BicHuk TepHONiIbCHKOT0 HALIOHAIBLHOI0 TEXHIYHOT0 YHIBEpCHTETY
7~ N\ https://doi.org/10.33108/visnyk_tntu

my Scientific Journal of the Ternopil National Technical University
\/ 2020, Nz 1 (97) https://doi.org/10.33108/visnyk_tntu2020.01
ISSN 2522-4433. Web: visnyk.tntu.edu.ua

UDC: 621.384.3:621.791:615.462-035

TECHNOLOGICAL FEATURES OF WELDING OF PLASTICS BASED
ON POLYHYDROXYBUTYRATE

Victoriya Talanyuk!; Andriy Shadrin'; Maksym lurzhenko?;
Mykola Korab?; Andriy Agapov?

E. O. Paton Electric Welding Institute of the NAS of Ukraine, Kyiv, Ukraine
2Technical Center of the NAS of Ukraine, Kyiv, Ukraine

Summary. In particular polymers and biopolymers are increasingly used in various sectors of the
economy and more recently biopolymers have been replacing traditional polymers in many applications. The
problem of recycling polymeric materials can also be solved by designing products that will facilitate their further
processing. In fact, biodegradation is the consistent breaking of chemical bonds of a polymer molecular chain
under the action of microorganisms. Destroying a polymer, bacteria, fungi or algae uses the remnants of its
molecules as a source of vital organic compounds as well as energy. Usually biodegradation occurs in an aqueous
or humid environment during the process of composting. Bioplastics™ wastes, like fallen leaves or other organic
wastes, are stacked on soil and gradually converted into environmentally friendly material. The ability of a
polymer to biodegrade mainly depends on the chemical composition of its molecule. One of the urgent tasks of
research and implementation of biopolymers is the connection, in particular welding. Traditionally, plastic
welding is widely used in the chemical, food, and other industries, for film packaging and packaging.
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Problem statement. Development of modern industry of Ukraine provides use of
polymer composite materials. Promising compositions are contained on thermoplastic
polymers. Simple oversized parts are formed and can be joined in long articles using welding
techniques. The use of mechanisms and machines containing these products after the end of
their useful life poses the problem of their disposal outside how their processing can be
problematic. The natural term of decomposition of such materials in the earth reaches several
centuries. One alternative solution to this problem is to replace conventional polymers with
biodegradable polymers having a shorter decay period, so that there is less environmental
damage. But in order to replace conventional polymers with biopolymers on an industrial scale,
there is a need to create new welding technologies.

Analysis of known research results. Natural polymers, or biopolymers, were first
developed as early as the 1940 s. Henry Ford used these biopolymers in car construction. But
with the discovery of petrochemical polymers, their low cost replaced natural materials [1].

The study of biopolymers is not limited to the use of product packaging. These polymers
can be used in other industries. Biopolymers should be expected to be used in packaging,
medicine, construction, almost every industry in the same way as synthetic plastics at the
moment [2-3].

The polymer-based petrochemical industry has created many advantages for their use.
The most important factors determining the rapid growth of plastics use in the packaging
industry are convenience, safety, low price and sufficient ergonomic properties. But
these polymers are derived from fossil resources, consumed and waste disposed of into
the environment. The increase in non-recoverable waste significantly pollutes the
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environment [4]. Environmentalists do not have a clear answer to the question of what to do
with these non biodegradable wastes.

Burning such waste produces large amounts of carbon dioxide that will contribute to
global warming. These environmental problems have created an urgent need to develop
biopolymer materials, which are not related to the use of toxic and harmful components in their
production and can decompose in nature [5]. For these reasons, today in the world, the
development of biodegradable materials with controlled properties is the subject of a great
research task for scientists and engineers.

Biopolymer, which occupies a significant place in industrial production —
polyhydroxybutyrate (PHB) — biopolymer, which in physical properties is close to polystyrene.
PHB is rapidly destroyed by soil microorganisms [6, 7].

Possible applications of PHB include the manufacture of biodegradable packaging
materials and formed products, disposable wipes, personal care products, films and fibers, a
water repellent coating for paper and paperboard. The first industrial production of PHB-PHV
copolymers was organized in 1980 by the English company «ICA» under the trademark
«Biopol». This polymer has relative thermal stability, passes oxygen, is resistant to aggressive
chemicals and has strength compared to polypropylene [8].

One of the relevant tasks of research and introduction of biopolymers is connection, in
particular welding [9-11]. Traditionally, plastic welding has been widely used in chemical,
food and other industries for the manufacture of film containers and packaging. Welded plastic
products are manufactured not only from semi-finished products, but also, increasingly, from
packed moulded parts. With the expansion of the use of polymer materials, and subsequently
their replacement with biodegradables, there is a need to solve a complex problem common to
two types of materials, which is related to the connection of heterogeneous plastics. Even for
polymer materials that have the same chemical composition and structure but have rheological
properties, new welding technologies need to be developed.

Heated tool welding is the dominant method of welding plastics. It has the largest
number of varieties and has been extensively studied in theoretical and applied planes in recent
years [12].

Work purpose. To develop a method of forming welds in biopolymers of
polyhydroxybutyrate type, to find out technological regularities of their weldability, as well as
to study their mechanical properties.

Problem definition. This paper examines the weldability and mechanical properties of
the welded compounds to polyhydroxybutyrate. Studies were carried out on plate samples,
made by thermal pressing from polymer raw materials of powder form. The similarity of this
material in its physical and chemical properties to polystyrene makes it possible to introduce
the same welding methods as for conventional polymers.

Materials and methods. In a round metal mould heated to 140°C, a measured amount
of PHB powder was filled and heated for 2 minutes in a free state and for 1.5 minutes under a
pressure of 50 MPa. The powder mold was then heated to 180 C and the article was kept at
50 MPa for a minute.

Results of a research. It was experimentally found that as mold temperature increased,
residual stresses occurred in the pressed samples which resulted in the formation of cracks. At
reduced mold temperatures, the powder did not melt completely, accordingly, a non-
homogenous weakened microstructure was formed in the samples during pressing.

After cooling the sample in the mold, a 3-4 mm round-shaped polyhydroxybutyrate
(PHB) disk was obtained from which rectangular samples having a width of 15-20 mm were
cut. The melting point of the PHB powder was within the range of 180-185°C. PHB
compression experiments have shown that this polymer does not react well to overheating to
temperatures above 220°C. Therefore, during welding, the heater temperature was set to 200 to
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210°C, and the working deposition force was set to 0.1 MPa. The warm-up time was changed
between 40 and 90 seconds to determine optimal weld formation conditions.

After cleaning, facing and checking the flat-parallel ends, the samples were butt welded
on an experimental welding machine with a heated tool (Figure 1).

il

Figure 1. Experimental installation for butt welding with a heated tool of flat samples

During welding, ends were heated to 180°C temperature. The warm-up time of the ends
was varied between 20 and 30 seconds. Further melting was at 210°C temperature. Sediment
under pressure of 0.08 MPa, as well as cooling in the clamps of the plant to 45°C temperature.
The test samples were fixed in clamps and uniformly heated with a heating tool. The heating
tool was a thin stainless steel plate or mesh, heated by electric current transmission at 220 V
and 22A current. The PHB polymer material has low elastic properties with sufficient solution
viscosity to form. When the samples are welded, a narrow elongated grid of complex geometric
shape is formed. As the warm-up time of the samples increases, the size of the grata rolls also
increases.

The PHB biopolymer proved to be a brittle material with high melt flow when heated.
In butt welds, grate rolls were typically formed with melt flow over a portion of the base
material of the samples (Figure 2). The grata rollers had a small height, almost the same on both
sides of the welded joint.

Figure 2. Butt welds of the PHB samples
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During the welding process, during the heating of the samples for 40-50 seconds,
fragments of underheating of the material were observed on the grille (Figure 2, left), non-
melting zones were formed in the weld in certain places (Figure 3), which reduced the strength
of the weld joint.

Figure 3. Weld of the PHB specimens with partial non-welded zones

With increasing warm-up time of samples up to 80—90 seconds, optimal formation of
butt welded joints with formation of uniform roll of round grate took place. The longitudinal
section of the samples (Figure 4) shows the weld of almost the same size in the vertical plane,
which indicates uniform heating of the polymer material. The seam consists of a fairly uniform
material of altered dark-coloured structure compared to the base polymer material.

Figure 4. Weld of the PHB samples with the strength equal to the strength of the basic material

During the tensile test, the optimal welds were broken down along the base material
near the thermal impact zone (Figure 5). Brittle character of material destruction is found on
surfaces. Separation of individual fragments and layers of sample material was observed.

Thus, the PHB polymer material, although having low elastic properties, is well welded
by a heated tool.
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Figure 5. Destruction of the weld of the PHB samples during tensile tests

Organoleptic studies of the weld joints showed that the weld rolls were symmetrically
and evenly distributed around the perimeter of the welded samples, and were not the same color
as the base material, had no cracks, pores and foreign inclusions.

During the test on the fracturing machine FP-10 at a speed of 50 mm/min, the seams
were broken down along the base material near the thermal impact zone. Mechanical studies of
welded joints showed the following mechanical characteristics of welded seams of PHB
samples:

v durability at monoaxial stretching — 42 MPas;

v' relative lengthening at a gap — 10%.

Conclusions. Research of technological processes of welding of articles from
polyhydroxybutyrate proves their effectiveness for formation of long structures, including
packaging containers. It has been proved that the strength of the seams at the 210°C forming
temperature using the metal element reaches 42 MPa at an elongation of 10%. Equipment
designed for other thermoplastic polymeric materials may be used to weld the material. The
temperature for other biopolymers should be selected experimentally. In subsequent studies, it
is planned to study the effect of the structure on the physical and mechanical characteristics of
the weld material. Studies will also be carried out on the term of biodegradation of this polymer
in the natural environment.
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Peztome. [lpupooni nonimepu abo 6Giononimepu, Oyiu enepuie po3pooaeni we 6 1940-x poxax.
I'enpi @opo suxopucmosysas yi biononimepu y 6y0isHUYmME agmomooinie. Ane 3 8iOKpUMMIAM HAGMOXIMIUHUX
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nonimepie ix Huzbka eapmicme 3aMiHuia HamypanvHi mamepianu. OCHOBHUM HEOONIKOM BUKOPUCTHAHHSL
niacmmac we i 00Ci JUWAEMbCS eKOA02uHUN ¢paxkmop. Jlocniodcenns 6ionoaimepie He 00MelNCYEMbCs
BUKOPUCMAHHAM NAKYSAHHA NpoOyKmie. Jani nonimepu MOACYMb GUKOPUCMOBYBAMUC 6 [HUWUX 001aACMAX
npomucnogocmi. Cnio ouikysamu 8UKOPUCMAHHA OIONOIIMEPI8 Y NAKYBAHHI, MeOuyuni, 6y0igHuymei, maiice 8
KOJICHIll 2any3i NPOMUCIOB0CMI MAK €AMO, AK CUHMEeMuyHi niacmmacu 6 oauuti momenm. Hagmoximiuna
NPOMUCIOBICMb, HA OCHOGI NONIMEPHUX MEeXHON02Il, Cmeopuia 6azamo nepegaz 0N iX GUKOPUCMAHMHSL.
Haitisasicnugiviumu paxmopamu, wjo usHauaomes weuoKe 3p0CmanHts GUKOPUCMANHA NAACMMAC Y NAKYBANbHIl
NPOMUCTIOBOCMI € 3PYYHICMb, De3neKd, HU3bKA YiHa i 0ocmamui epeoHoMiuni eracmusocmi. Ane yi nonimepu
OMPUMATU 3 BUKONHUX PECYPCi8, iX cnodcusany i 6i0Xoo0u ymunizyeanu 6 HasKonuuwHe cepedosuuye. 30inbuienHs
HepO3KIAOHUX 8I0X00i8 3HAUHO 3a0PYOHIOE HagKoauwHe cepedosuuje. Biononimep, wo 3aiimac 3naune micye y
nPOMUCIO80MY 8UPOOHUYMEE — noariciopoxcubymupam (I1I'B) — 6iononimep, sikuil 3a QizuuHUMU 61ACMUBOCMAMU
nodionutt noaicmupony. III'BE weudko pyiuHyemvcs epyHmogumu Mikpoopeanizmamu. Moowcnusi obracmi
sacmocysanns III'b — ye suecomosnenns Oiopo3kiadanux NAKy8arbHUX mMamepianie ma popmosaHux moeapis,
00HOPA308UX CEPEEMOK, NPEOMemie 0CcOOUCMOI 2i2i€HU, NIIBOK | 80I0KOH, 0008IOULMOBXYIOY020 NOKPUMMSL OJisL
nanepy u xapmoHy. Ilepwie npomucnose eupoonuymeo xononimepie PHB-PHV opeanizysana ¢ 1980 poyi
aneniiicoxa komnanis «|CA» nio mopeosoio maproro «Biopoly. Ieii nonimep xapaxmepusyemvcs 6i0HOCHOIO
mepmocmadibHICII0, NPONYCKOM KUCHIO, CIIUKICIIO 00 A2pecugHUX XIMIKAmie i Mae MiyHICMb NOPIGHAHHO 3
noainponinenom. biononimep, wo 3aiimae 3uaune micye y RPOMUCIO8OMY SUPOOHUYMEBI — NOAI2IOPOKCUOYmMUpam
(III'B) — 6iononimep, axuil 3a Qizuunumu eracmueocmamu, nodionutl noricmuponry. II'B weudko pylinyemvcs
IPYHMOBUMU MIKPOOp2aHizmamu. 36aprosanicmes ma 61acmueoCmi 36apHUX 3 €OHAHb NONICIOPOKCIOymupamy
00Cni0JHCYBaANU HA NAACMUHYACIMUX 3PA3KAX, WO 6ULOMOGIANY MENI0GUM NPECYEARHAM i3 NONIMEPHOI CUPOGUHU
nopouwKonooionoi gopmu. Excnepumenmanvno 6cmanosneno, wjo npu 30inbuienni memnepamypu Gopmu y
npecoanux 3paskax UHUKANU 3ATUWKOGE HANPYIICEHH, AKi NPpU3600UIU 00 YmMEopeHHa mpiwun. 1Ipu nonudicenux
memnepamypax @Qopmu Nopouiox He pPO3NIAGIAECS HOSHICMIO, 8ION0GIOHO, NpU NPeCcy8anni y 3paskax
@opmysanaca necomozenna ocnabnena mikpocmpykmypa. Ilpu eunpodyeanni na posmse onmumanvi 36apui ueu
PYUHYIOMbCSL N0 OCHOBHOMY MAMeEpiany nooausy 30HU mepmiunozo enaugy. Ha nosepxmsax eusgnieHo Kpuxkuil
xapakmep pyuHyganus mamepiany. Cnocmepieanu 8i00KpeMIeHHs OKpemux pazmenmis ma wapie mamepiany
spaskis. Takum wurom, nonimepruii mamepian I1I'b, xoua i mae HU3bKi npysicHi e1acmugocmi, 0oope 36apOEmMbCsl
3a donomozoio Hazpimozo iHcmpymenmy. I1i0 yac eunpodysanus Ha pospusHit mawuni FP-10 30 weuoxicmio
50 mm/xe weu pytinysanuca no OCHOGHOMY Mamepiany nobIU3y 30HU MepMiuHo2o 6enaugy. Mexaniuni
00CIONHCEHHSA 36APHUX 3 €OHAHb NOKA3ANU HACMYNHI MEXAHIYHI XapaKmepucmuxy 386aprux weie spasxie I1I'b:

v’ miynicme npu oonogicnomy posmsazy — 42 MIla;

v’ gionocre noooeacenns npu pospuéi — 10%.

Kniouosi cnosa: npupooui  noaimepu,  noaiciopokcubymupam, — epyHmMoGi  MIKpOOpeaHizmu,
60006I0WMOBXYIOHT NOKPUMMSL, NAACMUYHI MACU, CIMUKOGE 36aPIO6AHHL.
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