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ABSTRACT

Nowadays, the pollution of the environment, including packaging waste, remains an acute problem. The Effective
way of solving this problem is to create biodegradable polymer materials. This paper presents the results of studies
of polymeric materials based on polyethylene, waste from the agro-industrial complex and modifying additives as
complex compounds based on iron and manganese, as well as issues related to the creation of biodegradable
materials; production based on the waste of polymeric materials of agro-industrial complex; production of
polymeric materials on starch base; modifiers for biodegradable polymers are described as well as compounds,
oxydegradable polymer compositions, and film production from biodegradable polymeric materials. In the
methodological part, ways and methods of research of the selected objects of study are indicated. In the
experimental part studies of deformation and strength characteristics of materials in the process of artificial aging of
polymeric materials and the introduction of the additives that accelerate the process of biodegradation are held;
weight change of the compositions upon the contact with water and in the process of composting, to identify
biodegradability of the studied materials are shown.

The research was supported by the Ministry of Education and Science of the Russian Federation, the unique
identifier of the project is RFMEFI57418X0191.
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INTRODUCTION
Most synthetic polymers are not biodegradable. are produced in the world, and annual growth is
At the moment, millions of tons of such polymers 8-10%. At the same time, their burial has
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negative impact on the environment. That is why,
lately more attention has been paid to polymer
recycling and creation of biodegradable
polymeric materials. [1] The creation of
biodegradable polymeric materials involves
adding to them special additives that accelerate
the destruction of polymer macromolecules.
Polysaccharides are used for this, and the
contents in the finished polymer can reach 60%.
Biodegradable polymeric materials have many
obvious benefits. They are made from renewable
plant materials, which in turn, allow you to save
non-reproducible resources. Active use of plant
materials is opening up more and more growth
opportunities in the agricultural industry. Also
such materials have low barrier properties for
oxygen and water vapor; they are fully
destructible in natural conditions and have high
resistance to decomposition under normal
conditions. Adding of the original synthetic
polymer substances of plant origin the following
source of raw materials is used: potatoes, beet,
corn, tapioca, cereals and legumes, cellulose.
Often starch is used as an additive. As the
polymer matrix the composition of ethylene
copolymer with vinyl acetate and polyethylene is
often used. Therefore, the purpose of this work is
to develop biodegradable polymer materials
based on polyolefins and the study of properties
of specific compositions.

The choice of objects of study

Today, the creation of biodegradable polymeric
materials is one of the most promising areas in
the field of the recycling of polymer waste. This
is due to their ability to complete decomposition
in environmental conditions, which significantly
facilitates its recycling. Creating of a
biodegradable polymer based on synthetic
polymers is possible using the following
additives:

- accelerating photo-oxidative
processes;

- accelerating processes of oxidative destruction;

degradation
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- accelerating decomposition under the action of
microorganisms.

Based on the analysis of the literature data in the
work additives based on iron complex and
manganese, polycaprolactone, additive in the
form of starch, materials containing AIC waste
have been selected as the objects of the research.
In this experiment, the objects granule HDPE
brand 273-83 GOST 16338-85, modifying in the
form of metals (1%) are used.

Table 1 - Presents the characteristics of PE.

Ne| HammeHoBaHuMenmokazaTes 3HavyeHUC
1 | density, g/sm3 0.950-
0.955

2 | meltindex, g/10 min 0.40-0.65

3 | interval of melt index, % 10

8 | Tensile strength at break, MPa | 29-30
(krc/em?®)

9 | Elongationatbreak, % 700-800

Starch and waste of the sugar production — beet
pulp have been used as a natural filler. HDPE
mark 273-83 GOST 16338-85 have been used as
the polymer matrix. PE without additives and
polycaprolactone, such as biodegradable material
has been used as control samples.

Obtaining experimental samples

Polymer compositions used in the work were
obtained on laboratory twin screw extruder
(figure 1).

Y.

Figure 1 - laboratory twin screw extruder

The extruder on which the compositions were
prepared is twin-screw with the barrier screw. It
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provides complete melt homogenization. A
strand type extrusion head was used.

Temperature treatment modes are divided by
zones: T, =115°C;T,=120°C; T3 =135 ° C;
T,=140°C.

RESEARCH METHODS

The method of studying of the mass of the
samples in the contact with water was carried out
in accordance with GOST 4650-2014 "Plastics.
Methods of determination of water absorption”.
The method consists in determining the change of
the mass of samples placed in water for a
specified period of time with maintaining a
certain temperature (23 £ 2 ° C; C). Sample
changes occur due to the absorption of water by
the sample. The mass of the absorbed water is
determined by the difference of the mass of the
sample before and after placement in water. The
mass change of the sample is calculated by the
following formula:Q = W(%)

where m; is the mass of the sample in the
research process, g

mg is the initial mass of a sample of a polymeric
material,

Q - weight change upon the contact with water.
Then dependencies are built a = f (t),where t is
time.

When conducting a study using the method of
composting of the obtainedpolymer compositions
the land with biohumus TU 0391-11158096-2002
with a humidity of 60% of the maximum possible
was used. In the process of the research the
samples were placed in petri dishes at the bottom
of which there was alreadythe ground and they
were completely covered with soil. This
providedconstant soil access to the air.In the
study of the rheological properties of polymer
compositionsthe method of capillary viscometry
was used to determinemelt flow rate (MFI). The
device IIRT was used during the work.In the
course of the work, the IIRT camera was heated
to 190 ° C, thena sample of the material was
loaded into the chamber.The calculation of the
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melt flow index (Im) was carried out according to

602*"1 [g/10min],

where m is the mass of the sample, g;
t is the time interval between successive cuts of
samples.
In the work the determination of physico-
mechanical properties of GOST14236 was
carried out. This method is based on the uniaxial
tension of the subjectsample with the established
size with the certain speed of deformation.
During testing samples in the form of strands
with a diameter of 10 mm and a length of 100
mm were used. Tests were conducted onthe
machine RM-50, at the temperature of 20 ° C and
the relative humidity of 50%, with thespeed of
50 mm / min to the complete destruction.
The method of the artificial aging byirradiation of
polymer compositions with ultraviolet light was
also used in the work. Samples were exposedby
ultraviolet irradiation for 55 hours.
Results and its discussion
To create biodegradable polymeric materials, it is
advisable to use the waste of the agro-industrial
complex(APC) as a filler, because it contains
substances that contribute todecomposition of the
resulting compositions.The following wastes
were used in the work:

e Buckwheat husk;

e Sunflower husk;

the followingformula:im =

e Millet husk;
e Rice husk;
e Cacaovella;
e Beet pulp.

Most methods for assessing the biodegradability
of polymericmaterials have a long test period. In
this regard, we developedan express method for
assessing the ability of a polymer composition
tobiodegradation.  Accelerated method  of
biodegradation of polymeric materialsconsists of
assessing the biodegradability of
polymericcompositions with simultaneous action
of microflora and mechanicalload. The
evaluation criterion for this method is to
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determinedeformation of the polymer sample in
the bioreactor under the action of a constant
mechanical load and under continuous renewable
conditionsof contact of the surface with
aggressive  environment. Express methodis
unique as it provides a simultaneous exposure to
the subjectsample placed in a bioreactor,
corrosive environment and mechanicalload. The
beginning of biodegradation is taken as the point
at which a change in the linear dimensions of the

samples, different fromcontrol value by more
than 10% is observed.

As a result of using this method, it was revealed
that forcreating biodegradable compositions
based on polyethylene and waste from the agro-
industrial complexthe minimum amount of filler
should be at least 20%.After analyzing a group of
fillers, to create  biodegradablepolymeric
materials optimal waste with lowparticle size -
beet pulp, cocoa-rice, rice husk (table 2) were

chosen.
Table 2 - Selection of optimal fillers.

The maximum concentration of filler

Ne o/ Name of filler
(op<4MIla)
1 Rice husk 23-25
2 Beet pulp 20-23
3 Cacaovella 20-23
4 Buckwheat husk 12-16
5 Sunflower husk 7-9
6 Millet husk 7-9

Based on the presented results, 3 types offiller: beet pulp, rice husk and cocoa-nut were selected.Carried
out research, at creating polyethylene compositions containing, as a filler, allthe listed wastes showed that
the filler in the form of wastes of the agro-industrial complexpoorly distributed in the polymer matrix,
namely,filler agglomeration occurs, which reduces productivity of theextruder and leads to a sharp
decrease in the deformation-strengthproperties of the materials. In this regard, bentonite was used in the
work, asthe modifier for dispersing the filler in the polymer matrix, inthe amount of 2%.
As a result, the following ratio of components of the mixtures was determinedPolyethylene - 68%, Filler
(agro-industrial complex waste) - 30%, Bentonite - 2%/
The introduction of bentonite in the polymer compositions allowed to increase the deformation and
strength characteristics of polymer compositions twice compared to compositions without bentonite.
Recently, interest in various methods of modification of polymers has increased including additives that
accelerate the processes ofoxidation of the polymer matrix. Therefore, in the work polyethylene
compositions based on additives (manganese complexes oriron): Mn 100, Mn 107, Mn 108, Mn 109, Mn
110, Mn 111, Fe 100, Fe 107, Fe108, Fe 109, Fe 110, Fe 111 were investigated.
The first stage of the study was the study of physical and mechanicalproperties of polymer compositions,
in accordance with GOST 14236.
It implies uniaxial tension of the test specimen setsize with a certain rate of deformation, up to
itsdestruction.Tables 3-4 show the results of the physic-mechanicalstudies of the properties of samples in
the uniaxial tension mode.Characteristics in this study are the value of the breaking voltage and the
elongation at the breakformula:
B, _ f2—h
2
where E,, - relative elongation at the break; I, - sample length before the
rupture; I, - sample length after the rupture.

*100%4%
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Table 3 - Determination of physic-mechanical properties of samples before the ultraviolet radiation

Name of additive op, MPa | E,, %
PE 17+1 920+90
PE +Mn100 16+1 775770
PE +Mn107 1141 494+49
PE +Mn108 6+1 945+90
PE +Mn109 7+1 31530
PE +Mn110 14+1 465+46
PE +Mn111 1141 220x22
PE +Fel100 17+1 980+98
PE +Fel07 151 460+46
PE +Fe108 17+1 850+85
PE +Fel109 22+1 590£59
PE +Fel10 13+1 500+50
PE +Felll 12+1 92092

From the results of the study of PE after the introduction of additives there can be seen thatthey changed
physic-mechanical properties in different ways compared to thecontrol sample.Further, the samples were
exposed to UV exposure.Changes in their physic-mechanical properties can be observed inthe following
table 4.

Table 4 - Determination of physic-mechanical properties of samples afterultraviolet irradiation

Name of additive oy, MPa Ep %
PE 1241 128+12
PE +Mn100 1241 106+10
PE +Mn107 6+1 87+10
PE +Mn108 26+1 3843
PE +Mn109 18+1 175£17
PE +Mn110 23x1 24+2
PE +Mnl11 27+1 414
PE +Fe100 23x1 15+1
PE +Fel07 13+1 26+10
PE +Fel08 16£1 80+8
PE +Fel09 27+1 25+2
PE +Fell0 12+1 19+2
PE +Felll 10£1 134+13

After analyzing the data obtained after the ultraviolet irradiation of thesamples, the difference in voltage
ofthe elongation at break shown in table 5 can be determined andcalculated by the formula:

Ay - En—Bn *1 01019
En
where AEis the change in relative elongation atbreak; E,,; - an indicator of relative elongation at break

before the UV-exposure; E .- the indicator of relative elongation at break after theUV irradiation.

Irina A. Kirsh, et al. 19
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Table 5 - Comparative characteristics of physic-mechanicalproperties of the samples

E,, %, before | E,, %, after
Name of additive the UV- the UV AE,, %
exposure irradiation
PE 920 560 39
PE +Mn100 775 106 86
PE +Mn107 494 87 82
PE +Mn108 945 26 97
PE +Mn109 315 175 50
PE +Mn110 465 24.47 94
PE +Mn111 220 41 81
PE +Fel00 980 15 98
PE +Fel07 460 24 94
PE +Fel08 860 80 90
PE +Fel09 590 26 95
PE +Fel10 500 20 96
PE +Felll 920 134 85

Based on the results, it can be judged that all samples after the UV irradiationlost previous physic-
mechanical characteristics. Based onthis, a change in the specimens for breaking voltage andelongation at
break can be noted. The most dramatic changes can be notedin the compositions based on additives
Mn108, Mn100 and Fe100, Fel07.

Further selected additives were used in the manufacture ofpolyethylene compositions containing waste
AIC. Content of theAIC waste in the compositions was 30%, oxide supplement - 1%.Further studies were
conducted to determine the change in the mass ofpolymer compositions during the contact with water

(table 6).
Table 6 - Determination of the change in the mass of samples with AIC at the contact with water

Name of filler | Name of additive | Q, % After 21 weeks Q, % After 42weeks
Rice husk - 40 54
Rice husk Mn100 34 98
Rice husk Fel07 48 75
Beet pulp - 47 58
Beet pulp Mn100 54 92
Beet pulp Fel07 57 70

For comparison, samples of polycaprolactone andpolyethylene containing starch in the amount of 25%
were studied. The results arepresented in table 7.
Table 7- The change in the mass of samples of PCL and PE with starch at thecontact with water

. Q, % Q, %
Name of compositions After 4 weeks After 21 weeks
polycaprolactone 13 9
polyethylene containing starch in the amount of 25% 15 18

During the first week, samples had highwater absorption indicators, but later they began to fall.Based on
the results, it can be judged that in 6500 hours the greatest increase in the mass of prototypes can be
traced in beetpulp # 1 with the addition of Mn 100 and cocoavella.

In the course of the work, the measure of the flowability melt index of the obtained samples was
conducted (Tables 8.9).

Irina A. Kirsh, et al. 20
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Table 8 — Results of the rheological experimental samples study based on PE with addictives

Name of additive Im, g/10min

PE 0.55

PE +Mn100 0.61

PE +Mn107 0.60

PE +Mn108 0.60

PE +Mn109 0.60

PE +Mn110 0.62

PE +Mn111 0.61

PE +Fel00 0.70

PE +Fel07 0.72

PE +Fel08 0.73

PE +Fel09 0.70

PE +Fell0 0.78

PE +Felll 0.71

Table 9 - Determination of the rheological properties of polymericcompositions

Name of filler Name of additive | Im, g/10min
Rice husk - 0.11
Rice husk Mn100 0.22
Rice husk Fel07 0.20
Beet pulp - 0.18
Beet pulp Mn100 0.25
Beet pulp Fel07 0.34

The data obtained indicate that the additives usedin respect of HDPE change in PTR compared to the
control sampleswithin the confidence interval. The next stage of the work was the study of thematerials
using the method of composting. During the studythe following samples were used: polycaprolactone

(PCL), PE withstarch, PE with AIC waste.

Table 10 - The results of the study by the method of composting of thepolymer compositions

Name of Name of the results of the study by the method of composting of the polymer compositions
filler additive (1 year)

Rice husk - reduction of physical and mechanical properties of the sample by 75%

Rice husk Mn100 sample destructed

Rice husk Fel07 sample destructed

Beet pulp - reduction of physical and mechanical properties of the sample by 82%

Beet pulp Mn100 sample destructed

Beet pulp Fel07 sample destructed

Table 11 - The results of the study of thesamples of PCL and PE containing starch by the method of composting

Name of compositions | of composting of the polymer
compositions (2months)

the results of the study by the method | the results of the study by the method of

composting of the polymer compositions (1

polycaprolactone sample destructed

year)

polyethylene
containing starch in the

amount of 25% properties of the sample by 43%

reduction of physical and mechanical reduction of physical and mechanical

properties of the sample by 67%

Based on the data obtained, it can be noted that
allthe samples under investigation are indeed
subject to a biodegradation process.
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Thus it is proven that to create
biodegradablepolymer  compositions, it s
advisable to apply additives
acceleratingbiodegradation process (Mn108 and
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Fe100) natural fillers (wasteAPC and starch). It is
advisable to use ashiodegradable film PCL.

CONCLUSION

Based on the results of studies of the literary

andthe experimental data the following

conclusions can be made:

1. Today, the production of biodegradable
polymericmaterials is relevant due to the fact
that the volume of polymer production is
constantly growing, as well as the need for
their disposal.

2. The most popular additives in the production
of biodegradablepolymeric materials are
oxibiodegradable additives.

3. In the course of the study, it was determined
that AIC waste is anextremely effective
biodegradable additive. ~ All the samples
exposed to the study method of composting
demonstrated a high degree of destruction.

4. As a result of the study of the mass of samples
of polymeric materialson water absorption, it
was found that polymers usingfillers based on
agricultural waste and additives based on
metalsmanganese and iron show higher rates
of water absorption than samples without
additives. And samples in which only fillers
were used demonstrate more water absorption
than ordinary low pressure polyethylene.
Thus, it was proved that when creating
polymer compositions withadjustable shelf
life it is advisable to add not only a natural
filler to synthetic polymer, but also additives
accelerating destruction process.

5. The most effective fillers are beetpulp N1 and
cocoavella, as the samples with these
fillersdemonstrated the greatest change in
mass upon the contact with water.

6. Based on the results of the study on
polycaprolactone it can bejudged that PCL is
one of the best biodegradable polymers onthe
market. This is due to its high rate of
decomposition in the earth, lowindicator of
water milling, as well as low price.
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7. During the study of additives from starch
composting methodand the method of
changing the mass of the samples upon
contact with water were used. During the
work the additive demonstrated low indicator
of the water absorption and high relative
changeof stretching. Based on this, it can be
judged that this additivereally promotes
biodegradation.

8. To determine the effect of additives on the
properties of the composition physic-
mechanical studies wereconducted. Based on
their results,it can be judged that the use of an
additive worsens the physic-
mechanicalproperties of the original polymer.
Also, the most effective supplementscan be
considered Mn110 and Fel100.

9. A complex of studies allows us to conclude
that all theapplied additives allow us to create
biodegradable material.
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