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'HYHORSPHQW�RI�D�WHFKQRORJ\�IRU�SURFHVVLQJ�ZDVWH�SODVWLF�ERWWOHV� 
DQG�EDJV�WR�REWDLQ�YDULRXV�W\SHV�RI�ELRGHJUDGDEOH�SRO\PHU�¿OPV

AbstUDFW��Currently, one of the most important problems in the world is waste bottles made of polyethylene 
terephthalate, the number of which is currently growing every hour, polluting the environment. One of the 
ways to protect the environment from polyethylene terephthalate waste is the invention of biodegradable 
polymer materials from PET waste. Currently, several methods for processing polyethylene terephthalate 
waste have been proposed, but the work on the production of biodegradable materials has not been fully 
solved. Currently, various technologies for recycling plastic bottles and bags are being developed. The 
most promising technology in this direction is chemical processing, which is based on obtaining the 
¿QDO�SURGXFW� LQ� WKH� IRUP�RI�D�PRQRPHU�RU�ROLJRPHU��ZKLFK�FDQ�EH�XVHG�DV�D�QHZ� UDZ�PDWHULDO� IRU� WKH�
synthesis of polymers. In this work, these polyethylene terephthalate wastes were chemically degraded with 
ethylene glycol solvent in the presence of zinc acetate catalyst and bis-hydroxy ethylene terephthalate was 
REWDLQHG��7KLV�ZRUN�DLPV�WR�REWDLQ�ELV���K\GUR[\HWK\O�WHUHSKWKDODWH��%+(7��E\�JO\FRO\VLV�RI�SRO\HWK\OHQH�
WHUHSKWKDODWH��3(7��ZDstH�IRU�WKH�V\QWKHVLV�RI�YDULRXV�W\SHV�RI�ELRGHJUDGDEOH�SRO\PHU�¿OPV��%LRGHJUDGDEOH�
¿OPV�EDVHG�RQ�SRO\YLQ\O�DOFRKRO�DQG�%+(7�KDYH�EHHQ�V\QWKHVL]HG��:DWHU�VROXEOH�FRSRO\PHUV�EDVHG�RQ�
%+(7�DQG�39$�ZHUH�REWDLQHG�E\�JUDIWHG�FRSRO\PHUL]DWLRQ���39$��SRO\YLQ\O�DOFRKRO������������ZW�����
was dissolved in distLOOHG�ZDWHU�DW�������&�XQWLO�FRPSOHWH�GLVVROXWLRQ��DPPRQLXP�SHUVXOIDWH��XVHG�DV�DQ�
LQLWLDWRU��ZDV�DGGHG�WR�WKH�LQLWLDO�PL[WXUH�DQG�ELRGHJUDGDEOH�¿OPV�EDVHG�RQ�39$�DQG�%+(7�ZHUH�REWDLQHG�
IRU�WKH�¿Ust�WLPH��,W�KDV�DOVR�EHHQ�SURYHG�WKDW�WKH�UHVXOWLQJ�ELRGHJUDGDEOH�¿OPV�DUH�IRUPHG�E\�K\GURJHQ�
bonds using IR spectroscopy.
.H\�ZRUGV��3(7��GHSRO\PHUL]DWLRQ��UHF\FOLQJ��ELRGHJUDGDEOH�¿OPV��%+(7�

,QWURGXFWLRQ

In recent years, intensive work has been carried 
out to obtain biodegradable polymer materials that do 
not harm the environment and the human body. The 
problem of environmental protection is global, so 
the increase in the amount of synthetic plastic waste 
hourly raises serious concerns. The most suitable way 
to solve these problems is to create environmentally 
friendly biodegradable polymer materials. Currently, 
many methods have been proposed for the 
development of biodegradable polymer materials, 
but the production of biodegradable polymers has 
not been completely solved [1-5]. Recycling of used 
plastic materials is the main problem of polymer 
SURGXFWLRQ�� PDLQO\� GXH� WR� WKH� KDUPIXO� H൵HFWV� RI�
plastic waste on the environment. Plastic materials 
are stored for a long time under normal conditions due 

WR�WKHLU�KLJK�UHVLVWDQFH�WR�HQYLURQPHQWDO�LQÀXHQFHV��
We can consider the recycling of plastic materials 
as an important economic factor, since the material 
and energy are reused. This will reduce the cost of 
raw materials, reduce the use of the necessary energy 
VRXUFH�� DQG� EULQJ� HFRQRPLF� EHQH¿WV�� ,Q� WKH� JOREDO�
ZRUOG��YDULRXV�W\SHV�RI�UHF\FOLQJ�DUH�R൵HUHG�>����@��

Currently, mechanical and chemical methods 
of recycling are used. In addition, during chemical 
processing, monomers are removed, and then new 
polymer raw materials, chemicals and fuel are 
obtained. Methods of incineration and disposal of 
waste polymer materials have lost their importance, 
as new directions of methods of processing polymer 
materials are being introduced. Currently, strategies 
for the processing of biodegradable polymers and 
the secondary use of polymer materials are being 
considered [13-16]. 
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The following incentives are necessary for the 
implementation of secondary use: legal requirements, 
low price, consumer demand, environmental aspect. 
Recycling of polyethylene terephthalate waste in the 
global world has received rapid development and is 
just beginning in Kazakhstan.

0DWHULDOV�DQG�PHWKRGV

Development of a technology for processing 
waste plastic bottles and bags to obtain various types 
RI� ELRGHJUDGDEOH� SRO\PHU� ¿OPV�� 2EWDLQLQJ� ELV���
hydroxy ethylene terephthalate by glycolysis of 
polyethylene terephthalate waste from plastic bottles. 
&XUUHQWO\�� GL൵HUHQW� WHFKQRORJLHV� DUH� GHYHORSHG�
for the recycling of waste plastic bottles and bags. 
The most promising technology in this direction is 
chemical processing, which is based on obtaining the 
¿QDO�SURGXFW�LQ�WKH�IRUP�RI�D�PRQRPHU�RU�ROLJRPHU��
which can be used as a new raw material for the 
synthesis of polymers.

The aim of this work is to obtain bis-2-hydroxy 
HWK\OHQH� WHUHSKWKDODWH� �%+(7�� E\� JO\FRO\VLV� RI�
SRO\HWK\OHQH� WHUHSKWKDODWH� ZDVWH� �3(7�� IRU� WKH�
synthesis of various types of biodegradable polymer 
¿OPV�� $IWHU� WKH� PHFKDQLFDO� ULQVLQJ� ZLWK� DFHWRQH�
and methanol, removing glue and other substances, 
the beverage bottles produced by Bonaqua™ were 
crushed into small pieces. 

Depolymerization of PET waste was carried out 
LQ�D�WKUHH�QHFNHG�ÀDVN�HTXLSSHG�ZLWK�D�WKHUPRPHWHU��
a refrigerator, and a mechanical stirrer, in the 
WHPSHUDWXUH� UDQJH� ���� ·� ����ɋ� DW� D�PDVV� UDWLR� RI�
ethylene glycol to PET equal to 1:1, in the presence 
RI� D� FDWDO\VW� ±� ]LQF� DFHWDWH� ������E\�ZHLJKW�3(7���
LV� WKH� PRVW� H൵HFWLYH� FDWDO\VW� IRU� 3(7� JO\FRO\VLV��
7KH�GHJUHH�RI�3(7�GHJUDGDWLRQ��RU�FRQYHUVLRQ��ZDV�
determined gravimetrically. For this, samples were 
taken at regular intervals, weighed with an accuracy 
of 0.0002 g, and calculations were performed. The 
reaction was carried out until the complete glycolysis 
of PET, after which distilled, water was added to 
the resulting destructive at a ratio of 1:100. For the 
complete precipitation of BHET, the contents of the 
ÀDVN� ZHUH� NHSW� IRU� DW� OHDVW� ��� KRXUV�� 7KH� IRUPHG�
SUHFLSLWDWH� ZDV� ¿OWHUHG� R൵�� DIWHU� ZKLFK� WKH� ¿OWUDWH�
containing water was concentrated by evaporation of 
ZDWHU�DW�D�WHPSHUDWXUH�RI�������&��DQG�WKHQ�FRROHG�LQ�
D�UHIULJHUDWRU�DW�D�WHPSHUDWXUH�RI�����&��7KH�¿OWUDWLRQ�
residue was dried in a vacuum oven to constant 
weight. The output of BHET is 77%.

)LJXUH���SUHVHQWV�GDWD�RQ�WKH�VWXG\�ɳɚ�WKH�H൵HFW�
of temperature on the conversion of PET in the 
presence of zinc acetate. The results showed that as the 
WHPSHUDWXUH�ULVHV�IURP�����WR�����&��WKHUH�LV�D�UHJXODU�
increase in PET conversion. Thus, the complete 
glycolysis of PET at 140oC takes 2 times longer than 
DW�����&�DQG���WLPHV�ORQJHU�WKDQ�DW�����&�

)LJXUH���±�(൵HFW�RI�WHPSHUDWXUH�RQ�3(7�FRQYHUVLRQ� 
in the presence of zinc acetate as catalyst

7KH� V\QWKHVLV� RI� ELRGHJUDGDEOH� ¿OPV� LV� EDVHG�
on copolymers of polyvinyl alcohol and bis-2-
hydroxyethyl terephthalate

6\QWKHVL]HG� ELRGHJUDGDEOH� ¿OPV� EDVHG� RQ�
polyvinyl alcohol and BHET. Water-soluble 
FRSRO\PHUV�EDVHG�RQ�%+(7�DQG�39$��)OXND&KHPLH�
*PE+� �6ZLW]HUODQG��� 0Z�  � ������� N'D�� ZHUH�

prepared by the graft copolymerization method. PVA 
���ZW�����ZDV�GLVVROYHG�LQ�GLVWLOOHG�ZDWHU�DW�������&��
till complete dissolution, ammonium persulfate, used 
as an initiator, was added to the initial mixture. A 
15% aqueous solution of BHET was added through a 
dropping funnel at a rate of 20 drops/min. To adjust 
WKH�S+�RI�WKH�UHDFWLRQ�PL[WXUH��WKH�RSWLPXP�S+�RI�WKH�
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reaction medium is 3.8), a certain amount of glacial 
acetic acid was added to the reactor, the reaction 
PL[WXUH�ZDV�KHDWHG�IRU���KRXUV�DW����&��$W�WKH�HQG�RI�
the process, the reaction mixture was cooled to room 
temperature. In this case, a white homogeneous mass 
is obtained.

5HVXOWV�DQG�GLVFXVVLRQ

The obtained PET Glycolyzed production is the 
form of a white crystalline powder with a melting point 
RI� ����&�� 7R� FRQ¿UP� WKH� VWUXFWXUH� RI� WKH� REWDLQHG�
SURGXFW��,5�VSHFWURVFRS\�ZDV�LQYHVWLJDWHG��)LJ�����

)LJXUH�� – IR spectrum of bis-2-hydroxyethyl terephthalate.

Thus, by the glycolyzed PET waste, bis-2-
hydroxyethyl terephthalate was obtained for 
the synthesis of various types of biodegradable 
SRO\PHU� ¿OPV�� )LJXUH� �� VKRZV� WKH� ,5� VSHFWUXP�
of the BHET of the pure product obtained. If we 
compare the spectra of the obtained copolymer and 
BHET, it turns out that the monomers are obtained 
in pure form and do not have chemical bonds. 
Benzene rings are located in the spectrum of the 
BHET, demonstrating the absorption of 1716-
1677cm-1 and 726-875cm-1, and 1133cm-1 C-O-C 
bonds were also observed. Two vertices connected 
in the spectrum at 3447cm-1 and 2931cm-1 showed 
us the existence of hydroxyl groups, i.e., they 
manifested themselves acutely, which tells us 
about the elongation of the O-H groups in the 
composition of the CH2-CH2-OH bonds and can 
serve as a basis for the fact that we have obtained 
a pure monomer.

7R� FRQ¿UP� WKH� LQWHUDFWLRQ� UHDFWLRQ� EHWZHHQ�
PVA and BHET, IR spectra analysis was studied. 
$V� VKRZQ� LQ�)LJXUH���� WKH�REWDLQHG�¿OPV�EDVHG�RQ�
PVA and BHET showed an absorption band at about 

3265.13 cm-1, attributed to OH groups. The band at 
1712 cm-1� FKDUDFWHULVWLF� RI� WKH� FDUERQ\O� JURXS� �&�
 � 2�� LV� UHODWHG� WR� WKH� SUHVHQFH� RI� UHVLGXDO� DFHWDWH�
groups in the copolymer, which remained after 
the preparation of PVA by hydrolysis of polyvinyl 
acetate. The absorption bands at 1126 and 1066 cm-1 
are due to stretching vibrations of the C – O, C – O 
– C groups, and the band at 724 cm – 1 refers to the C 
– H2 groups. In addition, at 1712 cm-1, an absorption 
peak characteristic of the carbonyl group of acetic 
acid is observed, and at 568 and 670 cm-1, a band of 
vibrations of C-H groups characteristic of aliphatic 
compounds appears.

3RO\PHU�¿OPV�RI� WKH�REWDLQHG�FRSRO\PHUV�ZHUH�
prepared by pouring a 4% aqueous solution of 
copolymers into polyethylene Petri dishes, followed 
by evaporation of the solvent at room temperature 
DQG�NHHSLQJ�LQ�D�YDFXXP�GU\LQJ�RYHQ�DW����&�XQWLO�
FRQVWDQW�ZHLJKW�� 3KRWRJUDSKV� RI� WKH� REWDLQHG� ¿OPV�
based on PVA and BHET copolymers are shown in 
)LJXUH����,W�FDQ�EH�VHHQ�WKDW�¿OPV�EDVHG�RQ�39$�DQG�
BHET interpolymers are equally homogeneous and 
elastic.
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)LJXUH���±�,5�VSHFWUD�RI�3�39$�FR�%+(7�

)LJXUH���±�3KRWRJUDSKV�RI�¿OPV�EDVHG�RQ�3�39$�FR�%+(7�

Development of a technological scheme for the 
SURFHVVLQJ�RI�ZDVWH�SODVWLF�ERWWOHV�DQG�EDJV

Completed work:
- A technological scheme for the processing of 

waste plastic bottles and bags has been developed.
These studies, showed the fundamental 

possi bility of obtaining secondary BHET by 
glycolysispolyethylene terephthalate from waste, 
and indicate the advantage of the ethylene glycol 
solventless over water.

The optimal conditions for the PET destruction 
process are:

��WHPSHUDWXUH�±�����ɋ�
- the mass ratio of ethylene glycol and PET, equal 

to 1: 1;
�� FDWDO\VW�±� ]LQF�DFHWDWH� ������ WR� WKH�ZHLJKW�RI�

PET).
Based the laboratory results, a technology for 

producing BHET from secondary PET was proposed. 
7KLV�WHFKQRORJ\�LQFOXGHV�VHYHUDO�VWDJHV��)LJXUH����

�� LQ� WKH� UHDFWRU� DW� D� WHPSHUDWXUH� RI� ��������&�
and a pressure of 1 MPa for 1 h, PET is mixed with 
ethylene glycol in the presence of zinc acetate as a 
catalyst;

- separation of unreacted PET from the solution;
- separation of BHET from ethylene glycol and 

ZDWHU�LV�FDUULHG�RXW�E\�¿OWUDWLRQ�LQ�D�GUXP�YDFXXP�¿OWHU�
- separation of a mixture of ethylene glycol 

with water is carried out in a column separation at 
D� WHPSHUDWXUH�RI�����&��ZKHUH�SDUW�RI� WKH�HWK\OHQH�
JO\FRO� LV� UHWXUQHG� WR� WKH�¿UVW�VWDJH�RI�SURFHVVLQJ� WR�
soften PET.

Shredded polyethylene terephthalate is fed into 
WKH�UHDFWRU��5����IURP�WKH�YHVVHO��%�����]LQF�DFHWDWH�LV�
SXPSHG�IURP�WKH�WDQN��(����E\�WKH�SXPS��1�����DQG�
UHF\FOHG�HWK\OHQH�JO\FRO�DW�WKH�WHPSHUDWXUH�RI�����&�
LV�DOVR�SXPSHG�LQWR�WKH�UHDFWRU��,Q�WKH�UHDFWRU��5�����
the process of glycolysis polyethylene terephthalate 
RFFXUV�DW�D�WHPSHUDWXUH�RI�����&�

To maintain the temperature of the process, due 
to the exothermicity of the target reaction, the reactor 
�5���� LV� HTXLSSHG� ZLWK� D� MDFNHW�� LQWR� ZKLFK� ZDWHU�
vapor is supplied with a pressure of 2.4 MPa.
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)LJXUH�� – Flow diagram of the process of obtaining BHET from glycolysis polyethylene terephthalate.  
1RWH��%���±�VWRUDJH�KRSSHU��%)���±�GUXP�¿OWHU��9.���±�HYDSRUDWRU�FU\VWDOOL]HU��(���������������±�FRQWDLQHUV�� 
Ʉ���±�UHFWL¿FDWLRQ�FROXPQ��.3������±�FRPSUHVVRUV��1������������������������±�SXPSV��5���������±�UHDFWRUV�� 

66K���±�GU\LQJ�DSSDUDWXV��Ɍ���±�KHDW�H[FKDQJHU��;���������±�FRQGHQVHU�UHIULJHUDWRU��)�±�¿OWHU

)URP�WKH�UHDFWRU��5�����WKH�PL[WXUH�LV�IHG�WR�WKH�
¿OWHU� �)����� ZKHUH� WKH� XQUHDFWHG� 3(7� LV� VHSDUDWHG�
from the solution. The solution after F-1 is cooled 
LQ�D� UHIULJHUDWRU�;��� WR�D� WHPSHUDWXUH�RI�����&�DQG�
WUDQVIHUUHG� WR� UHFHLYH� %+(7� LQ� WKH� UHDFWRU� �5�����
in which BHET is released at a temperature not 
H[FHHGLQJ����&�DQG�SUHVVXUH�DW�������N3D�

The mixture of reaction products from the reactor 
�5���� LV� SXPSHG�RXW� E\�XVLQJ� WKH�SXPS� �1���� LQWR�
WKH� YDFXXP� GUXP� ¿OWHU� �%)����� ZKHUH� WKH� %+(7�
is separated from the liquid part of the mixture. A 
mixture of water and ethylene glycol is fed to the 
R-3 reactor. Then BHET goes for drying to the dryer 
�66K�����ZKHUH�WKH�DLU�LV�VXSSOLHG�E\�WKH�FRPSUHVVRU�
�.3�����7KH�GULHG�%+(7�LV�UHPRYHG�IURP�WKH�SODQW�
DV�D�¿QLVKHG�SURGXFW�

From the R-3 reactor, the resulting mixture 
of water and ethylene glycol is fed to the VK-1 
crystallizer through the H-5 pump and cooled in the 
x-3 refrigerator, and the mixture is fed to the K-1 
Steam column through the H-6 pump. Water vapor is 
removed from the top of the column, which condenses 
LQ�WKH��;����UHIULJHUDWRU��:DWHU�FRQGHQVDWH�HQWHUV�WKH�
�(����WDQN��IURP�ZKLFK�WKH���+����SXPS�LV�SXPSHG�
WR�WKH�VHZDJH�V\VWHP��)URP�WKH�ERWWRP�RI�WKH��.����
FROXPQ��WKH��1����SXPS�SXPSV�RXW�HWK\OHQH�JO\FRO��
SDUW�RI�ZKLFK� LV�KHDWHG� LQ� WKH��7����KHDW�H[FKDQJHU�
with water vapor, returns to the K-1 column cube as 
LUULJDWLRQ��DQG�WKH�RWKHU�SDUW�HQWHUV�WKH��5����UHDFWRU��
The balance amount of EG is removed from the 
installation.

3URFHVV�ÀRZ�GLDJUDP�RI�WKH�SURGXFWLRQ�SURFHVV�
RI� ELRGHJUDGDEOH� SRO\PHU� ¿OPV� EDVHG� RQ�39$�DQG�
BHET

7R� REWDLQ� SRO\PHU� ¿OPV� EDVHG� RQ� &3/� 39$�
%+(7��WKH�PHWKRG�RI�FDVWLQJ�¿OPV�IURP�VROXWLRQV�RQ�
D�VXEVWUDWH��³GU\´�PHWKRG��ZDV�XVHG��7KLV�PHWKRG�LV�
HFRQRPLF� DQG� WHFKQRORJLFDO� DGYDQWDJHV�� ¿UVWO\�� WKH�
³GU\´�PHWKRG�LV�PRUH�LQGXVWULDOO\�DSSOLFDEOH�GXH�WR�
the prostate equipment and low cost, and secondly, 
LW�DOORZV�\RX�WR�REWDLQ�¿OPV�ZLWK�KLJK�SHUIRUPDQFH�
characteristics.

The basic and principle of this method is to form a 
viscous polymer solution. The mixture is thoroughly 
mixed, the excess air is removed under a vacuum. A 
¿OP�LV�IRUPHG�IURP�WKH�UHVXOWLQJ�VROXWLRQ��GULHG�DQG�
then cut to the required size.

7KH� SURGXFWLRQ� RI� ¿OP� PDWHULDOV� FRQVLVWV� RI�
two technological lines for the production of water-
VROXEOH� DQG� JUDIWHG� ¿OPV�� 7KH� PDLQ� VWDJHV� RI� WKH�
WHFKQRORJLFDO�SURFHVV�RI�IRUPLQJ�ZDWHU�VROXEOH�¿OPV�

–  Dissolution of copolymers;
– �3UHSDUDWLRQ�RI�FRSRO\PHU�VROXWLRQV��VROXWLRQ�

¿OWUDWLRQ��
–  Deaeration of the molding solution;
– �)RUPLQJ�D�¿OP�RQ�WKH�VXUIDFH�RI�WKH�GU\HU�EHOW�
–  Film stretching and drying;
– � 5HFHSWLRQ�� ZLQGLQJ� DQG� FXWWLQJ� RI� ¿QLVKHG�

¿OP�
– �6WDPSLQJ��SDFNDJLQJ��DQG�PDUNLQJ�RI�¿QLVKHG�

products.
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,Q� WKH�SURGXFWLRQ�RI�JUDIWHG�¿OPV�� WKH�VWDJHV�RI�
WKHUPDO� JUDIWLQJ� DQG� VDWXUDWLRQ� RI� ¿OPV�ZLWK� GUXJV�
are additionally included.

For the pilot production of new water-soluble 
¿OPV�EDVHG�RQ�&3/�RI�SRO\YLQ\O�DOFRKRO�DQG�%+(7��
a technological scheme has been developed, shown 
in Figures 6 and 7.

)URP� WKH� PHDVXULQJ� WDQN� ±� GLVSHQVHU� �0'�����
the pure polyvinyl alcohol dissolves in distilled water 
LQ� WKH�PL[HU� �&���� ZLWK� D� FRUURVLRQ�UHVLVWDQW� LQQHU�
coating, equipped with a frame mixer. As a solvent, 
CPL PVA and BHET uses water, which is obtained 
IURP�D�PHWHULQJ�PHWHU� �0'�����7KH� ORDGLQJ�RI� WKH�
CPL PVA and BHET into the mixing apparatus is 
carried out with the mixer operating. First, using a 
pump N-1, water is supplied in an amount of 10-
20% of the total volume of the solvent and CPL 
PVA-BHET is loaded in small portions through the 
hopper, then after a short stirring, half of the water is 
introduced through the dispenser. After swelling of 
the CPL PVA and BHET, the remaining amount of 
solvent water is fed into the mixer. The dissolution 
process lasts 12 – 24 hours with constant stirring at 
D�WHPSHUDWXUH�RI�������&��7KH�SUHSDUHG�VROXWLRQ�RI�
&3/�39$�DQG�%+(7� LV� IHG�E\�D�JHDU�SXPS� �1����
under a pressure of several atmospheres to multistage 
¿OWHU�SUHVVHV��3)����WR�UHPRYH�XQGLVVROYHG�SDUWLFOHV�
of CPL PVA and BHET.

,Q� WKH� ¿OWUDWLRQ� SURFHVV� RI� WKH� VROXWLRQ�� DQ�
increase in pressure is observed due to the clogging 
RI� ¿OWHUV�� :KHQ� WKH� FULWLFDO� SUHVVXUHV� DUH� UHDFKHG��
WKH�ÀRZ�LV�VZLWFKHG�WR�D�EDFNXS�¿OWHU�SUHVV��DQG�WKH�
clogged one is washed with water and then blown 
with compressed air.

7R�SURGXFH�D�ZDWHU�VROXEOH�¿OP��WKH�¿OWHUHG�39$�
and BHET solution was transferred to the mixer 
�&���� DQG� �&���� WR� REWDLQ� D� KRPRJHQHRXV�PROGLQJ�
solution. After prolonged mixing, a plasticizer is 
added to obtain homogeneous solution. The duration 
RI� WKH�SUHSDUDWLRQ�RI� WKH�¿OP�IRUPLQJ� VROXWLRQ�DW� D�
stirrer speed of 40 – 60 rpm is 2 hours.

The mixing process of solutions can 
inadvertently introduce air bubbles into the liquid, 
therefore deaeration is a prerequisite for obtaining 
D�KRPRJHQHRXV�SRO\PHU�VROXWLRQ��7KH�¿OP�IRUPLQJ�
VROXWLRQ�LV�HYDFXDWHG�LQ�D�GHDHUDWRU��'����DQG��'����
IRU�����KRXUV�DQG�IHG�LQWR�WKH�VWRUDJH�WDQN��(����DQG�
�(����

)URP�WKH�FRQWDLQHU��(�����WKH�FRSRO\PHU�VROXWLRQ�
LV�IHG�LQWR�WKH�FRQWDLQHU�RI�WKH�VPHDULQJ�GLH��0)�����
from which it is applied to the surface of the moving 
FRQWLQXRXV�EHOW�RI�WKH�FDVWLQJ�PDFKLQH��)0�����7KH�
forming speed is 1-5 m/min. The optimal drying 

PRGH� ZDV� H[SHULPHQWDOO\� HVWDEOLVKHG� DW� ������&��
The drying process takes 24 hours.

,Q� WKH� FDVWLQJ� PDFKLQH�� WKH� ¿OP� LV� GULHG� WR� D�
residual solvent content of 15 – 20%, after which the 
¿OP�LV�UHPRYHG�IURP�WKH�VXEVWUDWH�ZLWK�D�NQLIH�DQG�
HQWHUV� WKH� GU\LQJ� FKDPEHU� �.'����� ZKHUH�� SDVVLQJ�
through a system of rollers, it is pulled out for 
KDUGHQLQJ�DQG�¿QDOO\�GULHG�ZLWK�KHDWHG�DLU�

$IWHU� WKDW�� WKH� ¿OP� WUDQVIHUV� WR� WKH� FXWWLQJ� XQLW�
�30����� ,W� SDVVHV� WKURXJK� D� VKDIW� HTXLSSHG� ZLWK� D�
trimming device, after which it enters the winding 
machine, where it is cut along the web into 6 × 3 
SODWHV�� ¿UVW� SDFNHG� LQ� SODVWLF� EDJV� WKHQ� LQWR� SDSHU�
ER[HV�� PDUNHG� DQG� VHQW� WR� WKH� ¿QLVKHG� SURGXFW�
warehouse. Waste is recycled.

The formation of a polymer solution to obtain 
JUDIWHG�¿OPV�LV�FDUULHG�RXW� LQ�D�PL[HU��&�����$W�WKH�
EHJLQQLQJ�� WKH� ¿OWHUHG� FRSRO\PHU� VROXWLRQ� HQWHUV�
the mixer, and then the dissolved grafting agent 
and plasticizer are introduced. The duration of the 
solution formation at a stirrer speed of 40-60 rpm is 
2 hours.

The molding solution is transferred to the 
GHDHUDWRU� �'����� ZKHUH� LW� LV� SURFHVVHG� IRU� VHYHUDO�
hours, and then under pressure is fed into the container 
of the smearing die. The die ensures the formation 
of a layer of polymer solution of a given thickness 
and distributes it evenly over the entire width of the 
ground surface of the metal substrate strip stretched 
over the surface of the casting machine.

The solution layer is dried to a residual solvent 
FRQWHQW�RI�XS�WR���������WKH�¿OP�LV�VHSDUDWHG�IURP�
WKH� VXEVWUDWH� VXUIDFH� DQG� WKURXJK� D� WHDU�R൵� UROOHU�
and a compensator is directed into a heat chamber 
�7���� IRUPHG� E\� VHYHUDO� HOHFWULF� KHDWLQJ� SODWHV�
ORFDWHG� LQ� D� KRUL]RQWDO� SODQH�� 7KH� ¿OP�� SDVVLQJ�
through the rollers of the speed control system, is 
captured at the edges by using clamping clips and 
transported through the chamber using Gall roller 
chains. The speed of the chains is synchronized with 
the speed of the belt of the forming apparatus. The 
WHPSHUDWXUH� LQ� WKH�FKDPEHU� LV�����&�� WKH�GXUDWLRQ�
RI� WKH� VWD\� RI� WKH� ¿OP� LQ� WKH� FKDPEHU� LV� �� KRXUV��
$IWHU�WKH�KHDWLQJ�FKDPEHU��WKH�¿OP�LV�GLUHFWHG�LQWR�
WKH�EDWK��92����WR�ZDVK�R൵�WKH�XQJUDIWHG�SDUW�RI�WKH�
SRO\PHU��7KHQ� WKH�¿OP�HQWHUV� WKH�GU\LQJ� FKDPEHU�
�91����

7KH�GULHG�¿OP�LV�FXW� LQWR�RYDO�VKDSHG�SODWHV����
× 20 mm in size, 10 plates are packed in contour-
FHOOXODU�SDFNDJLQJ�PDGH�RI�39$�¿OP�DQG�DOXPLQXP�
foil and marked.

All packed boxes are gas sterilized with ethylene 
oxide and then sent to the warehouse.
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)LJXUH���±�7HFKQRORJLFDO�VFKHPH�RI�SLORW�SURGXFWLRQ�RI�OLQHDU�DQG�JUDIWHG�¿OPV�EDVHG�RQ�&3/�39$�DQG�%+(7�� 
1RWH��0'������±�PHDVXULQJ�WDQN�GLVSHQVHU��&������������±�PL[HU��+������±�FHQWULIXJDO�SXPS��)���±�¿OWHU�SUHVV��'������±�GHDHUDWRU

)LJXUH���– 7HFKQRORJLFDO�VFKHPH�RI�SLORW�SURGXFWLRQ�RI�OLQHDU�DQG�JUDIWHG�¿OPV�EDVHG�RQ�&3/�39$�DQG�%+(7�� 
Note: E-1, 2-storage capacity; MF-1, 2-smearing die; FM-1,2-forming machine;  
CD-1, 2-drying chamber;RM-1, 2-stretching machine; RS-1, 2-cutting machine;  

T-1-heat capacity; VO-1 – bath for washing; VN-1-bath for saturation
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Development of a technology for processing waste plastic bottles ...

&RQFOXVLRQ

In this article, the method of secondary chemical 
treatment of polyethylene terephthalate waste is 
VWXGLHG�� 7KH� UHPDLQV� RI� 3(7� ERWWOHV� ZHUH� ¿UVW�
sorted by color and cleaned, disassembled into 
ÀH[L�� 2SWLPDO� FRQGLWLRQV� IRU� WKH� FKHPLFDO� PHWKRG�
of processing polyethylene terephthalate waste have 
been determined, i.e. it has been established that 
PET waste is destroyed in the presence of ethylene 
JO\FRO�VROYHQW�DQG�]LQF�DFHWDWH�������WR�WKH�ZHLJKW�
RI� 3(7�� DV� D� FDWDO\VW�� ,Q� DGGLWLRQ�� ����&� ZDV�
designated as the optimal destruction temperature. 
%LRGHJUDGDEOH�¿OPV�EDVHG�RQ�SRO\YLQ\O�DOFRKRO�DQG�
bis-hydroxy ethylene terephthalate were obtained by 
graft copolymerization, during which ammonium 
persulfate was used as an initiator. This method of 
REWDLQLQJ� ELRGHJUDGDEOH� ¿OPV� EDVHG� RQ� 39$� DQG�
%+(7� KDV� QRW� \HW� EHHQ� FRQVLGHUHG� LQ� VFLHQWL¿F�
research at all. Optimal conditions for the production 
RI�¿OPV�EDVHG�RQ�SRO\YLQ\O�DOFRKRO�DQG�ELV�K\GUR[\�
ethylene terephthalate have been established, i.e. the 
RSWLPDO� WHPSHUDWXUH� LV�������&�DQG�ZLWK�D� UDWLR�RI�
39$�DQG�%+(7����� DQG�S+� ���������� LW� KDV�EHHQ�
established that in the presence of glacial acetic acid, 
YHU\� VWURQJ� DQG� ÀH[LEOH�� ZDWHU�VROXEOH� ¿OPV� DUH�
obtained. It has been established that biodegradable 
¿OPV� EDVHG� RQ�39$� DQG�%+(7� DUH� LQWHUFRQQHFWHG�
by hydrogen bonds along the IR spectrum and can 
attract water to it as a result of the presence of C-O-C 
bonds in the composition, and a technological scheme 
RI� D� ELRGHJUDGDEOH�¿OP�EDVHG�RQ�39$�DQG�%+(7��
,Q�DGGLWLRQ��ELRGHJUDGDEOH�¿OPV�EDVHG�RQ�39$�DQG�
%+(7�ZHUH�REWDLQHG�IRU�WKH�¿UVW�WLPH�
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