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Abstract. Polymer composite materials are modern
industrial products containing reinforcing fillers obtained
from renewable agricultural and plant raw materials. The
results of this study showed the effect of a natural filler
consisting of walnut shells on the physical and mechanical
properties of biomaterials. Using simple technology and an
environmentally friendly approach, a formaldehyde-free
biomaterial based on polypropylene modified with tetraethyl
orthosilicate (TEOS), was obtained. The effect of processing
parameters (Relative density, Compression strength,
Bending strength, Impact viscosity, Water absorption) on the
physical and mechanical properties of biomaterials was
observed. As a result of modification with TEOS, the
mechanical characteristics of biomaterials, as well as their
operational properties, were improved. The optimal
composition of the developed modified biocomposites is 60
wt.%, while the strength and impact strength indicators are
maximum and are respectively: 65.87 MPa, 43.25 MPa and
6.8 kJ/m?, which allows the use of the developed composites
for the manufacture of unloaded furniture elements. The
effect of the new material on the biological system was
studied. The obtained result showed that the biocomposite
did not affect the total number of leukocytes in the peripheral
blood, and did not change the histoarchitecture of the liver
and brain tissues in adult white mice.

Keywords: biocomposite, cellulose, TEOS, environmental
protection, biological research, FTIR spectroscopy.

Introduction

The unique structure of cellulose, consisting
exclusively of equatorial OH groups and glycoside bonds,
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provides cellulose with exceptional physical and chemical
properties, such as high mechanical strength and
insolubility in common solvents.” Environmental pollution
is one of the most important problems affecting the modern
world. According to the United Nations, 19-23 million tons
of plastic waste enter rivers, seas and oceans every year,
exerting an irreversible negative impact on ecosystems.
Household and industrial products derived from
polyolefines do not decompose in the atmosphere; they
slowly disintegrate into small fragments of micro plastics,
which have been found in drinking water and the human
body, as well as in fish. They damage the endocrine system,
cause infertility and hormonal imbalances.

The production of cellulosic materials based on
renewable biomass is a promising strategy to protect the
environment. The solution to the above problem requires
the development of new technologies that can reduce the
amount of polymer waste in the environment by 50-60%
and convert biomaterials into biodegradable ones; this
could offer a guarantee for environmental protection and
the prevention of pollution on a global scale.

In the consumer market, Decking derived from raw
wood materials and various building materials still contain
phenolic compounds and formaldehyde; therefore, they are
hazardous to health.8° Criteria for the limitation and
regulation of formaldehyde emissions from wood-based
materials were established in 1981 in Germany and
Denmark. The first regulations in the United States
followed in 1985. World health experts have found that
products containing formaldehyde can cause depression
and respiratory problems and damage the nervous system.
Several leading countries around the world have adopted
standards for the removal of formaldehyde from composite
polymer materials. Scientific works!''-* of various authors
confirm that the use of polyolefin and cellulose-based
fillers in the production of thermoplastic composites with
bio fillers allows solving the problems of waste disposal.
The works show the development of composite materials
based on recycled polypropylene with walnut shell waste
and various plant fillers, which can be used in both
automotive and construction industries.
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A new, aldehyde-free biomaterial was produced for
the first time by using polymer waste and renewable raw
nut materials of natural origin (walnut shell flour). An
industrial polymer was chosen as a binder, namely
secondary isotactic polypropylene, which is a universal
plastic material that is light, cheap, impact-resistant and
wear-resistant, with good insulating properties, among
others. It is important that the properties of biomaterials
obtained from recycled and primary polypropylene are not
significantly different.

Biocomposites were made from polymer waste — in
the form of walnut shell flour, where the percentage of
cellulose is 35%, lignin—41%, the rest is hemicellulose and
pectins. Cellulose acts as a natural structural material,
which provides high mechanical strength and has excellent
mechanical properties, whereas lignin reduces water
absorption and increases heat resistance. A large number of
shells are collected and disposed via burning or by burying
them in the ground, which pollutes the environment.
However, due to the chemical composition of the shell, it is
rarely used in animal feed or as an additive in pharma-
ceutical medicine.

This work discusses the development of new, safe for
health, unmodified and modified via TEOS biomaterials
produced using a simple technology of hot pressing.

2. Experimental

2.1. Materials

Isotactic  polypropylene powder (“Polyvini",
Rustavi, Georgia) was used as received. TEOS liquid
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(China) was purchased from Aldrich. The walnut shells
were collected from a Georgian walnut processing plant.

2.2. Methods

Samples for testing were produced via hot pressing
in appropriate molds at a temperature of 170 °C and
pressure of 15 MPa, with a holding period of 10 minutes.
The obtained samples were assessed to measure their
relative density, compression strength, bending strength,
impact viscosity and water absorption. The water
absorption of all specimens was measured according to ISO
62 2002, and strength to Compression strength was
determined for specimens with a 10 mm diameter and 20
mm height, according to 1ISO 604 2002. Flexural strength
and Impact strength were measured by the “Izod method”
according to the ISTM D256 standard on a “Distant” device
with sample sizes of 15x10 (1.5-4.5) mm.

The rest of the walnut shells were washed and then
dried at 120 °C for 3 hours, after which they were crushed
on a "Vibratory Disc Mill RS - Retsch" tool (Fig. 1a). The
grain sizes of the sifted walnut shells were 15-100 um. To
prepare test samples of the biomaterial, the walnut shells
were pretreated via crushing, grinding, sifting and drying
(Fig. 1a-c). To produce 40, 60 and 80% unmodified and
modified test samples, the hot-pressing method was used.
This method involved mechanical mixing of 10-500 pm
isotactic polypropylene grains with dried, crushed and
ground walnut shells. The mixture was mixed in a propeller
mill (for 2-3 minutes). In order to improve the physical and
mechanical properties, the developed biomaterials were
modified 5 wt.% with TEOS liquid.

Fig. 1. Processing of walnut shells: a) crushing, b) grinding, c) sifting

The modification is carried out as follows: dilute 5
wt. % of TEOS liquid, dissolving it in toluene (at the rate
of 10 ml per 95 g of walnut shell). The diluted TEOS liquid
is added to the walnut shell flour, mixed thoroughly, dried

at 70 °C, and then mixed with polypropylene powder in a
propeller mill.

The elemental analysis of the samples was carried
out on a JSM-6510LV scanning electron microscope
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(JEOL), equipped with an X-Max N energy-dispersive
micro-X-ray spectral analyzer from Oxford Instruments.
For elemental analysis the electron imaging of the sample
surface was performed using secondary electrons (SEI) at
an accelerating voltage of 20 kV. The distance from the
sample surface was 15 mm.

The chemical composition of unmodified and
modified biomaterials was studied using a Fourier
transform infrared spectroscopy. FTIR spectroscopic
investigations were conducted on a Shimadzu IRAffinity-
1S FTIR Fourier Transform Infrared Spectrophotometer.
The wavelength was 4000-700 cm™ (scan 32, resolution 4
cm), band intensities were denominated in transmittance
and the mode was UATR.

Changes in the tissue histoarchitecture were asse-
ssed via the microscopic observation of paraffin-embedded
tissue sections. A Guryev camera was used to count the
total number of leukocytes in the blood of young mice'®.

To examine the early effects of exposure, the
influence of the biomaterial for 40 days was studied.

In order to examine the tissues (liver) under a light
microscope, the materials were fixed in the 4%
formaldehyde solution prepared on the Na/K phosphate
buffer. Dehydration of the material took place in an
increasing range of alcohols of different concentrations.
Tissues were embedded in a wax-paraffin mixture. 5-7 um
thick slices were stained with hematoxylin-eosin. Tissue
samples were studied under a light microscope (Zeiss
Primo Star, Germany).

Determination of the total number of leukocytes in
peripheral blood: 20 pl of blood sample taken from the tail
of animals anesthetized with diethyl ether was dissolved in
400 pl of 3% acetic acid and kept at room temperature for

20 min. A certain volume of the sample was placed in a
Goryaev chamber, the number of leukocytes were counted
according to a standard protocol using a light microscope
(at low magnification, lens 20, eyepiece 10).

Statistical analysis. The data are expressed as mean
+ SD. Students’ t-test was used for comparison among the
different groups. P<0.05 was considered statistically
significant.

To assess the effectiveness of this composite,
experimental animals were divided into 2 groups:

1. Control group - intact animals.

2. Experimental group - animals kept in cages
covered with the test composite for 40 days.

3. Results and Discussion

3.1. The physical and mechanical
characteristics of unmodified and
modified samples

Table 1 shows the physical and mechanical charac-
teristics of the experimental samples of the unmodified and
modified biomaterials, namely their relative density,
compression strength, bending strength, impact viscosity,
water absorption. We determined the technological mode
of production. Table 1 shows that the experimental samples
were characterized by lightness (their weight range was
1035-1385). Compared to the unfilled polymer, the filled
biomaterials had increased compressive and bending
strength and reduced impact toughness. The modified
samples were relatively light.

Table 1. The physical and mechanical characteristics of unmodified and modified samples

Relative density, | Compression Bending Impact Water Acceptance
Samples Ka/m? strenath. MPa strength, viscosity, absorption % of technical
g/m gmn. MPa kd/m?2 ption. regime
Unfilled PP 915 42.60 28.00 25.0 0.00
Unmodified
PP + 40 Wt.% 1035 64.7 40.50 45 0.15
Unmodifie
PP + 60 Wt.% 1137 59.56 38.70 44 1.40
Unmodified 15 MPa
PP + 80 W% 1385 35.40 32.30 35 1.84 160£59C
Modified 10 min
PP + 40 Wt.% 1030 64.2 40.60 5.7 0.1
Modified
PP + 60 Wt.% 1134 65.87 43.25 6.8 1.0
Modified
PP + 80 Wt.% 1370 41.3 36.21 42 1.35
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With an increasing percentage of filling, the
compressive strength, bending strength and impact
toughness decreased; at the same time, it was seen that the
modification increased the strength and reduced the water
absorption. Itis evident that the optimal composition of the
developed modified biocomposites is 60 wt.%, while the
strength and impact indices are the highest and amount to:
65.87 MPa, 43.25 MPa and 6.8 kJ/m?, and it is possible that
the developed composites can be used for the manufacture
of unloaded furniture elements. As for water absorption, the
composite we obtained with a filler content of 80 wt.%
(1.35%) is lower than the values given in the authors' work
[13] for composites with the same filling, which amount to
more than 2%.

3.2. The chemical composition
study of the 60 wt. % modified
biocomposites using FTIR

The chemical composition of the 60 wt. % modified
biomaterial was studied using the Fourier transform
infrared spectroscopy. In the FTIR spectrum, shown in Fig.
2 (cm?, y, m. n.), there are no characteristic absorption
bands of allyl groups (-CH,—CH=CH) in the region of
1647 cm* and absorption open chain are observed in the
region of 770-999.32 cm* characteristic of polypropylene.
The absorption band in the region of 2838.21-2917.24 cm
Lwas characteristic of the valence bond of the -CH>— group
in cellulose (standing at the carbon atom C6) and 2950.30
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cm? (CHs-) group. Impurities of aromatic and aliphatic
nitriles were observed in the regions of 1595.14 cm™ (C=C)
and 2300-2200 cm™. We also observed the values of
deformation vibrations in the region of 1375.27 cm™ and
1457.19 cm? are characteristic of (-CHz-) and (-CHs)
groups; 1734.54 cm™ was a characteristic absorption band
for the (C=0) group. In the region of 1100.79 cm?, a
characteristic absorption band of the (C-O-C) bond was
observed, and in the region of 1090 cm™, an absorption
band of the (Si-O-C) bond was found.

3.3. The elemental analysis

of unmodified PP + 60 wt. %
and modified PP + 60 wt. %
biomaterial samples

The elemental analysis of the not modified PP + 60 wt. %
and modified PP + 60 wt. % biomaterial samples (Figs. 3,
4 and 5, 6, respectively) was performed using a scanning
electron microscope. The results of the radiographic
examination are shown in Figs. 4, 6, which present the
highest Au and carbon content and the corresponding
percentages of the elements present, including Si. In order
to reduce the surface charge, the samples were coated with
a layer of gold, approximately 10 nm thick, which explains
the high intensity of the Au peak in the elemental analysis
data shown in Fig. 4 and 6. The samples were coated using
a JEC-3000FC vacuum sputtering system from JEOL.

Fig. 2. FTIR spectrum of the 60 wt. % modified sample

3.4. Biological investigation
of biocomposite
for health safety

In order to determine the material’s safety on health,
studies were conducted on living organisms (mice) at the
Biology Department, Faculty of Exact and Natural
Sciences, Iv. Javakhishvili Thilisi State University. This

study was conducted on white adult mice (25-30 g). The
following materials were used for the study: walnut shells
modified with TEOS and the tissue samples of adult white
mice (blood, liver and brain). Changes in the hepatic and
brain histoarchitecture were assessed via the microscopic
observation of paraffin-embedded tissue sections collected
after 40 days of exposed biomaterial. A Guryev camera was
used to count the total number of leukocytes in the blood.
The duration of the experiment was 40 days (Fig. 7).
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Fig. 6. Elemental analysis of 60 wt. % modified biomaterials

507



508

18000 -
16000 -
14000 -
12000
10000
8000
6000
4000
2000

Number of leucocytes, Imm3

0 I v I T

Lali Tabatadze et al.

1M

Kontrol 7 Day

14 Day 30 Day 40 Day

Fig. 7. The effect of the 60 wt. % modified biomaterial sample containing walnut shells
on the total number of leukocytes in the peripheral blood of adult white mice (p>0.5)

Fig. 7 clearly shows that the new composite of walnut
shells has not changed the total number of leukocytes in the
peripheral blood of adult white mice. In parallel, the
histoarchitectonics of liver and brain tissues of the animals
were studied. Fig. 8 shows micrographs of the histo-
architectonics of the liver of control and experimental groups

of animals. It is well distinguished the radial direction of
trabeculae to the central vein, with sinusoidal capillaries. Fig.
9 shows micrographs of brain tissue of both groups’ animals.
Based on the obtained results, it should be noted that
morphological changes in the liver and brain tissues of the
experimental group animals were not observed.

b

Fig. 9. Brain tissue histoarchitechture of adult white mice. a — control; b — experimental. X400, H&E
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4. Conclusions

New, safe biomaterials without phenol and
formaldehyde were obtained based on renewable plant
materials (walnut shells) and recycled waste - polyolefins.
Their physical and mechanical properties were studied. The
chemical composition of the 60 wt. % modified biomaterial
was studied using the Fourier transform infrared
spectroscopy. Observed in the region of 770-999.32 cm*
characteristic of polypropylene and in the region of 1090
cm-L, an absorption band of the (Si-O-C) bond was found.
The experiments showed that this biomaterial modified
with TEOS, based on walnut shells and isotactic
polypropylene residues and caused no change in the total
number of leukocytes in the blood of white mice.
Moreover, the biomaterial tiles used in the experiments did
not have a negative effect on the morpho-functional activity
of various tissue types in adult white mice.

Thus, the biomaterial modified with TEOS and
based on walnut shells and isotactic polypropylene residues
is not cytotoxic and is environmentally safe. This expands
the possibilities for the widespread use of biomaterials,
especially in furniture, both automotive and construction
industries. Moreover, from the perspective of conversion
technologies, this simple and low-cost method opens up
unlimited possibilities to obtain new materials that are safe
for health.
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OTPUMAHHSA EKOJIOTTYHO YHUCTOI'O
BIOKOMITIO3UTY HA OCHOBI HIKAPAJIYIIN
BOJIOCBKOI'O I'OPIXA JIJIA BUKOPUCTAHHS
Y BUPOBHUITBI MEBJIIB

Anomauia. Ilonimepni xomnosumui mamepianu — ye
CYYACHT RPOMUCTOBE NPOOYKMU, WO MICMAMb APMYBALbHI HANOG-

Lali Tabatadze et al.

HUKU, OMPUMAHi 3 BIOHOBNIOBAHOI CiLIbCLKO20CNOOAPCHKOI ma
POCIUHHOT cupogunu. Pezynomamu yvbo2co docniodxicenuss nokazanu
6NIUB HATYPATLHO20 HANOBHUKA, WO CKAAOAEMbCA 31 WKAPALYynU
80I0COKUX  20pixi8, Ha ¢hisuxo-mexawniuni enacmugocmi 6io-
mamepianie. Bukopucmosyouu npocmy mexHoao2ito i eKoa02i4Ho
yyucmuil nioxio, 6yno ompumaro 6iomamepian 6e3 gopmanvoe2ioy
Ha OCHOSI noninponineny, MoOughikosanozo mempaemuiopm-
ocunixamom (TEOC). Busumauanu eniue napamempie o06poOKu
(8i0HOCHA 2ycmumua, MIYHICMb HA CMUCK, MIYHICIb HA GUUH,
yoapHa 6'a3Kicms, 6000NO2TUHAHHS) HA QI3UKO-MeXaHIuHI e1acmu-
eocmi biomamepianie. ¥ pesynomami mooughikayii TEOC nokpa-
WUNUCA MeXaHIYHI Xapakxmepucmuxu Oiomamepianis, a maxosic
ixni excnayamayiuni enacmueocmi. OnmuManbHuil CKiad po3-
pobnenux moougpixosanux biokomnosumie cmanosums 60 mac. %,
npu YoMy NOKAZHUKU MiyHOCMI U yOapHoi 8'a3kocmi € maxcu-
MATbHUMU MaA CMAaHO6IAMb 6i0noeiono: 65,87 Mlla, 43,25 Mlla i
6,8 koic/M% wo dae 3mo2y GUKOPUCHOBYEAMI PO3POONEHI KOM-
nos3umu O0Jis GUSOMOGNCHHS HEHABANMANCEHUX eleMeHmie Meonis.
byno oocniosceno eniue Hooco mamepianry Ha 0ion02iuHY
cucmemy. Ompumanuii pe3yiomam noxaszas, wo OioKomMnosum He
BNIUBAG HA 3A2AIbHY KIILKICMb ICUKOYUMIE Y Nepugheputniil Kpos,
a makod#C He 3MIHI08A6 2iCMOAapXimeKmypy mKAHUH NediHKu ma
MO3KY 8 00POCIUX OLIUX MULELL.

Knirouoesi cnosa: 6ioxomnosum, yenionosa, TEOC, 3axucm
HABKOIUWHBbO20 cepedosguiya, Oionoeiuni oocniodcenns, FTIR
CNeKmpOCKOnisl.
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