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ABSTRACT

Mild alkaline hydrolysis of poly(vinyl chloride-co-vinyl acetate) (P(VC/VAc)) in an organic solvent, accompanied

with an acceptable level of dechlorination, was the present study of chemical recycling of poly(vinyl chloride-co-vinyl
acetate). In the itinerary of hydrolysis with NaOH under atmospheric pressure dimethylsulfoxide was put in at 30-80°C for
1-4 hours. The resulting hydrolysis product is poly(vinyl alcohol) with slightly chlorine content. The only one by-product
was sodium chloride and no other harmful products were produced.

The process design for this procedure has been derived on the base of the experimental planning method resulting
in a derived mathematical model for the degradation processes by varying the main process parameters: solvent concen-
tration, hold-up time and temperature. The reflection function was the concentrations of the chlorine ions. The intensity

of the degradation process is dependent mainly on the DMSO concentration.

Keywords: poly(vinyl chloride-co-vinyl acetate), P(VC/VAc) recycling, plasticizer separation, dechlorination in

organic solvents.

INTRODUCTION

The reuse of wastes is important from different
point of view. Wastes and industrial by-products should
be considered as potentially valuable resources merely
awaiting treatment and application [1]. Recycling of plas-
tic waste have several advantages: conservation of non-
renewable fossil fuels — plastic production uses 8 % of the
world’s oil production, 4 % as feedstock and 4 % during
manufacture; reduced consumption of energy; reduces
amounts of solid waste going to landfill; and reduced
emissions of carbon dioxide (CO,), nitrogen oxide (NO)
and sulphur dioxide (SO,) [2]. Recycling techniques, such
as reprocessing with virgin resin, blending and pyrolysis of
waste plastics, recycling through solutions and chemical
reactions, are effective routes to reduce the plastic wastes

[3]- Recycling of plastic waste is difficult owning to con-
tamination by plasticizer and stabilizers in the commer-
cial plastic material. Phtalic esters, phosphoric esters and
ethylene glycol are widely used as plasticizers, among which,
the phtalic ester is the most popular [4]. For better separa-
tion of the plasticizer, a treatment using alkali solution, a
stable chemical, was proposed by Sin at al. [5].

In this study a mild procedure for treating waste
P(VC/VAc), which involves dechlorination by an alka-
line medium has been investigated.

EXPERIMENTAL

A soft foil of poly(vinyl chloride-co-vinyl acetate),
commercially available from OHIS Factory of Skopje,
was used as an investigating material.
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A 0.0100 mol/l NaCl standard solution and 0.010
mol/l AgNO, to be standardized for determination the
chlorine concentration were prepared. A 0.2 % fluores-
cein sodium (C,; H,/O,Na,) solution was prepared as
an indicator for chloride ion titration (for Fajans
method) using 0.20 g fluorescein sodium and 100 g
water. Fajans method is used in the range of pH 7-10.
The examined P(VC/VAc) with aqueous solution of
NaOH were placed in a 300-ml three-necked flask
equipped with a stirrer, heated at the temperature be-
tween 30-80°C, for 1-4 hours. After the reaction was
complete, it was cooled and precipitates were collected
by filtration. The product being washed with water and
dried became brown.

The reaction of P(VC/VAc) with NaOH produces
a partially cross-linked polyvinyl alcohol (Fig. 1), which
precipitates are insoluble in any one of the solvents like
dimethylsulfoxide (DMSO), pyridine, etc. The general pro-
cedure for dechlorination was as follows. To a solution of
P(VC/VACc) in an organic solvent (DMSO) aq.NaOH was
added and the resulting mixture was heated with stirring
under an atmospheric pressure. Dechlorination of P(VC/
VAc) in DMSO (40-50ml) was conducted in a homoge-
neous system at the temperature from 30-80°C for 1-4
hours. The mixture was stirred at the stirring rate of 300
rpm continuously during the reaction.

RESULTSAND DISCUSSION

The alkaline dechlorination of poly(vinyl chlo-
ride-co-vinyl acetate) in dimethylsulfoxide (DMSO) is
significant, because of carrying it out at low tempera-
ture. The resulting hydrolysis product is poly(vinyl al-
cohol) with a controlled chlorine content (Fig. 1).

The spectral pattern of initial P(VC/VAc) (Fig. 1a)
consists [6,7] of absorption bands at 2970, 2910 and
2843 cm™! (-C-H stretches), 1736 cm (C=0 stretch),
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Fig. 1. (& Initia poly(vinyl chloride-co-vinyl acetate); (b)
obtained poly(vinyl alcohal).

1424 and 1439 cm’, 1424 cm™ (CH, rocking), 1372,
1330, 1237, 1100, and 1024 cm™ (C-O stretch coupled
with C-C vibrations), 966 cm™ (skeletal vibrations) and
740, 635 and 612 cm™ (C-Cl stretches and skeletal vi-
brations) [8,9]. The IR spectrum of hydrolysed P(VC/
VAc) (Fig. 1b) showed a broad absorption band around
3400 cm™, pointing out the existence of the hydroxyl
group as for poly(vinyl alcohol). New absorption band
was found around 1600 cm™, which corresponds to the
C=C double bond structure.

The analysis of poly(vinyl alcohol) was conducted
by IR spectroscopy for the purpose of determining the
(C-Cl1/C-H) ratio of the degraded and virgin polymer.

The (C-Cl)/(C-H) ratio of the degraded polymers
is half of the initial value of the starting polymers. The
relative absorptivity of the n(C-Cl) bands and n(C-H)
bands of the initial P(VC/VAc) and the end-obtained
polymer are given in Table 1.

Taking into account the obtained results for the
copolymer, consequently compared by the relative
apsorptivity of the v(C-Cl) bands and v(C-H) bands for
PVC[10], a controlled degradation (mainly greater than
in the case of the homopolymer, PVC) was observed.

Table 1. The relative absorptivity of the v(C-Cl) bands at 820-615 cm™, and v(C-H)
bands at 3100-2800 cm™ of the virgin and the obtained polymer.

relative absorptivity P(VC/VAC) virgin P(VC/VAC) degraded
v(C-ClI) 5.3985 11.771
v(C-H) 5.2551 25.792
v(C-Cl/C-H) 1.0273 0.4564
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Table 2. The evolved Cl as NaCl in dependence on the experimental conditions for

poly(vinyl chloride-co-vinyl acetate) hydrolysis.

X1 X2 X3 y
No ml DM SO Time/ hours T/°C ¢10® mol dm™
NaCl

1 40 1 30 0,2320
2 50 1 30 0,3320
3 40 4 30 0,2980
4 50 4 30 0,3650
5 40 1 80 0,6964
6 50 1 80 0,8291
7 40 4 80 0,7627
8 50 4 80 0,8954

The degradation is appeared as a result of the realised
acids from the both monomers of copolymer. McNeill
I.C has released that each acid evolved from the co-
polymer catalyzes side group elimination in the other
co-monomer [11]. That means that when once a double
bond has been formed, the neighboring chain units are
destabilized towards acid loss.

For the purpose of the determination the depen-
dence of the concentration of Cl ions on the content of
DMSO, hold-up time and temperature, the experiments
have been carried out in accordance with the experimen-
tal planning method resulting in a derived mathematical
model for the mentioned degradation process [12]. As
the reflection functions, the concentrations of the chlo-
rine ions have been taken. The obtained results are pre-
sented in Table 2.

The derived equation with coded variables for
the concentration of the Cl ions is given with the rela-
tionship:

Yx = 0,5513 + 0,054X, + 0,2445X, 1

The equation with natural variables is given by
the following relationship:

y(x) =-0,4726 + 0,0108x, + 0,0098x, )
The dependences of the concentration of the

released Clions on the content of DMSO (x,), and tem-
perature (x,), are presented in Fig. 2 (a and b).
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Fig. 2. Dependence of the concentration of the Cl ions: (a)
on theml of DM SO (x,) and (b) on the temperature (x,) of
the treated copolymer.
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According to the relationship (1) it is possible
to conclude that the both relevant parameters of the
investigated process (DMSO content ant temperature)
have positive effect to the concentration of Cl ions. The
most expressed influence on the reflection function has
the parameter temperature of treatment.

CONCLUSIONS

o The used alkaline dechlorination of poly(vinyl
chloride-co-vinyl acetate) in organic solvents process
demonstrated high percent of dechlorination from P(VC/
VAc) under comparatively mild conditions using NaOH
in DMSO at different temperature for 1-4 hours and
atmospheric pressure.

o The resulting main product of P(VC/VAc) treat-
ment in organic solvent (dimethylsulfoxide) is poly (vi-
nyl alcohol) with controlled chlorine content (Table 2).

e Hydrochloric and acetic acids are appeared as
the evolved products of the hydrolytic process of
P(VC/VAc), which elimination results in progressive de-
crease in stability of the copolymer [11].

o The evolved chlorine content in the course of
the degradation process is positively dependent, mainly
on the temperature of treatment followed by the con-
tent of DMSO.

o The low temperature treatment is an advantage
for the recycling processes because the only one by-
product was formed, sodium chloride and no other
harmful products were produced.

e The experimental planning method was a suc-
cessfully used method for the process carrying out under
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the controlled conditions, as well as for obtaining a re-
cycled new polymer with a controlled content of chlorine.
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