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Poly (vinyl chloride), (PVC), is the second most
widely used thermoplastic polymer. A large proportion
(about 40 %) of total PVC production goes into flexible
consumer products, such as wire and cable insula-
tion, flooring, wall covering, packaging materials, medi-
cal applications, etc [1]. For these applications, and
before molding or extrusion, PVC is blended with a
suitable plasticizer, a material required to weaken the
intermolecular bonds in the polymer and increase its
workability, toughness and flexibility [2]. Plasticizers
act by breaking up the secondary bonds holding the
polymer chains together and forming relatively weaker
polymer-plasticizer bonds and thus impart mobility to
the polymer chain and/or polymer chain segments.
Plasticizing efficiency is generally considered to be a
function of organic/inorganic moiety, functional groups
present in the plasticizer molecule, the structure, a
chain length, a molecular weight, etc [3]. Thus, differ-
ent plasticizers confer different plasticization effects
because of the differences in the strength of plasti-
cizer-polymer and plasticizer-plasticizer interactions.

Many of the commercial grade plasticizers are
phthalate anhydride derived and they include diiso-
nonyl phthalate, di-2-ethylhexyl phthalate, diisodecyl
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THE EFFECT OF BIO-BASED PLASTICIZER
ON THE PERMANENCE AND WATER
VAPOUR TRANSPORT PROPERTIES

OF PVC PLASTIGELS

Novel formulations of PVC plastisols based on blends of bio-based and syn-
thetic plasticizers were prepared and characterized. A traditional phthalate
plasticizer, dioctylphthalate, was replaced in the plastisols studied by the epo-
xidized rubber seed oil (4.5 % oxirane content). The plastisols formed were
processed info plastigels and characterized in terms of permanence properties
using leaching and migration tests and water vapour barrier properties. It was
found that the permanence properties of PVC/DOP plastigels were maintained
in the presence of up to 50 % ERSO, and that blending with DOP did not im-
pair the water barrier properties of PVC plastigels.

Key words. biobased plasticizer, PVC, permeability, permanence.

phthalate, etc. The applications of these and many
other plasticizers are associated with a number of
challenges: limited compatibility with polymer matrix,
poor stability in high temperature environments and/or
when exposed to UV radiation, reduced lubricity at
low temperatures, flammability, etc [4]. More recent
concerns regarding phthalate plasticizer application
include toxicity in consumer products made of phtha-
late plasticized PVC [5,6]. There has therefore been a
growing interest in the search for alternatives to phtha-
late plasticizers that have little or no environment-
tal/public health concerns. Alternatives that have been
proposed and studied widely include esters of aconitic
acid (1,2,3-propenecarboxylic acid) [7] and ionic lig-
uids [8-10]. Epoxidized triglycerides and their esters
have similarly been studied as secondary plasticizers
and additives for PVC [11-15]. In addition to good
miscibility with the polymer, other attributes of a good
plasticizer include high boiling temperatures to pre-
vent or minimize losses during processing and a low
rate migration out of the polymer to avoid loss of
properties, and contamination of products which it
comes in contact with [1,6]. It is thus desirable that
once a plasticizer is compounded with PVC, it should
be more or less permanently retained in the polymer
matrix. But because plasticizers are not chemically
bound to the polymer, there is loss of plasticizer to
some extent resulting from leaching and migration.
Several workers, [17,18] have reported on different
methods to increase the leaching and migration resis-
tance of plasticized PVC compounds. The effects of
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blends of plasticizers on the permanence properties
(leaching and migration) in PVC compounds remain
to be extensively studied. In this report, the effect of a
bio-based plasticizer, epoxidized rubber seed oil on
some properties (mechanical, permanence and water
vapour barrier properties in PVC-dioctyl phthalate
(PVC-DOP) plastigels is reported.

MATERIALS AND METHODS

Dioctyl phthalate (Merck, refractive index 1.4399
and density 0.993 g/cm®) was used as primary plasti-
cizer. PVC (Petvinil P. 38/74, Mv 50,000) was used
without purification. The epoxidized rubber seed oil
(ERSO) was prepared in our laboratory. The detailed
procedures for the preparation and determination of
the oxirane content of the epoxidized seed oil have
been reported previously [19].

Preparation of PVC plastigels

PVC plastisols were prepared by blending PVC,
DOP and ERSO in proportions given in Table 1. Thin
films of plastisols were prepared by using a 90-p film
applicator and then gelled for 15 min in an air circu-
lating oven at 140 £ 2 °C to obtain the plastigels. The
plastisol formulated to contain 100 % ERSO did not
form homogenous film and so was not included in the
studies.

Table 1. Recipe for the formulation of PVC/DOP/ERSO plastisols

Materials (phr) | Il 1] v \
PVC 100 100 100 100 100
DOP 80 60 40 20 0
ERSO 0 20 40 60 80

Plastigel sample 98.8 150.3 1694 1412 159.7
thickness, pm

Plasticizer permanence properties
Leaching test

Leaching of plasticizers from the PVC/DOP/ERSO
plastigel samples was carried out using the method
described by Rahman and Brazel [4]. In a typical ex-
periment, thin rectangular samples (approx. 30x10 mm?)
having weights of between 0.04-0.07 g were placed in
100 ml of deionized water in a flask. The flask was
maintained at 50 °C. Sample weights were taken for
10 days.

Migration test

The migration of plasticizers from plasticized to
unplasticized PVC films was carried out at room tem-
perature over a two-week period. A rectangular plasti-
cized PVC sheet (33x7 mm?) surface area and weigh-
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ing between 0.03-0.06 g were sandwiched between
two unplasticized PVC sheets of the same shape and
maintained in close contact between the glass micro-
scope slides secured by clips. The amount of the
plasticizer that migrated to the unplasticized sheets
was determined by gravimetry [4]. The unplasticized
PVC films that were in contact with the plasticized
films were examined by UV spectrophotometry.

Water vapour permeability test

The water vapour barrier property of PVC/DOP/
/ERSO plastigels was measured using a permeation
cell [20]. The apparatus consisting of three parts has
been described elsewhere [21]. In a typical experi-
ment, the plastigel sample was placed in the hole of
the apparatus and sealed between the rings. After the
relative humidity in the upper part of the cell had
reached 5 %, the inlet and outlet valves of the per-
meation cell were closed and the monitoring program
started. The temperature and relative humidity data
were monitored and recorded at 10 s interval for 12 h
by a Datalogger SK-L 200 TH. The water vapour
transport apparatus gives values of changes in the re-
lative humidity at the sample surface from which per-
meability is calculated. Relative humidity is given by

RH% = 24 100 (1)
P
where P_ and P, are the saturated water vapour pres-
sure at ambient temperature and the pressure at the
sample surface after a certain period of time. The
plots of In [(P.-Py)/(P.-P,)] versus time, where P is
the initial pressure at the sample surface, allow the
values of permeability to be obtained from the slopes
of the initial linear portions of the plots [20]. The slope
of the plot is given by
1 LV

= )
Slope PART

where L is thickness of the sample (cm), V is volume
of water in the apparatus (cm?), P is permeability (g mol
H,O/cm.S.K.Pa), A is area of the sample exposed to
air (cm?), R is universal gas constant (cm® Pa mol™ K™),
and T is temperature (K).

RESULTS AND DISCUSSION

Plasticizer permanence
Leaching of plasticizers

Leaching tests of plasticizers from the PVC/
/DOP/ERSO plastigels were conducted with deioni-
zed water at 50 °C over a period of 10 days. The
weight loss of a plasticizer as a function of time is
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shown in Figure 1. It can be seen that all the samples
showed a considerable resistance to leaching, with
the maximum weight loss within the duration of the
tests less than 7 %. Plastigel samples | and Il (con-
taining 0 and 25 % ERSO, respectively) showed mar-
ginal net weight gain (< 4 %), while sample IV (con-
taining 75 % ERSO) showed between 2 and 6 %
weight loss during the 10-day test period.

Migration of plasticizers

The migration of plasticizers from the PVC/
/DOP/ERSO plastigel samples unto unplasticized PVC
films was studied at room temperature over a two-
-week period. The levels of the plasticizer migration
are given in Table 2. The results show a very low
plasticizer migration from the plastigel samples; the
sample | (containing no ERSO) showed the highest
migration level (0.92 %) while the sample Il (contain-
ing 25 % ERSO) showed 0.22 % plasticizer migration
and the sample containing 75 % ERSO showed no
plasticizer migration. UV spectrophotometric studies
were carried out on the unplasticized PVC films used
for the migration studies. The UV spectra (Figure 2)
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Figure 1. Percentage of plasticizers lost due to leaching in
delonized water from PVC/DOP/ERSO plastigels at 50 °C

Leaching and migration of plasticizers in flexible
polymer products represent a major challenge in the
research in the plasticizer industry. Whether the plas-
ticizers leach out to a liquid or migrate to a gaseous or
solid substance, polymers fail to retain their flexibility,
while the loss of plasticizers leaves the polymers in-
appropriate for the desired application [4]. The perma-
nence properties showed by PVC/DOP/ERSO plasti-
gels are thought to be partly due to the relatively high
molecular weight of ERSO and its thermal behavior.

Abs

show the absorption bands of between 250-300 nm,
which were absent in the spectrum of the unplasti-
cized film (which was cast from the solution of PVC in
THF) and also in the spectrum of ERSO (Figure 3) as-
signed to DOP and indicates that ERSO may have
higher compatibility with PVC than DOP. The estima-
ted value of the solubility parameter of ERSO (18.9) is
somewhat closer to the value for PVC (19.4) than that
for DOP (18.2) [21]. It is thought that in the blend of
ERSO/DOP, the plasticizer with lower compatibility
could bloom from the plasticized material. This may
account for the observed relative migration of DOP
from the ERSO/DOP/PVC plastigels.

Table 2. Migration of plasticizers from PVC/DOP/ERSO plastigels

Composition of plasticizers Percentage of plasticizer

% ERSO migrated
0 0.92
25 0.22
50 0.45
75 0.00

200 220 240 260 280 300 320 340 360 380 400
Wavelength (nm)

Figure 2. UV spectra on PVC films after migration test.
(1) 0 % ERSO (1) 25 % ERSO (Ill) 50 % ERSO
(V) 75 % ERSO (VI) unplasticized PVC

The results of the studies show that the permanence
properties of ERSO in PVC/DOP plastisols can com-
pare favourably with those of phthalate plasticizers. In
addition, the plasticizers coming out of the polymers
often pose health and environmental risks [22].

Water vapour permeability

Plastisols are used in various applications such
as membranes, tubes, coil coatings, etc., in which the
water vapour permeability is considered to be an im-
portant performance criterion exposed to rain and high
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humidity environment. The resistance to water vapour
permeation by PVC/DOP/ERSO plastigels was measu-
red in terms of the time taken for the onset of perme-
ation (time lag) and a permeability coefficient which
gives an assessment of the barrier property of the
material. Typical output from the apparatus (plot of RH
versus time) and the plot of In [(P-P)/(P.-P,)] versus
time are shown in Figures 4 and 5, respectively.

The time taken for the incipient uptake of the
water vapour (time lag) was recorded automatically
by the permeation equipment. It was found that the
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Figure 5. Plot of In [(P,-P.)/(P,-P.)] versus time

CONCLUSION

In this study, the effect of blends of DOP/ERSO
on the permanence and water vapour transport pro-
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sample | showed the shortest time lag (17.5 min) while
the sample Il gave the longest time lag (29.5 min). The
lower values of the time lag of 20.5 and 26.5 min were
obtained for samples Ill and IV, respectively. The vari-
ation of the water permeability coefficient with ERSO
content of the plastigels is shown in Figure 6. The va-
lues of permeability coefficients are generally about
the same order of magnitude. These results show that
the barrier (against water vapour) properties of PVC/
/DOP plastigels are not compromised by the incorpo-
ration of ERSO as secondary plasticizer.
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Fig. 4. Plot of RH versus time
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Figure 6. Water vapour permeability of PVC/DOFP/ERSO plastigels
as a function of the ERSO content of the plastigel blend

perties of PVC/DOP/ERSO plastigels was studied. At
low to moderate (< 50 % ERSO) levels of incorpora-
tion of ERSO, moderate improvements in some of the
measured properties of the plastigels were observed.
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