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ABSTRACT
In this research the radical chlorination reaction of polyethylene has been
carried out in an aqueous slurry process via chlorination of high-density
polyethylene under a moderate pressure, using chlorine gas and UV irradiation. These processes were performed in two-stage subsequently. First
step was at low temperature below the crystalline melting point, and the
second was above that temperature. Three types of chlorinated polyethylene were produced that were included 6.5, 12 and 34 percent by weight of
high-density polyethylene. These three types of chlorinated polyethylene
were characterized by Fourier transform infrared (FTIR) spectra and were
compared with polyethylene and polyvinyl chloride. The comparisons of
these spectrums show the progress of reaction. The content of chlorine
was confirmed by an elemental analyzing technique namely flask combustion method (DIN EN ISO 1158) and the results interpreted accordingly. The
results of screening analysis on product were reported too.
 2012 Trade Science Inc. - INDIA

INTRODUCTION
Chlorinated polyethylene (CPE), has various degree of chlorination from 10% to 70%, it has also several applications such as property modifier in blends
with many other polymers (especially polyvinylchloride
(PVC)), wire and cable covering, adhesive, floor tile,
membrane and also as a multiple pose thermoplastic
elastomer[1-4]. The physical and mechanical properties
of CPE highly depend on degree of chlorination, microstructure of polymeric chain, method of production,
polyethylene (PE) type and solvent. The rate of the
chlorination strongly depends on method of production. As more and more chlorine atoms are substituted
on the polymeric chain, the crystalline fractions of PE
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gradually reduce and convert to a softer and more flexible product. At low chlorine content, the CPE product
is still hard and has a powdered form while above 10%
of chlorination the elasticity and flexibility of product is
increased progressively and about 35%-40% chlorination it takes a thermoplastic elastomer form. Above
55% chlorination, the hardness and toughness of polymer again starts to increase[5-13].
There are many types of chlorination process such
as, the solution phase, suspension phase and bulk phase.
In the method of solution phase the chlorine atoms are
substituted along the back bone of polymer randomly
and homogenously and the obtained CPE has noncrystalline structure. Most of industrial units produce various kinds of CPE’s in the solution phase using a single
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solvent such as CCl4 or a mixture of solvents[5-13]. Chlorination reaction in the suspension phase mostly happens on the surface of the polymer particles and so the
structure of procured product is blocky and non-uniform[1-4, 10]. Both of these methods are usually carried
out under a moderate pressure. Radical chlorination of
polyethylene films in the heterogeneous solid -gas phase
is another method of reaction that has been studied more
recently[14-15]. The polymer films that are chemically
modified in this way have already found some interesting applications such as membrane technology[16].
Some authors have used the infrared spectroscopy
technique to analyze the molecular structure of chlorine
containing polymers. These articles have been presented
either to interpret the appeared peaks in the IR spectra, or to elucidate the distributions of chlorine atoms
on the polymeric chains, for instance distinguishing of
random or blocky regions[17-21].
Carrying out the reaction chlorination of HDPE in
suspension phase which was less studied in the articles
before could be comprises many new results. Production of CPE in aqua’s phase, achieving to chlorine percent based on a standard method, determining size distribution before and after chlorination, interpretation of
instrumental analyzing results such as Fourier transfer
Infra red spectroscopy and many other new results
could help to improve technology of CPE production.
In this research many reactions have been carried
out under pressure in aqueous slurry at different conditions such as reaction temperature, high density polyethylene and their concentrations and type of initiators
(UV irradiation). Some new results were achieved.

bution of chlorine along the polymer chain, as a result
of the change in morphology of the polyethylene during
chlorination. The various types of products which may
be obtained may be represented schematically as follows[2]:
Chlorination in suspension phase above the melting
point of the PE results, chlorine distribution at randomly
and fairly homogenous through the entire chain.
Cl

Cl

Cl

Cl

(2)
Cl

Chlorination in suspension below the melting point
of PE results nonhomogenous product.
(3)
Chlorination in suspension below the melting point
of PE, followed by chlorination above the melting point.
This process results both highly and slightly CPE segments.
(4)
Chlorination initially above the melting point to reduce the crystallinity followed by chlorination below the
melting point; especially applicable to linear polyethylene polymers and copolymers of higher densities[2].
(5)
Materials and equipment

EXPERIMENTS
Reaction scheme
The overall reaction of radical chlorination of polyethylene is as follow:
(1)
Since the reaction take place in suspension phase
the non homogeneity will be observed at the polymeric
chain and at the morphology of polymer.
Many CPE with various physical and chemical properties could be achieve due to the variation of the districhemical technology
An Indian Journal

HDPE (with density of 0.994 g/cm3) was prepared
as powder from Iranian Petrochemical Company. Chlorine gas with a purity of 99.5% was used.
The Fourier Transfer Infrared (FTIR) spectrophotometer, Equinox 55 has been used for chemical analyzing of the CPE product. An elemental analyzing
method, European Standard EN ISO 1158 (DIN EN
ISO 1158) was applied for determining the chlorine
content of products. This procedure will be explained
in the next section. a standard screen set was used for
screening analysis of row material and product.
An experimental setup was made for performing of
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PE photo chlorination. This setup comprises; a 12 liter
cylindrical reactor equipped with some other accessories (such as a chlorine gas bubbler, a UV cell with a
500 Watt UV lamp and a pressure and temperature
gage), a variable speed (0-60rpm) mechanical mixer, a
gas flow meter and a trap for chlorine gas. A schematic
diagram of the setup is shown in Figure 1.

two products, namely CPE-2 and CPE-3 were sieved
into different fractions and separated based on their size
distributions and the degree of chlorination was determined by the method of DIN EN ISO 1158.
Analyzing procedure

The oxygen flask combustion method could be applied for the determination of halogens or sulfur produced after the combusting of the desired organic compounds in a flask filled with oxygen these compounds
may have chlorine, bromine, iodine, fluorine or sulfur
groups[24].
Base of DIN EN ISO 1158 method is similar oxygen flask combustion method.
About 50 to 70 mg, with the 0.01 mg accuracy,
from the CPE sample were weighed and placed on a
filter paper cut as shown in (Figure 2a). It was clamped
Figure 1 : Schematic diagram of the setup: (a) chlorine gas
in the platinum spiral with the paper tail protruding (Figcylinder, (b) pressure reducing valve, (c) pressure gauge, (d)
needle valve, (e) trap, (f) gas flow meter,(g) gas Bubbler, (h) ure 2b).
About 15 ml of water, 4 ml of potassium hydroxide
mechanical mixer, (i) reactor, (j) UV cell, (k) UV lamp, (l)
impeller,(m) outlet valve, (n) hot oil circulator, (o) safety valve solution (100g/l) and 1 ml of hydrogen peroxide soluand (p) pressure and temperature gage.
tion (300g/l) were introduced into the flask (Figure 2b).
Oxygen was passed through a glass tube at 250 ml/min
Experiment procedure
[23]
Chlorination of polyethylene was performed in an for 5 min to displace the air in the flask .
The tail of filter paper was ignited with a gas flame.
aqueous slurry phase in a closed, agitated vessel or reactor. 1 kg of polyethylene was slurred in 8 lit of water. The stopper carrying the platinum wire was quickly in2 milliliter nonylphenol surfactant (for decreasing of sur- serted and let the filter paper burns. When combustion
face tension) and 45 g of talc (for inhibiting from ag- was finished, the flask was turned upright. The flask
glomeration) were added to the slurry. The tempera- was shacked and cooled under a stream of cold water
ture of slurry was increased to about 95 ºC and in this in order to the absorption of produced hydrochloric
conditions the reaction was started by injection of chlo- acid rapidly and completely.
After 30 min the content of flask was transferred to
rine gas at a rate of 0.5 lit/min under UV light radiation,
a
250
ml Erlenmeyer and the flask was rinsed and transafter 15 minutes the pressure of reactor was increased
to 2.8 bar and reaction was continued for 5 minutes at ferred to Erlenmeyer so that its final volume became
this pressure. After the chlorination was completed, the about 40 ml. About 1 g of sodium nitrate and 2.5 ml of
content of slurry was transferred to another agitated nitric acid solution (2 N) were added to the Erlenmvessel to neutralize remained HCl, in which the slurry eyer. The solution was boiled for 5 min[23]. After coolwas rinsed and washed in a caustic batch at 80 ºC. ing, 1 ml potassium chromate solution (50g/l) was inPolymer was dried at approximately 40 ºC. This prod- troduced to the solution and was titrated by silver niuct namely CPE-1 was sieved into different fraction trate solution (0.1 N). The chlorine content of solution
based on their size distribution[22]. The different frac- was calculated by following equations.
0.1  ( V1  V2 )
tions were analyzed for determining their chlorine conXcl  3.5453 
(6)
[23]
tents according to DIN EN ISO 1158 method .
m
Similar experiments were carried out at the same
In which:
procedure (at same 2.8 bar pressure) but the times of
Xcl is the chlorine content of CPE
reactions were 30 and 80 minutes respectively. These
V1 is the volume of silver nitrate solution used for
chemical technology
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the determination (in milliliter)
V2 is the volume of silver nitrate solution used for
the blank test (in milliliter). For pure materials and stilled
equipment V2 usually is zero.
m is the mass of CPE sample (in grams).

As it could be observed the progress of reaction
increases linearly by increasing the time of reaction of
chlorination in this rang. This procedure is acceptable
and shows that the chlorination reaction was carried
out successfully. This Figure is useful for the future kinetic reaction studies.
Screening analysis
For differential screeninig analyzing of initial PE and
produced CPEs, 6 sieves with different (mesh) sizes
including 100, 150, 300, 500, 1015 and 2000 were
used. The screeninig analyzing was done for Polyethylene, CPE-1, CPE-2, and CPE-3. The results are shown
in TABLE 1.
TABLE 1 : Differential screening analysis
Size distribution
(µm)

Figure 2 : a) Filter paper cut, b) platinum spiral in oxygen
flask

RESULTS AND DISCUSSION
Progress of reaction
The chlorine content of CPE-1, CPE-2 and CPE3 according to the DIN EN ISO 1158 were determined about 6.5, 12 and 34 in weigh percent respectively. Figure 3 shows the reaction time for three productions of CPE-1, CPE-2 and CPE-3 versus their
reaction times respectively.

Figure 3 : the chlorine content of products vs. time (minute)

chemical technology
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2000
1015
500
300
150
100
Total Summation

Weight of polyethylene and products (g)
PE

CPE-1

CPE-2

CPE-3

104
383
276
90
105
42
1000

110
407
294
96
112.5
45.5
1065

115
427.5
310
101
118
47.5
1119

136.5
510
370
121.5
142.5
57.5
1338

According to the TABLE 1, the weights of extremely small or large particles are lighter than mean
ones. For example, the weight of Particles of PE having
100 micron diameters is about 42 gram whereas those
have 2000 micron diameter weight 104 gram.
Moreover, the TABLE shows the increasing weight
of CPE-1, CPE-2 and CPE-3 in comparison to PE.
The weight of products increases at the result of the
reaction of chlorination.
For example in production of CPE-2 process, the
total amount of output product from reactor was 1119
gram per 1000 gram PE, the extra 119 gram is the weight
of chlorine added to PE chain and resulted to weight
increase.
However, TABLE 2 explains the amount of increasing weight per produced CPE in comparison to initial
PE for a given diameter of particles.
For instance, there was a 31.5 gram weight interval
in CPE-3 particles that have 300 micron diameter comparing to initial PE that have the same particle size. Also,
the 24 gram weight increment in CPE-1 particles was
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reported for 1015 micron diameter particles in comparison to initial PE particles with the same size. Consequently, the percentage of chlorine used per given
particle size can be calculated with the distribution (division) of the weight difference between a given CPE
and initial PE per the mass amount of initial PE. TABLE
3 indicates the percentage of chlorine per produced
CPEs with different sizes.
TABLE 2 : Increment of chlorine content
Size
distribution
(µm)
2000
1015
500
300
150
100

Weight difference between
products and polyethylene (g)
mCPE-1-mPE

mCPE-2-mPE

6
24
18
6
7.5
3.5

11
44.5
34
11
13
5.5

mCPE-3mPE
32.5
127
94
31.5
37.5
15.5

TABLE 3 : chlorine percent with size distribution
Size
distribution
(µm)
2000
1015
500
300
150
100

Percent of chlorine for different
particle size
CPE-1
CPE-2
CPE-3
5.76
10.57
31.25
6.26
11.61
33.16
6.52
12.31
34.05
6.66
12.22
35
7.14
12.38
35.71
8.33
13.1
36.9

Remarkable results can be obtained by regarding
of the TABLE:
1- Depending to particle size different percentages
of chlorine were reported for the different particle sizes.
For example, CPE-1 particles with 2000 micron
size diameter were chlorinated up to 5.76% whereas
particles with 100 micron diameter size were chlorinated up to 8.33%.
2- A comparison between two TABLES (2 and 3)
resulted in the fact that there is more weight difference
between CPE and PE in the average particle size since
there is more number of particles in such a size. However it didn’t imply to more chlorination ratio of average particles in comparison to small particles. For example TABLE 2 shows that weight increment in CPE2 is equal to 44.5 gram for the particles of 1015 micron

whereas this amount was 13 gram for size of 150 micron. However, a comparison between the related (homologous) Figures of these two TABLES (2 and 3)
indicates that the chlorine percentage of CPE-2 in 100
micron diameter is equal to 13.1 whereas it is 11.61%
for the CPE-2 in 1015 micron diameter.
3-The chlorine percentage of products is very similar
(close) to chlorine percentage of particles of 500 micron diameter.
4-Particles with smaller size have a light weight but
more chlorine percentage. In other words, chlorine is
added easier on the particle that has the less size. As a
result, there is a reverse relationship between the two
factors of the particle size and the percentage of chlorine.
5- For CPE-1 with 6.5% total chlorine content,
the chlorine percentage of each size was obtained by
DIN method after screening and was compared with
the data of TABLE 3 which is based on dimension analyze method. The comparison has been shown in
TABLE 4.
TABLE 4 : Comparison chlorine percent of DIN EN ISO 1158
and size distribution methods for CPE-1
Size distribution of DIN EN ISO
% cl with size
CPE-1 (µm)
1158 method distribution method
2000
5
5.76
1015
6
6.26
500
6.5
6.52
300
6.5
6.66

The results show the similarity of the two methods
for determination of chlorine percentage.
FTIR Spectra
For taking FTIR spectra the samples were prepared as powder with a diameter of about 100 µm.
Figure 3 and Figure 7 show the infrared spectra of
the original polyethylene and polyvinyl chloride respectively.
The infrared spectra of the several chlorinated polyethylene are represented in Figure 4, 5 and 6.
The CCl-stretching mode is usually appears in the
region of 500-700 cm-1[18]. In Figure 4 the peak appeared at 601 cm-1, in Figure 5 at 595 cm-1and in Figure 6 at 570 cm-1. The infrared spectra of the chlorinated polyethylenes are more closely analogous to those
chemical technology
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of polyvinyl chloride.
The CH2-rocking mode of polyethylene is found at
about 720 cm-1. In the spectrum of CPE-1 which contains about 6.5% chlorine, this band disappears quickly
as the chlorination reaction[1].
The carbon-carbon skeletal mode generally appears
in the region from 800 to 1100 cm-1 this region. The CC skeletal mode of polyethylene appears weakly, but a
few new bands which are not observed in the spectrum
of polyethylene appear now in the spectra of the chlorinated polyethylenes this phenomenon is due to existence dipole moment of CCl at their vicinity. Two such
bands, namely, those at about 920 and 1060 cm-1, become stronger as the chlorination proceeds. Polyvinyl
chloride has also two carbon-carbon skeletal modes at
960 and 1090 cm-1. The bands at about 880 and 1066
cm-1 in the spectrum of CPE-1, 917 and 1058 cm-1 in
the spectrum of CPE-2, 920 and 1060 cm-1 in the spectrum CPE-3 resembles those at 960 and 1090 cm-1 in
the spectrum of polyvinyl chloride in their frequencies
and their shapes[1, 18].
The CH-deforming bands usually appears in the
region of 1100 to 1300 cm-1, a weak band appearing
at about 1195 cm-1 in the spectra of the chlorinated
polyethylenes could not be found in the spectrum of the
original polyethylene. This band probably corresponds
to the weak band at 1196 cm-1 in the polyvinyl chloride[18].
The CH-deformation mode appears strongly at 1255
cm-1 in the spectrum of polyvinyl chloride. A similar
strong band appeared at about 1270 cm-1 in the spectra of the chlorinated polyethylene. The band is not so
strong in the spectrum of CPE-1 and CPE-2, but it
becomes strong as the chlorine content of the CPE-3
rises above 34%, this phenomenon is due to the CClstretching at their vicinity.
Generally, the infrared spectra of the chlorinated
polyethylenes strongly resemble those of polyvinyl
chloride in the region of 1100 to 1300 cm-1. This observation suggests that polyethylene is chlorinated in
the form of -CHCl- and that hardly any -CCl2- units
are formed.
The CH3 deformation mode appears at about 1380
-1
cm in the spectrum of the original polyethylene. In the
spectra of the chlorinated polyethylene this band becomes weaker as the chlorine content increases, but it
chemical technology
An Indian Journal

Figure 4 : FTIR spectrum for polyethylene[1]

Figure 5 : FTIR spectrum for CPE-1

Figure 6 : FTIR spectrum for CPE-2
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tion has been considered. The differential screeninig
analyzing show those particles having smaller size
have a light weight and more chlorine percentage.
The FTIR spectra of CPE’s samples show that as
reaction proceeds, the CCl-stretching and bending
modes and C-C vibrations create a broad peak. Also
it is observed that the peak corresponding to CH2stretching mode become wider due to the induction
effect of chlorine atoms added to the polymeric structure.
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Figure 8 : FTIR spectrum for PVC[25]
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