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Annomayus. B naHHOM cTaThe 00CYKaeTCsI AMHAMUKA OMOPA3IOKEHHs, a TAKKe (PU3UKO-MEXaHH-
YeCKHe CBOWCTBA alleTaToB IIeIJUIION03bI, HATOJTHEHHON APEBECHHON. ALIETaT LEeIJUTION03bI CO CTETIEHBIO
3aMelieHust 2,65 NCTOIb30BaIU B Ka9eCTBE TIOIMMEPHOHN (ha3bl JJIsi IPUTOTOBJICHUS! KOMITO3UIIHOHHBIX
MarepuanoB. B kadecTBe miaacTU(QHUKATOPOB MPUMEHSUIM TpHALETAaT IMHLEpUHA (TPHALETHH) U TPH-
(ennnosslii 3gup hochopHoil kucnotsl (Tpudenmnidocdar); B KaueCTBE HAMOTHUTENS — APEBECHYIO
Myky mapku 180. [Tnactudukanmio arnerara NeJuTioiI03bl U TaIbHEHIIee CMEITUBAHNE C HATOJIHHUTEIIEM
OCYILECTBIISUIN TIPOKaTKOH. OmpeneseHsl clenyonye CBOUCTBA alleTaToB IPEBECHOHATIOIHEHHOM el
JIFOJIO3BI: TIOTHOCTB, POYHOCTH HA U3THO0, TBEPAOCTh Mo bpuHemo, Moayab ckaTus, IIIACTUYHOCTD,
MIPOYHOCTH Ha Pa3pbIB, yAapHas BA3KOCTh, BOIOMOMIONICHHE B TEUSHHE CEMHU CYTOK, IIOTEPSI MacChI 0-
CJie BO3ACHCTBHA aKTHBHOIO I'PyHTa B TeueHHe 75 cyT. Takum o0pa3oM, ¢ yBETUUECHHEM COIACPKAHUS
JPEBECHON MYKH B cocTaBe 0Opas3ia HabIroaaeTcsl yBENUIeHNE TBEPAOCTH, IFIOTHOCTH, MOAYIS YIpY-
TOCTH TIPH CXXATHH M BOJOTOMIONIeHUs. [Ipr 3TOM HaOomaeTcs CHIDKeHNE MoKa3aTessl TIacTUIHO-
cti Matepuaia. Kpome Toro, 3aBUCUMOCTh yIApHOW BA3KOCTH OT COIACPIKAHUS APEBECHOM MYKHU dpe3-
BbIUAifHO BeiMKa. MakcHManbHOE 3HAYeHHE YAapHOW BS3KOCTH MMEET IUIacTH(QULIUPOBAHHBIN aleTar
[eJUTIONO036I, comepxkammii 30 mac. % apeBecHoU Myku. OOpasIsl aleTaToB IEJUTIOJIO3BI C JIPEBEC-
HBIM HAIOJHUTEJIEM TaKKe AEMOHCTPUPYIOT 3HAYUTENIFHO 00JIee BBICOKYIO CKOPOCTH OMOPa3JIoKEHUS
B HE3aIllOJHEHHBIX 00pa3lax akTUBHOHM MOYBHI. 3aBUCHMOCTh HHJEKCA MOTEPHU MAcChl MOCIE BHIACPK-
KU B aKTHUBHOM IIOYBE B T€UEHUE 75 CYT OT COAEpP)KAHUS APEBECHOW MYKHU ONUCHIBAETCS YpPaBHEHUEM
vy = 3,19 (R*> = 0,76).

Knrwouesvie cinosa: KOMIIO3UT, alleTaT LEIIIIONO036], APEBECHAs MyKa, (DU3UKO-MEXaHUUECKUE CBOM-
CTBa, OMoaerpagaus
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Abstract. This paper discusses wood-filled cellulose acetates’ biodegradation dynamics and physical

and mechanical properties. Cellulose acetate with a degree of substitution of 2,65 was used as a polymeric
phase to prepare composite materials. Glycerol triacetate (triacetin) and triphenyl ester of phosphoric
acid (triphenyl phosphate) were used as plasticizers; wood flour grade 180 was used as a filler. Cellulose
acetate plasticization and further mixing with filler were carried out by rolling. Following properties of
wood-filled cellulose acetates were determined: density, flexural strength, Brinell hardness, compressive
modulus, plasticity, tensile strength, impact strength, water absorption for seven days weight loss
after exposure to active soil for 75 days. Thus, with an increase in wood flour content in the sample’s
composition, an increase in hardness, density, modulus of elasticity in compression, and water absorption
is observed. At the same time, a decrease in the plasticity index of the material is observed. Furthermore,
the dependence of the impact strength on the wood flour content is extreme. The maximum impact
strength value has plasticized cellulose acetate containing 30 wt. % wood flour Samples of wood-filled
cellulose acetates also offer a significantly higher rate of biodegradation in active soil unfilled samples.
The dependence of the weight loss index after exposure in the active soil for 75 days on wood flour

content is described by the equation y = 3,19¢%0% (R?
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biodegradation

0,76).
wood flour, physical and mechanical properties,
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Introduction

Currently, biodegradable polymeric and compos-
ite materials are one of the most priority areas of sci-
entific activity. In the future, biodegradable materials
will solve a significant part of the problems associated
with the collection and processing of municipal solid
waste arising from the disposal of plastic containers
and packaging (Glukhikh et al., 2020). Today’s search
for new biodegradable materials mainly focuses on
compounds of polyesters of hydroxy acids and natu-
ral polymers, which have a broad raw material base
(Long, 2013). Much attention is drawn to the search
for ways to make synthetic polymers biodegradable:
polyethylene, polypropylene, polyethylene terephthal-
ate, etc.

One of the main advantages of using natural poly-
mers to create biodegradable materials is the renew-
able nature of their sources (Nawrath, Poirier, 1995).
However, polymers of natural origin do not always
have good physical and mechanical properties, and
their processing into products is often associated with
several difficulties. For example, with numerous ad-
vantages, cellulose cannot pass into a viscous state,
which does not allow obtaining a product from it using
such high-performance polymer processing methods
as injection molding or extrusion. Substances of dif-
ferent nature are added in natural polymers to improve
the technological properties (Rogovin, 1979). Poly-
mers of the same hydroxycarboxylic acids, polyhy-
dric alcohols, polymers containing ester and carboxyl
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functional groups, polyolefins, etc., can serve as such
additives (Cong, 2015). In this case, the main problem
is the selection of compositions that provide composi-
tions based on natural polymers with properties that
bring them closer to synthetic analogs (Long, 2013).

The most common natural polymers used to pro-
duce biodegradable materials are proteins, cellulose,
and its esters, starch, and chitosan. A promising di-
rection is the study of composite materials based on
cellulose acetate since, unlike cellulose, its esters can
pass into a viscous flow state and can be processed us-
ing the most known methods. Cellulose acetates with
a degree of substitution from 2.2 to 2.5 are commonly
used in industry (Roberta et al., 2017). Thermoplas-
tic compositions consisting of cellulose acetate plas-
ticizer, stabilizer, dye, filler, and other additives are
obtained by extrusion and rolling.

As plasticizers for cellulose acetates, aliphatic es-
ters of phthalic, sebacic, orthophosphoric, adipic, cit-
ric, and some other acids, as well as their mixtures,
are used. As a rule, plasticizers give cellulose acetate
products elastic properties but reduce heat resistance,
hardness and strength (Zakharov et al., 2020). The
specific type of plasticizer is selected depending on the
properties required for the product. Some plasticizers
can give the product unique properties: triphenyl phos-
phate — increases water resistance; trichloromethyl
phosphate — reduces flammability; dibutyl sebacate —
improves frost resistance. Today, plasticizers based on
esters of phthalic and phosphoric acids are the most
common (Wypych, 2017; Erceg et al., 2023). To date,
there is a tendency to abandon the use of these plasti-
cizers, associated with their negative impact on the en-
vironment and human health. The possibility of partial
or complete replacement of phthalate-type plasticizers
with citric acid esters — citrates (Schiller et al., 2015)
and esters of glycerol and carboxylic acids (triacetin)
is considered.

Plasticized cellulose acetate seems to be a promis-
ing raw material for producing biodegradable polymer
composite materials (Ach, 1993; Preparation of bio-
composites..., 2023). The most common type of lig-
nocellulosic filler in polymer composite materials is
traditionally wood flour. Its use provides composites
with high mechanical properties (Problems..., et al.,
2014). Furthermore, as fillers for plasticized cellulose
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acetates, various wastes of the timber industry com-
plex can be considered (Levi, Gurkovskaya,1967).
Preliminary studies have shown the ability of un-
filled samples of plasticized cellulose acetate to bio-
degrade in soil (Sam et al., 2014; Tatarinova, 2020).
Therefore, this work aimed to study biodegradation
dynamics in the active soil of samples of wood-filled
cellulose acetates. The study included the assessment
of the composites’ mechanical properties and the es-
tablishment of the influence of the filler content.

Experimental
Cellulose acetate (technical specifications
6-05-943—75) was used as a polymer phase to prepare
composite materials. Glycerol triacetate (triacetin,
technical specifications 2435-070-00203521-2001)
and orthophosphoric acid triphenyl ester (TPF, tech-
nical specifications 6-09-08-1679-84) were used
as plasticizers. Stearic acid of technical grade T-32
(State Standard 6484-96) was used as a lubricant.
Wood flour grade 180 was used as a filler in work.

Plastification of cellulose acetate and further mix-
ing with the filler was carried out on laboratory rollers
of the PD-320-160/160 brand at 160—170 °C. Standard
samples for testing the physical and mechanical prop-
erties of the obtained composites were made by hot
pressing. The formulations of the studied composi-
tions are presented in table 1.

Density, flexural strength, Brinell hardness, com-
pressive modulus, ductility, tensile strength, impact
strength, and water absorption were determined for
the resulting composite samples for seven days.

The value of weight loss assessed the ability of
samples of wood-filled cellulose acetates to biodegrade
after exposure to active soil. An active soil was prepared
for the experiment with the following composition: gar-
den soil (State Standard R 53381-2009) — 89 vol. %,
distilled water — 10 vol. %, microbiological preparation
“Tamir” (State Standard 9291-002-70213832-2007) —
1 vol. %. Before the experiment, the active soil was
kept at room temperature for 21 days. During the
experiment, soil moisture was maintained at 30 %.

For testing in the active soil, a composite sam-
ple was used in a rectangular plate with dimensions
of 15xtenx5 mm. Before exposure in the soil,
composite samples were dried in an oven at 105°C
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Table 1
Sample formulations of wood-filled cellulose acetates
The proportion of components in the composite sample, wt. %
Sample number
Wood flour Cellulose acetate Triacetin Triphenyl phosphate
1 0,0 66,7 26,7 6,7
2 20,0 53,4 21,4 5,4
3 30,0 46,7 18,7 4,7
4 40,0 40,0 16,0 4,0
5 50,0 334 134 34

to constant weight. After that, they were immersed in
the active soil to at least 2 cm depth. Next, the sam-
ples were removed from the soil, thoroughly cleaned,
and washed with ethyl alcohol at fixed intervals. Then
samples were dried to a constant weight, after which
the change in weight (loss) relative to the initial values
was determined.

Results and discussion

The results of testing the physical and mechani-
cal properties of samples of the obtained composites
are presented in Table 2. Trends in the dependence
of COMPOSITE properties on the content of wood
flour (x) in them in the studied range are shown in
Figures 1-6.

With a change in the content of wood flour in
COMPOSITE, a slight drop in the bending strength
of the composite is observed (Table 2), and other
measured properties are characterized by experimen-
tal-statistical dependences adequate for a confidence
probability of 0,95 with high values of the coefficient
of determination R* (Table 3).

The data obtained shows that the COMPOSITE
samples density increases with an increase in the wood
flour content in the composite (Fig. 1). It may be due
to the strengthening of bonds between the cellulose
acetate phase and COMPOSITE filler, increasing the
proportion of wood flour in the composite.

A similar effect of the content of wood flour in
COMPOSITE is also characteristic of the indicators
of Brinell hardness (Fig. 2), modulus of elasticity in
compression (Fig. 3), and water absorption for seven
days (Fig. 4).

With an increase in the wood flour content, a de-
crease in the plasticity index of the material is ob-
served (Fig. 5).

The dependence of the impact strength index on
the content of wood flour is extreme (Fig. 6). The
maximum impact strength values (10,5 kJ/m?) are
demonstrated by a composite sample containing
30 wt. % wood flour.

Table 2
Properties of composites samples
Content of wood flour wt. %
Indicator
0 20 30 40 50
Density, kg/m? 1285,1 1308,8 1316,7 1324,7 1330,6
Hardness, MPa 36,5 70,1 109,5 135,1 141,8
Plasticity, % 37,6 242 21,1 16,0 16,0
Tensile strength, MPa 24,7 453 68,6 834 87,2
Compressive modulus, MPa 299,9 726,1 1001,3 1254,6 1338,2
Flexural strength, MPa - 56,1 51,6 55,1 49,8
Impact strength, kJ/m? - 83 10,5 8,0 8,7
Water absorption for 7 days, % 2,1 49 5,6 6,8 7,6
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Table 3
Dependences of WPC properties on the content of wood flour
Indicator Dependence R?
Density (p), kg/m? p = 12852+ 1,31x —0,0082x> 1,00
Brinell hardness (Hg), MPa Hy = 34,44 +0,138x>—0,0019x> 0,99
Plasticity (P), % P =3589-0,44x 0,92
Tensile strength (o), MITa 6, = 23,96 +1,35x 0,97
Compressive modulus (E), MPa E=313,1+21,8 0,98
Flexural strength (c;), MPa X, = 156,3-9,73x +0,292x* + 0,0028x* 1,00
Impact strength (a), kJ/m? a =-41,8 +4,82x —0,142x> + 0,0013x° 1,00
Water absorption for 7 days (WA,), % WA, =2,3+0,11x 0,99
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Figure 7 shows the dependence of the index mass  soil is observed. Therefore, the dependence on the
loss after its exposure in the active soil for 75 days wood flour content of the weight loss after exposure
(B+5) on the content of wood flour in the composite in the active soil for 75 days can be described with
material. sufficient accuracy by the equation B;s = 3,19%01¥

With an increase in wood filler content in WPC, (R? = 0,76).
an increase in its degree of biodegradation in activated
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The hardness and compressive modulus of the
composite material samples increases with an increase
in the content of wood flour, which indicates good
phase compatibility and uniformity of the filler distri-
bution in the polymer matrix. In addition, high values
of the water absorption index of WPC samples are an
indirect sign of a greater propensity for biodegrada-
tion of highly filled composite samples. In general,
WPC with a polymeric phase of cellulose acetate are
superior in their physical and mechanical properties to
samples of wood-polymer composites based on poly-
olefins and are comparable to WPC based-on polyvi-
nyl chloride.

The use of wood flour as a filler, the investigat-
ed plasticized cellulose acetate, leads to a significant

0 10 20 30 10 50 60
I'he content of wood flour, wt, %

Fig. 6. The dependence of impact strength on the content of

wood flour

increase in the biodegradation rate of the composite
material while maintaining important physical and
mechanical properties at a sufficiently high level.
Also, the use of wood flour can significantly reduce
the cost of the composite material compared to un-
filled cellulose acetate.

Conclusion

As a result of the work carried out, several pat-
terns of influence of the content of wood flour on the
main physical and mechanical properties of compos-
ites with plasticized cellulose acetate were established.
Thus, with an increase in the content of wood flour in
the composition of a COMPOSITE sample, an increase
in hardness, density, modulus of elasticity in compres-
sion and water absorption is observed. At the same
time, a decrease in the plasticity index of the material
is observed. The dependence of the impact strength
index on the content of wood flour in WPC is extreme.

Samples of cellulose acetate composites filled with
wood flour show a significantly higher biodegradation
rate in active soil than unfilled cellulose acetate. The
use of wood flour as a cellulose acetate filler can find
a practical application for the production and use of
demanded COMPOSITE products with the necessary
physical and mechanical properties and biodegrada-
tion rate in the soil.
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