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This application is a continuation-in-part of our ap-
plication, Ser. No. 329,232, filed Dec. 9, 1963, and now
abandoned.

This invention relates to a process for chlorinating a
normal paraffin or a mixture of normal paraffins, the
composition resulting therefrom and a process for al-
kylating an aromatic, such as benzene, with said composi-
tion.

When a normal paraffin having, for example, from six
to 20 carbon atoms in the molecule, is subjected to chlorin-
ation by passing chlorine therethrough in the presence
of a light source, such as actinic light, primary and sec-
ondary normal alkyl chlorides are formed. Benzene, for
example, can be alkylated in the presence of an alkylation
catalyst, such as aluminum chloride, with the normal alkyl
chlorides so produced. We have found, however, that
while benzene can be alkylated with the secondary normal
alkyl chlorides rather easily, alkylation with the primary
normal alkyl chlorides is rglatively more difficult. In order
to alkylate benzene with both secondary and primary
norma] alkyl chlorides, a relatively long alkylation period
is required, or, if a shorter alkylation period is desired,
a much higher concentration of alkylation catalyst must
be employed.

‘We have now found that the amount of primary normal
alkyl chlorides produced can be substantially reduced and
the amount of secondary normal alkyl chlorides cor-
respondingly increased when a normal paraffin having
from six to 20 carbon atoms, or mixtures thereof, are
subjected to chlorination by passing chlorine therethrough
in the presence of a light source, such as actinic light,
while said normal paraffin is dissolved in benzene. As a
result thereof, when an aromatic, such ag benzene, is sub-
jected to alkylation with the alkyl chlorides so produced,
less time is required to alkylate the aromatic with all of
the alkyl chlorides or less catalyst can be employed than
would be the case if the aromatic were to be alkylated
with normal alkyl chlorides similarly produced but in the
absence of benzene. An additional advantage resulting
from the chlorination of the normal paraffin in benzene,
in the case wherein the normal alkyl chlorides are to be
used to alkylate benzene, resides in the fact that upon
completion of the chlorination, the alkylation catalyst
can be added to the mixture and alkylation of the benzene
with the normal alkyl chlorides can then proceed. Of
course, if desired, the normal alkyl chlorides so obtained
can be separated from the benzene by simple fractiona-
tion, since the boiling point of benzene and the normal
alkyl chlorides are far apart, and the normal alkyl chlo-
rides so recovered can be used to alkylate fresh benzene
or any other aromatic or used in any desired manner.

A particularly attractive embodiment of our invention
resides in the alkylation of benzene with a mixture of
primary and sccondary normal alkyl mono-chlorides,
wherein the alkyl portion thereof has from 10 to 16 carbon
atoms, particularly from 11 to 14 carbon atoms, to pro-
duce an alkyl benzene mixture, commonly referred to as
“detergent alkylate,” since it can be subsequently sul-
fonated in the known manner to produce a detergent.

The normal paraffin, or mixtures of normal paraffins,
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that are chlorinated in accordance with the procedure
defined herein to form the new compaosition of imatter can
have from six to 20 carbon atoms. Such normal paraffins
include hexane, heptane, octane, nonane, decane, undec-
ane, dodecane, tridecane, tetradecane, pentadecane, hex-
adecane, heptadecane, octadecane, nonadecane and eico-
sane. In accordance with the preferred embodiment of this
invention, wherein a detergent alkylate is produced from
the normal alkyl chlorides, a mixture containing Cyq, Cyy,
Ciz Ci3, Cis, Cy5 and Cyg normal paraffins, particularly
Ci1, Cig, Cy3, and Cy, normal paraffins, is subjected to the
defined chlorination procedure. The latter mixture can
be obtained in any suitable manner, but preferably is
obtained by treating a kerosene in the known manner with
urea to form an adduct of urea and normal paraffins having
from 10 to 16 carbon atoms. The adduct is thereafter de-
composed and the desired mixture of Cyo to Ci5 normal
paraffins is thereby obtained. Alternatively, these mixtures
can also be obtained by treating a kerosene in known man-
ner, using molecular sieves to separate the Cjy to Cyg
normal paraffins therefrom.

The chlorination procedure of this invention is effected
while the defined normal paraffin or mixtures of the de-
fined normal paraffins are dissolved in benzene. The chlo-
rination can then be carried out in any suitable manner,
but desirably is performed merely by passing gaseous
chlorine through the mixture of normal paraffin or normal
paraffins and benzene in the presence of a suitable light
source, such as actinic light. Such light can be defined as
one having a wave length of from about 2000 to 6000 A.,
preferably from about 3500 to 4500 A. The temperature
during the chlorination can be from about 10° to about
78° C., preferably about 15° to about 28° C. The lower
temperatures are desired, however, since at lower tempera-
tures there will be tendency to form less of the primary
normal alkyl chlorides. The amount of primary normal
alkyl chlorides formed at any temperature level, however,
within the defined temperature ranges, will be less when
the chlorination is effected in accordance with the dictates
of this invention in benzene than without. Pressures can
be from about atmospheric to about 10 pounds per square
inch gauge. Increased pressure increases the rate of chlo-
rination, but adversely affects the course of the reaction
by increasing the percent of primary alky! chloride pro-
duced.

The amount of gaseous chlorine passed through the
mixture is not critical, except as the amount thereof is in-
creased the amount of chlorination resulting therefrom
is also increased. In general, good results will be obtained
by passing through the mixture about 0.1 to about
0.3 mol of chlorine per mol of normal paraffins in the
desired reaction time. Reaction time is not critical as long
as the addition allows time for good mixing and heat
dissipation, The amount of benzene present affects the
amounts of primary normal alkyl chlorides obtained. In-
creasing the amount of benzene in the mixture being sub-
jected to the action of chlorine results in the formation of
lesser amounts of primary normal alkyl chlorides. In gen-
eral about two to about 20 mols of benzene, preferably
about two to about seven mols of benzene, per total mol
of normal paraffins is satisfactory.

The extent of chlorination of the normal paraffins is
not critical and any amount thereof can be chlorinated,
even to the replacement of each hydrogen thereon with
a chlorine atom. However, in the preferred embodiment
wherein a detergent alkylate is produced using the alkyl
chlorides obtained herein, chlorination as defined herein
is continued until up to about 30 molecules of chlorine,
preferably from about 20 to about 30 molecules of chlo-
rine, but most desirably about 25 molecules of chlorine,
are reacted with every 100 molecules of normal paraffins
present. Up to this point almost all of the alkyl chlorides
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obtained are primary and secondary normal alkyl mono-
chlorides. Further chlorination, however, results in in-
creased amounts of normal alkyl polychlorides. When the
chlorinated mixture is thereafter employed in the alkyla-
tion of benzene alkylation will also result between the
normal alkyl polychlorides and the benzene to form in-
danes and generally undesirable diphenyl alkanes.

The desired alkylation when the aromatic to be alkyl-
ated is benzene, can then be carried out merely by in-
troducing the alkylation catalyst into the chlorinated mix-
ture. Suitable alkylation catalysts include Lewis type al-
kylation catalysts such as AlCl,, SnCly, SbCls, TiCly, BCls,
ZnCly, HgCl,, HF, etc. Aluminum chloride is preferred.
The amount of catalyst employed, relative to the alkyl
monochlorides present, is about three fo about 10 percent
by weight. The alkylation mixture can contain from about
five to about 15 mols of the aromatic, preferably from
about six to about eight mols of the aromatic, per total
mol of normal alkyl chiorides. Depending upon the
amount of benzene that was present in admixture with
the normal paraffins during the chlorination procedure,
additional benzene will be added thereto or excess ben-
zene removed therefrom. Since the boiling point of the
benzene and boiling points of the remaining components
in the chlorination mixture are widely separated, simple
fractionation at a temperature of 75° to about 85° C.
at atmospheric pressure will suffice for removal of ben-
zene therefrom. In the event, however, that a detergent
alkylate is to be produced, and therefore only a selected
portion of the mormal paraffins have been chlorinated,
the alkylation of benzene with the normal alkyl chlorides
is effected in the presence of the unreacted normal para-
ffins. Separation of alkyl chlorides from unreacted normal
paraffins can not, normally, be easily carried out, since
high temperatures are required and at such high tem-
peratures the alkyl chlorides tend to dehydrochlorinate
to internal olefins. Of course, in the event the normal alkyl
chlorides are not to be used to alkylate benzene, they are
separated therefrom in the manner described above. Other
aromatics, for example toluene, naphthalene, thiophene,
xylene, etc., can be alkylated with the normal alkyl chlo-
rides if desired.

The alkylation is carried out in the normal manner.
Temperatures on the order of about 15° to about 70°
C. and pressures of about 250 mm. of mercury to about
100 pounds per square inch gauge are satisfactory. A
reaction period of about one-half to about one and one-
half hours will suffice. During the reaction gaseous hy-
drogen chloride will be given off and can be permitted to
escape from the reaction zone. Upon completion of the
reaction, the catalyst will settle as a sludge to the bottom
of the reaction vessel and the reaction mixture can thus
be separated therefrom. The reaction mixture can then be
washed with about five to about 50 percent solution of a
base, such as sodium hydroxide, potassium hydroxide,
calcium hydroxide, barium hydroxide, etc., to remove re-
sidual hydrogen chloride therefrom and thereafter with
about 10 to about 25 percent by volume of water to
remove base and any hydrogen chloride still present. The
resulting mixture is then fractionated at atmospheric pres-
sure and a temperature of about 70° to about 85° C. to
remove benzene or other aromatic therefrom. Thereafter
at a reduced pressure of about one to about 20 mm. Hg
and a temperature of about 100° to about 200° C. unre-
acted paraffin and the desired alkyl benzene are succes-
sively removed. Heavier products remain behind.

We have found that the chlorination procedure defined
herein not only results in a composition having a lower
primary alkyl monochloride content but also an unusual
and unexpected distribution of secondary alkyl monochlo-
ride isomers as “internal” secondary alky! monochlorides
and “external” secondary alkyl monochlorides. By “in-
ternal” secondary alkyl monochlorides we mean to include
only those secondary alkyl monochlorides wherein the
chlorine in the molecule is at least two carbon atoms away
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from the terminal carbon atom. By “external” secondary
alkyl monochlorides we mean to include only those sec-
ondary alkyl monochlorides wherein the chlorine in the
molecule is adjacent to or one carbon removed from the
terminal carbon atom. When a normal paraffin is chlo-
rinated in the manner defined herein, but in the absence
of benzene, the primary alkyl monochloride content is
higher, as noted, but the external secondary alkyl mono-
chloride content remains substantially constant while the
internal secondary alkyl monochloride content is lower.
The isomer distribution obtained when a normal paraffin
is chlorinated in benzene in accordance with the procedure
defined herein is especially desirable when a Cyy to Cyg,
particularly a Cy; to Cy, alkyl monochloride produced
herein is employed to produce a detérgent alkylate. ~

The isomer distribution of the norma} alkyl monochlo-
rides obtained when a normal paraffin, or a mixture of
normal paraffins, having from 11 to 14 carbon atoms is
chlorinated in benzene in accordance with the procedure
defined herein can be defined by reference to the follow-
ing:

TABLE I

Monochloride Isomer Distribution,
eight pércent

l-isomer 2and 3- Remaining
isomers isomers
Normal Alkyl Monochloride:
[ S 1-9 30-36 59-65
L& SO 1-9 23-38 57-63
G2 e e cceemam 1-9 35-41 55-61
[ AR O 1-9 40-44 51-57

The isomer distribution obtained when the normal par-
affins are chlorinated in accordance with the procedure
defined herein, but in the absence of benzene, can be de-
fined approximately by reference to the following:

TABLE II

Monochloride Isomer Distribution,
Weight percent

l-isomer 2and3- Remaining
isomers isomers
Normal Alkyl Monochloride:
[ USSR 7-10 23-34 56-58
34-36 53-55
3739 51-53
42-44 45-47

A comparison of the data in Table I with Table II
shows that when a normal paraffin, or mixture of normal
paraffins, is chlorinated in benzene in accordance with the
procedure defined herein there is a change in isomer dis-
tribution from the 1-chloro isomer to the internal isomers.
This is unusual since it would have been expected that
the loss in primary isomer content would be equally dis-
tributed among the secondary carbon atoms on the mole-
cule. As noted these alkyl chlorides are desirably em-
ployed to alkylate benzene to form detergent alkylates,
which are then converted in known manner to form alkyl
benzene sulfonate detergents. In general when benzene is
alkylated with the normal alkyl chlorides produced herein
to form a detergent alkylate, the overall result is that the
chlorine atom is replaced by the benzene with the forma-
tion of hydrogen chloride. It is known that an alkyl ben-
zene sulfonate wherein the benzene portion thereof is at-
tached to the alkyl portion on an “internal” carbon there-
of is a detergent having increased foam stability without
a sacrifice in detergency. Accordingly since the detergent
alkylate produced herein has a high internal isomer con-
tent, it is obvious that the detergent alkylate produced
herein is an extremely desirable product for its intended
purpose. However, in order to maintain approximately
the same isomer distribution in the detergent alkylate that
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was present in the normal alkyl monochlorides obtained,
it is imperative that the alkylation of the benzene with the
normal alkyl monochlorides be effected under the condi-
tions defined herein in the presence of about two to about
eight percent by weight, preferably about five percent by
weight, of aluminum chloride based on the alkyl mono-
chlorides present. When the amount of aluminum chlo-
ride employed is above the defined amounts, the desired
isomer distribution is no longer maintained and carried
over to the detergent alkylate.

The process of this invention can further be understood
by reference to the following.

EXAMPLE I

In one experiment there was placed in a one liter con-
tainer 368 grams of normal dodecane and in another sim-
ilar container there were placed 200 grams of dodecane
and 352 grams of benzene. In each case, while the con-
tents of the container were stirred there was passed there-
through over a period of 40 minutes gaseous chlorine at
a rate of one gram per minute. During the chlorination
procedures the light from a 150 watt G.E. bulb was main-
tained on the reaction mixture, and the temperature was
maintained at 75° C. and the pressure at 0 pound per
square inch gauge. Aluminum chloride was then added
to the chlorinated mixture and alkylation was effected at
a temperature of 28° C. and a pressure of 0 pound per
square inch gauge. The results obtained are tabulated be-
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TABLE IV

Percent by weight of primary
normal alkyl monochloride
based on total normal alkyl

Mols of benzene per mol of
dodecane

monochlorides
0 13. 4
3.7 8.5
6.1 7.6
20.0 6.8

That similar results will occur at lower temperatures
with the formation of even lesser amounts of primary
normal alkyl monochlorides is seen from the following.

EXAMPLE III
The operation of Example IT was repeated, except that

9 the chlorination was conducted at a temperature of 35°

C. The results are tabulated below in Table V.
TABLE V

Pereent by weight of primary

Mols of benzene per mol of normal alkyl monochloride

20 dodecane based on total normal alkyl
monochlorides
0 11.5
3 6.2
95 EXAMPLE IV

To determine whether or not the same results obtained
above would be obtained if a mixture of normal paraffins
were to be chlorinated in benzene a mixture containing
0.125 mol of undecane, 0.125 mol of dodecane and 0.75

low in Table IIIL 30 mol of benzene was subjected to chlorination under the
TABLE IIT
Chlorination Alkylation
Mol
Percent Molar Weight
Primary Ratio Percent
Normal of AlCl Percent
Mol Percent Alkyl Benzene  Based Of Total
Experiment Benzene Dodecane Chloride To On Time, Alkyl
Number Chlorinated Based Total Total  Minutes  Mono-
On Normal Alkyl chloride
Total Alkyl Mono- Reacted
Alkyl Mono-  chloride
Mono- chloride
chloride
15 92.2
30 94.3
45 95.9
| S N O o oo et 31 1.6 19.2 4,98 60 97.1
75 97.3
90 98.8
105 99.3
15 97.8
e Four mols per mol of Dodecane. .. 30 6.8 19.2 4.97 30 99.7
45 100
50 conditions of Example II. The molar ratio of benzene in

The above data clearly show that when a normal par-
affin is chlorinated in benzene, and therefore the amount
of primary normal alkyl chloride is reduced, the subse-
quent alkylation of benzene with the alkyl chlorides so
produced is accelerated. Thus in Experiment No. 2 the
alkylation of benzene with the alkyl chlorides was com-
plete in 45 minutes, whereas the alkylation of benzene
with the alkyl chlorides produced in the absence of ben-
zene was only 95.9 percent complete at the end of 45 min-
utes. In fact, in Experiment No. 1 the alkylation was not
complete even at the end of 105 minutes.

That the amount of primary normal alkyl chloride
formed is progressively reduced as the amount of benzene
in the mixture being chlorinated is increased is seen from
the following.

EXAMPLE II

Dodecane alone and in admixture with benzene was
placed in a container, and at a temperature of 75° C. and
a pressure of 0 pound per square inch gauge chlorine at
the rate of 0.5 to two grams per minute was passed there-
through over a period of 30 minutes until a 0.25 gram
atom of chlorine had reacted for each mol of dodecane
present. The results obtained are tabulated below in Table
Iv.

55

60

65

70

this situation relative to the dodecane was therefore 6:1.
The percent of primary normal C,;, monochloride rela-
tive to all of the C;; monochlorides obtained was 7.5
percent. This compares well with the comparable run
in Example II. Determination of the amount of normal
Cy; monochiorides obtained was not made because the
retention time, under the gas-liquid chromatography test
employed for analysis, of the dodecane was the same as
the retention time of the normal C;; monochlorides.

EXAMPLE V

The chlorination procedure of Example II was repeated
with a mixture of benzene and tetradecane in a molar
ratio of 20:1. The amount of primary normal C;4 mono-
chloride obtained amounted to 6.9 percent based on the
total C;4 monochlorides produced.

EXAMPLE VI

A series of chlorination runs was made in accordance
with the procedure and conditions defined in Example 1.
In each run one mol of a defined paraffin was chlorinated
both in the presence of benzene and in the absence of
benzene. The resulting solutions were analyzed by gas-
liquid chromatography. The results are tabulated below in
Table VI.
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TABLE VI

Mol Ratio of Monochloride Isomer Distribution
Normal Paraffin Benzene To Weight Percent
Chlorinated Normal Par-

affin During 1-isomer 2and 3- Remaining
Chlorination isomers,  isomers

0 10.5 35.6 53.9

5 5.1 35.1 59.8

0 9.8 38.3 51.9

4 3.5 37.9 58.6

0 11.0 43.0 46.0

4 4.3 42.0 53.7

The above data clearly show that chlorination of a
normal paraffin in benzene reduces the primary mono-
chloride content and increases the internal secondary alkyl
monochloride content while leaving the external sec-
ondary alkyl monochloride content relatively unchanged.

EXAMPLE VII

A series of alkylation runs was made in accordance
with the procedure and conditions defined in Example I
using alkyl monochloride solutions obtained in Example
VI and benzene wherein the total benzene relative to the
alkyl monochlorides was maintained in a molar ratio of
about 20:1 and the aluminum chloride was maintained
at about five percent by weight based on the alkyl mono-
chlorides present. The results, obtained by mass spectro-
metric analysis, are tabulated below in Table VIL.
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such as sulfuric acid, oleum or sulfur trioxide, and then
neutralized to form alkyl benzene sulfonate detergents.
The remaining alkyl aromatics obtained using the remain-
ing normal alkyl chlorides obtained herein can be em-
ployed as wetting agents or oil-soluble detergents.

Obviously many modifications and variations of the
invention, as hereinabove set forth, can be made without
departing from the spirit and scope thereof, and therefore
only such limitations should be imposed as are indicated
in the appended claims.

We claim:

1. A process which comprises passing gaseous chlorine
through a mixture containing benzene and at least one
normal paraffin selected from the group consisting of nor-
mal paraffins having from 10 to 16 carbon atoms, two to
20 mols of benzene being used per mol of normal paraffin,
in the presence of light, at a temperature of 10° to 78° C.
and thereafter alkylating the same benzene with the nor-
mal alkyl chlorides so produced in the presence of an
alkylation catalyst.

2. A process which comprises passing gaseous chlorine
through a mixture containing benzene and at least one
normal paraffin selected from the group consisting of nor-
mal paraffins having from 10 to 16 carbon atoms, two to
20 mols of benzene being used per mol of normal paraffin,
in the presence of light, at a temperature of 10° to 78°
C., and thereafter alkylating the same benzene with the

TABLE VII
Mol Ratio
Normal of Benzene Phenyl Isomer Distribution In Detergent Alkylate,
Paraffin To Normal Weight Percent
Chlorinated Paraffin
During 1-Ph 2-Ph 3-Ph 4-Ph 5Ph 6-Ph 7-Ph
Chlorination
0 0.8 266 20.5 14.9 16.2 141 6.9
5 0.7 257 20.3 153 164 146 71
0 0.8 30.6 21.5 16.1 16.2 145 ...
4 0.8 28.1 21.8 16.6 16.8 15.8 .-..
0 1.6 349 223 154 173 8.6 ..o
4 0.6 33.9 2L.9 16.0 18.3 9.3 ool

The above data clearly show that the alkyl chloride
obtained when the normal paraffins were chlorinated in
benzene when subsequently reacted with benzene in the
presence of five percent by weight of aluminum chloride
resulted in a detergent alkylate having a decrease in the
2-phenyl isomer content and an increase in the 5- and 6-
phenyl isomers.

EXAMPLE VIII

The two chlorinated Cy3 solutions formed in Example
VI were then alkylated with 10 percent aluminum chlo-
ride in accordance with the procedure described in Exam-
ple VII. The results, obtained by mass spectrometric
analysis, are tabulated below in Table VIIL

TABLE VIII
Mol Ratio
of Benzene Phenyl Isomer Distribution In Detergent Alkylate,
To Normal Weight Percent
Paraffin -
During 1~-Ph 2-Ph 3-Ph 4-Ph 5-Ph 6~-Ph 7-Ph
Chlorination
0 0.8 28. 4 19.7 16.3 15.2 13.9 6.6
5 0.8 28.3 19.7 150 156 13.7 7.0

The above data show that when the amount of alu-
minum chloride employed was raised to 10 percent by
weight the phenyl isomer distribution in the detergent
alkylate was substantially the same whether or not the
normal alkyl monochlorides employed during the alkyla-
tion were obtained by chlorinating the normal paraffin in
benzene or in the absence of benzene.

The alkyl benzenes wherein the alkyl portion thereof
has from 11 to 14 carbon atoms produced using the mix-
ture of Cy; to Cy4 normal alkyl chlorides obtained herein
are, as stated, commonly referred to as “detergent alkyl-
ates,” since they can be reacted with a sulfonating agent,

45

50

85

60

65

70

75

normal alkyl chlorides so produced in the presence of
about two to about eight percent by weight of aluminum
chloride.

3. A process which comprises passing gaseous chlorine
through a mixture containing benzene and at least one
normal paraffin selected from the group consisting of nor-
mal paraffins having from 10 to 16 carbon atoms, two to
20 mols of benzene being used per mol of normal paraffin,
in the presence of light, at a temperature of 10° to 78°
C., and thereafter alkylating the same benzene with the
normal alkyl chlorides so produced in the presence of
about five percent by weight of aluminum chloride.

4, A process which comprises passing gaseous chlorine
through a mixture of benzene and Cy;y to Cyg normal
paraffins, wherein the molar ratio thereof is about two
to about 20, at a temperature of about 10° to about 78°
C., in the presence of light, resulting in a second mixture
containing benzene, unreacted normal paraffins and pre-
dominantly C; to Cyg primary and secondary normal
monochlorides and thereafter alkylating the same benzene
with said primary and secondary normal monochlorides
in the presence of aluminum chloride.

5. A process which comprises passing gaseous chlorine
through a mixture of benzene and Cjy to C;¢ normal
paraffins, wherein the molar ratio thereof is about two
to about 20, at a temperature of about 10° to about 78°
C., in the presence of light, resulting in a second mixture
containing benzene, unreacted normal paraffins and pre-
dominantly C;y to Cy¢ primary and secondary normal
monochlorides and thereafter alkylating benzene with said
primary and secondary normal monochlorides in the pres-
ence of aluminum chloride, the benzene that is alkylated
being the same benzene in the mixture being chlorinated.

(References on following page)
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