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U radu je izvrSena preliminarana identifikacija odabranih polimernih materijala i elastomera
na bazi ispitivanja njihovog ponaSanja u otvorenom plamenu kao i na bazi procene gustine (pluta-
nje/tonjenje) u odgovarajucoj tecnosti, uz primenu brzih metoda identifikacije. Pretpostavljeno je da
se na osnovu jednostavnih nestandardnih testova, brzih metoda identifikacije, moze izvrsiti procena
vrste materijala od koje su izradeni krajnji proizvodi od polimera/elastomera, a da dobijeni rezultati
mogu odstupati od literaturnih vrednosti za ciste polimere/kaucuk. Na osnovu identifikovanih karak-
teristika prema primenjenim metodoma, moze se smatrati da su ispitivani uzorci izradeni od sledecih
materijala: ABS kaucuk, PET, PS, PP. Modifikacija osnovnog polimera u procesu kompaundiranja
polimernog materijala utice na promenu ispitivanih svojstava u odnosu na vrednosti za ciste kompo-
nenete.

In this paper, a preliminary identification of the type of polymer materials from which samples
of commercial polymer products were made was performed. The burning test was used to examine
the behavior of the samples in an open flame. The method of flotation of samples in water was used
to estimate the density of the samples from the tested series. It was assumed that additives for plastics
cause deviations of the formulated plastics in relation to the expected behaviors shown in the litera-
ture for the basic polymer. It was estimated that the samples from the tested series, according to both
applied methods, were made of thermoplastic polymer materials based on: HPP; PET, HIPS, ABS.
Testing samples of commercial products made of thermoplastic materials are widely used for the
production of various packaging due to the satisfactory application properties formed by the pro-
cessing of the basic polymer, that is, by the formulation of modern types of polymer materials.

1. Introduction

Modern formulations of materials based on thermoplastic polymers are widely used in all in-
dustrial branches. In accordance with their improved qualitative and application properties adapted
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to the requirements of industrial markets and environmental acceptability, they occupy a very im-
portant place in application. Because industrial products made from thermoplastic materials can be
recycled [1, 2] they can very often be preliminary identified in landfills by quick methods, in order to
increase the efficiency of their recycling. From the practical point of view, the above justifies the
choice of the topic of this work.

Acrylonitrile-Butadiene-Styrene (ABS) plastic is known for its excellent impact resistance,
making it suitable for applications that require durability and toughness. ABS plastic is used to pro-
duce a wide range of products across various industries. Some common industries and types of prod-
ucts made out of ABS plastic include: consumer electronics, automotive parts, toys and games, house-
hold appliances, medical devices and equipment, sports and recreation equipment [3].

Polyethylene Terephthalate (PET) is a dimensionally stable thermoplastic with excellent ma-
chining characteristics that is transparent, lightweight, high tensile strength, semi-crystalline, virtually
shatterproof, gas barrier, and solvent resistant. It is generally considered as inert and safe plastic, and
highly recyclable. At present it is the most generally used thermoplastic polymer in the world. It is
widely used as a packaging material in the food and beverage industries. It is also used to make fibers,
pharmaceuticals, and make-up. With its lightweight, durable, and versatile properties, it has become
an essential substance in the modern society [4].

Polystyrene (PS), a widely used synthetic aromatic polymer, is integral to industries such as
packaging, construction, and medical equipment. General Purpose PS (GPPS), Expanded PS (EPS),
High Impact PS (HIPS), and Syndiotactic PS (SPS) are some of the industrial important variants [5].
The Recycling of PS has been considered as a major strategy employed to reduce heavy load of plastic
waste from environment but saddled with unlimited challenges [6].

Polypropylene (PP) is one of the most commonly used thermoplastics in the world. PP uses
range from plastic packaging, plastic parts for machinery and equipment and even fibers and textiles
[7]. PP is classified into three main types based on its chemical structure and properties [8]:

— Homopolymer (HPP). It is the most prevalent sort of market share is between 65% and 75%.

Uses: Injection-molded items, fibers, sheets, and containers;

— Random Copolymer (RCP). Uses: In flexible containers that need clarity and transparent

films (cast films);

— Polypropylene Impact Copolymer (ICP). Applications are ideal for impact-prone containers

and automotive uses.

Quick methods for the identification of polymeric materials are simple tests that do not require
a standardized method and procedure of sample preparation or the latest generation testing equipment.
In this way, they allow only an assessment or a preliminary determination of the type of polymer
material from which the examined samples were made [9,10]. The quick methods are applied in cases
where only an assessment of the type of material from which the product is made is sufficient (for
example: used packaging, etc.). This gives them an advantage of application in the separation of
polymer materials for recycling at landfills and the like.

In this paper, a preliminary identification of the type of polymer materials from which samples
of commercial polymer products were made was performed. The burning test was used to examine
the behavior of the samples in an open flame. The method of flotation of samples in water was used
to estimate the density of the samples from the tested series. It was assumed that additives for plastics
cause deviations of the formulated plastics in relation to the expected behaviors shown in the literature
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for the basic polymer. It was assumed that the samples from the tested series, according to both ap-
plied methods, were made of thermoplastic polymer materials based on: HPP; PET, HIPS, ABS [9],
[10], [11].

2. Experimental part

2.1. Material

A series of 4 samples was used for testing using the burning test and the floating/sinking test in
the corresponding liquid. The following samples of finished products made of polymer materials were
examined: a glass of sour-milk product (sample 1); still water bottle (sample 2); bottle of personal
hygiene product (sample 3); small toy (sample 4). The description of the tested samples is shown in
Table 1.

Based on the reading numbers/labels from samples 1-3 (in accordance with recycling codes)
from the literature [9,10] it was assumed that these are made of polymer materials based on: PS, PET,
PP. The read data served as a guide for the examination of samples by selected, quick methods of
analysis.

In the case of sample 4, the manufacturer's data [11] served as a guide for identification.

Table 1. Baseline data for evaluating the type of material in the tested series of samples

Sample | Appearance/description Visual Manufacturer label | Density, g/cm3[9] | A guide to
of the sample description of the [9] or information literature value for | determining
sample [11] with a base polymer the type of
description material
Sample 1| sour-milk packaging milky white. Itis 6 — PS/HIPS 1,05 PS/HIPS
products not transparent, PS/HIPS
without press
Sample 2 still water bottle completely trans- 1-PET 1,35 PET
parent,
without press
Sample 3| packaging - a bottle of | Itis not transpar- 5-PP 0,905 PP
personal hygiene prod- ent, colored,
ucts without press
Sample 4 | Small toy - classic Lego | of hard plastic, ABS 1,05 ABS
brick red colored copolymer
2.2. Methods

The testing of a series of samples using the burning test was carried out in the laboratories of
the Technical College of Applied Sciences in Zrenjanin. The burning test does not require the appli-
cation of standardized sample preparation methods [9,10]. In order to prepare, pieces of samples 1-3
of adequate size were cut to be introduced into the flame. Sample 4 was of a suitable size and shape
so that it could be introduced into an open flame using tweezers without preparing the test tube. Each
sample was individually introduced into the open flame of a Bunsen burner. The gas supply to the
Bunsen burner was reduced to a minimum, to obtain a weak flame, for easier observation of changes
in the sample. The behavior of tested samples in an open flame was observed: combustibility in/out-
side the flame; possibility of formation of drops during burning or melting of plastic material; the
smell of steam after removing the flame; appearance of the residue after the test [9,10].
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The flotation method was used to estimate the density of the samples from the tested series [9].
The method involves immersing the samples in the selected test liquid and observing the changes:
the sample floats in the test liquid close to the mouth, swims below the surface of the test liquid/sinks
to the bottom of the container with the test liquid. Based on the literature values of the density of
samples from the tested series [9] for the test liquid of generalized approximate density, water was
selected. The method is applicable because, according to literature data [10], the samples from the
examined series do not dissolve in water, do not swell in water, and are in a compact-solid (non-
foamed) state. Water was poured into a transparent test container and each individual sample was
completely immersed in water using a glass rod (so that it was fully wetted). After removing the stick,
the sample was left in a container of water to observe its behavior. The test was performed at 20°C
using distilled water.

3. Results and discussion

The results of testing a series of samples using the burning test are shown in Table 2.

Table 2. Results of assessment of the type of polymer material using the burning test

Sample Flammability and The smell of Appearance of the | Assessment of the type of
flame appearance released gases remains Polymer material
after burning

Sample 1 It turns on and off. Styrene-like, burnt, black residue. PS/HIPS

It burns with a flickering flame. | aromatic odor.

Yellow to dark black.
Elongated flame,

very sooty.
Sample 2 bright flame, On the gas Burned. PET
crackles, goes out. and sour.
Sample 3 It ignites and continues to burn Faint smell. Burned out. PP
after being taken out of the No falling drops.
flame.

Yellow with a blue circle at the
beginning of burning.

Sample 4 Similar to PS. Irritating. Burnt and melted. ABS

The results of the evaluation of the type of polymer material using the method of flotation of
samples in water are given in Table 3.

Sample 1 is made of high toughness polystyrene (HIPS), that is, of GPPS, which is modified
with polybutadiene chains. Modification of GPPS is carried out in order to achieve the required me-
chanical properties for use as packaging, for food products [12] (properties: dimensional stability,
stiffness, etc.). Based on the above, it is considered that sample 1 has been preliminarily identified as
a thermoplastic material: HIPS.

Sample 2 is made of PET. Transparent PET is a dimensionally stable, light, strong thermo-
plastic polymer, with excellent barrier properties against gases and external influences [4]. It is easily
molded into standard bottles by blowing, for example, still water. It should be emphasized that in the
case of the production of transparent PET, the polymerization reaction of the polymer is conducted
in such a way as to obtain a polymer with a purely amorphous structure, which gives it the required
possibility of application.
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Table 3. The results of the evaluation of the type of polymer material using
the method of flotation of samples in water

Sample Density, g/cm3 [9] Assessment of the type of
literature value for base polymer polymer material
Sample 1 1,05 Maintained on the surface, sub- PS/HIPS
merged.
PS/HIPS
Sample 2 1,35 Sinking to the bottom. PET
Sample 3 0,905 Floats on the surface. PP
Sample 4 1,05 Maintained on the surface, sub- ABS
Copolymer merged.

Sample 3 is made of HPP because it is extensively used for making opaque (milky-white) pack-
aging [13] e.g. for food and chemical products. HPP It is a standard thermoplastic material with sat-
isfactory stiffness and barrier properties for the production of standard packaging. It is easily pro-
cessed and shaped by injection molding and blowing for the production of e.g. bottle of standard
quality.

It can be considered that sample 4 is made of ABS, which is a copolymer of acrylonitrile and
styrene, which is modified with polybutadiene chains; but also with the addition of additives during
the formulation of the material (during the processing of the basic polymer). It is stated in accordance
with the manufacturer's data and the type/purpose of the selected test samples [3,11].

The results confirmed the initial estimates of the type of material of the samples (according to
the recycling label/manufacturer's information) used in this test.

It should be emphasized that certain deviations were observed in the behavior of the series of
tested samples in an open flame, compared to the behavior of pure polymers. According to the ob-
tained results of the application of both test methods, the influence of additions to thermoplastic pol-
ymer materials on the change in the flammability of the starting polymers was confirmed. Additives
in plastic masses affect the possibility of identification of polymer materials by burning test, which
IS in accordance with previous tests for certain materials from the tested series. [14].

The floating test of the samples in water confirmed the results of the burning test for the samples
from the tested series.

4, Conclusion

According to the results of the tests using selected quick identification methods, the assumption
that the samples of the final polymer products are made of thermoplastic polymer materials based on:
HIPS, PET, HPP, ABS has been confirmed.

The presence of additives in plastic masses in the series of tested samples interferes to a lesser
extent with the preliminary identification of the type of polymer material. The processing of the basic
polymer in order to produce thermoplastic polymer materials of a defined purpose, enables obtaining
a new class of material in relation to the basic/pure polymer, which results in differences in behavior
in relation to the basic polymer.

The further course of work could include the study of the behavior of the samples during the
pyrolytic test, consideration of the influence of the type of processing method on the possibility of
evaluating the type of polymer materials using quick identification methods and similar.
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