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Abstract: PVC-based materials are bad in terms of biodegradability. To enhance the ecological 

property of such materials, the fabrication of PVC-based composites using biofillers with acceptable 

performance characteristics could be considered. In this work, plant-filled PVC-based composite 

materials were obtained and study their optical, structural, thermal, and mechanical properties 

depending on the nature of the filler (spruce flour, birch flour, and rice husk) were studied. 

Increasing the proportion of plant filler somewhat reduces the strength characteristics and reduces 

the flexibility of the samples. But samples with plant filler allows them to be used at low 

temperatures without changing the operating characteristics. Some of the fillers affected the thermal 

stability of composites by increasing their thermal decomposition resistance. So, results have shown 

that plant-filled polymer composites based on PVC can be used on an equal basis with unfilled PVC 

plastic compound for some applications such as construction. 

Keywords: composite; plastic materials; polyvinyl chloride; plant fillers; fabrication method; film 

characteristics  

 

1. Introduction 

Currently, because of the development of the chemical industry and available technological 

capabilities, products made from polymer materials are represented in many sectors of consumer 

goods: construction, automotive industry, electronics, medicine [1]. These can be polymer 

membranes for various purposes [2,3], solid-state lithium-metal batteries [4], dielectric materials [5], 

packaging [6,7], anti-corrosion coatings [8], construction materials [9–11]. 

The strength, lightness, and other properties of plastic have allowed it to establish a significant 

presence in the everyday life of modern people. One of the most common types of plastic is polyvinyl 

chloride (PVC), which is used in practically all spheres of human activity [12–18]. Plasticized 

polyvinyl chloride (PVC-P) is one of the most used materials for the manufacture of various products 

[19–24]. The material is made soft and elastic due to the addition of up to 50 wt.% plasticizers. 

However, in the highly plasticized PVC the process of plasticizer migration occurs while using 

products made from such a material [25–27], which is also an important aspect to study. 

Recently, one of the significant disadvantages of PVC-based products, which poses an 

environmental threat, is its long “life span”. PVC-based materials do not biodegrade, and the issue 

of PVC waste disposal is quite acute [28–33]. Waste disposal by burning is also not a solution to this 

problem due to the release of pollutions generated into the atmosphere that are harmful for the 

environment and humans [34–38]. Thus, it is necessary to consider alternative ways to produce 

materials and prevent the accumulation of polymers in the environment, for example, the creation of 

composites containing biopolymers and/or plant fillers. 

The fabrication of polymer or filled PVC-based composites using biofillers with acceptable 

performance characteristics makes it possible to improve the environmental situation in the world 

[39–43]. Fillers do not change the PVC particles themselves but can penetrate between the elements 
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of the polymer structure leading to a change in the volume of external voids between them. This is 

due to the effectiveness of each supplement, its structure and polarity. However, it should be noted 

that fillers also result in a denser packing of PVC powder due to the interaction between the PVC 

particle and the additive. As a result, an interparticle interaction is reduced [44]. One of the well-

known types of PVC-based composites are wood-polymer or plant-filled composites, which except 

PVC and filler may contain additional components to control the properties of the final product [45–

50]. 

The aim of this work was to obtain plant-filled polymer composites based on highly plasticized 

polyvinyl chloride filled with various types of plant fillers and to study their properties depending 

on the nature of the filler. 

2. Materials and Methods 

2.1. Polymer Compositions 

The objects of study were polymer films based on an industrial composition of highly plasticized 

PVC (Klöckner Pentaplast Rus Ltd), containing various plant fillers with a concentration of 0 ÷ 40 

wt.%. The industrial composition of highly plasticized PVC (Klöckner Pentaplast Rus Ltd) contains 

suspension polyvinyl chloride with the Fickentcher constant (Kf) equal to 67 plasticized and dioctyl 

terephthalate. Dioctyltin bis(2-ethylhexyl thioglycolate) with a concentration of 1 wt.% as a thermal 

stabilizer in the industrial PVC composition, glycerol ether as an internal lubricant of 0.5 wt.%, and 

oxidized polyethylene wax as an external lubricant of 0.1 wt.% were used. 

Spruce flour (SF), lignin-free birch flour (BF) and rice husk (RH) were chosen as plant fillers. The 

choice of these fillers was because they have different strength characteristics and resinous substance 

content. The compositions of the films obtained presented in Table 1. 

Table 1. Compositions of the studied plant-filled polymer films based on highly plasticized PVC. 

Composition of samples 

PVC/plant filler 

Component, wt.% 

PVC composition 
Plant filler 

Spruce flour Birch flour Rice husk 

PVC 100 - - - 

80/20-SF 80 20 - - 

60/40-SF 60 40 - - 

80/20-BF 80 - 20 - 

60/40-BF 60 - 40 - 

80/20-RH 80 - - 20 

60/40-RH 60 - - 40 

2.2. Polymer Films Fabrication Method 

Plant-filled polymer composites were obtained with different ratios of components. Plant filler 

(PF) was ground previously for five minutes using a Brabender roller mill (Germany) to obtain a 

powder with a dispersion of 0.2 ÷ 2 mm and dried up to 3% of humidity. The components (PVC 

composition and PF) were mixed for three minutes using a HENSCHEL high-speed mixer (Germany) 

until a homogeneous mixture was obtained. The resulting mixture was fed to laboratory rollers 

Schwabenthan Maschinenfabrik Berlin (Germany) type Polymix 150U heated to a temperature of 175 

°C to obtain a melt. The melt was rolled at the speed of 24 rpm for two minutes to obtain polymer 

composite films with a thickness of 500±5 microns. The technological scheme is shown in Figure 1. 
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Figure 1. Scheme for the fabrication of plant-filled polymer films based on highly plasticized PVC. 

2.3. Investigation Methods 

Structural, thermal, and mechanical properties of composite film samples were investigated 

using different methods. Optical microscopy was carried out using an Olympus STM6 optical 

measuring microscope using the transmission method. The chemical structure of the samples was 

studied by Fourier transform infrared spectroscopy. The IR spectra of the samples were recorded on 

a Bruker Tensor 37 FTIR spectrometer using a Pike MIRacle ATR (attenuated total internal reflection) 

attachment with a diamond coated ZnSe crystal. The spectra were recorded in the range of 4000-600 

cm-1 with a resolution of 2 cm-1 and averaging over 32 spectra.  

The thermal properties of the obtained samples were studied on a differential scanning 

calorimeter DSC 204 F1 Phoenix (Netsch, Germany), operating at a heating rate of 10 °C/min in the 

range from -30 °C to 175 °C. After an equilibration phase at 25 °C, the samples were first heated, after 

that cooled to -30 °C, and then heated again to a temperature of 250 °C. Nitrogen was used as the 

purge gas at a flow rate of 50 mL/min. The weight of the film samples used for DSC measurements 

varied from 5.5 to 8.5 mg. The samples were placed in aluminum crucibles with a pierced lid. To 

determine the glass transition temperature Tg the data from the second heating curve were analyzed. 

Thermogravimetric analysis was used to study the thermal stability of the samples. All samples 

were measured using a Libra 209 F1 thermogravimetric analyzer (Netzsch, Germany) with a scanning 

speed of 10 °C/min under a nitrogen atmosphere in the temperature range 25–900 °C. Nitrogen was 

supplied at a flow rate of 50 ml/min. 

Mechanical testing was carried out at a tensile strain rate of 180 mm/min using an Instron 5966 

(USA) electromechanical testing machine equipped with a strain gauge (10 kN load capacity) and a 

pneumatic gripping system. Signal processing was performed using Bluehill 3 software. The loading 

speed was 25 mm/min when determining strength and permanent elongation. 

3. Results and Discussion 

3.1. Optical Measurments 

While fabrication plant-filled polymer materials, it is especially important to achieve uniform 

distribution of the filler inside the polymer matrix. An uneven distribution negatively affects the 

performance characteristics of the materials causing anisotropy of properties and high defectiveness 
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of samples, because of which the formation of products of various configurations from such samples 

is impossible.  

Images of plant-filled polymer films based on highly plasticized PVC taken in reflected and 

transmitted light modes are presented in Figures 2 and 3, respectively. As can be seen from figures, 

with the selected technological parameters, it is possible to obtain films with a uniform distribution 

of dispersed plant filler in the polymer matrix. It can also be noted that the particles of plant filler are 

oriented in one direction, along the rolling axis. There are one more feature of films that all fillers 

have gave their own color to the samples. 

   

20% SF 20% BF 20% RH 

 

  

40% SF 40% BF 40% RH 

Figure 2. Images of plant-filled polymer films based on highly plasticized PVC taken in the reflected 

light mode (sample size of 30x30 mm). The arrow indicates the predominant orientation direction of 

the filler. 
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Figure 3. Images of plant-filled polymer films based on highly plasticized PVC taken in the 

transmitted light mode (sample size of 30x30 mm). The arrow indicates the predominant orientation 

direction of the filler. 

3.2. IR Spectroscopy 

IR spectroscopy data for plant-filled polymer films based on highly plasticized PVC are 

presented in Figure 4. As can be seen from the data obtained, a peak with a wave number of 752 cm-

1 corresponding to vibrations of the C-Cl bond is identified in the IR spectra of all samples. This peak 

is characteristic of PVC. In the wavenumber range of 2950-2900 cm-1, there are peaks corresponding 

to the components of the plant filler. 
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(a) (b) 

Figure 4. Averaged IR spectra of plant-filled polymer films based on highly plasticized PVC: (a) full 

spectra range and (b) the of characterized peaks of plant fillers, where 1 - unfilled PVC, 2 - 80/20-SF, 

3 - 60/40-SF, 4 - 80/20-BF, 5 - 60/40-BF, 6 - 80/20-RH, 7 – 60/40-RH. 

3.3. Thermal Properties 

Since plant raw materials are sensitive to heat treatment and are characterized by flammability 

and poor thermal stability, the study of the thermal characteristics of the composites obtained in the 

work is important to determine the conditions of applicability of such polymeric materials. 

Thermograms were carried out by differential scanning calorimetry (Figure 5). All DSC curves show 

the absence of a glass transition temperature for PVC. That is primarily due to the presence of a high-

molecular plasticizer in the composition of the composites which is dioctyl terephthalate with a glass 

transition temperature of minus 67 ºC. 

-100 -50 0 50 100 150 200

-0.05

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

H
e

a
t 

fl
o

w
, 

m
W

/m
g

Temperature, °С

 1

 2

 3

 4

 5

 6

 7

 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 April 2024                   doi:10.20944/preprints202404.0637.v1



 6 

 

Figure 5. DSC of plant-filled polymer films based on highly plasticized PVC: 1 - PVC, 2 - 80/20-SF, 3 - 

60/40-SF, 4 - 80/20-BF, 5 - 60/40-BF, 6 - 80/20-RH, 7 – 60/40-RH. 

Plant-filled polymer films based on highly plasticized PVC were investigated by 

thermogravimetric analysis under argon atmosphere to understand their thermal behavior. 

Thermograms of the studied polymer composite films are shown in Figure 6. 
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(e) (f) 

Figure 6. TGA and DTG curves of plant-filled polymer films based on highly plasticized PVC: (a) and 

(b) – with addition of SF, (c) and (d) – with addition of BF, (e) and (f) – with addition of RH. 

Typically, two stages of degradation are observed in PVC: the first stage occurred at 250–350°C 

is the destructive processes of PVC associated with the dehydrochlorination reaction and the removal 

of some volatile small molecules of saturated and unsaturated aliphatic or aromatic hydrocarbons 

[51]. The second stage occurred in the temperature range of 350–500 °C includes the formation and 

volatilization of intramolecular cyclization products [51,52]. 

Table 2 show the characterized temperature values for decomposition stages of samples. As can 

be seen from the presented data in Figure 6 and in Table 2, plant-filled polymer films based on highly 

plasticized PVC are also characterized mostly by a two-stage destruction process. The adding of birch 

and spruce flour as filler in the polymer composition leads to a slight decrease in the initial 
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decomposition temperature (Td) of the material by 10–15 °C. In a case of adding of RH filler in the 

initial polymer mixture, the increase of the maximal temperature of decomposition in the first stage 

is observed, probably, due to the RH thermal behavior in the range of 250–350°C has the differ 

maximum of temperature (~303°C [53]) in comparison with PVC (~280°C). For all composite samples 

the widening of thermal ranges for both stages of decomposition can be noted. Moreover, after 550°C 

the mass remained stable and the residual ash corresponded to 8-10 % for SF-filled, to 5.6-13% BF-

filled, and to 8.9-10% polymer films of the total weight which was measured. 

Table 2. Results of thermogravimetric analysis of plant-filled polymer films based on highly 

plasticized PVC. 

Sample 
Temperature value at mass loss during the decomposition (°C) 

Тmax of 1st stage 1st stage range Тmax of 2nd stage 2nd stage range 

PVC 282 246 – 347 462 425 – 558 

80/20-SF 273 240 – 368 458 418 – 557 

60/40-SF 267 235 – 362 447 416 – 562 

80/20-BF 272 244 – 366 452 424 – 567 

60/40-BF 269 242 – 372 444 415 – 563 

80/20-RH 297 246 – 369 454 414 – 568 

60/40-RH 297 244 – 367 443 414 – 565 

3.4. Mechanical Properties 

As a result of testing the studied samples (5 samples of each composition) of plant-filled polymer 

films based on highly plasticized PVC under tension, data on tensile strength and breaking 

elongations were obtained. To avoid large scatters in the results for samples with plant fillers due to 

their anisotropy, stretching was carried out along the fiber orientation corresponding to the direction 

of rolling. 

Statistical processing consisted of checking the data for errors. The conclusion about the presence 

of an error was made based on calculating the value of Student's t-test at the points most different 

from the average of the series of measurements, and comparing it with the table, which, with the 

number of measurements being 5 and a degree of reliability of 0.9, is equal to 1.79. Errors were 

excluded from the series. The test results of the obtained samples are presented in the Table 3. 

Table 3. Mechanical characteristics of plant-filled polymer films based on highly plasticized PVC. 

Sample Tensile strength, MPa Relative elongation at break,% 

PVC 18.0±1.0 427.4±29.3 

80/20-SF 7.4±0.4 124.7±28.2 

60/40-SF 5.1±0.2 62.4±7.6 

80/20-BF 8.7±0.2 140.0±12.5 

60/40-BF 5.9±0.3 131.8±11.1 

80/20-RH 6.9±0.8 126.9±20.4 

60/40-RH 6.2±0.2 81.6±11.1 

A common picture is observed for all types of plant filler: adding the filler in the composite led 

to decreasing of the strength properties of the material, since filler particles filled the intermolecular 

space violating the integrity and bonds of the polymer fibers. The more filler, the denser the structure 

of the material, which means less space is left for PVC molecules to straighten. As a result, the 

material becomes less flexible, and the value of breaking elongation decreases. Comparing the 

characteristics of composites with various fillers it can be noted that the most preferable filler is BF 

(20%). This may be due to the high content of binding and reinforcing components in wood fillers, 

for example, cellulose and lignin. Thus, increasing the proportion of plant filler to improve the 
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environmental friendliness of materials is limited by decreasing strength characteristics and 

flexibility. 

3.5. Water Absorption Test 

Studying the stability of composite materials based on polymer materials filled with a 

hydrophilic filler, such as plant fibers, is an important part of the research, since water absorption 

can lead to negative phenomena, such as a decrease in strength, deformation of the product until its 

complete destruction, oxidation, etc. The reason for these phenomena, most often, is both the 

heterogeneity of the distribution of filler particles in the composite and poor compatibility between 

the original components of the film [54]. So, in this work to study the effect of water on the resulting 

plant-filled polymer films based on highly plasticized PVC with various plant additives was 

performed. 

Table 4 presents data on the degree of swelling of some samples of the obtained plant-filled 

polymer films based on highly plasticized PVC in water at a temperature of 25 ° C for 24 hours and 

7 days according to the standard technique [55]. 

Table 4. This is a table. Tables should be placed in the main text near to the first time they are cited. 

Sample 
Swelling degree, g/g 

after 24 hours after 7 days 

80/20- SF 0.043±0.018 0.060±0.009 

60/40- SF 0.113±0.007 0.119±0.006 

60/40- BF 0.107±0.015 0.126±0.017 

60/40-RH 0.112±0.011 0.121±0.007 

As can be seen from the table, the higher the content of hydrophilic filler, the higher the degree 

of swelling of the filled polymer films. The samples containing birch flour as a plant filler have the 

maximum degree of swelling. The degree of swelling of samples with BF (40%) at a temperature of 

25 ⁰C does not exceed 0.13 g/g. 

4. Conclusions 

In this work, the properties of PVC-based composite materials with proportions of different 

types of fillers up to 40% were analyzed. Increasing the proportion of plant filler to improve the 

environmental friendliness of materials somewhat reduces the strength characteristics and reduces 

the flexibility of the samples. However, by pre-treating the plant filler, for example by removing 

lignin, these limitations can be overcome. 

The relatively low glass transition temperature (below – 65 ºС) for samples with plant filler 

allows them to be used at low temperatures. Also, due to their limited hydrophobicity, these samples 

cannot be used in conditions of constant contact with water, but they can withstand repeated short-

term exposure to water without loss of performance characteristics. 

Thus, plant-filled polymer composites based on PVC can be used on an equal basis with unfilled 

PVC plastic compound, since the decrease in performance characteristics (mechanical, thermal) is not 

critical. Due to the addition of plant filler to the composites, these materials cannot be used in areas 

where transparency is required but can be used in construction and other areas where there are no 

such requirements. 
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