 
tion from about 30 to about 60° and, after the 
addition of the chlorinated oil, was stirred for 
about 6 hours, and then allowed to standi or 
about 10 hours. The upper layer of oil was 
Separated from the lower tarry Siness, 2nd heated 
to remove therefron unreacted benzene. The 
resulting product was a dark brown oil consists 
ing mainly of nuclearly alkylated cenzenes in 
which the alkyl groups averaged about 3 to 24 
carbon 8tons. 

Part 2-0 parts of the dark brown oil Were 
agitated with iO parts of anhydrous aluminum 
chloride and 70 parts of kerosene as a diluent, 
for about 3 hours while maintaining the ten 
perature at about 55° to about 60. The Enix 
ture was then allowed to stand and to separate 
into two layers. The upper layer of yellow oil 
was decanted from the lower layer of black tary 
matter. After being washed with about half its 
volume of water, the decanted oil was distilled 
until all volatile material therein boiling below 
120° at 5 mm. mercury was removed. The 
residual oil was a pale yellow mobile liquid 
wieghing 97 parts. For the production of a Sul 
phonated product, 1 part of the resulting oil 
was mixed with about 1.1 to about 1.3 parts of 
26 per cent oleum at a temperature of 5 to 15 
and was further treated to obtain the sult 
phonated product in the form of the sodium salt 
in the manner disclosed in Example 1, part 2. 
The dry sulphonated product was a faintly 
yellow, friable soild which dissolved readily in 
water to give clear, substantially colorless solu 
tions having excellent wetting and detergent 
properties. 
Wheri the dark brown oil, resulting from the 

procedure of part 1 of this example, was Sur 

2,223,364 
phonated and recovered in the same manner, the 
resulting product was a dark brownish Solid 
which dissolved in water to form brownish 
colored solutions which, on the basis of equal 
concentrations of alkyl aromatic sulphonates, 
possessed inferior wetting and washing proper 
ties as compared with the product obtained by 
the further treatment in accordance with part 
2 of this example. 
Where in the claims the process is defined as 

“reacting' the alkyl halide mixture with the 
aromatic compound and aluminum chloride, it 
will be understood that such claims generically 
include the treatment with aluminum chloride in 
a single stage, such as disclosed in Examples i 
to 5, and in a plurality of stages, such a disclosed 
in Example 6. 

This application is a continuation-in-part of 
my application Serial No. 93719, filed July 31, 
1936, now U. S. Patent 2,195,409. 

clair 
... In the method of producing higher alkyl 

aromatic sulphonates from non-aromatic hydro 
carbons and aromatic compounds of the class 
consisting pf hydrocarbons, monochlor hydro 
carbons, and alkoxy-substituted hydrocarbons of 
the benzene and naphthalene series, by halogen 
ation of the non-aromatic hydrocarbons, conce 
densation of the alkyl halides with the aromatic 
compound with the aid of aluminum chloride aS 
a condensation catalyst, followed by sulphona 
tion, the improvement which comprises halogen 
atting the non-aromatic hydrocarbons to an ex 
tent such that the resulting halogenation reac 
tion mixture contains an amount of organically 
combined halogen substantially corresponding 
With 75 per cent to 75 per cent complete mono 
halogenation of the non-aromatic hydrocarbons, 
reacting the resulting alkyl halide mixture with 
the aromatic compound and an amount of 
aluminum chloride equal to 5 per cent to 20 per 
cent of the alkyl halide mixture at a tempera 
ture not exceeding 130° C., and separating the 
resulting alkyl aromatic compounds from the 
reaction product. 

2. In the method of producin higher alkyl 
aromatic sulphonates from non-aromatic hydro 
carbons and aromatic compounds of the class 
consisting of hydrocarbons, monochior hydro 
carbons, and alkoxy-substituted hydrocarbons of 
the benzene and naphthalene series, by halogen 
ation of the non-aromatic hydrocarbons, con 
densation of the alkyl halides with the aromatic 
compound with the aid of aluminum chloride as 
a condensation catalyst, followed by Sulphona 
tion, the improvement which comprises halogen 
ating the non-aromatic hydrocarbons to an ex 
tent such that the resulting halogenation reac 
tion mixture Contains an amount of Organically 
combined halogen substantially corresponding 
with 75 per cent to .175 per cent complete mono 
halogenation of the non-aromatic hydrocarbons, 
condensing the resulting alkyl halide mixture 
with the aromatic compound in the presence of 
an amount of aluminum chloride equal to 5 per 
cent to 20 per cent of the alkyl halide mixture 
at a temperature not exceeding 130° C., and sep 
arating the resulting alkyl aromatic compounds 
from the reaction product. 

3. In the method of producing higher alkyl 
aromatic sulphonates from non-aromatic hydro 
carbons and aromatic compounds of the class 
consisting of hydrocarbons, monochlor hydro 
Carbons, and alkoxy-Substituted hydrocarbons of 
the benzene and naphthalene series, by chlorina 
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2,223,364 
tion of the non-aromatic hydrocarbons, con 
densation of the alkyl chlorides with an aromatic 
compound with the aid of aluminum chloride as 
a condensation catalyst, followed by Sulphona 
tion, the improvement which comprises chlorin 
ating the non-aromatic hydrocarbons to an 
extent such that the resulting chlorination re 
action mixture contains an amount of organi 
cally combined chlorine substantially corre 
Sponding with 75 per cent to 175 per cent com 
plete monochlorination of the non-aromatic hy 
drocarbons, reacting the resulting alkyl chloride 
mixture with the aromatic compound and an 
amount of aluminum chloride equal to 5 per cent 
to 20 per cent of the alkyl chloride mixture at . 
a temperature not exceeding 130° C., and sepa 
rating the resulting alkyl aromatic compounds 
from the reaction product. 

4. In the method of producing higher alkyl 
aromatic sulphonates from non-aromatic hydro 
carbons and aromatic compounds of the class 
consisting of hydrocarbons, monochlor hydro 
carbons, and alkoxy-substituted hydrocarbons 
of the benzene and naphthalene series, by chlo 
rination of the non-aromatic hydrocarbons, con 
densation of the alkyl chlorides with an aro 
matic compound with the aid of aluminum chlo 
ride as a condensation catalyst, followed by 
Sulphonation, the improvement which comprises 
chlorinating the non-aromatic hydrocarbons to 
an extent such that the resulting chlorination 
reaction mixture contains an amount of organ 
cally combined chlorine substantially corre 
Sponding with 75 per cent to 175 per cent com 
plete monochlorination of the non-aromatic hy 
drocarbons, condensing the resulting alkyl chlo 
ride mixture with the aromatic compound in 
the presence of an amount of aluminum chloride 
equal to 5 per cent to 20 per cent of the alkyl 
halide mixture at a temperature not exceeding 
i30 C., and separating the resulting alkyl aro 
matic compounds from the reaction product 

5. The method of producing sulphonated 
products having surface active properties, which 
comprises chlorinating a petroleum hydrocar 
bon distillate containing 10 to 30 carbon atoms 
to an extent such that the resulting chlorination 
reaction mixture contains an amount of organi 
cally combined chlorine substantially corre 
sponding with 75 per cent to 175 per cent con 
plete monochlorination of the hydrocarbon mix 
ture, reacting the resulting alkyl chloride mix 
ture with an aromatic hydrocarbon of the ben 
Zene and naphthalene series and an amount of 
aluminum chloride equal to 5 per cent to 20 per 
cent of the alkyl chloride mixture at a tempera 
ture not exceeding 130° C., separating the re 
Sulting alkyl aromatic compounds from the re 
action product, and sulphonating the alkyl aro 
matic compounds. 

6. The method of producing sulphonated 
products having surface active properties, which 
comprises chlorinating a petroleum hydrocarbon 
distillate containing 10 to 30 carbon atoms to 
an extent such that the resulting chlorination 
reaction mixture contains an amount of organ 
ically combined chlorine substantially corre 
Sponding with 75 per cent to 175 per cent com 
plete monochlorination of the hydrocarbon mix 
ture, Condensing the resulting alkyl chloride 
mixture with an aromatic hydrocarbon of the 
benzene and naphthalene series in the presence. 
of an amount of aluminum chloride equal to 5 
per cent to 20 per cent of the alkyl chloride 

7 
mixture at a temperature between 20° and 80 
C., separating the resulting alkyl aromatic com 
pounds from the reaction product, and sul 
phonating the alkyl aromatic compounds. 

7. The method of producing sulphonated 
products having surface active properties, which 
comprises chlorinating a parafiinic petroleum 
hydrocarbon distillate containing 10 to 30 car 
bon atoms 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, reacting 
the resulting alkyl chloride mixture with ben 
Zene and with anhydrous aluminum chloride in 
an amount equal to 5 per cent to 20 per cent 
of the weight of the alkyl chloride mixture at a 
temperature not exceeding 130° C., separating 
the resulting alkyl benzene mixture from the 
Sludge formed as a by-product of the reaction, 
subjecting the resulting alkyl benzene mixture 
to distillation to remove lower boiling substances 
than the alkyl benzenes, and sulphonating the 
alkyl benzenes. 

8. The method of producing Sulphonated 
products having surface active properties, which 
Comprises chlorinating a petroleum hydrocar 
bon distillate containing 12 to 30 carbon atoms 
to an extent such that the resulting chlorina 
tion reaction mixture contains an amount of 
Organically combined chlorine substantially cor 
responding with 75 per cent to 175 per cent com 
plete monochlorination, condensing the resulting 
alkyl chloride mixture with an aromatic hydro 
Carbon of the benzene and naphthalene series in 
the presence of anhydrous aluminum chloride in 
an amount equal to 5 per cent to 20 per cent of the 
Weight of the alkyl chloride mixture at a tem 
perature between 20° and 80° C., separating the 
resulting alkyl aromatic mixture from the sludge 
formed as a by-product of the reaction, subject 
ing the resulting alkyl aromatic mixture to dis 
tillation to remove lower boiling substances than 
the alkyl aromatic compounds, and sulphonat 
ing the remaining alkyl aromatic mixture. 

9. The method of producing sulphonated 
productS having surface active properties, which 
comprises chlorinating a petroleum hydrocarbon 
distillate containing 10 to 30, carbon atoms to 
an extent such that the resulting chlorination 
reaction mixture contains an amount of organi 
cally combined chlorine substantially corre 
Sponding with 75 per cent to 175 per cent com 
plete monochlorination, condensing the result 
ing alkyl chloride mixture with benzene in the 
presence of anhydrous aluminum chloride in an 
amount equal to 5 per cent to 20 per cent of the 
weight of the alkyl chloride mixture at a tem 
perature not exceeding 130° C., separating the 
resulting alkyl benzene mixture from the sludge 
formed as a by-product of the reaction, subject 
ing the resulting alkyl benzene mixture to dis 
tillation to remove lower boiling substances than 
the alkyl benzenes, and sulphonating the alkyl 
benzenes. 

10. The method of producing Sulphonated 
products having surface active properties, which 
comprises chlorinating a petroleum hydrocarbon 
distillate containing 10 to 30 carbon atoms to . 
an extent such that the resulting chlorination 
reaction mixture contains an amount of organi 
cally combined chlorine substantially corre 
Sponding with 75 per cent to 75 per cent com 
plete monochlorination, condensing the result 
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ing alkyl chloride mixture with benzene in the 
presence of anhydrous aluminum chloride in an 
amount equal to 5.8 per cent to 15 per cent of 
the weight of the alkyl chloride mixture at a 
temperature between 20' and 80 C., separating 
the resulting alkyl benzene mixture from the 
sludge formed as a by-product of the reaction, 
Subjecting the resulting alkyl benzene mixture 
to vacuum distillation to remove lower boiling 
Substances than the alkyl benzenes, and Susa 
phonating the remaining alkyl benzene mixture. 

ll. The method of producing sulphonated 
products having surface active properties, which 
comprises chlorinating a paraffinic petroleum 
hydrocarbon distillate containing 12 to 30 car 
bon atoms to an extent such that the resulting 
chlorination reaction mixture contains an 
amount of organically combined chlorine sub 
Stantially corresponding with 100 per cent to 
140 per cent complete monochlorination, con 
densing the resulting alkyl chloride mixture with 
benzene in the presence of anhydrous aluminum 
chloride in an amount equal to 5 per cent to 15 
per cent of the weight of the alkyl chloride mixe 
ture at a temperature not exceeding 130° C.,. 
Separating the resulting alkyl benzene mixture 
from the sludge formed as a by-product of the 
reaction, subjecting the resulting alkyl benzene 
mixture to vacuum distillation to remove lower 
boiling substances than the alkyl benzenes, and 
Sulphonating the alkyl benzenes. 

i2. The method of producing sulphonated 
products having surface active properties, which 
comprises chlorinating a parafiinic petroleum 
hydrocarbon distillate containing 2 to 30 car 
born atoms to an extent such that the resulting 
chlorination reaction mixture contains an 
amount of Organically combined chlorine sub 
stantially corresponding with i90 per cent to 
140 per cent complete monochlorination, react 
ing the resulting alkyl chloride mixture with 
benzene and with anhydrous ai. Iniyum chloride 
in an amount equel to 5 per cent to 20 per cent 
of the weight of the alkyl chloride mixture at a 
temperature between 20 and 83 C., separating 
the resulting alkyl benzene inixture from the 
sludge formed as a by-product of the reaction, 

2,223,364 
subjecting the resulting alkyl benzene mixture 
to vacuum distillation to remove lower boiling 
Substances than the alkyl benzenes, and Sul 
phonating the remaining alkyl benzene mixture. 

13. The method of producing sulphonated 
products having surface active properties, which 
comprises chlorinating a petroleum hydrocarbon 
distillate of the Pennsylvania, type containing 
12 to 30 carbon atoms to an extent such that 
the resulting chlorination reaction mixture Con 
tains an amount of organically combined chlo 
rine substantially corresponding with about 125 

10 

per cent complete monochlorination, reacting 
the resulting alkyl chloride, mixture with ben 
Zene and with anhydrous aluminum chloride in 
an amount equal to 5 per cent to 15 per cent of 
the Weight of the alkyl chloride mixture at 2, 
temperature between 20° and 80° C., separating 
the resulting alkyl benzene mixture from the 
Sludge formed as a by-product of the reaction, 
Subjecting the resulting alkyl benzene mixture 
to vacuum distillation to remove lower boiling 
Substances than the alkyl benzenes, and Sul 
phonating the remaining alkyl benzene mixture. 

4. The method of producing Sulphonated 
products having surface active properties, which 
comprises chlorinating a kerosene fraction of 
tennsylvania, petroleum distillate, having a boil 
ing range of approximately 180 to 300° C. and a 
Specific gravity of 0.79, to an extent such that 
the resulting chlorination reaction mixture con 
tains an amount of organically combined chlo 
rine substantially corresponding with 00 per 
cent to 40 percent complete monochlorination, 
condensing the resulting alkyl chloride Yinixture 
with benzene in the presence of anhydrous 
aluminum chloride in an amount equal to 5 per 
cent to 5 per cent of the Weight of the alkyl 
chloride mixture at a temperature between 20 
and 80 C., separating the resulting alkyl bein 
Zene mixture from the sludge formed as a by 
product of the reaction, Subjecting the resulting. 
alkyl enzene mixture to vacuun distillation to 
remove lower boiling Substances than the alkyl 
benzenes, and sulphonating the remaining alkyl 
benzene mixture. 
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