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Abstract. Obtaining hybrid eco-friendly biodegradable structural composites was considered.
The aim of this work was to determining the properties of hybrid eco-friendly biodegradable
construction composites modified with humic substances.

Hybrid eco-friendly construction composites were obtained on the basis of bioplastic
polylactides with the addition as a filler of coffee grounds with a polyfractional composition within
a particle size of 0.5 mm to 1 mm and a hybrid modifier — humic substances from brown coal.
Hybrid ecofriendly construction composites were obtained by extrusion of pre-prepared raw
materials in a single-screw laboratory extruder at a temperature of 170-200 °C and an auger
rotation speed of 30-100 rpm. Investigated impact strength, breaking stress during bending, melt
flow index (MFI) and melting temperature of hybrid ecofriendly biodegradable structural
composites modified with humic substances.

Optimization studies have been carried out to determine the most effective composition of
new ecofriendly structural composites based on bioplastics of polylactides, coffee grounds waste
and humic substances of three different types. Researching data together with the data of impact
strength, allows us to make assumptions about the possibility of forming a variety of products from
structurally composite material, herewith a composition with a coffee content of 50 % by mass.
deserves a special attention. The data show an increase the impact strength and the breaking stress
during bending a hybrid modification of ecofriendly biodegradable construction composites based
on polylactide, coffee grounds waste and humic substances in 2.5 times, with optimal in terms of
strength characteristics is the content of coffee grounds at 50 % wt. and 0.5 % by mass humic
substances with the highest content of volatile substances and the lowest content of carbon. For
such hybrid ecofriendly biodegradable construction composites based on polylactide, coffee
grounds waste and humic substances, the MFI is characterized by 3.1 g/10 min. and the processing
temperature range is 182188 °C.

It is shown, that the designed hybrid eco-friendly biodegradable structural composites
modified with humic substances can be used in the production of high-strength structures and
elements for engineering purposes.

Keywords: structural composites, hybrid eco-friendly biodegradable polymers, humic
substances.

Introduction. One of the most popular construction materials today are plastic composites,
which, with excellent and useful performance characteristics, unfortunately contribute to the
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accumulation of a significant amount of waste based on them. In this regard, a new approach to the
development of these materials has been formed in scientific circles: obtaining polymer composites
with high and stable performance during the time of their use and then capable of destruction under
the influence of environmental factors. That is why the current trend is the use of such ecofriendly
biodegradable polymeric materials, which implement the principle of «zero waste» throughout the
life cycle — «production-use-disposal», so this class of polymers is widely used in the market today,
and such materials are widely used.

A characteristic feature of the processes of obtaining construction composites based on
ecofriendly polymeric materials is the task of optimizing their component composition and set of
performance characteristics. In fact, almost always high quality and durability of polymer products
and structures due to a set of correct choice of material and selection of the most effective method
of processing.

Literature review. One of the most effective ways in the obtaining of structural eco-
composites is the obtaining of polylactide compositions filled with various inorganic and organic
disperse fillers, and today there are significant amount of researches on the use of coffee grounds as
a filler in biopolymer composite materials [1-7]. Bioplastic polymer matrices filled with coffee
grounds waste have also been studied in scientific articles [8, 9], but these works are more scientific
than applied industrial in nature.

In our previous works [10-12], it was established that the high efficiency of the processes of
obtaining eco-friendly biodegradable polymer composite materials based on polylactide and coffee
grounds wastes, which are characterized by sufficiently high strength characteristics and resistance
to many aggressive environments.

Very relevant are further researches on the design and study of hybrid eco-friendly
biodegradable structural composite materials based on polylactide and coffee grounds waste with
their combined functional hybrid modification with humic substances (HS), which were studied in
previous researches as structuring agents in different types of biopolymers [13, 14]. That is why it is
very important to design and optimize effective chemical compositions of hybrid eco-friendly
biodegradable structural composite materials based on bioplastics such as polylactide, coffee
grounds waste with their combined functional hybrid modification with humic substances to
achieve such biodegradable polymeric structural composite materials of optimal complex of
operational properties.

The purpose and objectives of the study. The purpose of this work was to study hybrid
ecofriendly biodegradable construction composites modified with humic substances.

The objects of study were:

— plastic bland of PLA Terramac TP—4000;

— coffee grounds and husk, gathered in 8 different coffee shops in Kharkiv and dried to instant
moisture content 50 %. Coffee grounds waste have poly fractional composition in the particle size limit
from 0.5mm to 1 mm. Using IR spectroscopy methods, it has been shown [10, 11] that coffee
grounds, in their chemical composition, are characterized by up to 6 % or more content of caffeine,
alkaloids and their companions, up to 1 % of chlorogenic acids and their derivatives content. The
general performance of the peak in the absorption length range from 2900 cm™ to 1800 cm™
indicates the presence of water in the samples.

— humic substances, which were obtained by extraction of brown coal with alkaline solution
of sodium pyrophosphate, followed by extraction with 1 % sodium hydroxide solution and
precipitation with mineral acid. The essence of the method is to treat an analytical sample of fuel
with an alkaline solution of sodium pyrophosphate, followed by extraction of the sample with a
solution of sodium hydroxide, precipitation of humic acids with excess mineral acid and
determining the mass of the precipitate. Indicators of the quality of used brown coal to obtain humic
substances are given in Tables 1-2.
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Table 1 — Proximate analysis of coal*

Sample Proximate analysis, % mas
Wa Ad Sdt (Sdaft) VdaT (Vd)
HS1 16.8 48.7 2.08 (2.50) 56.7 (29.1)
HS2 8.1 8.3 1.72 (1.87) 47.7 (43.7)
HS3 30.6 36.7 2.78 (4.00) 63.0 (43.7)

* HS — humic substances, W?® — moisture contents, %: A% — ash content, %; S% — content of sulfur,
%; V¢ — volatile matter, %.

Table 2 — Ultimate analysis of coal*

Sample ; Ultimate analysis, % mas
C ar HdaT NdaT Sdaft Odatd
HS1 80.83 4.48 1.29 2.50 10.90
HS2 68.10 4.57 1.35 1.87 24.11
HS3 60.71 4.87 1.30 4.00 29.12

*C% _ content of carbon, %; H” — content of hydrogen, %; N®— content of nitrogen, %; O% — content
of oxygen, %.

Experiment Methodology. Hybrid eco-friendly biodegradable composites were obtained by
extruding pre-prepared raw materials in a single-screw laboratory extruder at a temperature of 170-
200 °C and a roll rotation speed of 30-100 rpm. The L/D ratio of the extruder is 25, and in order to
increase the uniformity of dispersed waste distribution in the finish compositions, 2 mass passes
were used to obtain finished samples. It was made 20 parallel experiments for each composition,
statistical processing was made by characteristics such as arithmetic mean, standard deviation and
variation coefficient.

The study of impact strength and breaking stress during bending of the samples without
notching at a temperature of 20 °C was carried out on a pendulum head according to ISO 180 and
ISO 178, respectively.

Investigations of the melt flow index (MFI) were performed using the IIRT-M device at
190 °C and a load of 2.16 kgf.

The melting temperature was determined on a brass disk with a diameter of 50 mm and a
thickness of 19 mm with a side hole under the thermometer with a diameter of 9 mm. The brass disk
equipped with a thermometer was gradually heated with a gas burner. Samples of polymers with a
size of 10x10 mm were placed on it. Temperature intervals of melting and destruction were
recorded visually.

Results and discussion. At the initial stage, the optimal content of coffee grounds in hybrid
eco-friendly biodegradable structural composites based on polylactide, coffee grounds and humic
substances in terms of achieving maximum physical and mechanical properties: impact strength and
breaking stress during bending — Fig. 1-2. The influence of coffee grounds content in hybrid
modification in systems of humic substances on MFI and melting temperature was also studied —
Fig. 3-4.

From Fig. 1 can be seen if we compare the dependence of value of the impact strength of
highly filled hybrid systems polylactide — humic substances — coffee grounds on the content of
coffee grounds, then there is a tendency to increase the value of the latter with increasing filler
content [10]. These data indicate an increase in impact strength for coffee filled humic substances
systems of 2.5 times for the sample with a content of 50 %, which is predictable, because filled
polymeric materials always have a higher impact strength than homopolymers.
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. 1. Dependence of the impact strength of systems of polylactide — humic substances —
coffee grounds on the content of coffee grounds
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Fig. 4. Dependence of melting temperature of systems of polylactide — humic substances —
coffee grounds on the content of coffee grounds

The increase in the value of the breaking stress during bending (Fig. 2) also indicates the
processability of hybrid eco-friendly biodegradable structural composites based on polylactide,
coffee grounds and humic substances. Thus it becomes obvious that coffee grounds are evenly
distributed in the hybrid matrix of polylactide-humic substances [11]. At the same time, it even
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slightly "softens" the original rather rigid polylactide. All this, together with the data of impact
strength, allows us to make assumptions about the possibility of forming a variety of products from
structurally composite material, herewith a composition with a coffee content of 50 % by mass.
deserves a special attention. It is also important to clarify that the increase in the complex of
physical and mechanical properties of hybrid eco-friendly biodegradable structural composites
based on polylactide, coffee grounds and humic substances is related with a decrease in specific
surface area from 5.1 m%cm to 2.8 m%cm, which is indicating that the introduction of coffee
grounds increases the homogeneity of hybrid systems of polylactide —humic substances —
coffee grounds. Figures 3-4 show that in the hybrid modification there is a decrease in MFI and
increase in the melting temperature of the systems polylactide — humic substances — coffee grounds
with increasing content of coffee grounds.

Table 3 shows the summary data on physic-mechanical and technological properties of the
designed hybrid eco-friendly biodegradable construction composites based on polylactide, coffee
grounds waste and humic substances of three different types.

Table 3 — Summary properties on physical-mechanical and technological properties of the designed
hybrid eco-friendly biodegradable construction composites based on polylactide, coffee grounds
waste and humic substances *

Type of HS Breaking Melting
CG waste at their Impact stress MFI,
PLA content, . temperature,

% Wt content, content of | strength, durl.ng g/}O oC

% wit. 0.5 % by MPa bending, min

mass MPa

60 40 33 330 3.9 178
50 50 HSNel 36 470 3.7 180
40 60 20 350 3.6 184
60 40 36 350 3.7 180
50 50 HSNe2 39 500 3.5 182
40 60 22 390 3.4 186
60 40 42 420 3.3 182
50 50 HSNe3 45 530 3.1 186
40 60 27 480 3.0 190

*PLA — polylactide, CG — coffee grounds, HS — humic substances

The data show an increase the impact strength and the breaking stress during bending a hybrid
modification of eco-friendly biodegradable construction composites based on polylactide, coffee
grounds waste and humic substances in 2.5 times, with optimal in terms of strength characteristics
is the content of coffee grounds at 50 % wt. and 0.5 % by mass humic substances Ne3. For such
hybrid eco-friendly biodegradable filled composites based on polylactide, coffee grounds waste and
humic substances, the MFI is characterized by 3.1 g/10 min and the processing temperature range is
182-188 °C.

Conclusions. As a result of the performed researches hybrid eco-friendly biodegradable
structural composites modified with humic substances were designed. It is established that there is
an increase of impact strength and breaking stress during bending of the hybrid modification of eco-
friendly biodegradable structural composites based on polylactide, coffee grounds and humic
substances in 2.5 times, with optimal in terms of strength characteristics is the content of coffee
grounds equal to 50 % by mass. and 0.5 % by mass. of humic substances. Designed hybrid eco-
friendly biodegradable structural composites modified with humic substances can be used to obtain
high-strength structures and elements of engineering and technical purposes.
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T'IBPUIHI EKOJIOTTYHO YN CTI BIOAETPAJJIABEJbLHI KOHCTPYKIINHI
KOMIIO3UTHU, MOJUPIKOBAHI I'YMIHOBMMH PEHOBMHAMMU
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AHoTanisg. Po3risiHyTO oOzepkaHHS TiOpHIHHX EKOJIOTIYHO 4YHCTUX OiojaerpamsadenbHux
KOHCTPYKUIHHUX KOMITO3UTIB. MeToro naHoi poO6oTu Oyno BHU3HAYEHHS BJIACTUBOCTEH TiOpUIHUX
eKOJIOTIYHO YUCTHUX OionmerpanabenbHuX OyAiBeTbHUX KOMIIO3UTIB, MOAW(DIKOBAHUX T'YMIHOBUMH
pEUOBHHAMU.

OtpuMani TIOpHIHI EKOJOTIYHO YMCTI KOHCTPYKIIHHI KOMIIO3UTH Ha OCHOBI Oiomoiimepy
HOJUJIAKTUAY 3 JI0JaBaHHSIM B SIKOCTI HallOBHIOBaya KaBOBOI I'yli, BUCyLIeHOI 10 50 % Boyorocri 3
noJiQpakuifHIM CKIIIOM 3 po3MipoM 9acTHHOK Big 0,5 MM 10 1 MM Ta TiOpuIHIM MOAU(DIKATOPOM —
TYMIHOBUMHU pEUYOBHHAMHU Oyporo BYriyuis. ['iOpHIHI €KOJOriyHO YHMCTI KOHCTPYKIHHI KOMIIO3UTH
OTPUMaHI MUIIXOM eKCTPY3il TONepeJHbO MIArOTOBJICHOI CHPOBUHH B  OJIHOUIHEKOBOMY
nabopatopHomy ekctpyaepi npu temneparypi 170-200 °C ta mBuakocti obepranus mHeka 30-100
00/xB. B TiOpuaHHMX €KOJIOTIYHO 4YMCTHX OlojerpamabenbHuX KOHCTPYKIIMHUX —KOMITO3MITISIX
MoIM(IKOBAHUX T'YMIHOBUMHU PEUOBHHAMU JIOCITIKYBAIN yIapHY B’SI3KICTh, PYHHIBHY Hampyry mpu
BUTHWHI, TIOKa3HUK TUTMHHOCTI PO3TOITY Ta TEMIIEPATYPY TOTUICHHS.

ITpoBesneHi onTUMi3amiiHI TOCTIKEHHS U1l BU3HAUEHHS HaHOLIbII €(pEeKTHBHOIO CKIaTy
HOBITHIX €KOJIOTTYHO YHUCTUX KOHCTPYKI[IHUX KOMIIO3MTIB Ha OCHOBI 010MOJIIMEPY MOJIIAKTUIY,
BIJIXO/IiB KaBOBOI I'ylll Ta T'YMIHOBUX PE€YOBMH TPhOX pi3HUX TUMIB. OTpHMaHi JaHi CBiAYaTh MPO
MIJBUIIEHHS YAApHOI MIIIHOCTI Ta PO3PUBHOI HANpPyTH MpH 3rUHAHHI NpU TiOpuAHOI Moaudikarii
€KOJIOTIYHO YHUCTHUX OiojerpasadenbHUX KOHCTPYKLIHHUX KOMIIO3MTIB Ha OCHOBI MOJIIAKTHULY,
BIJIXOJ[IB KaBOBOi TYyIIl Ta T'yMIHOBUX PEUYOBMH Yy 2,5 pa3u, NpU ONTUMAIbHOMY 3a MIIHICTIO
XapaKTepUCTUK BMicTy kaBoBoi rymi 50 % mac. ta 0,5 % 3a Macor0 T'yMIHOBHUX PEYOBUH 3
HaNHOUIBIIMM BMICTOM JIETKUX PEYOBHH Ta HaMEHIIMM BMICTOM BYTJIEL0. [l Takux TiOpuIHUX
€KOJIOTIYHO YUCTHX Ologerpaga0eNbHUX KOHCTPYKIiMHI KOMITO3UTIB Ha OCHOBI MOJIAKTUAY,
BIIXO/IB KaBOBOI T'yIlll Ta TYMIHOBUX PEUYOBHUH IMOKA3HUK IUJIMHHOCTI PO3TOIY XapaKTEePU3YEThHCS
3HadyeHHsM 3,1 1/10 xB. 1 AianazoH Temnepatyp oOpooku csarae 182—-188 °C.

[TokazaHo, mo po3poOieHi TiOpUAHI E€KOJOTIYHO 4HUCTI OlojerpanadenbHi KOHCTPYKIHHI
KOMIIO3UTH MOJM(IKOBaHI T'yMiHOBUMHU PEUOBMHAMU MOXYTh OyTH BHKOPHCTaHI MPH OTPUMAaHHI
BHUCOKOMIITHUX KOHCTPYKIIIH Ta €IEMEHTIB 1H)KEHEPHO-TEXHIYHOTO MPU3HAYECHHS.

Kir040Bi ci10Ba: KOHCTPYKIIHHI KOMIIO3UTH, TOpPHUIHI €KOJOTIYHO YHMCTI OiogerpagadenbHi
MOJIIMEPH, TYMIHOBI PEYOBUHH.
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