ISSN 0536-1036 «H3BecTHs By30B. JlecHoii sxkypHay». 2021. Nel 173

P
z A XUMHNYECKAS NIEPEPABOTKA JIPEBECHHBI

VAK 502.55
DOI: 10.37482/0536-1036-2021-1-173-179

STUDYING THE RHEOLOGICAL PROPERTIES
OF APOLYLACTIDE MELT MIXED WITH WOOD FILLER

Gul’naz A. Sabirova, Postgraduate Student; ResearcherlD: ABE-3992-2020

ORCID: hitps://orcid.org/0000-0002-5867-6850

Ruslan R. Safin, Doctor of Engineering, Prof.; ResearcherID: 0-9355-2015

ORCID: hitps://orcid.org/0000-0002-0226-4232

Nour R. Galyavetdinov, Candidate of Engineering, Assoc. Prof.;

ResearcherID: N-8681-2016, ORCID: https.//orcid.org/0000-0003-4360-7112

Aigul R. Shaikhutdinova, Candidate of Engineering, Assoc. Prof.;

ResearcherID: AAC-6718-2020, ORCID: https.//orcid.org/0000-0001-8570-4872

Ruslan Z. Khayrullin, Candidate of Biology, Assoc. Prof.;

ResearcherID: B-4051-2014, ORCID: https://orcid.org/0000-0002-4214-012X

Kazan National Research Technological University, ul. Karla Marksa, 68, Kazan, 420215,
Russian Federation; e-mail: TalipovaTTT@mail.ru, cfaby@mail.ru, nour777@mail.ru,
aigulsha@mail.ru, khayrullinrz@gmail.com

Abstract. Composite materials based on wood filler are promising materials that are actively
conquering the market. This is due to the advantages of using these materials in various
fields: weather resistance and environmental compatibility, easy machining and possibility
of recycling. Furthermore, it is sustainable use of wastes of timber sawing and furniture and
woodworking industries, as well as low-grade wood. Wood powder is also known to be one of
the components of consumables used in additive 3D printing technologies. Over the last decade,
the commercial use of 3D printers has increased rapidly due to the fact that it allows creating
prototype objects of complex shape based on a computer model. Experimental studies were
carried out to determine the tensile strength and rheological properties of a composite made of
polylactide 4043D, untreated wood powder brand 140 and wood powder thermally modified
at 200 and 240 °C. The composite is intended for creation of three-dimensional objects by
extrusion using a 3D printer. It was found that with an increase in the amount of filler in the
composite, the tensile strength decreases. Also, samples with thermally modified filler show
an increase in tensile strength in comparison with samples with untreated filler. Prototypes of
3D threads with different composition were obtained, during the study of which the melt flow
index was examined. It was found that with increasing temperature of wood filler treatment
the melt flow index increases. With a lower content of wood powder in the melt composition,
there is a 2-fold increase in the melt flow index. The knowing of the rheological properties
of the resulting compositions will allow achieving maximum performance and reduction of
energy and production costs.
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Introduction

In recent decades, traditional hydrocarbon polymers have become the most
commonly used materials in almost all areas of modern life owing to their high
resistance to various external influences, low cost, reliability and a huge variety of
properties. However, low degradability of polymers has become a real problem for
such sectors as packaging, consumer goods, biomedicine, etc. For this reason, many
countries have focused on products based on biodegradable materials like polylactic
acid (PLA), polyhydroxybutyrate (PHB) and starch [10, 13, 15, 21].

Among biodegradable polymers, polylactide is the most widely used in the
aboveareas. PLA is a partially crystalline biodegradable polymer with high mechanical
properties, which is obtained from renewable sources, such as cane, corn and other
plant materials. The decomposition time of PLA in natural environmental conditions
is from 6 months to 2 years, as opposed to 500—1000 years for conventional synthetic
polymers like polyethylene [1, 2, 7, 9].

PLA as a consumable is widely used in 3D printers that use Fused Deposition
Modeling (FDM) technology. The thread is melted and fed through a special nozzle
to the working surface of the 3D printer. As a result of building a 3D model with
melted thermoplastics, a completely ready-to-use object that is not supposed to be
used for a long time is created [3, 4].

However, due to the relatively high cost of equipment for the PLA production,
the price for the biopolymer is sufficiently high. This is one of the reasons holding
back the widespread introduction of polylactide as a replacement for conventional
polymers. [14, 16].

The solution to this problem is the development and production of new composite
mixtures and materials with the addition of filler, for instance, woodworking waste.

Due to the fact that global logging volumes have reached a value close to the
growth rate of wood, the problem of maximum use of wood raw materials and above
all processing wastes is also becoming more and more acute. Soft wastes in the form
of sawdust and wood powder is processed in conditions of large-scale production
with high energy intensity. Therefore, the development of inexpensive zero waste
technology for wood waste recycling is an urgent issue [20].

Wood powder is a light organic filler of plant origin. As a material of local
collection and production, wood powder is a cost-effective production waste. This is
primarily due to the availability of sufficient amounts of both wood powder and wood
waste of sawmilling and woodworking production. It is possible to obtain from them
the necessary amount of powder with additional introduction of the grinding stage
into the process. Its low cost and sufficiently high thixotropic properties are ideal for
use as a filler for many materials [5, 8].

One of the ways to improve the properties of wood is its preliminary
thermal treatment. This wood particle processing method involves the removal of
hemicellulose from the material, which leads to the service life extension of products
[12,19].

The application of the proposed method of using wood powder will provide an
environmental effect, which includes the release of areas previously used for its storage
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and the exclusion of the powder dispersion in the areas adjacent to the enterprise,
both industrial and residential. The use of thermal modification of powder will give
it such properties as durability, increased hardness and absolute environmental
safety.

The research purpose is to create the samples of 3D threads and study the
tensile strength of composites and the rheological properties of melts.

Research objects and methods

Studies on the tensile strength determination were carried out in order to
identify the optimal quantitative ratio of composite material (CM) components.
Tensile strength is one of the most important characteristics of CM, which determines
its maximum tensile strength at critical loads [17].

The test method was performed in accordance with GOST R 56785-2015
“Polymer Composites. Test Method for Tensile Properties of Flat Specimens” and
involved stretching the CM sample with a constant rate of loading or deformation
until the moment of rupture.

Five batches of samples were prepared. Samples contained polylactide 4043D
and wood filler brand 140, thermally modified at 200 °C and 240 °C, as well as
untreated filler, which was dried at a temperature of 130 °C. The moisture content of
wood powder was less than 1 %, since the formation of steam caused the formation
of microbubbles and voids in the material [18].

Samples in the form of a rectangular cross-section strip 250 mm long, 15 mm
wide and 2 mm thick were used for testing. The JLTTC LDS-5L breaking machine
was used as a testing machine.

The main technological characteristic of polymers is the melt flow index
(MFI). Initially, samples of 3D threads were made using the Rondol Microlab Twin
Screw extruder.

The obtained samples of 3D threads (fig. 1) were used to evaluate the rheological
properties of melts of thermoplastic polymer materials.

Fig. 1. Samples of 3D threads: / — untreated filler (dried at 130 °C); 2 — filler
thermally modified at 200 °C; 3 — filler thermally modified at 240 °C

The determination of MFI of thermoplastics was carried out in accordance with
GOST 11645-73 “Plastics. Determination of Flow Index of Thermoplastics Melt by
Extrusion Plastometer” using the extrusion plastometer GT 7100 MIB.

The cut threads were placed in the device preheated to 190 °C for 15 min. After
holding the samples under a pressure of 5 kg/s for 5 min, the material was allowed
to flow. To measure MFI, pieces of extruded material were selected, sequentially
cut off every 30 s. After cooling, each obtained segment was weighed with an error
of not more than 0.001 g. The number of segments was at least three. The mass of
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the segment was determined as the arithmetic average of the weighing results of all
segments.

MFI was calculated for each parallel measurement using the following
equation: m

MFI; , =—,
T

where T — test temperature, K; P —load, N; ¢ — standard time, s; m — average mass of
the extruded segments, g; T — time interval between 2 cut-off segments, s.

Research results and discussion

According to fig. 2, it can be concluded that the tensile strength of the
composites gradually decreases with an increase in the mass content of the wood filler
(WF), which is explained by the weakening of the bonds between wood particles and
binder. However, the tensile strength of the composite with thermally modified filler
was higher than that of the samples with untreated filler. Thus, based on the results
presented in fig. 2, it can be concluded that the loosening of composites occurs due to
the formation of voids, which subsequently reduce the tensile strength, since cracks
can easily spread through the areas containing inter-fiber voids [6, 11].
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Therefore, the inclusion of wood filler in the composite by more than 50 % of
the composite weight significantly reduces the tensile strength of the polymer matrix.
However, to reduce the cost of the composite material, it is necessary to reduce the
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amount of polymer used. For this purpose, samples with 50 and 60 % PLA content
were considered in further studies.

The results allow concluding that with an increase in the temperature of wood
filler treatment, MFI increases (fig. 3). Moreover, the content of wood powder in the
composition of the composite material affects the MFI value: an increase in MFI is
observed with a decrease in the filler amount.

Conclusion

In the course of the study, we found the patterns presented below.

Tensile strength depends on the mass content of wood filler. With an increase
in the amount of wood powder, the tensile strength of composites decreases. Since
the preliminary thermal modification gives the wood such a property as increased
strength, it was found that an increase in the tensile strength of the samples was
observed with an increase in the temperature of the filler processing.

As the polymer content and the processing temperature of the wood filler
increased, the melt flow rate increased. Thus, the extrusion rate of the melt from the
extruder nozzle increased, which increased the productivity of the equipment.
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Annomayus. KOMIIO3UIIMOHHBIE MaTepUallbl HA OCHOBE JIPEBECHOTO HAITOJIHUTEIIS, SIBIISISICh
MEPCIIEKTUBHBIMH, aKTHBHO 3aBOEBBIBAIOT PHIHOK. DTO CBSI3aHO C MPEUMYIIECTBAMH ITPHMe-
HEHUS! JJAHHBIX MaTepPHaJIOB B Pa3JIMUHBIX OOJACTAX: CTOMKOCTh K aTMOC(EpPHBIM BO3ZEH-
CTBHSIM M 9KOJIOTHYHOCTb, JIETKOCTh MEXaHNYEeCKOH 00pabOTKH U BOSMOKHOCTh YTHIIH3ALIUH
orxonoB. Kpome Toro, 310 M panyoHaIbHOE MCIONB30BaHHE HU3KOCOPTHOM JPEBECHHBI, a
TaK)Ke OTXOJIOB JIECOIMIICHHs, MeOCIBFHON U JiepeBooOpadaThiBaroNel MPOMBIIUIEHHOCTH.
W3BecTHO MpHMEHEHHEe JPEBECHOW MYKH B KayeCTBE OJIHOTO M3 KOMIIOHEHTOB B aJ/IJUTHB-
HBIX TexHonorusx 3D-medarn. 3a mocieaHee AECATHIETHE KOMMEPUECKOE HCIOIb30BaHUE
3D-npuHTEPOB BO3POCIIO Oiaroapsi TOMY, 4TO OHM MTO3BOJISIIOT CO3/1aBaTh 00BEKTHI-TPOTOTH-
TIBI CJIO’KHOM (DOPMBI Ha OCHOBE KOMITBIOTEpHOM Mozenu. [IpoBeieHbl SKcriepuMeHTalIbHbIE
MCCJIEZIOBAHMUS IO OTIPEZEJICHUIO Tpe/iesia IPOYHOCTH Ha Pa3pblB U PEOJOTHUYECKUX CBOWCTB
komro3uta u3 nomwitakruaa 4043D u Tepmudecku oOpadoranHoit npu temmneparype 200 u
240 °C u HeoOpaboTaHHON npeBecHON MyKu Mapku 140, mpeIHA3HAYCHHOTO JJIST CO3IaHUS
TPEXMEPHBIX 00BEKTOB METO/IOM DKCTPY3HH C TIOMOIIbI0 3D-npuHTepa. YcTaHOBIEHO, YTO C
YBEJIMUYCHUEM KOJIMYECTBA HAIIOJHUTENS B KOMITO3UTE YMEHBIIAETCS MPEAes MPOYHOCTH TPH
PacTsDKeHUH, a TakKe 4To 110 CPaBHEHHUIO ¢ 00pa3lnamMu M3 HeoOpaOOTaHHOTO HAIlOJIHUTEIS
y 00pa3ioB U3 TEPMHYECKH MOJU(DUIIMPOBAHHOTO HAMOJIHUTENSI HAOIIOAAETCS BO3pacTaHUe
npeziena npoYHocTy. [1omydyeHs! onbITHRIE 00pa3Ibl Pa3IMYHbIX N0 cocTaBy 3D-HuTel, 1is
KOTOPBIX OBUT HCCIIEIOBAH MOKa3arellb TeKy4ecTH paciasa. [TokazaHo, 4To ¢ pocToMm Temrie-
parypbl 00pabOTKH IPEBECHOTO HAMOIHUTENS OTOT MOKa3arelb moBbimaercs. [Ipn MeHbiem
COZIEp)KaHUM JIPEBECHOW MYKH B COCTaBe paciuiaBa OTMEYAeTCs €ro yBeJIM4YeHHE B 2 pasa.
3HaHHEe PEOJIOTMYECKUX CBOWCTB IOJyYaeMbIX KOMITO3UIIMI TO3BOJHUT JOCTUTHYTh MaKCH-
MaJIbHOI PONU3BOUTEILHOCTH, CHU3UTh HEPTo3aTparhl 1 ce0EeCTOMMOCTh TOTOBOH MPOTYK-
1N,

s wumuposanusn: Sabirova G.A., Safin R.R., Galyavetdinov N.R., Shaikhutdinova A.R.,
Khayrullin R.Z. Studying the Rheological Properties of a Polylactide Melt Mixed with Wood Filler
// VI3B. By30B. JlecH. xypH. 2021. Ne 1. C. 173-179. DOI: 10.37482/0536-1036-2021-1-173-179
@unancuposanue: VccinenoBanue BHINOIHEHO pH GpuHaHCcOBOM noaepkke PODU B pam-
Kax Hay4Horo npoekta Ne 19-33-90249.
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