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ABSTRACT: Plasticized polymer materials are widely used in all spheres of human life. The most common plasticizers are aromatic
compounds-esters of o-phthalic acid. However, their use was limited in accordance with the EU Directive REACH (2009) due to possible toxicity, which contributed to the development of new non-toxic alternatives, which include polyester plasticizers.
Polyester plasticizers are classified as special purpose plasticizers. Due to the wide variety of starting materials and the ability
to vary the size of the molecule, a wide range of plasticizers can be synthesized. These are mainly polyesters of polyatomic
alcohols esterified with dibasic acids and modified with monocarboxylic acid or aliphatic alcohol. Polyesters-based plasticizers
contribute to the production of PVC compositions with improved properties such as low volatility, resistance to extraction,
excellent flexibility, wear resistance, UV resistance and heat resistance. Also, such plasticizers exhibit an excellent non-sweating
property of plastics.
This paper describes a method for preparing a polyester compound propylene glycol adipate modified with cyclohexanecarboxylic
acid, proposed as a plasticizer of polyvinyl chloride. Conditions of its production with maximum output are given. Physical and
chemical properties of the resulting compound were studied. The formulation of PVC-composition on the basis of the received
polyester plasticizer is offered. The results of tests of PVC plastic according to state standard 5960-72 are presented. It is shown
that the use of propylene adipate modified with cyclohexanecarboxylic acid provides a plasticizing efficiency as high as DOP, while
having a reduced migration. This fact allows us to use the developed polyester plasticizer as a non-toxic alternative to industrial
PVC plasticizers. It has been found that the use of calcium adipate nano quantities in the production of propylene glycol adipate
increases the yield of the desired ester and improves the physical and mechanical properties of PVC plastic.
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The unique combination of properties and low price
contributes to the further growth of the use of polyvinyl
chloride [3]. The most important additives necessary for
processing polyvinyl chloride are plasticizers [16–20].
Traditional phthalate plasticizers are the most widely
used all over the world. But their use is gradually limited
due to toxicity. The main direction for the replacement
of phthalates is the development of non-toxic plasticizers,
which are obtained on the basis of adipic and citric acids, polyesters and epoxy compounds [21–28]. Polyester
plasticizers based on adipic acid are characterized by high
performance, low extractability from the polymer to water
and cleaning solutions, organic solvents; oil and gasoline
resistance, and minimal migration from the polymer to

INTRODUCTION

P

olyvinyl chloride is the only large-capacity polymer that is less dependent on the oil market: PVC
production consumes no more than 4 % of the world’s
oil [1]. In addition, about 30% of chlorine produced as
a by-product is involved in the production of PVC, which
serves to improve the environmental situation [2–5].
PVC is a universal polymer, the products of which are
characterized by durability, resistance to climatic conditions, low flammability [6–8]. A wide range of areas of its
application is also due to the fact that polyvinyl chloride is a material that, after molding the product, retains
the ability to be recycled [9–15].
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other materials that are in contact with it, as well as low
water absorption, increased thermal stability [29]. This
type of plasticizers is used in products that have high requirements for toxic safety, such as food packaging, beverage tubes, medical and health products, interior items,
children’s toys, wires and cables [30–31].
Thus, there is still a need for polyester plasticizers,
which show the optimal combination of plasticization
and the necessary properties of PVC plastics, since too
large a molecular weight of the polyester plasticizer can
degrade the properties of PVC plastic, for example, increase the viscosity and processing time of the composition, and also leads to a decrease in plasticity. Therefore,
the adjustment of the structure of the polyester oligomer
is an important condition for the development of this
type of plasticizers.
In this regard, we obtained and tested a new polyester plasticizer with low toxicity and migration, and
also investigated the effect of small amounts of calcium
adipate on the yield of the target compound during

synthesis and the physical and mechanical parameters
of PVC plastic.

Synthesis of the polyester plasticizer was carried out
by a two-stage method of condensation telomerization,
since in this case oligoesters are more homogeneous in
molecular weight and with a lower content of diesters
compared to the one-stage method [34]. First, polycondensation of 1,2-propanediol and adipic acid was performed to obtain an oligoester with terminal hydroxyl
groups, and then the resulting oligomer was esterified with
cyclohexanecarboxylic acid.

Method of preparation of polyester oligomer poly(1,2propylene glycol) adipate
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MAIN PART
Previously, we have obtained and described alkoxy
lated alcohol adipates [32–33]. This paper presents
a synthesis method and some physicochemical properties of a new polyester compound – poly(1,2-propylene
glycol) adipate with terminal cyclohexanoate groups. It is
shown that the use of nano quantities of calcium adipate
in the preparation of this compound increases the yield
of the target ester and improves the properties of the obtained PVC plastics. The results of tests of the developed
polyester plasticizer in PVC composition for construction
purposes are presented.
The target polyester plasticizer was prepared in two
stages. The general scheme of obtaining poly(1,2-propylene glycol) adipate modified with cyclohexanecarboxylic
acid has the following form:

In a round bottom flask equipped with a magnetic
stirrer, distillation column filled with a six-inch mesh
of stainless steel distillation head with receiving flask and
an inlet for nitrogen (100 ml/min) load 146 g (1 mol)
of adipic acid, 119,2 g (1.6 mol) 1,2-propanediol, 0.44 g
(0.3% wt. in relation to the mass of adipic acid) of cal-
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Table 1
Physical and chemical properties poly (1,2-propylene glycol) adipate/dicyclohexanoate
(PPA/DCG)
Indicators

PPA/DCG

Acid number,
mg KOH/g

d204

n20D

Flash point, оС

Pour point, оC

0.30

1.0150

1.4420

245

–43

cium adipate and catalyst 0.49 g of tetrabutoxytitanium (C4H9O)4Ti and 0.98 g of activated carbon. The
amount of catalyst is calculated 0.33% wt. in relation to
the mass of adipic acid, the amount of activated carbon –
0.66% wt. The reaction mixture is heated to a temperature
of 180оC and gradually bring the temperature to 220оC at
a speed of 10оC/h. For distillation of the reaction water,
a circulating entraining agent (toluene) is used. Stirring
at this temperature is carried out for two hours. Then, as
the process deepens, the pressure is gradually lowered
from 120 mm Hg up to 10 mm Hg. Hold the pressure at
10 mm Hg then, bring to the degree of acidity of the target product – 3 mg KOH/g. Then the resulting product
is filtered at a temperature of 170–180оC and cooled to
room temperature.
The resulting ester is a viscous yellow liquid.

The resulting product has a high flash point and a low
pour point, the acid number meets the requirements for
ester plasticizers.
DISCUSSION OF RESULTS
The sample with the developed plasticizer was tested
in a PVC composition for construction purposes (table 2).
To determine the effectiveness of the developed plasticizer, the optimal ratio of plasticizer: PVC was determined, at which the best characteristics of PVC-plasticate
are achieved. Shore a hardness of plasticizer concentration
(plasticizer : PVC – 1:100) – 84.
Table 2
The formulation of PVC composition

Method of preparation of polyester oligomer of
poly(1,2-propylene glycol) adipate modified with cyclohexanecarboxylic acid

Structure of composition

In a round-bottomed flask equipped with a stirrer,
a thermometer, a reverse refrigerator, the calculated
amount of cyclohexanecarboxylic acid and the resulting
oligoester is loaded at a molar ratio of 1:2,2. The process is carried out at a temperature of 80–90оC and at
a residual pressure of 0.14-0.4 atm in the presence of a
catalyst, 0.49 g of tetrabutoxytitanium (C4H9O)4Ti and
0.98 g of activated carbon. The amount of catalyst is calculated 0.33% wt in relation to the mass of adipic acid,
the amount of activated carbon – 0.66% wt. To facilitate
the distillation of the released water, nitrogen is passed
through the reaction mass in a small amount. Synthesis in
the presence of a catalyst is completed in 4 hours. Upon
completion of the synthesis, the volatile components,
including the entrainment agent, are distilled with acute
superheated steam. Dicyclohexanoate obtained is treated
with water to transfer the titanium compounds in the insoluble form. The finished ester is purified from activated
carbon by filtration.
Physical and chemical properties of synthesized polyester are given in table 1.
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Mass parts

PVC

100

Plasticizer

70

Epoxidized soybean oil

5

Stabilizer

2

Сalcium adipate

0.4

Based on the calculation of the quantitative substitution factor (FS), which determines the required amount
of poly(1,2-propylene glycol) adipate /dicyclohexanoate
in comparison with dioctyl phthalate (DOP) and provides
the necessary hardness of flexible PVC at room conditions, it was found that the resulting compound is not
inferior to DOP in plasticizing efficiency.
The resulting sample of plastic was tested in PVC
composition for construction purposes according to state
standard 5960-72. DOP was selected as a control sample.
The test results are given in table 3.
Hygienic parameters were determined according to
state standard R 50962-96: smell, taste, color change and
transparency of water extract (table 3).
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Table 3
The test results plasticizer in the formulation of cable plastic grade O-40
Plasticizer
Indicators

Norm according state
standart 5960-72 (1 class)

Control sample

PPA/DCG

not less 1•1010

9.0•1012

4.5•1013

not less 110

147

248

state standart 14041-91

2 h 15 min

2 h 25 min
(2 h 15 min)*

Temperature of fragility, оC

Not above –40

Stand the test

Stand the test

Water absorption, %

Not above 0.45

0.08

0.05

Weight loss at 160 C for 6 hours, %

Not above 3.0

2.2

0.7

Gas resistance (weight loss after
holding at 25оС for 48 h), %

state standart 12020-2018

Not above 10

6.0

Oil resistance (weight loss after
maintenance at 25оС for 48 h),%

state standart 12020-2018

Not above 10

9.0

Hygienic parameters

state standart R 50962-96

–

Stand the test

Specific volume electric. resistance
at 20оС, Ohm•cm
Tensile strength, kgf/cm2
Thermal stability at 180оС, min

о

* – PVC plastic that does not contain calcium adipate.

is not inferior to the control sample in terms of basic
physical and mechanical parameters and is a non-toxic
alternative to traditional phthalate plasticizers. The new
plasticizer is characterized by low extractability and migration from the polymer to other materials in contact
with it, which ensures the stability of the plastic and
the constancy of performance characteristics. The use
of nano quantities of calcium adipate in the preparation
of a polyester plasticizer increases the yield of the target
ester, as well as improves the thermal stability of the
developed cable plastic formulation. Probably, there is
a synergy between the action of the nano-additive and
the used stabilizer.

From the given data it is visible that the offered plasticizer does not concede to the control sample on the basic
physical and mechanical indicators and corresponds to
state standard; the introduction of nano quantities of calcium adipate improves some of the physical and mechanical properties of PVC plastic, namely the thermal
stability index.
SUMMARY
Thus, the resulting PVC composition with the developed polyester plasticizer poly(1,2-propylene glycol) adipate modified with cyclohexanecarboxylic acid
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