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Summary

Development of polymer composites gains increasing attention in recent years. Composites based
on packaging waste (coated films, soft-drink bottles) are investigated. Stress-strain characteristics
and calorimetric properties, as well as creep of these composites are investigated. Relationships
between structure characteristics and stress-strain properties are analyzed. Results of the
investigation testify that properties of the composites are sufficient to use them according to the
specific needs of the customer.

Increasing trends in polymer production, as well as diversification of products used in everyday life have
lead to accumulation of great amount of plastic waste. Thus purposeful use of the materials from spent
products becomes more and more important. However, in spite of the fact that the amount of plastic waste,
generated in EU countries, in 2005 has reached more than 21 Mt, only few EU member states comply with
requirements of the 2004/12/62/EC directive on the packaging and packaging waste according to recycling
amounts. Therefore, great attention should be devoted to increase the plastic packaging waste recycling rates
by promoting development of alternative recycling schemes and technologies.

Recycling of polymer packaging waste usually is carried out by means of mechanical or chemical
methods. Chemical recycling is based on the depolymerization of the used polymer to monomers and
oligomers, which can be used either as raw materials in polymer synthesis or in the production of polymer
mortar, concrete, paints, varnishes and other products. In the same time mechanical recycling of polymer
materials is primarily based on separation of the above mentioned polymers due to density differences with
subsequent reprocessing of these materials in typical thermoplastics processing equipment. However it must
be mentioned that such an approach quite often is not economically profitable and performance properties of
the recycled polymer are usually lower than those of primary polymer. Designing of polymer composites from
used materials is more advantageous because combination of materials with different properties in a one
system can lead to development of multifunctional materials with broad set of properties, complying specific
needs of the customer. Development of composites could be advantageous also in the cases when separation
of components of the used products is either problematic or inconvenient due to technical or economical
reasons, i.e., this approach as a matter of the fact exclude the need for separation. Main argument for polymer
composite approach is the fact, that practically all the products, used nowadays, could be regarded as
composites, i.e., they consist of several different materials. For an example in poly(ethylene terephtalate)
(PET) soft drink bottle recycling, apart from the main waste stream (PET), additional waste streams,
comprising from closures, liners and labels (mainly polyethylene and polypropylene) are created. Development
of multiphase composites, based on used materials, could be advantageous also in the recycling of other kind
of PET waste (for instance, coated films, engineering materials etc.), which at present moment is not so much
elaborated. Besides it, in the recent years, inorganic nanofiller containing composites have gained popularity in
packaging industry; they are used to increase barrier properties of PET bottles and films. These aspects
undoubtedly reveal the importance and necessity of more detailed investigations of the properties and
recycling possibilities of different polymer composites.

Considering previously mentioned, composites based on the PET packaging waste (coated films,
soft-drink bottles) were investigated. Short- and long term (creep) stress-strain properties of these composites
have been evaluated. Additionally calorimetric properties of the PET composites were investigated and
possible relationships between structure and properties were analyzed. Main results of the investigations
show that growth of the concentration of the inorganic or organic higher modulus component in the
multicomponent system improves its modulus and strength. Besides it was concluded that strong relationship
exists between structure, processing conditions as well as stress-strain properties of the composites. In
general, these results testify, that properties of the investigated materials are sufficient to use them according
the specific needs of the customer.

Palielinoties ikgadeji sarazoto poliméru apjomiem, ka arT pieaugot dazada veida izstradajumu
sortimentam aizvien aktualaka k|Ust materialu otrreizéjas izmantoSanas koncepcija, kuras neatnemama
sastavdala ir arT recikleSana. Taja pasa laika, par spiti tam, ka nolietoto poliméru apjoms 2003 gada Eiropas
Savieniba sastadija 21 Mt, vairdkas dalibvalstis, tostarp arT Latvija, nav sasnieguSas ES direktiva
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2004/12/62/EC ,Par iepakojumu un iepakojuma atkritumiem” izvirzitas prasibas attieciba pret recikléSanas
apjomiem. Lidz ar to aktuali ir nolietoto materialu, it 1pasi poliméru iepakojuma, kas patlaban veido 32 % no
visiem iesainojuma materialiem, jaunu utilizacijas veidu meklgjumi.

Poliméru iepakojuma recikléeSana parasti notiek vai nu ar kimisku vai mehanisku metozu palidzibu.
Kimiskas recikleSanas pamata ir poliméra makromolekulas depolimerizacija l1dz sakuma monomeériem vai
noteikta garuma virknes oligomériem, kurus atkartoti var izmantot jaunu izejvielas molekulu sintéze, ka art
polimérbetona un laku un krasu razo$ana. Savukart mehaniska recikleS§ana pamatojas uz dazadu atkritumu
plismas komponentu sadaliSanu péc blivumu atdkiritbdm un sekojoSu atdalitd poliméra parstradi uz
tradicionalo plastmasas parstrazu metozu bazes. Tomér $adu procesu realizéSana biezi vien ir ekonomiski
neizdeviga, ka art reciklétd poliméra ekspluatacijas TpaSibas parasti pasliktinas, palielinoties parstrades ciklu
skaitam. Lidz ar to priekSroka dodama poliméru kompozitu veidoSanas koncepcijai, kas lauj ne tikai utilizet
atkritumus, bet arT izstradat daudzfunkcionalu materialu kompoziciju spektru, kas dotu iespéju atbilstosi
patérétaja specifiskajam vajadzibam izvéléties konkrétam izstraddjumam visatbilstodako sistému. Sadas
pieejas praktiskas TstenoSanas celu mekléjumiem japieskir pieaugoSa nozime arl tapéc, ka ne vienmer ir
iesp€jams kvalitativi péc blivumu vai citu fizikalu TpasSibu atSkirlbam atdalit atkritumu plismu veidojosas
poliméru komponentes. Tpadi aktuala &7 probléma ir, pieméram, polietiléntereftalata (PET) atspirdzino$o
dzeérienu pudelu otrreizéja parstrade, kura bez pasu pudelu pamatplismas (PET) veidojas art korku un etikeSu
(parsvara augsta blivuma polietiléna un polipropiléna maisijuma) plisma. Poliméru kompozitu veidoSanas
koncepcija ir izdeviga ar1 parstradajot cita veida PET atkritumus (pieméram, iepakojuma pléves, konstruktivos
elementus utt.), kurai lidz 8im pievérsta sekundara nozime. Vienlaicigi jaatceras, ka pieaugot prasibam pret
atseviSkiem izstradajumiem, aizvien lielaka Kklust ikdiena izmantoto produktu dazadiba: faktiski tie ir
komplicétas struktiras kompozitmateriali ar selektivu Tpasibu kopumu. Pieméram, pédgja laika, lai uzlabotu
poliméru iepakojuma barjéripasibas, aizvien plasak tiek izmantoti specifiskas nanopildvielas saturoSi poliméru
kompoziti. Tas neapSaubami rada nepiecieSamibu péc padzilinatiem dazadu poliméru kompozitu Tpasibu un
to otrreizéjas parstrades iespéju pétijumiem.

levérojot iepriek§ minéto, pétiti kompoziti uz nolietota PET iepakojuma (dekorativas pléves,
atspirdzinoSo dzérienu pudeles) bazes. Pétijumu gaita izvértétas gan neorganisku pildvielu saturoSu PET
kompozitu, gan no PET atspirdzinoSo dzérienu pudelu korkiem un etiketém iegltu materialu Tstermina un
ilgtermina deformativas Tpasibas. Papildus tika pétitas So kompozitu kalorimetriskas 1paSibas un izvértéta to
saistiba stipribas-deformacijas parametriem. legitie rezultati liecina, ka pieaugot augstdka modula organiskas
vai neorganiskas dabas komponentes saturam kompozita, batiski palielinas ta elastibas modulis un
samazinas $|ude. Bez tam tika konstatéts, ka pastav cieSa saistiba starp kompozitu parstrades apstakliem,
struktdru un Tpasibam. Kopuma iegltie rezultati, liecina, ka S0 materialu TpaSibas ir pietieckamas, lai tos
izmantotu praktiski atbilstoSi patérétaja specifiskajam prastbam.
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