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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 ikgad�ji saražoto polim�ru apjomiem, k� ar� pieaugot daž�da veida izstr�d�jumu 
sortimentam aizvien aktu�l�ka k�	st materi�lu otrreiz�j�s izmantošanas koncepcija, kuras neat
emama 
sast�vda�a ir ar� recikl�šana. Taj� paš� laik�, par sp�ti tam, ka nolietoto polim�ru apjoms 2003 gad� Eiropas 
Savien�b� sast�d�ja 21 Mt, vair�kas dal�bvalstis, tostarp ar� Latvija, nav sasniegušas ES direkt�v�
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2004/12/62/EC „Par iepakojumu un iepakojuma atkritumiem” izvirz�t�s pras�bas attiec�b� pret recikl�šanas 
apjomiem. L�dz ar to aktu�li ir nolietoto materi�lu, it �paši polim�ru iepakojuma, kas patlaban veido 32 % no 
visiem iesai
ojuma materi�liem, jaunu utiliz�cijas veidu mekl�jumi.  

Polim�ru iepakojuma recikl�šana parasti notiek vai nu ar ��misku vai meh�nisku metožu pal�dz�bu. 
��misk�s recikl�šanas pamat� ir polim�ra makromolekulas depolimeriz�cija l�dz s�kuma monom�riem vai 
noteikta garuma virknes oligom�riem, kurus atk�rtoti var izmantot jaunu izejvielas molekulu sint�z�, k� ar�
polim�rbetona un laku un kr�su ražošan�. Savuk�rt meh�nisk� recikl�šana pamatojas uz daž�du atkritumu 
pl	smas komponentu sadal�šanu p�c bl�vumu atš�ir�b�m un sekojošu atdal�t� polim�ra p�rstr�di uz 
tradicion�lo plastmasas p�rstr�žu metožu b�zes. Tom�r š�du procesu realiz�šana bieži vien ir ekonomiski 
neizdev�ga, k� ar� recikl�t� polim�ra ekspluat�cijas �paš�bas parasti pasliktin�s, palielinoties p�rstr�des ciklu 
skaitam. L�dz ar to priekšroka dodama polim�ru kompoz�tu veidošanas koncepcijai, kas �auj ne tikai utiliz�t 
atkritumus, bet ar� izstr�d�t daudzfunkcion�lu materi�lu kompoz�ciju spektru, kas dotu iesp�ju atbilstoši 
pat�r�t�ja specifiskaj�m vajadz�b�m izv�l�ties konkr�tam izstr�d�jumam visatbilstoš�ko sist�mu. Š�das 
pieejas praktisk�s �stenošanas ce�u mekl�jumiem j�pieš�ir pieaugoša noz�me ar� t�p�c, ka ne vienm�r ir 
iesp�jams kvalitat�vi p�c bl�vumu vai citu fizik�lu �paš�bu atš�ir�b�m atdal�t atkritumu pl	smu veidojoš�s 
polim�ru komponentes. �paši aktu�la š� probl�ma ir, piem�ram, polietil�ntereftal�ta (PET) atspirdzinošo 
dz�rienu pude�u otrreiz�j� p�rstr�d�, kur� bez pašu pude�u pamatpl	smas (PET) veidojas ar� kor�u un eti�ešu 
(p�rsvar� augsta bl�vuma polietil�na un polipropil�na mais�juma) pl	sma. Polim�ru kompoz�tu veidošanas 
koncepcija ir izdev�ga ar� p�rstr�d�jot cita veida PET atkritumus (piem�ram, iepakojuma pl�ves, konstrukt�vos 
elementus utt.), kurai l�dz šim piev�rsta sekund�ra noz�me. Vienlaic�gi j�atceras, ka pieaugot pras�b�m pret 
atseviš�iem izstr�d�jumiem, aizvien liel�ka k�	st ikdien� izmantoto produktu daž�d�ba: faktiski tie ir 
komplic�tas strukt	ras kompoz�tmateri�li ar selekt�vu �paš�bu kopumu. Piem�ram, p�d�j� laik�, lai uzlabotu 
polim�ru iepakojuma barj�r�paš�bas, aizvien plaš�k tiek izmantoti specifiskas nanopildvielas saturoši polim�ru 
kompoz�ti. Tas neapšaub�mi rada nepieciešam�bu p�c padzi�in�tiem daž�du polim�ru kompoz�tu �paš�bu un 
to otrreiz�j�s p�rstr�des iesp�ju p�t�jumiem.  

Iev�rojot iepriekš min�to, p�t�ti kompoz�ti uz nolietot� PET iepakojuma (dekorat�v�s pl�ves, 
atspirdzinošo dz�rienu pudeles) b�zes. P�t�jumu gait� izv�rt�tas gan neorganisku pildvielu saturošu PET 
kompoz�tu, gan no PET atspirdzinošo dz�rienu pude�u kor�iem un eti�et�m ieg	tu materi�lu �stermi
a un 
ilgtermi
a deformat�v�s �paš�bas. Papildus tika p�t�tas šo kompoz�tu kalorimetrisk�s �paš�bas un izv�rt�ta to 
saist�ba stipr�bas-deform�cijas parametriem. Ieg	tie rezult�ti liecina, ka pieaugot augst�ka modu�a organiskas 
vai neorganiskas dabas komponentes saturam kompoz�t�, b	tiski palielin�s t� elast�bas modulis un 
samazin�s š�	de. Bez tam tika konstat�ts, ka past�v cieša saist�ba starp kompoz�tu p�rstr�des apst�k�iem, 
strukt	ru un �paš�b�m. Kopum� ieg	tie rezult�ti, liecina, ka šo materi�lu �paš�bas ir pietiekamas, lai tos 
izmantotu praktiski atbilstoši pat�r�t�ja specifiskaj�m pras�b�m.  

Ilze Elksn�te, BSc,  
RTU, Institute of Polymer Materials, 
Address: Azenes 14/24, Riga LV 1048, Latvia 
Phone: (+371) 708 9252  
e-mail: zicans@ktf.rtu.lv


