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ABSTRACT

In this research the radical chlorination reaction of polyethylene has been
carried out in an agueous slurry process via chlorination of high-density
polyethylene under amoderate pressure, using chlorinegasand UV irradia-
tion. 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 polyethyl-
ene 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) spectraand 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 combus-
tion method (DIN EN SO 1158) and the resultsinterpreted accordingly. The
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results of screening analysis on product were reported too.
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INTRODUCTION

Chlorinated polyethylene (CPE), hasvariousde-
greeof chlorinationfrom 10%to 70%, it hasa so sev-
eral applications such as property modifier in blends
withmany other polymers(especialy polyvinylchloride
(PVC)), wireand cablecovering, adhesive, floor tile,
membrane and al so asamultiple pose thermoplastic
elastomer™4, The physical and mechanical properties
of CPE highly depend on degree of chlorination, mi-
crostructureof polymeric chain, method of production,
polyethylene (PE) type and solvent. The rate of the
chlorination strongly depends on method of produc-
tion. Asmore and morechlorineatoms are substituted
onthepolymeric chan, the crystallinefractions of PE

gradually reduce and convert to asofter and moreflex-
ibleproduct. At low chlorine content, the CPE product
isstill hard and hasapowdered form while above 10%
of chlorinationthe dasticity and flexibility of productis
increased progressively and about 35%-40% chlori-
nation it takesathermopl astic e astomer form. Above
55% chlorination, the hardnessand toughness of poly-
mer again startsto increase> 3,

Therearemany typesof chlorination processsuch
as, thesol ution phase, suspension phaseand bulk phase.
Inthemethod of solution phasethechlorineatomsare
substituted a ong the back bone of polymer randomly
and homogenoudy and the obtained CPE hasnoncrys-
tallinestructure. Most of industrial unitsproduce vari-
ouskindsof CPE’s in the solution phase using a single


mailto:Moradi@mai.uk.ac.ir;
mailto:alimoradi2006@yahoo.com

2 Characterization and structural study of chlorinated polyethylene production

CTAIJ, 7(1) 2012

Full Paper =

solvent suchas CCl,, or amixtureof solvents>*. Chlo-
rination reaction in the suspension phase mostly hap-
pens on the surface of the polymer particlesand sothe
structure of procured product is blocky and non-uni-
form(++19, Both of thesemethods are usually carried
out under amoderate pressure. Radical chlorination of
polyethylenefilmsin the heterogeneous solid -gasphase
isanother method of reection that hasbeen studied more
recentlyt+19, The polymer filmsthat arechemically
modified inthisway have dready found someinterest-
ing applications such asmembrane technol ogy!®.

Someauthors have used theinfrared spectroscopy
techniqueto andyzethemolecular structureof chlorine
containing polymers. Thesearticleshavebeen presented
either to interpret the appeared peaksin the IR spec-
tra, or to elucidate thedistributions of chlorineatoms
onthepolymeric chains, for instancedistinguishing of
random or blocky regiong*"-24,

Carrying out thereaction chlorination of HDPE in
suspension phasewhichwaslessstudied inthearticles
before could be comprises many new results. Produc-
tion of CPE inagua’s phase, achieving to chlorine per-
cent based on astandard method, determining sizedis-
tribution before and after chlorination, interpretation of
instrumental analyzing resultssuch asFourier transfer
Infra red spectroscopy and many other new results
could helptoimprovetechnol ogy of CPE production.

In thisresearch many reactions have been carried
out under pressurein aqueousdurry at different condi-
tions such asreaction temperature, high density poly-
ethyleneand their concentrationsand typeof initiators
(UV irradiation). Somenew resultswereachieved.

EXPERIMENTS

Reaction scheme

Theoveral reaction of radica chlorination of poly-
ethyleneisasfollow:

/‘\\/‘“\/\\/+CI2L/\C(\/\/ + HO Q)
Sincethereaction take placein suspension phase
the non homogeneity will be observed a the polymeric
chain and at the morphology of polymer.
Many CPEwithvariousphysica and chemicd prop-
ertiescould beachievedueto thevariation of thedistri-
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bution of chlorinealong the polymer chain, asaresult
of the changein morphol ogy of the polyethyleneduring
chlorination. Thevarioustypesof productswhich may
be obtained may be represented schematically asfol -
lows?:

Chlorinationin sugpens on phaseabovethemeting
point of the PE results, chlorinedigtribution at randomly
and fairly homogenousthrough theentirechan.

cl cl

AR

Cl Cl (2)

Chlorination in suspension below themelting point
of PE resultsnonhomogenous product.

cloc coc cl

1
cl cl cl
L 11 |

3

highly chlorinated segments unchlorinated segment

Chlorination in suspension below themelting point
of PE, followed by chlorination abovethemdting point.
Thisprocessresultsboth highly and dightly CPE seg-
ments.

cl cl cl cl cl cl
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highly chlorinated segments slightly chlorinated segments

Chlorinaioninitidly abovethemeting pointtore-
ducethecrystdlinity followed by chlorination below the
melting point; especidly gopplicabletolinear polyethyl-
ene polymersand copolymersof higher densitieq 2].
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crystalline segments
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Materialsand equipment

HDPE (with dengity of 0.994 g/cm3) was prepared
aspowder from Iranian Petrochemica Company. Chlo-
rinegaswith apurity of 99.5% was used.

TheFourier Transfer Infrared (FTIR) spectropho-
tometer, EQuinox 55 hasbeen used for chemical ana-
lyzing of the CPE product. An elementa analyzing
method, European Standard EN 1SO 1158 (DIN EN
ISO 1158) was applied for determining the chlorine
content of products. Thisprocedurewill beexplained
inthe next section. astandard screen set was used for
screening analysisof row materia and product.

Anexperimenta setup wasmadefor performing of
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PE photo chlorination. Thissetup comprises; al2liter
cylindrica reactor equipped with some other accesso-
ries (such asachlorinegasbubbler, aUV cell witha
500 Watt UV lamp and a pressure and temperature
gage), avariable speed (0-60rpm) mechanica mixer, a
gasflow meter and atrap for chlorinegas. A schematic
diagram of the setupisshowninFigure 1.

( ]
‘T

m

Figurel: Schematicdiagram of thesetup: (a) chlorinegas
cylinder, (b) pressurereducing valve, (c) pressuregauge, (d)
needlevalve, (e) trap, (f) gasflow meter,(g) gasBubbler, (h)
mechanical mixer, (i) reactor, (j) UV cdl, (k) UV lamp, (1)
impdler,(m) outlet valve, (n) hot ail circulator, (0) safety valve
and (p) pressureand temper atur egage.

Experiment procedure

Chlorination of polyethylenewas performedinan
aqueousdurry phaseinaclosed, agitated vessel or re-
actor. 1 kg of polyethylenewasdurredin 8lit of water.
2milliliter nonyl phenol surfactant (for decreasing of sur-
facetension) and 45 g of talc (for inhibiting from ag-
glomeration) were added to the slurry. Thetempera-
tureof durry wasincreased to about 95 °C and in this
conditionsthereaction wasstarted by injection of chlo-
rinegasat arateof 0.5lit/minunder UV light radiation,
after 15 minutesthe pressure of reactor wasincreased
to 2.8 bar and reaction was continued for 5 minutesat
thispressure. After the chlorination wascompleted, the
content of slurry wastransferred to another agitated
vessd to neutralizeremained HCI, inwhichthedurry
was rinsed and washed in a caustic batch at 80 °C.
Polymer wasdried at approximately 40°C. This prod-
uct namely CPE-1 wassieved into different fraction
based ontheir sizedistribution'?d. Thedifferent frac-
tionswereanayzed for determining their chlorine con-
tentsaccordingto DIN EN 1SO 1158 method?3.

Similar experimentswere carried out at the same
procedure (at same 2.8 bar pressure) but the times of
reactionswere 30 and 80 minutesrespectively. These

—= PFyll Pgper

two products, namely CPE-2 and CPE-3weresieved
into different fractions and separated based on their size
distributionsand the degree of chlorinationwas deter-
mined by the method of DIN EN 1SO 1158.

Analyzing procedure

The oxygen flask combustion method could beap-
plied for the determination of halogensor sulfur pro-
duced &fter the combusting of thedesired organic com-
poundsin aflask filled with oxygen these compounds
may havechlorine, bromine, iodine, fluorineor sulfur
groups?.

Baseof DIN EN 1SO 1158 method issimilar oxy-
gen flask combustion method.

About 50 to 70 mg, with the 0.01 mg accuracy,
from the CPE samplewereweighed and placed on a
filter paper cut asshownin (Figure 2a). It was clamped
intheplatinum spird withthe paper tail protruding (Fig-
ure 2b).

About 15 ml of water, 4 ml of potass um hydroxide
solution (100g/l) and 1 ml of hydrogen peroxide solu-
tion (300g/l) wereintroduced into theflask (Figure 2b).
Oxygen was passed through aglasstubeat 250 ml/min
for 5mintodisplacetheairintheflask®.

Thetall of filter pgper wasignited withagasflame.
The stopper carrying the platinumwirewasquickly in-
serted and et thefilter paper burns. When combustion
wasfinished, theflask wasturned upright. The flask
was shacked and cooled under astream of cold water
in order to the absorption of produced hydrochloric
acid rgpidly and completely.

After 30 minthe content of flask wastransferred to
a250 ml Erlenmeyer and theflask wasrinsed and trans-
ferred to Erlenmeyer so that itsfina volume became
about 40 ml. About 1 g of sodium nitrateand 2.5 ml of
nitric acid solution (2 N) were added to the Erlenm-
eyer. The solution wasboiled for 5min[23]. After cool-
ing, 1 ml potassium chromate solution (50g/l) wasin-
troduced to the solution and wastitrated by silver ni-
tratesolution (0.1 N). Thechlorinecontent of solution

was cd culated by following equations.
e = astg 22XV mVa)

Inwhich:
X, isthechlorine content of CPE
V, isthevolumeof silver nitrate sol ution used for

(6)
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thedetermination (inmilliliter)

V, isthevolume of silver nitrate sol ution used for
theblank test (inmilliliter). For puremateridlsand tilled
equipment V2 usudly iszero.

misthemass of CPE sample (ingrams).
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Figure?2: a) Filter paper cut, b) platinum spiral in oxygen
flask

RESULTSAND DISCUSSION

Progressof reaction

The chlorine content of CPE-1, CPE-2 and CPE-
3 according to the DIN EN 1SO 1158 were deter-
mined about 6.5, 12 and 34 in weigh percent respec-
tively. Figure 3 showsthereaction timefor three pro-
ductions of CPE-1, CPE-2 and CPE-3 versus their
reactiontimesrespectively.
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Figure3: thechlorinecontent of productsvs. time(minute)

Asit could be observed the progress of reaction
increaseslinearly by increasing thetime of reaction of
chlorinationinthisrang. Thisprocedureisacceptable
and showsthat the chlorination reaction was carried
out successfully. ThisFigureisuseful for thefutureki-
netic reaction studies.

Screening analysis

For differentiad screeninigandyzingof initid PEand
produced CPES, 6 sieveswith different (mesh) sizes
including 100, 150, 300, 500, 1015 and 2000 were
used. The screeninig analyzing wasdonefor Polyethyl-

ene, CPE-1, CPE-2, and CPE-3. Theresultsareshown
inTABLE 1.

TABLE 1: Differential screening analysis

Size digribution  Weight of polyethylene and products(g)

(nm) PE CPE-1 CPE-2 CPE-3
2000 104 110 115 136.5
1015 383 407 4275 510
500 276 294 310 370
300 90 96 101 1215
150 105 1125 118 142.5
100 42 455 475 575
Total Summation 1000 1065 1119 1338

According to the TABLE 1, the weights of ex-
tremely small or large particlesarelighter than mean
ones. For example, theweight of Particlesof PE having
100 micron diametersisabout 42 gram whereasthose
have 2000 micron diameter weight 104 gram.

Moreover, the TABLE showstheincreasing weight
of CPE-1, CPE-2 and CPE-3 in comparison to PE.
Theweight of productsincreases at the result of the
reaction of chlorination.

For examplein production of CPE-2 process, the
total amount of output product from reactor was 1119
gram per 1000 gram PE, theextra119 gramistheweight
of chlorine added to PE chain and resulted to weight
iIncrease.

However, TABLE 2 explainstheamount of increas-
ing weight per produced CPE incomparisontoinitial
PE for agiven diameter of particles.

For instance, therewasa31.5 gram weight interval
in CPE-3 particlesthat have 300 micron diameter com-
paringtoinitia PE that havethesameparticlesize. Also,
the 24 gram weight increment in CPE-1 particleswas

CHEMICAL TECHNOLOGY
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reported for 1015 micron diameter particlesin com-
parisontoinitial PE particleswith thesamesize. Con-
sequently, the percentage of chlorine used per given
particle size can be cd culated with thedistribution (di-
vision) of theweight difference between agiven CPE
andinitid PE per themassamount of initial PE. TABLE
3 indicates the percentage of chlorine per produced
CPEswithdifferent S zes.

TABLE 2: Increment of chlorinecontent

Weight difference between

distrsi|bzl?tion products and polyethylene (g)
(nm) Mcpe-1-Mpe Mcpe-2-Mpe mr(]:qPPEE_S-
2000 6 11 325
1015 24 44.5 127
500 18 34 94
300 6 11 315
150 7.5 13 375
100 35 55 15.5

TABLE 3: chlorine percent with sizedistribution

Size Per cent of chlorinefor different
distribution particle size

(um) CPE-1 CPE-2 CPE-3
2000 5.76 10.57 31.25
1015 6.26 11.61 33.16
500 6.52 12.31 34.05
300 6.66 12.22 35
150 7.14 12.38 35.71
100 8.33 13.1 36.9

—= Full Paper

whereasthisamount was 13 gram for size of 150 mi-
cron. However, acomparison between therelated (ho-
mologous) Figures of thesetwo TABLES (2 and 3)
indicatesthat the chlorine percentage of CPE-2in 100
micron diameter isequal to 13.1 whereasitis11.61%
for the CPE-2in 1015 micron diameter.

3-Thechlorinepercentageof productsisvery smilar
(close) to chlorine percentage of particlesof 500 mi-
crondiameter.

4-Particleswithsmaller szehavealight weight but
more chlorine percentage. In other words, chlorineis
added easier onthe particlethat hasthelesssize. Asa
result, thereisareverse rel ationship between thetwo
factorsof the particle size and the percentage of chlo-
rine.

5- For CPE-1 with 6.5% total chlorine content,
the chlorine percentage of each sizewas obtained by
DIN method after screening and was compared with
thedataof TABLE 3whichisbased ondimensonana
lyze method. The comparison has been shown in
TABLEA4.

TABLE 4: Comparison chlorinepercent of DIN EN 1SO 1158
and sizedigribution methodsfor CPE-1

Sizedistribution of DIN EN SO

% cl with size

CPE-1 (um) 1158 method distribution method
2000 5 5.76
1015 6 6.26
500 6.5 6.52
300 6.5 6.66

Remarkabl e results can be obtained by regarding
of theTABLE:

1- Depending to particlesizedifferent percentages
of chlorinewerereported for thedifferent particles zes.

For example, CPE-1 particleswith 2000 micron
sizediameter were chlorinated up to 5.76% whereas
particleswith 100 micron diameter sizewere chlori-
nated up to 8.33%.

2- A comparison betweentwo TABLES (2 and 3)
resulted inthefact that thereismoreweight difference
between CPE and PE intheaverageparticlesizesince
thereismorenumber of particlesinsuchasize. How-
ever it didn’t imply to more chlorination ratio of aver-
age particlesin comparison to small particles. For ex-
ample TABLE 2 showsthat weight increment in CPE-
2isequa to44.5 gramfor theparticlesof 1015 micron

Theresultsshow thesimilarity of thetwo methods
for determination of chlorinepercentage.

FTIR Spectra

For taking FTIR spectra the samples were pre-
pared as powder with adiameter of about 100 um.

Figure 3 and Figure 7 show theinfrared spectraof
theorigind polyethyleneand polyvinyl chloriderespec-
tivey.

Theinfrared spectraof theseverd chlorinated poly-
ethylene arerepresented in Figure4, 5and 6.

The CCl-gtretching modeisusually appearsinthe
region of 500-700 cmr%8l, In Figure 4 the peak ap-
peared at 601 cm?, in Figure5 at 595 cmand in Fig-
ure 6 at 570 cm™. Theinfrared spectraof the chlori-
nated polyethylenesaremoreclosdly anal ogousto those
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of polyvinyl chloride.

The CH_-rocking mode of polyethyleneisfound at
about 720 cm. In the spectrum of CPE-1 which con-
tainsabout 6.5% chlorine, thisband disappearsquickly
asthechlorination reaction(¥.

Thecarbon-carbon skeletd mode generdly appears
intheregionfrom 800to 1100 cmtthisregion. The C-
C skeletd mode of polyethylene appearsweakly, but a
few new bandswhich arenot observedin the spectrum
of polyethylene appear now inthe spectraof thechlo-
rinated polyethylenesthisphenomenonisdueto exist-
encedipolemoment of CCl at their vicinity. Two such
bands, namely, those at about 920 and 1060 cm'%, be-
comestronger asthe chlorination proceeds. Polyvinyl
chloride hasa so two carbon-carbon skeletal modesat
960 and 1090 cnm. The bands at about 880 and 1066
cm? inthe spectrum of CPE-1, 917 and 1058 cmtin
the spectrum of CPE-2, 920 and 1060 cntin the spec-
trum CPE-3 resemblesthoseat 960 and 1090 cm?in
the spectrum of polyvinyl chlorideintheir frequencies
and their shapes®- 18,

The CH-deforming bandsusually appearsinthe
region of 1100 to 1300 cn?, aweak band appearing
at about 1195 cm® in the spectra of the chlorinated
polyethylenes could not befoundin the spectrum of the
origind polyethylene. Thisband probably corresponds
totheweak band at 1196 cm* in the polyvinyl chlo-
ridelel,

The CH-deformation modegppearsstrongly at 1255
cnrt in the spectrum of polyvinyl chloride. A similar
strong band appeared at about 1270 cnrt in the spec-
traof the chlorinated polyethylene. The bandisnot 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 isdueto the CCl-
gretchingat their vicinity.

Generally, theinfrared spectraof the chlorinated
polyethylenes strongly resembl e those of polyvinyl
chlorideintheregion of 1100 to 1300 cm™. Thisob-
servation suggeststhat polyethyleneischlorinated in
theform of -CHCI- and that hardly any -CCl.- units
areformed.

The CH, deformation mode appears at about 1380
cmtinthespectrum of theorigind polyethylene. Inthe
spectraof the chlorinated polyethylene thisband be-
comesweaker asthe chlorine content increases, but it

CHEMICAL TECHNOLOGY
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istill presentinthe spectraof the products containing
more chlorinethan polyvinyl chloride, that is, methyl
groupsaredtill foundinthemolecul€®,

The CH_-bending mode appearsat about 1470 cm
inthespectrum of polyethylene, at about 1428 cmtin
thespectrum of polyvinyl chloride. Thusthe CH,-bend-
ing mode shiftsto lower frequency asthe CH,—CH,
unitischanged to the CH,~CHCl and to the CH,~CCl,
unitg™s,

CONCLUSIONS

Inthisarticleradical chlorination of polyethylene
in suspension phase under pressureand UV irradia-

—= Pyl Paper

tion hasbeen considered. Thedifferential screeninig
analyzing show those particles having smaller size
have alight weight and more chlorine percentage.
The FTIR spectraof CPE’s samples show that as
reaction proceeds, the CCl-stretching and bending
modes and C-C vibrations create abroad peak. Also
itisobserved that the peak corresponding to CH,-
stretching mode become wider dueto theinduction
effect of chlorine atoms added to the polymeric struc-
ture.
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