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PURIFICATION OF ALLYL CHLORIDE

The present invention relates to the purification of allyl
- chloride by removal of cgrtain undesired by-products.

Allyl chloride is commercially prepared by the high-temperature
chlorination of propene. Its main use is in the production of
dichlorohydrin, which term refers to the isomers 1,2-dichloro-3-
hydroxypropane and 1,3-dichloro-2-hydroxypropane, generally by
reacting an allyl chloride feed with water and chlorine in a dilute
aqueous phase. The main use of dichloréhydrin‘is for preparing
epichlorohydrin (1,2-epoxy-3-chloropropane), generally by -
dehydrochlorination in the presence of a base. These reactions may
be carried out batchwise, semi-continuously or continuously. Other
uses of allyl chloride are for the production of esters, allyl
ethers and allyl amines (Ullman's Encyclopaedia of Industrial
Chemistry, S5th Edition, vol. A 1985 page 431).

It is known, that the voluminous aqueous effluent emerging from
the epichlorchydrin production plant can contain appreciable amounts
of other chlorinated organic compounds (Extréctable Organic
Chlorine, EOCl, up to about 160 mg Cl/l). These chlorinated organic
by-products are mainly chléroaliphatic ethers and chloroaliphatic
alkanes. They are already present in the conventionally-prepared
dichlorohydrin, and they are carried on to the effluent of the
épichlorohydrih plant. Since these chlorinated organic by-products
.are toxic, their concentration in the waste water should be reduced
as much as possible before the waste water is passed to receiving
bodies such as rivers and lakes. Since the removal of the
chlorinated organic by-products from the epichlorohydrin plant
effluent by conventional metheds, such as fractional distillation,

~ is very ekpensive, there exists a need fbr an alternative method for

reducing their level.
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The present appllcant's EP-A-0 359 331 is directed to a method
of reduclng the level of chlorinated organic by- products in the
above-described reaction effluent by extractlng the aqueous product
of the reaction of allyl chloride with water and chlorine, with a
water-immiscible solvent having an atmospheric boiling point of from
40 °C to 105 °C. The present applicant's EP-A-0 537 846 discloses a
similar method wherein the extractlng water-immiscible solvent is
1,2,3~- trzchloropropane.

In the present applicantfs W0-94/1316 a different approach to
reducing the level of chlorinated organic by-products in the above-
described reaction effluent is presented. Therein it is disclosed,
that the above-uﬁdesirable chlorinated organic by~products are
mainly chloroaliphétic ethers having 9 and 12 carbon atoms (Cg and
C12), the level of the Cjg5 chlorocaliphatic ethers being much lower,
and that their source in the allyl chloride feed is mainly '
hexadienes (i e. CgHyg isomers, in particular 1, 5-hexadiene, 1,4-
hexadzene and 2-methyl-1,4-pentadiene), which are by-products of the
high temperature chlorination of propene to allyl chloride. When
preseﬁt in the allyl chloride feed to the above-described reaction
with water and chlorine to form dichlorohydrin, these hexadienes
also react with chlorine, water and dichlorohydrin to form the
chloroallphatzc ethers found in the reactlon effluent.

The commercial allyl chloride used for the production of
dichlorohydrin is at least 97.5 wt% pure and contains hexadiene as
an impurity {(Ullman's EncYclopaédia of Industrial Chemistry, ibid.);
In order to reﬁch this degree of purity, the crude allyl chloride as
produced by the chlorination of propene and which contains about 75-
80% of éllyl-chlorideiflus liéhter and heavier impurities, is’
qonventionally purified. The purification is generally §erformed by -
distillation, in at least two éteps, wherein light and heavy ends
respectively are removed. Normally, 0.3-1.0 wt% of hexadiene is
still present in the purified allyl chloride used for the production
of dichlorohydrin. In WO-94/1316 it is disclosed that when an allyl
chloride feed containing less than 0.30 wt% of hexadiene is used

with water and chlorine for the production of dichlorohydrin, the
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product contains much less of the undesirable chlorinated organic
by-preducts, which' substantially reduces the costs of purifying the
aqueous effluent leaving the plant.

- WO-94/1316 proceeds to disclose sevefal methods for removing
the hexadienes frém the allyl chloride feed for the dichlorohydrin
production, with a view to reducing the production of said undesired
chlorinated organic by-products. One of fhese methods involves the
hyd:oéhlorination of the hexadienes present in the crude allyl
chloride feed, with HCl in the presence of a lLewis acid such as
MoClg, to monochlorohexenes and dichlorohexanes. The boiling points,
at atmospheric pressure, of the monochlorohexenes and .
dichlorchexanes being in the ranges of 110-140 °C and 170-220 °C
respectively, they are much easier to separate from the allyl
chloride (boiling point 45 °C) than are the hexadienes (beoiling
point 55-65 °C). -

Although W0-94/1316 shows the hydrochlor;natlon treatment to be
very effective in selectively converting to monochlorohexenes and
dichlorohexanes as much as 98% of the hexadienes present in the
allyl'chloride feed, in practice this method has the drawbacks that
the catalyst used is expensive and that it has to be separated from _

the reaction product. Also, conversion of the hexadienes in the

.allyl chloride to products which are even heavier than are the

monochlorohexenes and dichlorchexanes would be welcome. Of course,
this conversion has to remain selective to the hexadiene, without
unduly affecting the allyl chloride itself.

The crude allyl chloride also contains as by-products, in
addition to the hexadienes, smaller amounts of other aliphatic and
cycloaliphatic hexene and hexadiene isomers, such as normal hexenes,
methylpentenes, methylcyclopentenes and methylcyclopentadienes and
these are also carried on to the conventionally puzifiéd ailyl
chloride. The methylcyclppentene impurities, when present, were
found to be converted in the epichlorohydrin production process to
epoxymethflcyclopentanes which, if present in appreciable amounts,

could affect the further processing of the epichlorohydrin.
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.. It has now been found that the hexadienes, as well as the

methylcyclopentenes and the 6ther aliphatic and cyclealiphatic

hexehe and hexadiene isomers present in the crude allyl'chloride and
in the conventionally purified allyl chloride, can be effectively

and efficiently removed by chlorination with molecu1ar chlorine, in
the liquid phase. In this chlbrination step, the hexadienes are
convertedfto dichlorahexenes and tetrachlorohexanes, which are
heaviei]and-thus even easier to separate from the allyl chloride
mainstream than are the hydrochlorination products mentioned in
WO-94/1316. The methylcyclopentenes in turn are converted in this
chlorination step to dichloro methylcyclopentanes, which can also be
easily separated from the allyl chloride mainstream. Surprisingly, ‘
it was found that the chlorination, when performed correctly, is

very selective - in that the allyl chloride itself is not

chlorinated to a substant1a1 amount, although it is present in great '
excess to the unsaturated Cg impurities. _

The present invention therefore is directed to a process for
the removal qf-(cyclo)aliphatic hexene and hexadiene isomers from
allYl'chloride, characterized by a chlofination step which is
performed'in'the liquid phaSe.

In the chlorination step molecular chlorine, which optionally
can be mixed with an inert gas or Qith an.inert liquid solvent such
"as 1,2,3 trichloropropane or carbon tetrachloride, is contacted in a
reactor with the crude allyl chloride which is kept liquid in the
combination of temperature and pressure employed. It is important

that the allyl chloride be kept liquid, since ohly then the
chlorination reaction is sufficiently selective. Gaseous allyl
chloride_reactS';oo'readily-with the chlorine to trichloroprépane,
which is not useful. '

The temperature ﬁherein the chlorination'step acdording to the
invention is performed can be varied within the ranges of from -20
to 120 °C,.preferab1y from 20 to 80 °C, and the pressure is chosen
such aé.to ensure that the allyl chloride is liquid at the

temperature employed.
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The total amount of chlorine used for the chlorlnatlon
according to the invention is preferably between 1l and 5, more
preferably between 1.5 and 3. 5, mol per mol of comblned
(cyclo)allphatlc hexenes and hexadienes originally present'in the
crude allyl chloride. A substantially higher concentration of
chlorine than is needed for the optimal chlorination of the hexenes
and hexadienes will tend, after chlorinating all of the impurities,
to proceed and chlorinate the allyl chloride itself.

Crude allyl chloride often also contalns residual propene from
which the allyl chloride was made. Since the propene will also
react with chlorine (to dichloropropane) under the reaction
condltlons, and since the direct removal of propene by conventional
separation means such as distillation does not present the same
difficulties as the removal ef hexadienes and methyl cyclopentenes,
it is convenient to separate the propene from the crude allyl
chloride before effecting the chlorination step according to the
invention. Therefore, in a preferred embodiment of the present
invention, the chlorination step is performed after the light ends
removal from the crude allyl chloride.

The purification step according to the invention can be
performed batchwise as well as continuously.

' - After the chlorination step according to the invention is

performed, the allyl chloride purification ean be completed by

conventional means, such as dlstxllatlon. Therefore, in a preferred

embodiment, the present 1nventlon comprises the steps of:

a. distillation of the crude allyl chloride to remove light ends;

b. chlorination in the liquid phase of the (cycIO)aliphatic hexene

and hexadiene isomers present in the crude allyl chloride; and

€. distillation of the crude allyl chloride to remove heavy ends.
The following Examples will lllustrate the invention.

EXAMPLE 1

16.7 g of feed A, laboratory grade allyl chloride containing
'0.36 mol% of 1,5-hexadiene and a total of 0.46 mol% of
(cyclo)aliphatic hexenes and hexadienes in >98 wt% of allyl chloride
(Merck, ‘Art. 800257) was placed in a 30 ml glass bottle at 21 °C and
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atmospheric pressure.__The liquid was agitated using a magnetic
stirrer. Chlo;ine_gas.was dosed via a pipe under the liquid
surface, at a rate ofls mg/sec. The product was analysed by gas
chromatography/mass spectrometry. The overall chlorination of
héxadiene.(to dichlqrohexene and'tet:achlorohexane) and allyl |
chloride (to 1,2,3-t;ichl§ropropané), after dosing 1 and 2 mole'.
equivalen;s qf.¢h1§rine_bn thé total of (cyclo)aliphatic hexenes and
hexadienes, are presenﬁed in Table 1.
EXAMPLES 2 AND 3 _ | o

Feed A was fed c§ntinuously at 400 g/h and 20 °C to the bottom

of a vertically positioned glass pipe reactor (4 mm diameter, 1 m
length). , .
Chlorine gas was bubbled through the allyl chloride by feeding

‘it continuously, at a rate of 0.92 - 4.70 g/h, amounting to molar

ratios of_between.Q,G - 2.7 on the total of (cyclo)aliphatic hexenes
and hexadienés, to_thé bottom of the reactor, through a fine nozzle
positioned just.below a glass sinter positioned 3 cm from the bottom
and reaching across the entire cross-section of ﬁhe reactor.
Réactor pressure below the sinﬁer and at the reactor top was 160 -
180 kPa and atmospheric, respectively. Liquid samples were removed
from the reactor top and analysed by'gas chroﬁatography for their |
content of chlorinated products of hexadienes. (dichlorohexenes and
tétrachlqrohexanes,'combined) and allyl chloride {trichloropropane).
The oyerall chloéination results are also presented in Table 1.
EXAMPLE 4 _ _ L

Similar tb Examples 2 and 3, éxcept that crude '‘allyl chloride
was used, containing 78 wt% of ally1 ch1oride, 0.33 mol% of 1,5-
hexadiene on allyl chloride and a total of 0.45 mol% of
(cyclo)aliphatic hexenes and hexadienes, which feed was first
distilled Eo remove ptqpene (Feed B). The overal; chlorination
resu;ts are also presented in Table 1.
EXAMPLE 5 :

Similar to Example 4, except that the allyl chloride content of
the crude product used, also after removing propene, was 80 wt%, the

hexadiene content 0.31 mol% and the total (cyclo)aliphatic hexenes

-
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and hexadienes content 0.44 mol% (Feed C). The overall chlorination
results are.also presented'in Table 1. Furthermore, the products
balance of the hexadiene converted (to dichlorohexene and
tetrachlorochexane) is detailed in Table 2.
EXAMPLE 6 -

Feed C (as in Example 5) was fed continuously at 400 g/h to the
bottom of a vertically positioned steel pipe reactor (4.4 mm
diameter, 1 m length). Chlorine gas was fed continuously to the -
bottom of the reactor through a fine norzle, at a molar ratio of 2.5
on the total of (cyelo)aliphatic hexenes and hexadienes. Reactor
temperature was controlied with an oil jacket. Reactor pressure was
controlled with a back-pressure regulator in the reactor exit.
Liquid samples were removed and analysed by gas chromatography. The
overall chlorination results at dlfferent temperatures are presented
in Table 3.

From Eramples 1-5 it appears, that the chlorination reaction is
selective up to the point that almost.all of the hexadiene is

chlorinated.

Example 6 shows the effect1v1ty of the chlorination at higher

temperatures.
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. -TABLE 1
Overall chlorination in Examples 1-5
Example | Feed Chlorine dosed, mol% chlprinated

No. mol/mol hexenes a | of hexadiene. of allyl
hexadienes chloride

1 A 1.0 66.0 0.09
2.0 97.0: 0.27

2 A 0.6 6.2 0.16
0.9 35.0 0.21

1.6 78,0 0.25

. 2.7 '96.4 0.49

3 A; 1.0 47.3 0.16
1.4 75.1 0.20

1.6 84.0 0.24

1.7 94.7 0.26

1.9 94.9 0.31

2.7 98.9 0.61

4 B 1.2 36.9 0.10
1.5 _58.5 0.11

1.7 71.3 0.12

2.1 79.4 0.13

2.2 86.9 0.14
2.7 96.0° 0.17

3.4 99.0 0.26

5 c 1.4 50.1 0.09
1.5 50.2 0.13

1.7 70.3 0.11

2.2 87.5 0.13

- 2.7 96.3 0.17

3.3 99.9 0.28
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TABLE 2

Hexadiene product balance of Example 5

Chlorine dosed - % of original hexadiene in product, as
| mol/mol hexenes ' ' |
and hexadienes hexadiene dichloro- 'tetrachloro- total
(unchanged)_ hexane heiane |
1.4 _ 49.9 _ 46.4 2.9 99.2
1.5 49.8 4.1 3.3 _ 97.2
1.7 29.7 62.0 6.6 98.3
2.2 _12.5 70.4 13.6 96.5
2.7 _ 3.7 69.4 24.1 _ 97.2
3.3 0.1 47.7 46.0. 93.8
TABLE 3

Overall chlorination in Example 6

Temperature Outlet mols chlorinéted
(*c) Pressure | of hexadiene. of allyi chloride
_(kPa) _
40 100 96 : 0.20
50 150 94 0.19
60 200 92 0.20
70 250 : 92 0.22
80 - 300 _ 89 0.24
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.1. A process for:thesremoval of (cyclo)aliphétic-hexene and
hexadiene isomers from ai;yl chloride, characterized by a
chlorination step which ié performed in.thé'liquid phase.

2. A process according to c;aim 1, characterized in that the
chlorination is performed by feeding gaseous chlorine, optionally
mixed with an inert gaé, or chloriﬁe dissolved in an inert liquid..
3. A process according to claim 1 or 2, characterized in that the
chlorination is perforﬁed at a temperature of Between ~20 and 120 °c
and at a pressure which is sufficiént to ensure tﬁat the allyl-
chloride is liquid at the temperature employed.

4. A process according to claim 3, characterized in that the
chlorination is performed at a temperaturé of between 20 and 80 °C.
5. A process accordiné,to any-oné of ciaims 1l to 4, characterized
in that the amount of chlorine used in ﬁhe'chlo;ination is between 1
and 5 mol per mol of combined (cyélbfaliphatic hexenes and
hexadienes originaily present in the crude éllgl chloride.

6. A procéss according to claim 5, characterized in that the
amount of chlorine used is between 1.5 and 3.5 mol per mol of
combined (cyclo)aliphatic hexenes and hexadienes 6riginally present
in the crude allyl chloride.

7.. A process aqcording to any one of claims 1-6, comprising the
steps of: '.

a. distillation of the crude allyl chloride to remove light ends;

b. _ chlorination in the liquid phase of the (cyclo)aliphatic hexene
and hexadiene isomers present in the crude allyl chioride;

c. distillation of the crude allyl chloride.to remove heavy ends..
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