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ABSTRACT

The mixed solvents technique is a suitable way to study components of
polyvinyl chloride (PVC)rnaterials [1].

In this study, cyclohexanone or N,N-dimethylformamide (DMF) Is
used as a basic solvent to completely dissolve polymeric materials of PVC.
The separation of Dioctylphthalate (DOP)which is used as a plasticizer is
obtained by the pretreatment method of the analysis of PVC compound.

IR spectroscopy is used to characterize the plasticizer . It is shown
that a perfect separation is achieved by changing the ratio of the mixed
solvents .
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INTRODUCTION

Polyvinyl chloride is a partially syndiotactic
material with sufficiently irregular structure and
quite low crystallinity . It is relatively unstable to
heat and light, involving loss of a chlorine atom
and reducing the stability of the C-Cl bond [2].
Stabilizers such as metallic salts, oxides, hydroxides
and fatty-acid salts are added to improve the heat
and light stability of the polymer [2] . Many
properties of polyvinyl chloride are improved by
plasticization . The addition of the plasticizer

usually reduces stiffness, hardness and brittleness
since interchain forces are effectively reduced.
These changes are accompanied by a reduction in
T= (the glass transition) [2] . The addition of
low-molecular-weight species as in plasticization
reduces melt viscosity by lowering average
molecular weight [2] . The important .plasticizers for
the vinyls are dioctyl phthalate, trioctyl phosphate,
dioctyle sebacate, adipate and various polymers
such as poly (propylene glycol) esters, poly
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(propylene) adipate which have been applied in
the field of electrical wire production in order to
improve heat resistivity of polyvinyl chloride
(PVC)compound.

EXPERIMENTAL

A precipitation method is used to obtain a
quantitative determination of the PVC
compositions . The procedure is as follows : The
PVC samples are dissolved in either cyclohexanone
or N,N-dimethylformamide (DMF) . They are then
centrifuged to remove insoluble ingredients . The
supernatant is filtered and poured in methanol (or
ethanol) to make PVC precipitate . The PVC
precipitate is then filtered and the filtrate is
evaporated to obtain the plasticizer. The presence
of the DOP plasticizer is finally examined by IR
spectroscopy (Beckman ACCLAB 4), Figure 1.

In general PVC which is unstable at 150 °C
decomposes to HCl and a polymer [3] .

Experiment shows that PVC decomposition
begins at about 200°C turning first to yellow and
then brown and eventually black polymer.

During these changes, HC1 and an
unsaturated polymer are formed [4] . It is possible
to have a quantitative analysis of chloride in PVC
sample . This is achieved by the reaction of HCl
with a standard silver nitrate .

Lass of Plasticizer in PVC by Heating

In general, some plasticizers and stabilizers are
added in polyvinyl chloride (PVC) to give plasticity
and stability to the polymer . In the case of
plasticized PVC, the quantity of added plasticizers
is usually from 40 to 50 parts per 100 polymer . It is
known that plasticizers migrate in the polymer by
heating and a part of those are lost from the
polymer [5,6] . In this study the weight loss of the
specimen by heating at 110°C are plotted in Figure
2.

- CH - CH - ~-CII=CH-CH=CH- + HCl

H
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Fig .2 . Percent weight less of plasticized PVC after
heating the sample at 110°C for 50 hr.

RESULTS AND DISCUSSION

The molecular weight of some polymeric
plasticizers is so high (MW = 800 to 4000) that
they cannot be completely extracted by a solvent
extraction . The separation of plasticizer and the
other ingredients are the first and the most
important step in the analysis of plasticized PVC
compositions . Heating the PVC plasticizer would
result in the loss of part of the plasticizer.

Figure 2 shows the percent weight loss of
plasticized PVC after heating the sample at 110 ^C
for 50 hr.

A mixture of methanol, carbon tetrachloride

Fig.3. Shows a schematic phase diagram fora system

consisting of three solvents . A perfect separation

obtained has been indicated.
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(CC1 4 )and DMF is used in an attempt to
completely separate plasticizer in PVC. This is a
3-component system which consists of
CC1 4 /DMFIMethanol . Since CCI4 , DMF and
Methanol are all completely miscible in all
proportions, the binary mixtures of CC14 JDMF,
CCl4/Methanol and DMFIMethanol form 1-phase
system . The 3-component phase diagram is shown
in Figure 3.

Any overall composition of the system is
represented by a circle, triangle or square . In this
figure, equally spaced lines have been drawn
parallel to each side . All the data have been
recorded at relatively constant DMF compositions.
The concentrations of CCI4 and methanol are
varied . The phase diagram clearly shows that as the
concentration of CCI 4 is decreased or the
concentration of methanol is increased, plasticizer
mixed in PVC begins to separate out.
• Complete separation is achieved by changing

the ratios of CCI4 and methanol composition (i.e. ,
58% CC14, 8% DMF, 34% Methanol) . At low CCI 4
or high Methanol concentrations, PVC is dissolved.

It is therefore suggested that the mixed
solvents method is a proper way to completely
separate out high molecular plasticizers from a
PVC compound.
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