
 

PLASTIC: A 
Pesky Problem 
 
ABSTRACT 
 
Plastic is overused, disposed of incorrectly, made of fossil fuels, 
unsustainable and damaging to ecosystems; however, our 
consumerist lifestyle craves convenience, so stopping plastic use 
is impractical. Hence, bioplastics are significant. Bioplastics today 
are generally based on starch, but recent developments have 
explored other possibilities, including blends (e.g. starch/agar) and 
seaweed-based plastics made using agar. These developments 
increase the viability of bioplastics in competing with traditional 
plastics by creating more versatile, stronger, more flexible or stiff 
plastics as required. This report aimed to identify the bioplastic 
with the greatest tensile strength and water resistivity out of 
plastics produced from agar, corn-starch and a blend of agar and 
corn-starch, hypothesising that the agar-based would be the 
strongest and most resistive to water. To measure these, 20 drops 
of water were placed onto each plastic whilst it was taut and 
suspended and a tissue placed underneath to see if any liquid 
seeped through. A spring balance was hung over the plastic and 
pulled to find the amount of force necessary to break each piece of 
plastic. Agar plastic was shown to be the strongest of the three 
plastics and starch plastic was shown to be the most water 
resistant.  



SRP 2015 – Bioplastic strength and water resistance 
Background research 
Traditional plastics are made from petroleum or natural gas. These raw 
materials are not only limited resources and fossil fuels, but also require large 
amounts of energy to extract, release greenhouse gases into the air (such as 
methane in the extraction of natural gas) and harm surrounding ecosystems 
through drilling and the use of heavy machinery, resulting in pollution and 
negative environmental consequences (Terry, 2012). 
 
Traditional plastics are also non-biodegradable and due to their use as a 
cheap, disposable item in mass quantities, they have become a waste 
disposal issue. “Single-use, disposable plastics were a direct outgrowth of 
industries developed during World War II and quickly became symbolic of the 
convenience of modern day living” - (Algalita | Marine Research and 
Education, 2012).  
 
Per capita, Australia generates the second largest amount of waste per year 
at 2100kg. It has been projected that we will run out of landfill space in 
Sydney by 2016 (Your Say Randwick, 2015). The improper disposal of plastic 
as well as the lack of landfill space for them has led to plastic piling up in 
natural environments. There exists a “‘plastic soup’ patch”, better known as 
the Great Pacific Garbage Patch, which is floating in the Pacific Ocean at over 
18 million kilometres squared, almost twice the size of USA 
(Theworldcounts.com, 2015). Animals often mistake plastic for food, ingest it 
and die due to blockages caused by the plastic and then decompose, leaving 
the non-biodegradable plastic behind for other animals to swallow.  
 
Bioplastics are still plastics, and have the potential to cause many of the 
harms of petroleum-based plastics; however, they are significantly better for 
the environment than traditional plastics for their biodegradability and 
sustainable sourcing of raw materials. Their carbon footprint is significantly 
lower due to more environmentally conscious methods of obtaining raw 
materials and manufacturing. Plantic (a company that creates bio-based food 
packaging and biodegradable plastics) plastic products produce 50% less 
carbon to create than petroleum based plastics. (CSIRO.au, 2012).  
 
As a relatively new area of study and market comprising less than 1% of 200 
million plastics being produced globally each year, bioplastics are currently 
more expensive and potentially not as versatile as other plastics but with time 
and research, their potential for development will become reality. Corn starch 
is also the most common type of bioplastic (Worldcentric.org, 2015) and 
seaweed has been identified as having high potential for bioplastic production 
(Whitworth, 2014). Important qualities in all plastics are their tensile strength 
and water resistance. Corn and agar are both widely available and easy to 
cultivate. Agar is produced from algae or seaweed and is often used as a 
vegan substitute for gelatine. These reasons make this project highly relevant 
to the sustainability issues we face today. 
 
The hypothesis is based on other studies, which find seaweed to be “more 
resistant to microwave radiation, less brittle and durable” (Rajendran et al., 
2012). “Agar films have a much higher tensile strength than starch films, so 



the more agar in the film, the larger the tensile strength.” (Green Plastics, 
2011).   
 
Aim:  
To determine what type of home-made bioplastic (starch-based, seaweed 
based or starch-seaweed based) has the highest tensile strength and water 
resistivity. 
 
Hypothesis 
The seaweed-based bioplastic made using agar will have the highest tensile 
strength and water resistivity than starch-based or starch-seaweed based 
plastics 
 
Full equipment list 
 

Item Quantity Price 

Sanofi Glycerine  1 x 200mL bottle $9.13 

Homebrand White Vinegar 1 x 2L bottle $1.17 

Water* 1 x 1L from tap N.A. 

Homebrand Corn starch 1 x 500g pack $1.49 

Scissors* 1 N.A. 

Retort stand, boss head, clamp* 2  N.A. 

Spring Balance* 1 x 10N N.A. 

Pipette (plastic squash)* 1 N.A. 

Vernier Caliper* 1 N.A. 

Tissues* 1 box of 170 $2.45 

Agar Agar Powder 1 x 5g packet $0.75 

Saucepan* 1L 1 x small N.A. 

Plastic Spatula 1 $2 

Teaspoon (5mL) 
Tablespoon (20mL) 

1 x set N.A. 

Marble surfaces* 3 N.A. 

Razor blade* 1 $0.50 

Slow motion camera on iPhone 6* 1 N.A. 

Pillar box red food colouring 1 x 20mL bottle $0.89 



Ruler* 1 x 30cm $1 

Measuring cup (250mL) 1 N.A. 
 
*= already own/school providing 
 
 
Quantities for each type of plastic: 
 
Agar  
3 tsp agar 
1½ tsp of glycerine 
5 ¼ cup of water 
1 drop red food colouring 
 
Agar-Starch Blend 
1 ½ tsp agar 
1 ½ tsp corn starch 
3 tsp of glycerine 
3 ⅜ cups of water 
4 ½ tsp vinegar 
1 drop red food colouring 
 
Starch 
3 tsp glycerine 
3 tsp vinegar 
3 tbsp corn starch 
16 tbsp water 
1 drop red food colouring 
 
Risk Assessment 
Science Student Research Project Risk Assessment 
Mandatory precautions: Covered shoes, safety glasses, hair exceeding 
shoulder length tied back. 
 
Date: ……………  Student Signature: ........................................... 
 

Step 1: 
Identify the 

hazard 

CSIS 
code 

Step 2: 
Strategies 

to minimise 
the hazard 

Step 3: 
Assessment of risk 

(see table below) 

Step 4: 
What if 

something 
goes wrong? 

Step 5: 
Packing up 

Glycerine can 
irritate skin 

and eyes after 
prolonged 
exposure 

na 

Pour 
glycerine 

carefully and 
keep away 
from eyes. 

1+1=2=LOW 

Wash out of 
eyes or skin if 
contact occurs 

Contact a 
responsible 

adult (parent, 
teacher, 
doctor) if 
irritation 

continues 

Ensure the bottle 
cap is screwed 

on tightly and any 
spills wiped up 

carefully. 



Glycerine can 
cause altered 
blood sugar 
issues and 

central 
nervous 

system issues 
if ingested in 

large 
quantities 

na 

Do not 
ingest 

glycerine 
Keep away 
from young 

children 

2+1=3=MODERATE 

Immediately 
contact 

responsible 
adult (parent, 

teacher, 
doctor), and 
seek medical 

help 

Ensure the bottle 
cap is screwed 

on tightly and any 
spills wiped up 

carefully 

White vinegar 
can result in 

caustic burns, 
tooth enamel 
destruction 
and blood 

thinning, as 
well as 

irritation to the 
eyes 

na 

Do not 
ingest 

vinegar. 
Keep away 
from young 
children and 

eyes 

2+1=3=MODERATE 

Immediately 
contact 

responsible 
adult (parent, 

teacher, 
doctor), and 
seek medical 

help 

Ensure the bottle 
cap is screwed 

on tightly and any 
spills wiped up 

carefully 

Stove flame 
and 

surrounding 
surfaces 

including pot 
can cause 

burns 

na 

Exercise 
caution 

when flame 
is on and 

after it has 
been turned 

off. 
Keep away 
from flame. 
Handle pot 

with 
teatowel 

during/after 
heating. 

1+2=3=MODERATE 

Place afflicted 
area under 

cold running 
water. 

Immediately 
contact 

responsible 
adult (parent, 

teacher, 
doctor), and 
seek medical 

help 
 

Allow time for 
surfaces and 

materials near 
flame too cool 

before 
moving/storing 

Razor blade 
can cause 

cuts 
na 

Be cautious 
not to come 
in contact 
with sharp 

blade. 
Handle and 

transport 
with care. 

1+2=3=MODERATE 

Immediately 
contact 

responsible 
adult (parent, 

teacher, 
doctor) 

Wipe cut with 
alcohol wipe 

and place first 
aid cream on 
it. Then place 
a band-aid on 

top. 

Pack away with 
care 

Retort stand, 
boss head and 
clamp can fall 
on extremities 

na 

Place at 
least a 

metre away 
from person 
when on a 

raised 
surface 

OR 
Place on the 

ground 

2+1=3=MODERATE 

Immediately 
contact 

responsible 
adult (parent, 

teacher, 
doctor). 

Rest, ice, 
compress and 

elevate 
affected areas 

Pack away with 
care and ensure 
to store towards 

the back of 
shelf/table/other 



Food 
colouring can 

stain 
na 

Ensure that 
all surfaces 
and skin are 

covered 

1+1=2=LOW 

Soak and read 
care 

instructions to 
wash out the 

item. If stained 
skin, wash 
with warm 
water and 

soap 

Pack away by 
screwing lid 

tightly 

 
  



Method 
 
Making the bioplastics: 
1) 3 teaspoons of agar, 1 ½ teaspoons of glycerine, a drop of red food 
colouring and 5 ¼ cups of water were placed in a small saucepan 
2) The pan was placed on low heat for 2 minutes, and then placed on medium 
heat until bubbling occurred. 
3) The pan was taken off the heat after 30 seconds of bubbling and the 
mixture was immediately evenly spread onto a marble surface. This sample 
was called Agar Plastic. 
4) 1½ teaspoons of agar powder, 1 ½ teaspoons of corn starch, a drop of red 
food colouring, 3 teaspoons of glycerine, 3 ⅜ cups of water and 4 ½ 
teaspoons of vinegar were placed in a small saucepan. 
5) Steps 2-3 were repeated with the mixture from step 4 to form an agar-
starch blend bioplastic to be named Starch-Agar Plastic. 
6) 3 teaspoons of glycerine, 3 teaspoons of vinegar, a drop of red food 
colouring, 3 tablespoons of corn-starch and 16 tablespoons of water were 
placed in a small saucepan. 
7) Steps 2-3 were repeated with the mixture from step 6 to form a starch 
bioplastic to be named Corn-Starch Plastic. 
8) The three samples were left to dry under cover for 5 days. 
9) The samples were sliced into sections of 3.5cm width and 4.5cm length 
using a razor and peeled off the marble surface. 
10) The thickness of each section was measured using a vernier caliper and 
recorded. 
11) A section of the Agar plastic was firmly clamped and suspended so that it 
was taut between two clamps attached to two retort stands with tissue paper 
spread underneath. (Figure 1)  
12) A pipette was used to drop water onto the section in the same spot 20 
times or until water fell through the section and onto the tissue, ensuring that 
no water ran off the sides of the samples. 
Water resistance test

 
Figure 1 Experimental Setup for Water Resistance Test 



 
13) Observations and results were recorded and the samples left to dry 
overnight. 
14) Steps 11-13 were repeated using all sections of all samples. 
15) A section of the Agar plastic was firmly clamped and suspended so that it 
was taut between two clamps attached to two retort stands 3.5cm apart. 
(Figure 2) 
 
Tensile test 

 
Figure 2 Experimental Setup for Tensile Test 
 
16) A spring balance capable of measuring up to 10 N of force was hooked 
over the top of the section 
17) A slow motion camera was set up and began filming as the spring balance 
was slowly pulled downwards 
18) The force taken to tear the plastic was determined using slow motion 
replay and recorded. 
19) Steps 15-18 were repeated with all the sections of each Sample 
 
Completing the Experiment: 
20) All results were tabulated and graphed. The tensile strength formula 
(Force Required to Break Each Section (N) divided by thickness (mm)) was 
used to compare the three tensile strength results. 
 
 
Variables 
Independent:  

• Composition of bioplastic (starch-based, seaweed/starch-based, 
seaweed based) 

Dependent:  
• Tensile strength and water resistance 

Controlled: 
• Width and length of samples 
• Cooking and drying time of bioplastics 
• Cooking and drying conditions of bioplastics 



• Distance between clamps 
 
 

  



Results 

Table 1 Agar Plastic Water Resistivity and Force Required to Break Each 
Section 

Section Thickness 
(mm) 

Water Resistivity (up to 
maximum 20 drops) 

Force Required to 
Break Each Section 

(N) 
1 6 20 1.1 
2 6 20 1.0 
3 6 20 0.9 
4 6 20 1.3 
5 6 20 0.7 
6 6 20 0.9 
7 6 20 0.8 
8 6 20 1.9 
9 6 20 1.2 

10 6 20 0.9 
11 6 20 1.0 

AVERAGE 
of 1-11 

6 20 1.0 
 

STANDARD 
DEVIATION 

of 1-11 

0 0 0.3 

12 9 20 2.2 
13 9 20 3.0 
14 9 20 2.5 
15 9 20 1.8 
16 9 20 2.3 
17 9 20 3.6 
18 9 20 3.5 
19 9 20 3.0 
20 9 20 2.0 
21 9 20 2.3 
22 9 20 2.8 
23 9 20 2.2 
24 9 20 1.8 
25 9 20 1.9 
26 9 20 4.0 
27 9 20 2.7 
28 9 20 3.2 

AVERAGE 
of 12-28 

9 20 2.6 
 

STANDARD 
DEVIATION 

of 12-28 

0 0 0.6 

29 5 20 1.9 
30 5 20 2.8 
31 5 20 2.8 



32 5 20 1.7 
33 5 19 1.2 
34 5 20 1.5 
35 5 19 2.2 
36 5 20 1.2 

AVERAGE 
of 29-36 

5 19.8 1.9 
 

STANDARD 
DEVIATION 

of 29-36 

0 1 0.6 

 
Table 2 Agar Plastic Tensile Strength 

Thickness (mm) Average Force 
Required to Break 

Each Section Plastic 
(N) 

Tensile Strength (N/mm) 

5 1.9 0.4 

6 1.1 0.2 

9 2.6 0.3 

 
Figure 3 Starch-Agar Plastic Breaking Point 

 

 

 

 

 



Table 3 Agar-Corn Starch Plastic Water Resistivity and Force Required 
to Break Each Section 

Section Thickness 
(mm) 

Water Resistivity (up to 
maximum 20 drops) 

Force Required to 
Break Each Section 

(N) 
1 4 18 0.2 
2 4 17 0.2 
3 4 19 0.3 
4 4 20 0.2 
5 4 20 1.1 
6 4 18 0.6 
7 4 18 0.5 
8 4 18 0.7 
9 4 17 0.6 

10 4 20 0.4 
11 4 19 0.5 
12 4 17 0.4 
13 4 18 0.4 
14 4 20 0.6 
15 4 20 0.2 
16 4 18 1.2 
17 4 20 0.2 
18 4 18 1.1 
19 4 17 0.6 
20 4 19 0.5 
21 4 20 0.7 
22 4 18 0.6 
24 4 18 0.5 
25 4 17 0.6 
26 4 18 0.2 
27 4 18 0.5 

AVERAGE 
of 1-27 

  4 18.4 0.5 

STANDARD 
DEVIATION 

of 1-27 

0 3 0.3 

28 13 20 1.6 
29 13 20 1.3 
30 13 20 0.9 
31 13 18 0.8 
32 13 20 1.6 
33 13 20 0.8 
34 13 20 0.7 
35 13 19 0.7 
36 13 17 1.0 
37 13 20 1.3 



 
 
  

Section 
38 

Thickness 
(mm) 

13 

Water Resistivity (up to 
maximum 20 drops) 

18 

Force Required to 
Break Each Section 

(N) 
1.4 

39 13 20 0.7 
40 13 20 1.2 
41 13 18 0.8 
42 13 20 1.5 
43 13 17 1.6 

AVERAGE 
of 28-43 

13 19.2 1.1 

STANDARD 
DEVIATION 

of 28-43 

0 0.8 0.4 

44 16 20 1.3 
45 16 20 1.2 
46 16 20 1.0 
47 16 20 0.9 
48 16 20 1.0 
49 16 20 1.0 
50 16 20 0.9 
51 16 20 1.2 
52 16 20 1.0 
53 16 20 1.8 
54 16 20 1.2 
55 16 20 1.8 

AVERAGE 
of 44-55 

16 20 1.2 

STANDARD 
DEVIATION 

of 44-55 

0 0 0.3 



Table 4 Agar-Corn Starch Plastic Tensile Strength 

Thickness (mm) Average Force 
Required to Break 

Each Section Plastic 
(N) 

Tensile Strength (N/mm) 

4 0.5  0.1  

13 1.1 0.1 

16 1.2 0.1 

 
  



Table 5 Corn Starch Plastic Water Resistivity and Force Required to 
Break Each Section 

 
Section Thickness 

(mm) 
Water Resistivity (up to 

maximum 20 drops) 
Force Required to 

Break Each Section 
(N) 

1 6 20 0.4 
2 6 20 1.1 
3 6 20 0.6 
4 6 20 0.7 
5 6 20 0.5 
6 6 20 0.2 
7 6 20 0.6 
8 6 20 1.0 
9 6 20 0.9 

10 6 20 1.2 
AVERAGE 

of 1-10 
6 20 0.7 

STANDARD 
DEVIATION 

of 1-10 

0 0 0.3 

11 8 20 1.6 
12 8 20 1.0 
13 8 20 0.9 
14 8 20 1.3 
15 8 20 1.0 
16 8 20 1.0 
17 8 20 1.2 

AVERAGE 
of 11-17 

8 20 1.1 

STANDARD 
DEVIATION 

of 11-17 

0 0 0.2 

18 10 20 1.8 
19 10 20 1.6 
20 10 20 1.7 
21 10 20 1.7 
22 10 20 1.7 

23 10 20 1.2 
24 10 20 1.6 
25 10 20 1.3 
26 10 20 1.3 
27 10 20 1.1 
28 10 20 1.7 
29 10 20 1.4 

 
 

 
 

 
 

 
 



 
 
 
 
 
 

Table 6 Corn Starch Plastic Tensile Strength 

Thickness (mm) Average Force 
Required to Break 

Each Section Plastic 
(N) 

Tensile Strength (N/mm) 

6 0.72 0.1 

8 1.1 0.1 

10 1.5 0.2 

15 3.5 0.2 
 

 
 
 

Section 
 

AVERAGE 
of 18-29 

Thickness 
(mm) 

 
10 

Water Resistivity (up to max 
20 drops) 

 
20 

Force Required to 
Break Each Section 

(N) 
1.5 

STANDARD 
DEVIATION 

of 18-29 

0 0 0.2 

30 15 20 3.8 
31 15 20 2.9 
32 15 20 3.8 
33 15 20 3.3 
34 15 20 3.6 
35 15 20 4.1 
36 15 20 2.7 
37 15 20 3.9 

AVERAGE 
of 30-37 

15 20 3.5 

STANDARD 
DEVIATION 

of 30-37 

0 0 0.4 



Figure 4 Tensile Strengths of Agar, Starch Agar and Starch Plastics 

 
 
Figure 5 Agar, Agar-Starch and Starch Plastic Appearances 
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Discussion 
 
The water resistance of all three variations of bioplastic was fairly similar, with 
the lowest average capacity 18.4 out of 20 drops in 4mm thick agar-starch 
plastic. The method outlined 20 drops, as it was the carrying capacity of the 
3.5cmx4.5cm sections (i.e any more water and it would have fallen over the 
edges, as it did in some trials).  
 
Biodegradable bioplastics cannot be called “waterproof” as they degrade in 
salt water. During the testing, whilst all three types of plastics withstood 20 
drops without permeation most of the time, it was observed that the starch 
was the least porous; as after the testing its underside was not moist and still 
quite firm, whilst the agar and particularly the agar-starch felt damp and limp. 
This may have been a result of the layer thickness of each sample, where the 
starch bioplastic formed a thicker sheet than the agar or the agar starch, 
which had to be folded over to perform testing, as it was thinner than 1mm. 
 
All three plastics repeatedly held approximately 20 drops of water without any 
sign of leakage over dozens of trials, with the STANDARD DEVIATION in 
each trial no greater than 3 drops. This makes the results reliable. A non-
water resistant substance (e.g. a tissue) would have been penetrated and 
would leak within about 10 drops, so the extra 10 drops were used in order to 
determine which plastic was the least permeable to water. It is known that 
starch and agar based bioplastics are hydrophilic (Green Plastics, 2011), 
however this did not mean that water drips through easily, as shown in the 
results. The issue raised by the water-resistance testing is that it is possible 
that one bioplastic could be significantly more resistant to water than the other 
two.  
 
However, due to the carrying capacity of the sections used, the difficultly of 
suspending larger sections of plastic and the different qualities (e.g. thickness 
and slipperiness) of each bioplastic, more detailed results as to the extent of 
difference in water resistance would be difficult to obtain. This leads to the 
conclusion that the method is valid to a point, but provides a more qualitative 
result as opposed to a quantitative one. The point where all three bioplastics 
are penetrated by water may not even exist, as one of the bioplastics could be 
completely impermeable to water, and so a quantitative comparison cannot 
truly occur, hence a graph for this cannot be produced without misleading 
readers. The method still measures what it was intended to measure (water 
resistance), and compares the three bioplastics in their water resistance to 
determine that starch is the most water resistant as it was the only one of the 
three that withstood 20 drops 100% of the time. 
 
The method also incorporates suitable equipment, with a plastic squash 
pipette dispensing small, controlled, evenly sized droplets and being capable 
of holding 20 droplets of water. The clamps and retort stands allowed for taut 
suspension of the plastics and tissues at the base created an easy way to 
spot water permeation. Therefore, the results are valid. PLA, a starch-based 
bioplastic, is sold as “water-proof”, whilst there are no agar-based 



waterproof/water resistant plastics on the market. The starch-based bioplastic 
was the most water resistant of the three tested. 
 
Tensile testing was difficult to achieve accurately, resulting in many unusable 
trials, hence the imbalance in the number of trials recorded for each type of 
plastic. However, there were enough results for outliers to have little effect on 
the averages, which improves the accuracy of the experiment. The results for 
each type of plastic and each thickness of plastic were within a reasonable 
STANDARD DEVIATION, where the largest STANDARD DEVIATION of 
results in a series of trials was 1.8N, excluding outliers, which brings into 
question the reliability of the experiment. This may have been due to small 
tears created by the clamps causing the plastics to prematurely break, or 
human error such as speed at which the spring balance was pulled.  
 
Issues faced during tensile testing included the clamps not being able to hold 
down pieces of plastic which were too thin, which was an error and different 
types of clamps should be considered if doing this investigation in the future, 
or layering the plastics more to allow for greater grip. By pressing two 
identically sized sections of the same sample together, tensile tests could be 
performed. This issue, whilst still present during water resistance testing, was 
more prevalent in the tensile tests due to the nature of several Newtons of 
force being applied in a downward motion having a greater impact on the 
plastics than the weight of drops of water.  
 
Plastics would slip if they were not entirely dry and tensile tests were 
attempted on them, which was a good indicator to allow time for those 
sections to continue drying and create a valid method through controlling the 
dryness of the plastics. The vernier calipers were also integral to the 
investigation, during which they provided accurate readings of the small 
widths of each section of plastic. Through the use of a marble table and a 
razor blade, evenly sized pieces could be cut without damaging any surfaces, 
and the most plastic could be utilised for the most amount of trials possible, 
and therefore by having many trials with similar results, this allowed for 
reliability. The retort stands, boss heads and clamps gave the height required 
for downwards pulling of the spring balance, as well as stability and tautness 
of the plastics. The use of a slow motion camera facilitated in the accurate 
reading of the spring balance. The appropriate use of suitable and 
instruments sensitive to the magnitude of the quantities in the experiment 
ensured a valid and accurate experiment.  
 
The data showed that agar plastic has the highest tensile strength with an 
average of 2. (to 1 sig fig.) 
 
Through the use of controlled variables, the validity of the method was 
increased. These included:  
 

• Width and length of samples 
• Cooking and drying time of bioplastics 
• Cooking and drying conditions of bioplastics 
• Distance between clamps 



 
To improve validity, it would be preferable to have controlled the thickness of 
the samples so that the plastics could have been more easily compared. 
However, this would be difficult to achieve, as plastic dries fast and not 
particularly evenly. In future, exploration of the aging of the different 
bioplastics would be an interesting investigation, as it was observed that 
brittleness in the starch and agar plastics increased over time. This is likely a 
result of there being double the amount of plasticiser (glycerine) in the starch 
plastics as in the other plastics. Agar is also known to slow down the 
brittleness caused by plasticiser aging (Stevens, 2002), which would be 
another factor to be researched in developing our understandings of 
bioplastics. 
 
The plasticisers go between the monomers to break up the polymer chains 
when heated. Plasticisers give flexibility whilst polymer bases give strength to 
the plastics, it would be a more accurate experiment when comparing the 
polymers (agar, starch-agar and starch) in plastics that all have a consistent 
quantity of plasticiser (glycerine) so that the results could determine which 
polymer has the greatest tensile strength, without the added variable of 
plasticiser flexibility. This would be the greatest change that should be made 
to this investigation, to allow the results to have a broader purpose. The 
amount of water added to each polymer and plasticiser was also different, 
however it is not important, as the water does not change the strength or 
flexibility of the plastic, instead being used to dissolve the polymers and thin 
the mixture into an even and spreadable plastic.  
 
Whilst starch was the most water resistant and agar had the highest tensile 
strength by over 0.1 N/mm, it must be realised that considering the different 
textures of the plastics, they would all have valid but varied uses. For 
example, the agar plastic is the correct thickness and strength to be used for 
the plastic wrapping of food, whilst the starch plastic was clearly too thick and 
flimsy for this use. All three plastics have potential for real world application, 
however their tensile strengths are not optimal as shown in the results of this 
investigation. More research should be done into ways to fortify plastics. 
However, this investigation does demonstrate simple, home-made bioplastics 
and describes which is most water-resistant and which has the highest tensile 
strength, results that can be used by others to determine which plastic best 
suits their needs. 
 
Part of the hypothesis was supported, as the agar based bioplastic has a 
greater tensile strength than the starch or agar-starch-based bioplastics, 
however the starch-based bioplastic displayed the greatest water resistivity. 
This is shown by the starch-based plastic consistently withstanding 20 drops 
of water, as opposed to the other two which were still within 2 drops of 20 on 
average, and the agar-based bioplastic having highest tensile strength of 0.4 
N/mm 
 
Conclusion 



The starch-based bioplastic is more water-resistant than the agar-starch and 
agar based bioplastics created in this investigation, but the agar based 
bioplastic had the greatest tensile strength. 
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Evaluation of Sources: 
 
The sources used are fairly reliable as they are either published, edited books 
specifically on plastics and bioplastics or environmental organisations (.org), 
government sites (CSIRO and Randwick local council) or peer reviewed 
articles in science journals. The .net and .com sites were used as the area of 
bioplastic research is niche and very few sources provide the information 
necessary. The overall quality of the sources are high as the majority are from 
reputable authors and have passed through checks to ensure their accuracy 
for publishing in reputing places. 
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