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ABSTRACT: Modern operating conditions of polyvinyl chloride (PVC) materials impose increased requirements for the additives 
used. Intensification of processing and expansion of PVC application areas, as well as providing a wide variety of its performance 
characteristics, are associated to a large extent with the successful solution of the problem of creating effective plasticizers. Therefore, 
when developing formulations of PVC plasticates, it is important to obtain and select plasticizers that meet modern high require-
ments for operation and environmental safety. One of the modern approaches to creating materials that can be destroyed in natural 
conditions is based on the use of additives that increase the ability of polymer materials to biodegrade. 
This paper presents the results of developing a PVC composition with increased biodegradation. For this purpose, a mixture of 
plasticizers was used: dibutoxyethyl phthalate (DBOEP) with a degree of ethoxylation of 1.5 and dibutoxyethyl adipate (DBOEA) 
with a degree of ethoxylation of 1.5. The results of testing samples of obtained PVC compositions for biodegradation are presented. 
It is shown that partial replacement of a phthalate plasticizer with a non-toxic biodegradable dibutoxyethyl adipate makes it possible 
to obtain PVC compositions with increased biodegradation, while maintaining excellent performance properties.
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Study of the effect of additives 
on biodegradation of PVC materials

INTRODUCTION

The most industrial applications as PVC plasticiz-
ers were found in esters [1, 2]. The volume of their 

production is 85% of the total release of all plasticizers 
[3, 4]. Phthalates (orthophthalic acid esters) are the larg-
est chemical group of PVC plasticizers, most of which are 
general-purpose [5].

Today, among the o-phthalic acid esters, the most 
widely used is di (2-ethylhexyl) phthalate (dioctyl 
phthalate, DOP), which is a standard international PVC 
plasticizer and is used as a standard [6–8]. The leading 
position of dioctyl phthalate to this day is determined 
primarily by the development of the production of flex-
ible PVC – the largest consumer of DOP [9–11]. And 
although recently the structure of PVC consumption has 
noticeably changed towards hard products, nevertheless, 
plasticized materials based on it remain in demand in 
various fields.

The range of the most common plasticizers varies 
for different reasons: the cost of their production, envi-
ronmental safety problems, increased requirements for 
polymer products, the creation of new materials, etc. 
[12, 13]. For example, DOP, which has been used for 
many decades, is currently subject to restrictions in use 
in medical devices, children’s toys, and food packaging 
[14–16]. The reason is that studies of the consumer prop-
erties of PVC compositions with phthalates have shown 
that they easily migrate from polymer compositions and 
are pollutants on a global scale, both because of high an-
nual production volumes and because of the relatively 
low rate of their biodegradation [17–19]. In addition, 
the most common dioctyl phthalate belongs to the 2nd 
hazard class and has a fairly low biodegradability. Cur-
rently, the use of phthalate plasticizers is prohibited in 
several countries and intensive work is underway to find 
new alternative plasticizers. For example, the developed 
plasticizers diisodecylphthalate and diisononylphthal-
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ate are low toxic. However, the most promising area of 
research in this area is the development of phthalate-free 
plasticizers and the production of PVC materials based on 
it, which have good performance and high biodegradation 
rate in the environment.

One of the modern approaches to the creation of ma-
terials destroyed in natural conditions is based on the 
use of biodegradable additives, which are decomposed 
by soil microorganisms, which contributes to loosening 
the structure, reducing the durability of filled polymer 
materials and, as a result, mechanical destruction of the 
product [20–22].

The use of natural polymers as biodegradable ad-
ditives, such as cellulose and starch, does not provide 
materials with standard reproducible physicomechanical 
characteristics and satisfactory performance [23–24]. This 
disadvantage can be avoided by using biodegradable ad-
ditives of chemical origin. An analysis of the information 
presented in the literature showed that adipate plasticiz-
ers can be used for this purpose, which, in their ability to 
biodegrade by bacteria, significantly exceed phthalates 
[25–27]. Adipate plasticizers are also non-toxic com-
pounds and are used in the manufacture of medical de-
vices, children’s products, food films, shoes, artificial 
leather [28–29].

Di (2-ethylhexyl) adipate (DOA) is the standard and 
most widely used plasticizer of this class. Adipate-based 
plastisols give polar elastomers good flexibility at low tem-
peratures and high thermal stability.

In this regard, the aim of this work is to develop non-
toxic biodegradable PVC compositions with improved 
deformation and strength properties.

MAIN PART

The objects of study were PVC films plasticized by 
a mixture of plasticizers previously prepared by us, name-
ly: dibutoxyethyl phthalate (DBOEР) with a degree of 
ethoxylation of 1.5 and dibutoxyethyl adipate (DBOEA) 
with a degree of ethoxylation of 1.5. Physicochemical 
characteristics of plasticizers are given in [28, 30].

Used PVC composition of the following list: 100 wt. р. 
PVC; 50 wt. р. plasticizer; 3 wt. р. stabilizer (1.5 parts 
by weight of calcium stearate and 1.5 parts by weight of 
zinc stearate). Film samples were obtained on laboratory 
rollers.

Tensile stress (δ) was determined according to state 
standard 11262 and elongation at break (ε) of PVC films 
was determined according to state standard 14236 on 
a tensile testing machine РМ-250.

Water absorption ∆m (%) was evaluated according to 
state standard 4650. For this, the change in the mass of 
the samples during exposure in distilled water at a tem-
perature of (23±2)оC for certain time intervals was deter-
mined by the formula

∆m = [(m–m0) / m0]●100%,

where m0 and m – the initial mass of the sample and 
at the time instant τ, respectively.

THE DISCUSSION OF THE RESULTS

Initially, a study was conducted of the physicome-
chanical properties of the starting compositions. The test 
results are presented in table 1.

One of the laboratory methods for rating the biode-
gradability of polymeric materials is the change in the 
mass of PVC samples in water at room temperature 
(Fig. 1) [31]. In this case, the change in the mass of the 
films in water is the result of two opposite processes: swell-
ing of the samples and leaching of the components.

The greatest change in the mass of samples of PVC films 
was observed in the composition containing the largest 
amount of DBOEA. Similar processes are observed when 
PVC materials come into contact with the soil, where, 
under the influence of light and heat, chemical reactions 
occur in the polymer matrix, leading to the breaking of 
long chains of polymer molecules. These processes lead to 
a gradual decrease in the molecular weight of the polymer 
up to the fragmentation of the material. At the same time, 
the hydrophilicity of the polymer increases, microcracks 

Table 1
Physicomechanical properties of the initial samples PVC compositions

№
The amount of plasticizer,% Tensile stress, Мра 

(state standard 11262)
Еlongation at break, % 
(state standard 11262)DBOEР DBOEА

1 95 5 16.5 221.0
2 90 10 16.4 224.3
3 85 15 16.3 227.0
4 80 20 16.2 231.6
5 75 25 16.1 237.1
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form on the surface, and conditions are created to facilitate 
the penetration into the polymer matrix of microorganisms 
utilizing short fragile molecules. In the process of life, mi-
croorganisms secrete weak acids, which helps to accelerate 
the decomposition of the material [32–33].

However, this indicator is not the only criterion for 
assessing the resistance of polymer materials. When 
contacting filled polymeric materials, such processes as 
leaching of the filler components, change in its surface, 
or chemical change in the polymer structure as a result 
of hydrolysis can occur, which can reduce the adhesion 
between the filler and the polymer matrix and thereby 
significantly affect the strength characteristics of the poly-

meric material [34–36]. Next, field tests of the obtained 
samples of PVC films were conducted. To do this, they 
were placed in the soil. The soil layer is most saturated 
with microorganisms at a depth of 5–15 cm. Here 1 g of 
soil contains up to 108 units of microorganisms. Usually, 
the more organic matter is contained in the soil, the more 
microorganisms are in it.

For this reason, we tested biodegradation in the soil 
while keeping the samples in soil at a depth of 15 cm for 
6 months.

The duration of the period of biodegradation is deter-
mined by the film thickness and the activity of the micro-
biological environment.

Table 2
Change in tensile stress of samples of PVC compositions during biodegradation (MPa)

Exposure time, 
months

The amount of plasticizer, DBOEР / DBOEА, %

95/5 90/10 85/15 80/20 75/25

initial 16.5 16.4 16.3 16.2 16.1
1month 16.4 16.3 16.2 16.1 16.0
2 months 16.3 16.2 16.0 15.9 15.8
3 months 16.2 16.0 15.8 15.6 15.6
4 months 16.0 15.8 15.5 15.3 15.2
5 months 15.8 15.5 15.3 14.9 14.8
6 months 15.5 15.2 14.9 14.6 14.5

Fig. 1. The change in mass (∆m) as a function of time (hour) in water for samples. 
The content of DBOEA: 1 – 5%; 2 – 10%; 3 – 15%; 4 – 20%; 5 – 25%
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Biodegradation in soil is a complex process, the speed 
of which is influenced by the structure and properties of 
the polymer material and environmental conditions – 
humidity, temperature, acidity of the medium, light, as 
well as contact with the soil and soil type.

Then, a study was made of the deformation-strength 
characteristics of the PVC compositions aged in the soil. 
The results are presented in tables 2, 3.

As a result of biodegradation, the breaking stress and 
elongation at break of the obtained samples of PVC films 
are reduced. This suggests that the compiled composi-
tions during aging in the soil become more fragile, since 
structural changes occur in the polymer matrix, as a result 
of which the compiled compositions undergo more de-
struction than the PVC composition that does not contain 
DBOEA.

Thus, the partial replacement of a phthalate plasticizer 
(dibutoxyethyl phthalate) with a non-toxic alternative 
(dibutoxyethyl adipate) allows one to obtain biodegrad-
able thermoplastic PVC compositions. At the same time, 
their service life and initial physical and mechanical prop-
erties are not inferior to industrial plastic compounds 

based on DOP. This solution is a promising way to reduce 
the amount of polymer waste and improve the environ-
mental situation.

CONCLUSIONS

1. The effect of the quantitative replacement of phthal-
ate plasticizers with adipates on the change in breaking 
stress and elongation at break of samples of PVC com-
positions was studied. It is shown that when replacing 
phthalate in the range from 5 to 25%, the physical and 
mechanical properties remain at the level required by the 
standards.

2. A study was made of the change in the deforma-
tion-strength characteristics of samples of developed bio-
degradable PVC compositions during field tests in soil. 
It was found that the most biodegradable is a composition 
containing 25% DBOEA.

3. It was revealed that the biological degradation of 
polymer compositions depends both on the content of 
adipate plasticizer in the composition and on the test 
conditions.
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