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The Breakdown of PLA Bioplastic

This experiment was able to meet the aim to compare several 
environments for a PLA bioplastic to decompose in.

The results suggest that water produced the most decomposition. 
This makes it the most ideal environment for any potential “bio-
tips” that may be built in the future. To conclude, water could 
potentially be used as an aid in the decomposing and degrading 
of PLA bioplastics and any future biodegradables as a whole.

Introduction

Which is the best environment for a PLA bioplastic prototype to decompose in?
Vivianne Truong

Aim, Hypothesis & Variables

Results

The final results from this experiment refute the original hypothesis 
that the PLA corn-starch bioplastic would most likely break down in 
the soil-based environment. Instead, it was found the PLA proxy 
degraded the most in the water environment. This can be seen in 
Figure 4. The water samples showed the most change in both 
physical appearance and composition.

Applying scientific understanding, this is because the addition of the 
water to the PLA proxy (corn-starch plastic) causes hydrolysis of the 
polymer (Figure 5). Hydrolysis is the addition of water to break 
bonds.

Figure 5. Two lactic acid compounds joining together to form a polylactic acid 
(polymer)(Image made by author, 2015).

For future research, quantitative data could be collected to 
complement the qualitative data. This could be done by measuring 
the structural stability of the bioplastic samples before and after 
being in the set environments using force metres/force plates. By 
completing this additional research, a more quantitative 
understanding of the degradation of the bioplastic could be made, 
further supporting the hydro-based environment as ideal.
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In today’s evolving world, plastic products have fast become one of 
the world’s most used resources. They do, however, pose a 
significant environmental problem. Plastic bags can take from 10 to 
20 years to decompose and their production requires non-renewable 
sources such as oil, coal and natural gas. (Salt, 2002).

To combat these problems, biodegradable plastics, or bioplastics, 
have been developed from renewable and eco-friendly sources.

Bioplastics fall into four categories, dependent on the resource used 
to construct them; cellulose, starch, glucose and oil. Polylactic acid 
otherwise known as corn plastic is currently being considered as the 
best alternative to current plastics.

This polylactic acid has been found to decompose in carbon dioxide 
and water in 47-90 days (see Figure 1) which equates to a mere 
three months. This is four times faster than PET-based plastics 
(regular conventional plastics)(Harris, 2010). Furthermore, 
Bioplastics do not require oil and so, release fewer toxins in their 
manufacturing process (Lamb, 2008).

However, with these gains comes a few complications. The 
Australian Academy of Science (2015) suggests that the three 
month decomposition rate can only take place when the surrounding 
environmental factors are ideal. These ideal factors include certain 
levels of humidity, water and sunlight exposure. This was the 
inspiration for this experiment - to find the ideal environment for a 
PLA bioplastic proxy to decompose in.

Aim, Hypothesis & Variables
Aim: To use a PLA proxy to compare several environments for PLA 
decomposition.

Hypothesis: The PLA proxy will decompose best in the soil 
environment. The PLA proxy will not decompose on its own. 

Variables: The independent variables (IV) are the different 
conditions that the PLA proxy was placed in (air/control, soil and 
tap water). The dependant variable (DV) is the condition of the PLA 
proxy after seven days, as measured by qualitative observations.

Experimental Setup

Day 3 Observations

Soil Environment
- noticeably weaker in composition
- started to break off at touch, with light pressure
- lost a lot of the original colour

Water Environment
- visibly weaker in composition
- started to break off on its own
- lost a lot of the original colour
- very light colour

Normal Environment 
(Control)

- little to no change
- outer corn starch powder started to break off
- most of original colour is retained

Day 7 Observations

Soil Environment
- significantly weaker in composition
- easily breaks off with light pressure
- lost a lot of the original colour

Water Environment
- outside very soft to the touch
- has broken down and decomposed significantly
- very light in colour
- water has become more opaque

Normal Environment 
(Control)

- loss of colour, has become a bit whiter looking
- hard to the touch
- visible cracks starting to appear

Discussion

Another aspect that can be further researched is what is released 
into the water/soil once the PLA proxy degrades, and whether or 
not it would affect the quality of the water/soil and overall 
environment.

In this experiment, there were a few limitations which may have 
interfered with the overall end results. The first was that the 
samples used in the experiment were only proxies. This may have 
had an effect on the results because a PLA bioplastic and the 
proxy one made of basic household items have slightly different 
structures.

Another limitation was that the samples in the experiment were 
only observed two days out of the total seven day period. 
Originally, this was to ensure that there was minimal interruptions 
to the decomposing process but this also meant that only two 
sets of qualitative data could be collected (Figures 3 and 4).

Finally, another aspect of the experiment was the sample sizes. 
Due to the shape of the container mould, the PLA proxy samples 
were not all uniform in thickness which could have affected the 
rate of their decomposition and their initial structural strengths.
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FigFigure 2. Photographs taken on Day 1 of PLA proxy placed inside plastic 
containers a) control, b) in soil, c) in tap water with two repeats per test.

Figure 1. Photographs of a plastic bottle degrading over an 80 day period 
(Statsenko, 2014).

Figure 3. Photographs taken of experiment on Day 3 a) in soil, b) in tap water, 
c) control with two repeats per test.
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FigFigure 4. Photographs taken of experiment on Day 7. PLA proxy samples a) in 
soil, b) in tap water, c) control with two repeats per test.
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To make the PLA proxy, ½ cup of cornstarch was combined with ⅓ 
cup of tap water in a rectangular microwavable take-away box 
(35cmx17cmx12cm) which was also became the mould. The 
mixture was heated in a microwave on high for 30 seconds. The 
‘plastic’ was left to cool, then cut to size (approx. 2cmx2cmx0.5cm 
squares) using a kitchen knife. Then the PLA proxy squares were 
placed in plastic cup containers under their different environmental 
conditions (Figure 2).

Special thanks to John Monash Science School 
teachers and lab technicians.
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