
;e3eUR$(x\6T=C> 1 DESCRIPTION PROCESS FOR PRODUCING ISOPROPYL CHLORIDE
TECHNICAL FIELD The present invention relates to a process for 5 producing
isopropyl chloride. BACKGROUND ART As conventional processes for producing
isopropyl chloride, the following processes are known. (1) A method of
reacting isopropyl alcohol with 1o hydrochloric acid (DE509265, BP1042705).
(2) A method of reacting propylene with hydrochloric acid or hydrogen
chloride in a solvent (FR1526687, DE1805805, DE1801716, USP4661341,
JP-A-60-178831). (3) A method of reacting propylene with hydrogen 15
chloride in a gas phase, in the presence of aluminum oxide which is not
reacted with a hydrogen halide (JP-A 50-130702). However, the conventional
processes have following problems. 2o In the process (1), the conversion is
low. In the process (2), when the reaction temperature is high,
polymerization of propylene occurs, and the catalytic activity remarkably
decreases. When the reaction temperature is low, the conversion decreases.
Further, 25 in the liquid containing the reaction product, the corrosive
catalyst is accompanied, whereby there is a problem that the purification
process may be complicated,  



2 or the purification apparatus is required to be made of an expensive
corrosion-resistant material. Further, in the process (3), from a practical
standpoint, it was necessary to maintain the temperature at the time of the
5 reaction at a high temperature of about 100C or higher, and the pressure
at a high pressure of about 5 atm, namely about 5065 hPa, respectively.
Further, hydrogen chloride had to be supplied also at a high pressure. In
order to maintain the pressure of the hydrogen chloride 1o to be high, it
is required to employ an expensive apparatus made of a corrosion-resistant
material. Thus, the conventional processes have been disadvantageous as
industrial processes. DISCLOSURE OF THE INVENTION 15 It is an object of the
present invention to solve the above problems. The present invention
provides a process for producing isopropyl chloride, which comprises
reacting propylene and hydrogen chloride in a gas phase, in the presence of
iron or a halogenated aluminum oxide. 20 BEST MODE FOR CARRYING OUT THE
INVENTION In the present invention, the reaction of propylene and hydrogen
chloride is carried out in the presence of iron or a halogenated aluminum
oxide. The iron is preferably iron having impurities 25 reduced as little
as possible, i.e. the iron is preferably one having a purity of 90% to 100%
(mass basis, the same applies hereinafter), and more preferably one   3
having a purity of 95% to 100%, and further more preferably one having a
purity of 98% to 100%. The iron in the present invention, may or may not be
subjected to pre-treatment such as activation treatment by contacting 5 it
with e.g. hydrogen chloride. When the pre-treatment is to be carried out, a
usual pre-treatment method can be suitably applied. Further, the form of
the iron is not particularly limited, but it is preferably be iron of
linear, net, or spherical form, having a large surface 



1o area, whereby the effect as a catalyst increases. Iron is generally
considered to have a low catalytic activity. However, the iron present in
the reaction system in this invention, is considered to have the same
effect as that of ferric chloride which is one of the i5 Friedel-Crafts
catalysts, as the surface is activated by the reaction with hydrogen
chloride. The surface area of the iron is preferably at least 150 mm2/g,
more preferably at least 1500 mmz/g, further more preferably at least 3000
mm2/g. 2o Further, the halogenated aluminum oxide in the present invention,
is preferably aluminum oxide reacted with a hydrogen halide. As the
hydrogen halide, hydrogen fluoride, hydrogen chloride, hydrogen bromide and
hydrogen iodide may, for example, be mentioned. Among 25 these hydrogen
halides, hydrogen chloride is most preferred, since it is available at a
low price, it is used in the reaction of propylene and hydrogen chloride
4 in the present invention, and further, it can be easily handled. The form
of the aluminum oxide is preferably a spherical or block form. In the case
of a spherical 5 form, the average particle size is preferably from 0.5 to
5 mm. In the case of a block form, it is preferably one having such a size
that it can be sieved by a sieve of 0.5 to 5 mm. Further, the aluminum
oxide in the present invention is preferably one having a pore volume of
from 10 0.05 to 2 ml/g, more preferably from 0.1 to 1 ml/g. As a method of
reacting the aluminum oxide and a hydrogen halide, a method of packing the
aluminum oxide in a reactor, and then supplying the hydrogen halide to the
reactor, may, for example, be mentioned. This 15 hydrogen halide may be in
a liquid form or in a gas form. From the point that it is possible to treat
a large amount effectively, the hydrogen halide in a gas form is preferred.
At the time of treatment, the aluminum oxide and the hydrogen halide may
sometimes vigorously be 2o reacted, whereby heat generation or a formation
of water may take place. Therefore, it is preferred to dilute the hydrogen
halide by using an inert gas to the aluminum oxide. The inert gas can be a
medium which removes the heat of the reaction of the aluminum oxide and the
25 hydrogen halide from the reactor. Further, in a case where water is
formed, it is preferred to remove it out of the reactor together with the
inert gas. As the inert   5 gas, nitrogen gas, helium gas, and argon gas
may, for example, be mentioned. When the aluminum oxide packed in the
reactor is reacted with the hydrogen halide in a gas form, it is 5
preferred to dilute it so that the amount of the hydrogen 



halide would be from 0.1 to 10 vol%, particularly preferably from 2 to 7
volt, to the total amount of the hydrogen halide and the inert gas, in the
initial stage of the reaction. Then, it is preferred to continue to 1o
supply the diluted hydrogen halide till the heat of the reaction is no
longer generated in the reactor. Further, after completion of generation of
the heat of the reaction, it is preferred to raise the concentration of the
hydrogen halide so that the concentration of the 15 hydrogen halide will
finally be 100 volt (namely, the hydrogen halide which is not diluted with
the inert gas). If the concentration of the hydrogen halide is raised, the
heat of the reaction will usually be generated again. It is preferred to
raise the concentration of the 2o hydrogen halide gradually in order to
avoid abrupt generation of such heat of the reaction. Further, it is
preferred to continue to supply 100 volt of the hydrogen halide till the
heat of the reaction is no longer generated. Further, when the aluminum
oxide is reacted 25 with the hydrogen halide, it is preferred to carry out
the reaction so that the temperature in the reactor will not exceed 200C
due to the heat of the reaction. The   6 amount of the aluminum oxide to be
reacted with the hydrogen halide, is preferably such an amount that the
temperature of the aluminum oxide will not exceed 200C at the time of
reaction. 5 The reactor to be packed with the aluminum oxide is preferably
one having a structure which can be cooled. When the reactor having such a
structure is used, the aluminum oxide reacted with the hydrogen halide can
be used to the reaction of propylene and hydrogen chloride, 1o as it is
packed in the reactor. Particularly, it is preferred to use a reactor
having a structure provided with e.g. a jacket cooler, as the reactor to
carry out the reaction of the aluminum oxide and the hydrogen halide, since
it is thereby easy to control the reaction 15 when the following reaction
of the propylene and the hydrogen chloride is carried out. Further, the
aluminum oxide reacted with the hydrogen halide may be transferred to
another reactor to carry out the reaction of propylene and hydrogen
chloride of the present invention. 2o The reaction of propylene and
hydrogen chloride in the present invention is preferably carried out by
supplying propylene in a gas form and hydrogen chloride in a gas form to
the reactor or the like packed with the iron or the halogenated aluminum
oxide, followed by gas 25 phase reaction. It is preferred that propylene
and hydrogen chloride are preliminarily mixed and then supplied to the
reactor, whereby the efficiency of the   



reaction will be good. As the material for the reactor, a common material
such as iron, stainless steel or glass may be preferably used. The
temperature for reacting propylene and hydrogen 5 chloride is preferably
from 20C to 100C, more preferably from 40C to 60C. Here, it is preferred to
control the supply amount and the supply temperature of propylene and
hydrogen chloride, so that the reaction temperature will be within the
above temperature range, 10 and further, the cooling of the reactor is
carried out as the case requires. When the temperature during the reaction
is at least 20C, condensation of formed isopropyl chloride will be little,
and the surface of the iron or the aluminum oxide will not be wetted with
the 15 isopropyl chloride, whereby the catalytic effect will be maintained
for a long term, such being desirable. Further, in a case where the
temperature during the reaction is at most 100C, polymerization of
propylene is reduced, such being desirable. The reduction of the 2o
polymerization can avoid the problem that the produced oligomer covers the
surface of the catalyst whereby the catalytic effect is decreased. Further,
the pressure at the time of reacting propylene and hydrogen chloride in the
present invention, 25 is preferably from 900 to 3039 hPa (mass basis,
hereinafter the same applies), more preferably from 1013 to 3039 hPa,
further more preferably from 2026 to 3039   8 hPa. It is preferred that the
pressure of the reaction is at least 900 hPa, since the boiling point of
isopropyl chloride will be high, and the produced isopropyl chloride can be
easily recovered. Further, it is 5 preferred that the pressure of the
reaction is at most 3039 hPa, since it is thereby not required to employ an
expensive apparatus having acid resistance and capable of raising the
pressure of hydrogen chloride to a high level. to The molar ratio of
propylene and hydrogen chloride is not particularly limited. For the
purpose of increasing the efficiency for recovering isopropyl chloride,
maintaining the reaction pressure, reducing corrosion of the apparatus due
to remaining unreacted 15 hydrogen chloride, or the like, it is preferred
to use propylene in an amount of from equivalent to excess, the amount of
propylene to hydrogen chloride is preferably from 1 to 1.5 times by mol,
more preferably from 1 to 1.1 times by mol. 2o The space velocity (SV)
[unit: /hr] for supplying propylene and hydrogen chloride to the reactor,
is not particularly limited so long as it is a level within such a range
that the above temperature and pressure condition can be maintained,
usually it is preferred that SV=100 to 25 1000/hr. Here, the space velocity
is the ratio of the volume velocity for supplying the material (F) [unit:
m3/hr] to the volume of the reactor (V) [unit: m3] .   9 Namely, SV=F/V
[unit: /hr]. 



Isopropyl chloride formed in the process of the present invention, can be
obtained usually as a gaseous product. The gaseous isopropyl chloride is
preferably 5 cooled and collected as a liquid product. Further, the
isopropyl chloride is preferably purified, as the case requires, as it is
in a gaseous form, or after liquefied. The purification method is not
particularly limited, and usual deacidification treatment, column
chromatography, to distillation or the like, may be mentioned. Isopropyl
chloride formed by the process of the present invention is a known
compound, and it may be used, as it is, or after converting it to another
product. In the process of the present invention, the reason 15 why the
catalytic activity can be maintained for a long term and the reaction can
be carried out in the milder reaction conditions, is not surely obvious,
but it is considered as follows. Namely, with the catalyst reacted with a
hydrogen halide, the catalyst is usually too 2o activated, whereby
polymerization reaction of propylene itself is accelerated in the reaction
of propylene and hydrogen chloride. And, an oligomer of propylene formed by
the polymerization covers the surface of the catalyst and rapidly reduces
the catalytic activity. However, the 25 catalyst in the present invention,
especially the halogenated aluminum oxide, has a suitable activity, whereby
it is considered that the reaction of hydrogen   10 chloride and propylene
is more accelerated than the polymerization of propylene, and further, the
catalytic activity can be maintained by avoiding the inconvenience caused
by the polymerization of propylene. 5 Isopropyl chloride obtained by the
process of the present invention, is useful as a starting material for an
antifouling paint to be used as a paint for ship's bottom, an intermediate
for a medicine or an agricultural chemical, or the like. 10 EXAMPLES Now,
the present invention will be described in detail with reference to
Examples (Examples 1 to 8) and Comparative Example (Example 9). However, it
should be understood that the present invention is by no means i5
restricted by such specific Examples. EXAMPLE 1 6 g of spherical aluminum
oxide (average particle size: 3mm, pore volume: 0.5 ml/g) was packed in a
pipe type reaction tube made of stainless steel having an 2o internal
diameter of 20mm and a length of 300 mm and provided with a jacket. While
the reaction tube was cooled by water at a temperature of 25C, hydrogen
chloride gas diluted with nitrogen gas to 3 volt (temperature: 60C,
pressure: 1013 hPa, velocity: 1L/hr), z5 was supplied thereto for 2 hours.
Then, while the concentration of hydrogen chloride was gradually raised,
the diluted hydrogen chloride gas was supplied to the   11 reaction tube,
so that the concentration of hydrogen chloride was 100 vol% after two
hours. Further, the supply of the hydrogen chloride gas was continued till
the heat generation in the reaction tube was no longer 



5 observed to carry out the halogenation treatment of the aluminum oxide.
The mixed gas of propylene and hydrogen chloride (propylene:hydrogen
chloride = 1.05:1 (molar ratio)) was introduced at SV = 200 /hr into the
reaction tube packed 1o with the aluminum oxide treated by halogenation, to
adjust the pressure in the reaction tube to 2026 hPa and the outlet
temperature of the reaction tube to 50  10C. After the space velocity of
the mixed gas, the pressure in the reaction tube and the outlet temperature
of the i5 reaction tube were adjusted to the above values (this may be
referred to also as after the stabilization, the same applies hereinafter),
the gas at the outlet of the reaction tube was analyzed by gas
chromatography. The conversion of hydrogen chloride was 99%, the conversion
20 of propylene was 94%, and the selectivity for isopropyl chloride was
98%. Furthermore, the results after 100 hours and 200 hours, when the mixed
gas of propylene and hydrogen chloride was continuously supplied for 200
hours, are shown in Table 1. No decrease was observed in any of 25 the
conversion and the selectivity. EXAMPLE 2 The operation was carried out in
the same manner as   12 in Example 1 except that the spherical aluminum
oxide was changed to block-form aluminum oxide (sieved by a sieve of 3 mm,
pore volume: 0.5 ml/g). The results are shown in Table 1. 5 EXAMPLE 3 The
operation was carried out in the same manner as in Example 1 except that
the pressure in the reaction tube was changed from 2026 hPa to 1013 hPa.
The results are shown in Table 1. 10 EXAMPLE 4 The operation was carried
out in the same manner as in Example 1 except that the hydrogen chloride
gas reacted with aluminum oxide was changed to hydrogen fluoride gas. The
results are shown in Table 1. 15 EXAMPLES 5 to 7 The operation was carried
out in the same manner as in Example 1 except that the space velocity was
changed as shown in table 2. EXAMPLE 8 2o About 5 g of an iron wire
(purity: 99.9%) having a radius of 0.05 mm (surface areas: about 5000
mm2/g), was 



packed in the same reaction tube as in Example 1, and a mixed gas of
propylene and hydrogen chloride (propylene:hydrogen chloride = 1.05:1
(molar ratio)) was 25 introduced at SV = 100 /hr, to adjust the pressure in
the reaction tube to 2026hPa, and the outlet temperature of the reaction
tube to 60  10C. After the stabilization,   13 the gas at the outlet of the
reaction tube was analyzed by gas chromatography, and the conversion of
hydrogen chloride was 90%, the conversion of propylene was 86%, and the
selectivity for isopropyl chloride was 98%. 5 Further, the results after
100 hours and 200 hours, when the mixed gas of propylene and hydrogen
chloride was continuously supplied for 200 hours, are shown in Table 1. The
catalytic activity was maintained, and neither the conversion nor the
selectivity was changed. 10 EXAMPLE 9 (COMPARATIVE EXAMPLE) The operation
was carried out in the same manner as in Example 1 except that aluminum
oxide was used as it is, without subjecting it to halogenation treatment.
The results are shown in Table 1. After the stabilization, s5 the gas at
the outlet of the reaction tube was analyzed by gas chromatography, and the
conversion of hydrogen chloride was 99%, the conversion of propylene was
93%, and the selectivity for isopropylene chloride was 98%. Further, the
reaction was continued for 100 hours, and as 2o a result, the conversion
decreased to 10% due to a decrease of the catalytic activity. In Tables,
the conversion represents the conversion of propylene, and the selectivity
represents the selectivity for isopropyl chloride. 25   14 Table 1
Immediately  of ter  stabilization 



100 hours after  stabilization 200 hours after  stabilizationConver-
sionSelec- tivityConver- sionSelec- tivityConver- sionSelec- tivityEx.
194%98%94%98%94%98%Ex. 294%98%94%98%94%98%Ex. 394%98%94%98%94%98%Ex.
494%98%94%98%94%98%Ex. 886%98%86%98%86%98%Ex. 994%98%10%98%--   15 m..1-.,
r., 7  Space velocityImmediately after stabilization100 hours after
stabilization200 hours after stabilizationSV (/hr)Conver- sionSelec-
tivityConver- 



lionSelec- tivityConver- sionSelec- tivityEx. 510094~98~94098~94~98~Ex.
650091096~91~98~91~98~Ex. 7100086~90~86~98~86~98~   16 INDUSTRIAL
APPLICABILITY According to the process of the present invention, isopropyl
chloride can be produced in advantageous conditions as compared with
conventional processes. 5 Namely, the process of the present invention can
be carried out at a low temperature and at a low pressure, as compared with
the conventional processes. Further, in the process of the present
invention, the conversion of propylene and hydrogen chloride is high,
whereby the 1o remaining hydrogen chloride can be reduced, and post
treatment will be easy, and corrosion of the reaction apparatus can be
suppressed. Further, it is not required to employ an expensive apparatus
made of a corrosionresistant material. Further, the catalytic activity can
s5 be maintained for a long term, and a continuous production process
further, isopropyl propylene which is the foregoing, the 2o excellent
process, operation. for a long term is possible. And chloride can be
produced by using cheaper than isopropyl alcohol. From process of the
present invention is an which is useful for an industrial   17 CLAIMS 1. A
process for producing isopropyl chloride, which comprises reacting
propylene and hydrogen chloride in a gas phase, in the presence of iron or
a halogenated 5 aluminum oxide. 2. The process according to Claim 1,
wherein the halogenated aluminum oxide is aluminum oxide reacted with a
hydrogen halide. 3. The process according to Claim 1 or 2, wherein 



1o temperature at the time of reacting propylene and hydrogen chloride is
from 20 to 100C. 4. The process according to any one of Claims 1 to 3,
wherein the pressure at the time of reacting propylene and hydrogen
chloride is from 900 to 3039 hPa (absolute 15 pressure). 5. A process for
producing isopropyl chloride, which comprises reacting propylene and
hydrogen chloride in a gas phase, in the presence of aluminum oxide
obtained by preliminarily reacting a hydrogen halide and aluminum 20 oxide.
6. A process for producing isopropyl chloride, which comprises packing
aluminum oxide in a reactor, preliminarily reacting it with a hydrogen
halide, and then introducing a mixed gas of propylene and hydrogen 25
chloride to the reactor to react propylene and hydrogen chloride in a gas
phase. 7. The process according to Claim 6, wherein the outlet   18
temperature of the reactor is from 40 to 70C. 8. The process according to
Claim 6 or 7, wherein the pressure in the reactor is from 900 to 3039 hPa.
9. The process according to Claim 6, 7 or 8, wherein the 5 space velocity
of the mixed gas is from 100 to 1000/hr. 10. The process according to any
one of Claims 6 to 9, wherein the average particle size of the aluminum
oxide is from 0.5 to 5mm.
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