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Abstract - Marine littering is one of the major ecological threats. The amount of plastic floating in oceans is increasing; in some parts of oceans there are already 6 times more small plastic parts than plankton. 
Plastic floating in sea is great absorber of heavy metals, pesticides, PCBs and other toxins that accumulate in marine animals and consequently in humans. The most common sources of pollution are the ships 
(35 % to 85 %), i.e. people who throw various products into the sea, lost fishermen's nets, and waste from the rivers or brought by the wind. The need to reduce the quantities of plastics has led to the development 
of marine degradable materials, which after having been discarded into water (sea, lake, and river) degrade completely after a certain time. The paper analyzes the possibility of processing the marine 
degradable material using the injection moulding process, and the testing of mechanical properties has been performed.
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Figure 5 shows the values obtained by the testing of toughness.Introduction 

The European project CIP Eco-innovation entitled MarineClean (full name of the project is Marine debris removal and 
preventing further litter entry) includes partners from Slovenia, Croatia and Lithuania, and the basic aim of the project is the 
reduction of sea pollution. One of the areas of activities is the design of marine degradable packaging which will contribute 
to the reduction of sea pollution. For this purpose a bio-degradable material was selected on bio-basis based on 
poly(hydroxy-alkanoate) (PHA). PHA can be synthesized by over 30% of soil-inhabiting bacteria. Many bacteria in 
activated sludge, in high seas, and in extreme environments are also capable of making PHA. PHA has rich properties 
depending on the structures. Homopolymers, random copolymers, and block copolymers of PHA can be produced 
depending on the bacterial species and growth conditions. With over 150 different PHA monomers being reported, PHA 
with flexible thermal and mechanical properties has been developed. Such diversity has allowed the development of 
various applications, including environmentally friendly biodegradable plastics for packaging purposes, fibers, 
biodegradable and biocompatible implants, and controlled drug release carriers. [1]  
Polyhydroxyalkanoates degrade in different environments. Unlike some other biodegradable polymers, they do not need 
high temperatures and humidity for their biodegradation, and are broken down in the soil, in the sea, even in home FIGURE 5 - Diagram of impact strength
composting facilities. The most common type of PHA is polyhydroxybutyrate (PHB), a material of diverse properties, which 

2can be derived from corn, sugar cane and beets, as well as vegetable oil. [2]  The mean impact strength value of the marine degradable material is a  = 0,0507 J/mm  which is a 50% lower value when CN
2compared with the toughness of polypropylene and polyethylene (0,10 J/mm ). [6]

Experimental 
Testing of degradation in the marine water 

Marine degradable material The testing of the EcoOcean material degradation was performed in the coastal area of Slovenia at a depth of 1 m, at the 
sea temperature of 15 C. The testing was performed on bags and test specimens used to test bending properties of 4 
mm thickness (Figure 6 a) and b)).Marine degradable material under the brand name EcoOcean was developed by the EcoCortec Company from the USA. 
Parallel to field study, laboratory tests were carried out as well. The bending test specimen was placed into unfiltered sea The material EcoOcean is intended for the production of films, foils, and bags using the procedure of tubular film extrusion. 
water, and a piece of cut bag in three different sea waters: one with seawater with almost all organisms removed, one with The material contains 77 % of material on the bio-basis and is degraded in salt water (i.e. seas and oceans), anaerobic 
seawater with phytoplankton and bigger organisms removed, and one with intact seawater. environment, in soil, water, municipal compost and industrial composting plant under controlled conditions. [3]
These results are expected, since biodegradation is controlled by part thickness, so thicker parts will take longer but will 
degrade over time.Processing parameters and shape of the test specimen

The marine degradable material is intended for the processing by blow film extrusion, but due to the need of development of 
different packages the test specimens in the paper have been produced by injection moulding. Injection moulding has been 
performed on the injection moulding machine manufactured by Boy. For the sake of testing mechanical properties the 
tensile and bending test specimens were produced (Figure 1).

   

FIGURE 1 - Marine biodegradable test specimens made by injection moulding

FIGURE 6 - a) Testing of degradation in marine water: bag   
b) Testing of degradation in marine water:  flexural test specimensResults and Discussion 

After one month a thin layer of sea bacteria (bentic microalgae of which mostly diatoms, dinoflagellates and 
Tensile properties nanoflagellates), plants and animals (marine worm - Pomatoceros triqueter) developed on the test specimens (Figure 6 b) 

and Figure 7 b)).
Figure 2 and Figure 3 present the values obtained by the extension of the test specimens.

FIGURE 7 - a) After one month all bags and test specimens were covered by a thin biofilm of different marine bacteria,   FIGURE 2 - Diagram of tensile strength
plants and animals

b) After one month microalgae under the microscope

After 2 months there were some more bacteria on the test specimens, such as e.g. cyanobacteria, macroalgae and 
bryozoans (Figure 8 a) and b)).

 

 
FIGURE 3 - Diagram of tensile strain

The diagram shows that the mean value of tensile strength amounts to as little as 15 MPa, and tensile strain at break is 
FIGURE 8 - a) After two months all bags and test specimens were covered by a thin biofilm of different marine about 500%. When this is compared with the classical materials which are used to produce various packaging, e.g. poly-
bacteria, plants and animalspropylene (PP) or high density poly-ethylene (PE-HD) (R =15 - 40 MPa andm

 b) After two month's macroalgae under the microscope = 150 - 400% [4,5,6]) one may notice that this is the bottom value of tensile strength which is stipulated by many p

manufacturers, whereas extension is 25% higher.
Conclusions 

Flexural properties
Material EcoOcean is easy to process with different processes, like extrusion and injection moulding and test specimens 
show good mechanical properties. Tensile strength is lower than that of conventional polymers, while strain is over 500 %. The test specimen during bending did not break, so that the agreed bending strength  fc (Figure 4) is determined up to 
Given the high strain, material EcoOcean is also highly flexible, and because of that it is not possible to calculate the flexural deflection S  = 1.5 h = 6 mm.c strength at break, but the testing is stopped at an agreed deflection of 6 mm.

The bending strength of the classical materials (PP and PE-HD) amounts to about 40 MPa[5,6], whereas in case of marine 
The testing of degradation in sea water has shown that various micro and macro-organisms appeared on all the test 

degradable material which shows high flexibility it is not possible to test either bending strength nor bending strength at 
specimens (bentone flora, diatomes, dinoflagellates, nanoflagellates, marine worm, bryozoans, mould), but the 

break since the test specimen fell into the support of the testing device. 
degradation started as late as after four months and then only on the thin-wall product.

At the agreed deflection of 6 mm the bending strength amounts to 9 MPa.
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