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SCIENCE FAIR PROJECT LOGBOOK: Chitosan-Based Bioplastic 
By Audrey Kavchak 

December 2019 – March 2021 

 

BACKGROUND RESEARCH 

November 17, 2019. 
My science project is going to be about chitin/chitosan and its uses, but in this case, mostly 
bioplastics. Firstly, I plan to try to extract chitin/chitosan from lobster shells and other sources 
such as crab shells and cuttlebone to compare the amounts extracted from each source. I also 
plan on making bioplastics and testing how efficient they are by testing their flexibility and 
tensile strength. Today, I did some research on chitin and chitosan.  

- Chitin is the second most abundant biopolymer in nature, after only cellulose 
- Chitin can be used for food supplements, wound healing, bioplastics and water 

purification. 
- Chitin is contained in exoskeletons of arthropods and crustaceans, and in the cell walls 

of fungi.  
- Chitin has an effect on leukemia cells (there is research going on in this area). 

 
I also made a list of necessary materials for extracting chitin from cuttlebone: 

- Cuttlebone (contains chitin and can be found in pet stores) 
- Caustic soda; for deproteinization 
- Hydrochloric acid; for demineralization 
- Safety gear; lab coat, googles, rubber gloves 

I don’t have any of these materials yet, but hopefully they will be purchasable soon. I’m also 
going to have do some research on how to safely handle and dispose of these chemicals 
because they are toxic and very dangerous if not handled in a safe manner.  
 
November 18, 2019. 
Today I purchased some materials for the extraction of chitin/chitosan:  

- Cuttlebone (contains chitin) 
- Hydrochloric acid; for demineralization 
- Caustic soda; for deproteinization 
- Beaker; to hold liquids for experiment 
- Graduated Cylinder; for measuring liquids 
- Safety goggles 

I still need a filter and proper gloves before I can start the extraction. 
- Gloves; to safely carry out the experiment 
- Filter; for use in safely disposing of chemicals 

I also printed off and started reading some research. I hope to make an agreement with a local 
seafood restaurant, the Captain’s Boil, to supply crab and lobster shells. I also hope to talk to 
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someone at the University of Calgary (UC) to see their take on this project and to see if they can 
help me in any way. 
 
November 29, 2019.  
Today I did some research on plastics: 
Oil – contains many molecules combining hydrogen and oxygen and more.  
Ethylene – often is a byproduct of oil refineries. 
Double bonds – break double bonds and connect to other carbons to become chain of 
polyethylene = PLASTIC!! 
 
Other Element in Oil: (ex) 

- Methane CH4 
- Ethane C2H6 methane and ethane are natural gases used for light and heat 
- Propane C3H8 barbeque gas 
- Butane C4H10 lighter fluid 
- Octane C8H18 component of gasoline 

* when all of the above are burned, they release greenhouse gases 
 
Plastics: 
Polyethylene; most common plastic, ex. bottles and plastic grocery bags 
 
Ethylene C2H4                                  
H    H 
 I     I 
C = C 
 I     I 
H    H 
 
Polyethylene (C2H4)n – chain of multiple ethylene 
 

Problems with Polyethylene: Benefits of Polyethylene: 

- comes from oil (unsustainable) 
- doesn’t breakdown 

- lightweight 
- strong 
- water resistant 
- economical 
- resistant to corrosion 

 

 
November 30, 2019. 
Today I talked to the Captain’s Boil. They gave me a few crab shells and a mussel shell. They 
said I can come and get more shells again soon, if needed. I probably won’t use the mussel shell 
due to the size, thickness and amount of residing chitin.  
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I also found a paper with an experimental design that I can use as a basis for my experiment. 
Demineralizing with hydrochloric acid and deproteinizing with caustic soda.  
 
 
Controlled Variables: 

1. Concentration of hydrochloric acid; 10 % dilute to 1% 
2. Time; 30 mins to 5 hours 
3. Ratio of acid to raw material; to be determined 
4. Number of baths/rinses; 1-3 

 
Note: shellfish allergies are due to protein in shellfish.  
Deproteinization} no protein = no allergies 
 
December 27, 2019. 
Today I purchased a lab coat and latex gloves, so I can safely carry out my experiment. I also 
watched a video of founders of a company called Shellworks in Prince Edward Island that make 
chitosan bioplastics using chitosan powder, vinegar and distilled water. 
 
But since this is a new field of study, most information is heavily guarded, so good detailed 
information on the process is hard to find. Since I don’t know the precise measurements of 
vinegar, water and chitosan, I will have to do some trouble shooting. 
 
January 13, 2020. 
Extracting chitin: To extract chitin, you need to isolate the chitin, so you go through the 
demineralization and deproteinization processes to get rid of basically everything that isn’t 
chitin. Once you have only chitin left, you go through the deacetylation stage to be get 
chitosan, although you can still technically make lower quality bioplastic with only chitin. 
 
Developing recipes: I’m still trying to find the best recipes for different uses such as solid 
objects, cups or bags. For solid objects, I’m developing a recipe using wood flour as filler to 
reduce the shrinking of the plastic while drying. For bags, I’m developing a recipe using glycerin 
as a plasticizer to increase flexibility. 
 
How am I going to make my plastics more flexible? 
To make my plastics more flexible, I will use glycerin as a plasticizer. Another plasticizer I could 
use, but don’t have access to is sorbitol (a food additive). Plasticizers work by filling in the 
bonds in polymer chains, which makes the plastic more fluid and flexible. 
 
How am I going to make my plastics more solid? 
To make my plastics more solid, I’m going to be using wood flour as filler. I could also use sand 
or calcium carbonate (chalk) as filler. Filler works in a similar way to a plasticizer, by filling in the 
bonds in a polymer chain to make it more solid. 
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CHITOSAN EXTRACTION EXPERIMENT 

 
January 5, 2020: Demineralization 
 Materials: 

- 20 g of dried lobster shells 
- 50 ml of distilled water 
- 50 ml of 10% hydrochloric acid (HCl) 

 
Procedure: 
* Wear lab coat, latex gloves and safety goggles. 

1) Blend lobster shells into little bits (not powder) using a blender. 
2) Mix 50 ml of water and 50 ml of HCl (10%) to create a 5% HCl solution 
3) Soak shells in a HCl solution (5%) 

 
Observations: 
6:09 pm: Started soaking. Mixture immediately started reacting and bubbling. Some pieces 
started to float. All pieces were swirling and moving around. 
7:49 pm: Bubbles have completely disappeared. Mixture seems to have stopped reacting.  
9:39 pm: Draining liquid out. Acid has obtained a pinkish hue and reaction seems to have 
stopped. 
9:56 pm: New acid bath. Reactions are seeming to repeat. There are more bubbles and pieces 
are swirling and floating again. 
11:20 pm: Removing HCl from bath. Solution is murky, but not as murky as the last bath at this 
stage. Bubbles have ceased to produce. There isn’t any evidence of a continued reaction at this 
point.  
11:30 pm: Rinsing lobster shells (3 rinses) to make them neutral and to get rid of any excess 
acid or salt. Will leave to dry overnight and weigh tomorrow. Deproteinization will take place 
tomorrow and demineralization is complete.  
11:45 pm: During lobster drying process, lobster shells feel much more soft and flexible. 
 
Chemical Reaction Equation for Demineralization: 
2 HCl + CaC03 →CaCl2 + H2O + CO2 
 
HCl = Hydrochloric acid 
CaC03 = Calcium Carbonate (mineral in lobster) 
CaCl2 = Calcium Chloride (makes the water murky) 
H20 = Water 
CO2 = Carbon dioxide = bubbles during the reaction 
 
January 6, 2020: Deproteinization 
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Weight after demineralization = 14 g 
 
Materials: 

- 4g of sodium hydroxide (x2), 4% caustic soda 
- 14 g demineralized lobster shells 
- 100 ml distilled water for NaOH solution (cold) 

 
Procedure:  
* Wear lab coat, latex gloves and safety goggles. 

1) Make water and NaOH solution by adding 100 ml of cold distilled water to flask. Add stir 
bar, place on magnetic stirrer and commence stirring. Slowly add caustic soda/sodium 
hydroxide beads. 

2) Add lobster shells to flask and stir. 
3) Heat stirrer to 70°C. 
4) Leave for 2.5 hours. 
5) Drain solution. Use HCl to neutralize solution for disposal. 
6) Repeat for second bath. 
7) After second bath, rinse shells multiple times with distilled water and leave to dry. 
 

FUN FACT: Sodium hydroxide mixed with hydrochloric acid makes plain water and salt 
(saltwater).  

 
NaOH + HCl → H2O + NaCl 
Sodium Hydroxide + Hydrochloric Acid → Water and Salt 
 
January 12, 2020. 
I can’t be certain whether I successfully achieved chitosan or only chitin without access to a 
spectrophotometer, but plastics can also be made from chitin although they will not be as good 
quality. The demineralized and deproteinized lobster shells are too hard to grind down into a 
chitin/chitosan powder, so I am soaking them in vinegar while stirring with the magnetic stirrer 
to see if it dissolves. If successful, I will try to make a batch of bioplastic with the lobster shell 
chitin/chitosan. 
 
Conclusion: 
I’m unable to determine whether I was successful in extracting chitin or chitosan from lobster 
shells since I don’t have access to a spectrophotometer and I was unable to get the lobster shell 
bits into a powder to try making a plastic. 
 
February 2021. 
Due to the ongoing pandemic, access to a lab with a spectrophotometer is difficult. I still hope 
to make my own chitin/chitosan that I can make into a powder and attempt plastic production.  
 
I saw an article that used shrimp shells to make chitosan, Preparation and Characterization of 
Chitosan Obtained from Shells of Shrimp (Litopenaeus vannamei Boone) by Rayane Santa Cruz 
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Martins de Queiroz Antonino et al. and think that will be a much better option since shrimp 
shells are much thinner than lobster and crab shells. 
 
February 18, 2021. 
 
Materials Used: 
Shrimp shells 
Hydrochloric acid 
Sodium hydroxide 
95% ethanol  (Everclear) 
 
Equipment Used: 
Graduated cylinder 
500 ml beakers 
Stir sticks 
Kitchen scale 
Magnetic stirrer with heater 
Temperature probe  
Petri dishes 
Measuring spoons 
 
I used the basic steps from the paper of de Queiroz Antonino for the demineralization, 
deproteinization, and decolorization steps.   
 
For deacetylation, they used a freeze (down to -83°C) and thaw process to change the crystal 
structure of chitosan, but this is something I could not methodology which I could not 
reproduce.   I used a different method which took lot less time, based on general guidelines 
from other sources 
(paper: Comparison of Green Method for Chitin Deacetylation, by Anwar et al,  
ebook: From Chitin to Chitosan by Marguerite Rinaudo and Serge Perez). 
 
Washed shells at 90°C for 3 hours to remove impurities.  Air dried in the oven at 90°C.  
 
Demineralization – I added 210 mL of 1 M Hcl to 21 g of shrimp shells in a flask.  The reaction 
occurred at room temperature with stirring in the magnetic stirrer for 3 hours.   
I filtered and rinsed the shells with water and oven dried at 90°C for 2 hours. 
I weighed the resulting amount - 11 grams remained. 
 
I decolorized by soaking in 100 mL of 95% ethanol for 10 minutes. 
 
Deproteinization  
I added 1 M NaOH solution to the dried demineralized shells at a ratio of 1 g: 10mL.   
The reaction was carried out for 3 hours at 80°C, under agitation with the magnetic stirrer. 
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It was again rinsed, filtered and dried and then it was bleached again using 95% ethanol for 10 
minutes and dried again in the oven. 
 
Weighing the resulting amount - 4 g of chitin remained. 
 
I may have lost some chitin in the filtration potentially, as I used ordinary coffee filters for the 
filtration. 
 
Deacetylation – I did the deacetylation with 40 weight % sodium hydroxide solution (40 g NaOH 
added to 60 mL of water).  This reaction was carried out for 1 hour and under agitation at 60°C.   
 
I could not measure the degree of deacetylation, as I do not have a spectrophotometer.  
However, based on the results from various papers, I would expect that the resulting degree of 
deacetylation was around approximately 70%.    
 
I again may have lost some chitin in the process of filtration, and the resulting weight of 
chitosan was only approximately 1 g (my kitchen scale only measures to the level of grams, so it 
was less than 1.5 g). 
 
Although I did not have the lab tools to measure the content exactly, I did use the resulting 
chitosan and was able to make a plastic. This was done by dissolving in vinegar and water, and 
by adding glycerin as a plasticizer, and then letting it dry.   
 
Chitosan which you can buy commercially, including the BiOrigin Chitosan powder which I used 
for the plastic work later in my project is manufactured to a certain degree of deacetylation.  
The BiOrigin chitosan has a data sheet on the company’s website that says it is made at 90% 
deacetylation.    

MAKING PLASTICS FROM CHITOSAN 

The process of extracting chitosan is challenging and time-consuming and results in only small 
amounts of chitosan, so I have opted to use a commercially available chitosan for my 
experiments in making plastic. Some people ingest chitosan for health and beauty benefits such 
as improvement in hair and skin, lower cholesterol and weight loss, so I was able to purchase a 
pure chitosan powder from an online health food store. The chemical makeup of Biorigin 
chitosan powder can be found at: http://www.madarcorporation.co.uk/spec-sheets/herbal-
extracts/chitosan-herbal-extracts/Chitosan%20-%204373103%20All%20docs.pdf 
 
Materials Used: 
BiOrigins Chitosan Powder 
White vinegar 
Distilled Water 
Food colouring 
Solidifiers (wood flour, chalk, sparkles, flour or cornstarch) 
Plasticizer (glycerine) 

http://www.madarcorporation.co.uk/spec-sheets/herbal-extracts/chitosan-herbal-extracts/Chitosan%20-%204373103%20All%20docs.pdf
http://www.madarcorporation.co.uk/spec-sheets/herbal-extracts/chitosan-herbal-extracts/Chitosan%20-%204373103%20All%20docs.pdf
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Vaseline (to grease molds) 
 
Equipment Used: 
Graduated cylinder 
500 ml beakers 
Stir sticks 
Kitchen scale 
Magnetic stirrer (not necessary, but nice to have to get a consistent solution) 
Petri dishes 
Measuring spoons 
Baby medicine syringe 
Various molds (plastic or silicon only) 
Dehydrator (not necessary, but nice to have to decrease the length of drying times) 
Old pot and spatula (for heating chitosan and solidifier mixtures of the stove) 
 
Powder, Water and Vinegar Concentrations 
It’s difficult to find literature on making chitosan plastics since it is a very new area of research 
and many researchers are protective of their intellectual property, but I was able to find 
information that said you need to combine chitosan powder with water and vinegar to make a 
solution that can be dried to form plastic. So I conducted an experiment to determine the 
optimum amounts of powder, water and vinegar needed.  Vinegar is needed because chitosan 
needs a slight acid to make it soluble in water.   
 
December 27, 2019: Batch 1; determining vinegar and water concentrations 
I decided that I would start with 5 g of chitosan powder, but with varied amounts of acetic 
acid*. 
 
*Acetic Acid = vinegar and water solution (10% vinegar) 

1) 5 g of chitosan powder + 75 ml acetic acid solution 
2) 5 g of chitosan powder + 100 ml acetic acid solution 
3) 5 g of chitosan powder + 125 ml acetic acid solution 

Since it takes a long time for chitosan to dry, I’ve decided to leave the solutions overnight 
before pouring it out tomorrow to measure how long it takes to dry. 
 
December 29, 2019: Batch 1 
Drying out the bioplastics in the oven was going very slowly, so I decided to take them out and 
just let them air dry overnight. 
 
Put in oven at 1:05 pm (107°F): all trays are in full liquid state 
In oven @ 1:45 pm: Thin area plasticizing and elevating off the tray. 
Airdry @ 5:45 pm:  

1) Seems dry 
2) Middle pooled and edges dry and elevating 
3) Edges dry and stuck to pan 
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8:00 pm: 
1) Completely dry and breaking 
2) Almost dry and elevating off the pan 
3) Stuck to pan 

9:40 pm:  
1) Completely dry. Has holes and is breaking.  
2) Completely dry. Folded in on itself, but no holes. 
3) Crusty dry edges are stuck to the pan and the middle is still wet. 

Next Day @ 10:00 am:  
1) Completely dry. 
2) Completely dry. 
3) Still drying and edges are elevating.  

2:00 pm:  
1) Completely dry. 
2) Completely dry. 
3) Still drying. Edges are elevating, but middle is still pooled. Some is stuck to pan. 

2:30 pm:  
1) Completely dry. 
2) Completely dry. 
3) Completely dry and the middle is stuck to the pan. 

Total Drying Time: 25.5 hours 
 
January 4, 2020. 
Observations for Batch 1:  

1) All 3 bioplastic samples were poured too thin and had a crumbly paper texture. Next 
time I will use smaller containers and pour thicker layers. 

2) The bioplastic with the highest volume of liquid (125 ml at 10% vinegar) was the most 
similar to plastic. The sample with the lowest liquid concentration (75 ml at 10% 
vinegar) was dry and brittle and broke very easily. Probably due to the fact that the 
chitosan powder never full dissolved. Next time I’m going to see what happens with a 
higher liquid concentration. 

3) All the bioplastic samples have continued to dry out and would not function well as 
commercial products; they would break very easily. Next time, I’m going to try adding a 
plasticizer to hopefully increase flexibility and delay drying out. 

 
Additives work by creating space between polymer bonds thereby making plastic more flexible 
or solid, depending on the type of additive and type of plastic.  
 
Plasticizer: some common everyday items that can be used as plasticizers are glycerin, sorbitol 
and castor oil 
 
Solidifier:  Some examples are fine wood flour/dust, ground up chalk, cornstarch, etc. 
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Depending on what the bioplastic recipe is being used for, the consistency would be different. 
For example, if you were pouring bioplastic solution into a mold to make a toy, you probably 
wouldn’t need lots of flexibility. Instead you would need a solidifier to make the toy firm and 
strong. But on the other hand, if you were making a bag of bioplastic, you would need the 
plastic to be flexible. 
 
January 4, 2020. – Batch 2; determining plasticizer (glycerin) amount 
Since the chitosan powder in the last batch didn’t fully dissolve, I think I should increase the 
water and vinegar solution. I also purchased a magnetic stirrer to help it along and petri dishes 
to use as containers/trays.  
 
Vinegar and distilled water solution = 20% vinegar 
5g of chitosan + 75 ml of vinegar solution (15 ml vinegar + 60 ml distilled water); tried but it was 
too gel-like to stir 
5g of chitosan + 150 ml of vinegar solution (30 ml vinegar + 120 ml distilled water); stirring well, 
so used it for Batch 2 
 
- Started stirring solution @ 4:35 pm 
- 1.5 hours in @ 6:00 pm – much clearer and chitosan powder is more dissolved 
- 2.5 hours in @7:00 pm – very clear with a honey-like consistency. Time to add a plasticizer 

additive (glycerin). Also poured some bioplastic solution with out glycerin into a petridish 
(to be known as Sample A). 25-30 ml of bioplastic solution into each petri dish, which will 
be left to air dry.  

 
Sample A: 25-30 ml of bioplastic solution (no glycerin) 
Sample B: 25-30 ml of bioplastic solution (0.5% glycerin) 
Sample C: 25-30 ml of bioplastic solution (0.75% glycerin) 
Sample D: 25-30 ml of bioplastic solution (1% glycerin) 
Other: Remaining solution with 1% glycerin was poured into a fish, turtle and starfish mold. 
 
Jan 4, 2020 @ 7:00 pm: Poured into molds 
8:00 pm: Ring of dry plastic has expanded, but middle area is still wet.  
January 5, 2020 @ 9:00 am: Ring of dry plastic has expanded, but middle area is still wet. 
5:00 pm: Most samples seem dry, but stuck to tray. 
9:30 pm: Using a butter knife, I managed to peel up some of the edge of the plastic from 
Sample D. Seems to be peeling up nicely and very plastic-like and flexible. Probably due to the 
increase in glycerin levels and the fact that the chitosan powder dissolved fully into the 
solution. 
January 6, 2020 @ 12:01 am: Sample C seems to have its edges elevated off of the petridish. 
Plastic is very flexible, clear and similar to plastic. Almost completely dry and peeling off of the 
petri dish. 
7:46 am: Samples A, B and C are completely dry and Sample D is dry, but stuck to the plate. 
Sample A: Somewhat flexible and very clear. 
Sample B: Flexible, very clear. 
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Sample C: Very flexible, very clear. 
Sample D: Very flexible, very clear. 
 
Total Stir Time: 2.5 hours 
Total Dry Time: 25 hours 
 
Notes:  

1) Glycerin works as a plasticizer by creating space between polymer bonds.  
2) After purchasing magnetic stirrer and stirring the bioplastic for about 2.5 hours, the 

solution was smoother and the plastic turned out much more clear and flexible. 
3) Factors of flexibility and clarity of Batch 2 are due to an increase of vinegar, glycerin and 

fully dissolved chitosan powder. I feel that increasing the vinegar content next time 
might result in an even clearer solution and plastic because the increased vinegar would 
help fully dissolve the chitosan powder. 

4) Samples A-C were dried in petri dishes, while Sample D was put on a ceramic plate and 
could not be easily removed (had to dissolve in water over time). 

 
January 12, 2020: Batch 3 
Vinegar to water ratio = 50:50 
 
Notes:  
- Due to earlier observations, I know that the longer the bioplastic solution is mixing, the 

clearer and smoother it becomes. It also becomes a lot easier to work with. Stirring for 
about 1.5 hours seemed to produce a good quality solution. 

- I learned that fine wood sawdust (wood flour) can be used as a filler or solidifier for solid 
pieces of Bioplastics. Im going to try to get some wood flour for further testing. 

- 50:50 vinegar to water solution seemed to dissolve much faster. After 5 minutes of stirring, 
I could only spot 2 or 3 very small chunks of chitosan. However, the resulting plastic had a 
very strong vinegar odor. I might try a 33% vinegar (1:2 vinegar to water ratio) solution next 
time. 

 
January 13, 2020: Vinegar and Water Concentrations - Batch 4 
Sample A: 20% vinegar solution (30 ml vinegar, 120 distilled water, 5 g chitosan) 
- took a long time to dissolve the chitosan powder (2.5 hours), but dried quickly in 25 hours. 
Sample B: 50% vinegar solution (75 ml vinegar, 75 ml distilled water, 5 g chitosan) 
- quick to dissolve the chotsan powder, but took a long time to dry (over 30 hours) 
Sample C: 33% vinegar solution (50 ml vinegar, 100 ml distilled water, 5 g chitosan) 
- powder dissolved fairly quickly and dried quicker than the other samples (21 hours) 
 
Note: Next time, try adding more glycerin than the previous experiment because 0.5%, 0.75% 
and 1% didn’t really make much of a difference. Try 5% next batch? 
 
January 14, 2020 – Determining glycerin levels: Batch 5 

Vinegar to water solution ratio = 1:2 (33% solution) 
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Stir time = 1.5 hours (11:30 am – 1:00 pm) – powder was full y dissolved and poured at 5:00 
pm. 
 
Recipes: same solution, but glycerin levels differ. 
A – 0% glycerin 
B – 1% glycerin 
C – 3% glycerin 
D – 5% glycerin 
E – 7% glycerin 
 
January 15 @ 7:00 pm: All plastics are dry, but only plastic A has elevated off of its petri dish. 
The others all remain stationary. 
10:00 pm: Plastics A, B & C are all completely dry and elevated off of petri dishes.  
January 16 @ 3:40 pm: All plastics are completely dry and elevated off the petri dishes.  
 
Observations: 
A – 0% glycerin; not flexible 
B – 1% glycerin; fairly flexible, crinkles when folded 
C – 3% glycerin; felt a bit like cling wrap, but got firmer/sturdier over the next day. 
D – 5% glycerin; felt a bit like cling wrap, but got firmer/sturdier over the next day. 
E – 7% glycerin; felt like cling wrap 
 
January 14, 2020: Batch 6 – Testing thickness 
Poured varying amounts of 33% vinegar chitosan solution with 5% glycerin into 3 petri dishes: 
A – 30 ml 
B – 40 ml 
C – 50 ml 
 
Observations: 
- A, B dried in 24 hours, but the C, the thickest plastic took a bit longer at 25-6 hours. 
- I may have to always use a plasticizer (in this case glycerin) because bioplastic samples 

without glycerin shrink away and don’t hold their shape. 
- For thicker items: LAYERS!!! 
- Plastic samples dry faster when exposed to air, so leave petri dish lids off.  

 
February 11, 2021: Retest of Vinegar Concentrations 
In December 2019, I found that I needed at least 120 ml of solution (water and vinegar) for 5 g 
of chitosan to fully dissolve. I rounded up the solution level to 150 ml to make extra sure that all 
the powder dissolved. I also found that a 1:2 ratio of vinegar to distilled water (33% vinegar 
solution) worked best for making chitosan plastic as the powder dissolved fully, took a 
reasonable amount of time to dry and did not have an overwhelming vinegar scent. I’m going to 
repeat this experiment to make sure that my previous conclusions were accurate for making 
the best plastics with commercial chitosan powder. 
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Made the following concentrations of chitosan solution and poured them into petri dishes to 
dry:  
Petri dish A1 – 5 g of chitosan with 100 ml distilled water + 50 ml vinegar = 33% vinegar solution 
Petri dish A2 – 5 g of chitosan with 100 ml distilled water + 50 ml vinegar + 2% glycerin 
plasticizer = 33% vinegar solution 
 
Petri dish B1 – 5 g of chitosan with 75 ml distilled water + 75 ml vinegar = 50% vinegar solution 
Petri dish B2 – 5 g of chitosan with 75 ml distilled water + 75 ml vinegar + 2% glycerin plasticizer 
= 50% vinegar solution 
 
Petri dish C1 – 5 g of chitosan with 120 ml distilled water + 30 ml vinegar = 20% vinegar solution 
Petri dish C2 – 5 g of chitosan with 120 ml distilled water + 30 ml vinegar + 2% glycerin 
plasticizer = 20% vinegar solution 
 
Petri dish D1 – 5 g of chitosan with 135 ml distilled water + 15 ml vinegar = 10% vinegar solution 
Petri dish D2 – 5 g of chitosan with 135 ml distilled water + 15 ml vinegar + 2% glycerin 
plasticizer = 10% vinegar solution 
 
February 14, 2021: Conclusions 
All of the petri dishes are now dry, but Sample B with the highest concentration of vinegar took 
several hours longer to dry than the other samples. Last year, the chitosan powder seemed to 
dissolve more quickly in solutions with a higher vinegar concentration, but this time the powder 
dissolved quickly and easily in all of the samples except Petri dish D. Last year, I sometimes had 
to leave the chitosan solution on my magnetic stirrer for several hours to get the powder to 
fully dissolve, but this time the powder dissolved within minutes. Maybe there’s been a change 
in the formulation of the BiOrigins chitosan powder? 
 
I still feel that the 33% vinegar solution is optimal to make my plastics since it dries quickly, has 
a less strong vinegar odor and results in a nice plastic product. All of the samples with the 2% 
glycerine were easier to remove from the petri dish and had a more plastic-like texture than the 
samples without glycerin. 
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SOLID PLASTIC – Cups 
January 2, 2020: Attempt #1 
Bioplastic Solution: 5g of chitosan solution + 100 ml distilled water + 50 ml of vinegar 
Procedure: 
Poured chitosan solution into ice cube cup molds and allowed to dry. 
Observations: 
The plastic shrunk as it dried, so I added multiple layers over several days, but ultimately these 
molds will not work to make cups. The cup mold never came close to getting full (kept shrinking 
with drying) and the bottoms were still wet when I tried to remove the mold.  
 
January 9, 2020: Attempt #2 
Bioplastic Solution: 5g of chitosan solution + 100 ml distilled water + 50 ml of vinegar 
Turned the ice cube cup molds inside out. 
Procedure: 

1) Dip mold in bioplastic solution, trying to cover all sides of mold. 
2) Leave to dry.  
3) Repeat until cup is built up and has a nice structure. 

January 16, 2020 Observations: 
This technique will not work to make cups. The chitosan solution wouldn’t stick to the cup 
molds and just shrivelled up. I also think I need to add plasticizer so that the chitosan will form 
to the shape of the cup.  
 
January 19, 2020: Attempt #3 
The bioplastic solution will not stick to the molds directly, so I’m going to try layering the 
solution onto a high glycerine % sheet of plastic wrapped around the cup mold (like cling wrap). 
 
Bioplastic Solution #1 (for the cling wrap-like base sheet):  
5g of chitosan solution + 100 ml distilled water + 50 ml of vinegar + 10% glycerin solution 
I made a 10 % glycerine plastic sheet in a petri dish (poured on January 16 and dried over the 
next few days) and wrapped it around the cup mold.  
 
Bioplastic Solution #2 (for cup layers):  
5g of chitosan solution + 100 ml distilled water + 50 ml of vinegar + 3% glycerin solution 
Use a kitchen basting brush to add multiple layers of Bioplastic Solution # 2 to the cup mold, 
allowing to dry between layers, until I achieve the desired cup thickness. 
 
 
FLEXIBLE PLASTIC - Plastic Bags 
January 12, 2020.  
Petri dishes: Used a 33% vinegar solution (5 g of chitosan with 50 ml of vinegar and 100 ml of 
water) 

A) 30 ml (no glycerin) 
B) 30 ml (0.75% glycerin) 
C) 30 ml (1% glycerin) 
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January 14, 2020. 
7:00 am: All plastics in petri dishes from January 12 have dried. Sample C, with 1% glycerin, is 
the most plastic-like, but still quite stiff. Will need to  increasine the plasticizer if we want to 
achieve a plastic bag texture. 
 
February 21, 2021. 

- The last two trays we poured were bubbly (possibly because we didn’t let the bioplastic 
solution settle enough after stirring?). Also, one side of the plastic peeled away from the 
tray while the rest of the tray was still wet (after 5 days drying). Once the whole sheet 
was dry (7 days), the part that peeled up first was harder than the rest of the sheet 
because the plasticizer had settled in the other areas of the tray.  

- Poured two new trays, but this time I increased the plasticizer in the solution from 2% to 
3% and made sure that the plasticizer was thoroughly stirred into the mixture. 

 
January 19, 2020.  
I made a plastic bag. I took two sheets of plastic that I poured on January 15 and stuck 3 of the 
4 side edges together using wet bioplastic solution and allowed to dry. The bioplastic solution 
sealed the sides together to form a bag. 
 
I’m going to pour some more plastic sheets today let dry, so that I can try to make a vacuum-
sealed bag with my mom’s vacuum sealer. 
 
PLASTIC MOLDS 
January 12, 2020: Wood Filler as a Solidifier with varying glycerin content 
I have a silicon baking mold with a row of 6 fish, a row of 6 turtles and a row of 6 starfish. I used 
a 33% vinegar solution (5 g of chitosan with 50 ml of vinegar and 100 ml of water) and filled up 
the tray as follows: 

 Fish Row Turtle Row Starfish Row 

Mold 1 Plain bioplastic solution Plain bioplastic solution Plain bioplastic solution 

Mold 2 1.25 ml wood flour + 25 ml bioplastic 
solution + 5% glycerin 

1.25 ml wood flour + 25 ml bioplastic 
solution + 5% glycerin 

1.25 ml wood flour + 25 ml bioplastic 
solution + 5% glycerin 

Mold 3 2.5 ml wood flour + 25 ml bioplastic 
solution + 10% glycerin 

2.5 ml wood flour + 25 ml bioplastic 
solution + 10% glycerin 

2.5 ml wood flour + 25 ml bioplastic 
solution + 10% glycerin 

Mold 4 2.5 ml wood flour + 25 ml bioplastic 
solution + 15% glycerin 

2.5 ml wood flour + 25 ml bioplastic 
solution + 15% glycerin 

2.5 ml wood flour + 25 ml bioplastic 
solution + 15% glycerin 

Mold 5 2.5 ml wood flour + 25 ml bioplastic 
solution + 20% glycerin 

2.5 ml wood flour + 25 ml bioplastic 
solution + 20% glycerin 

2.5 ml wood flour + 25 ml bioplastic 
solution + 20% glycerin 

Mold 6 2.5 ml wood flour + 25 ml bioplastic 
solution + 50% glycerin 

2.5 ml wood flour + 25 ml bioplastic 
solution + 50% glycerin 

2.5 ml wood flour + 25 ml bioplastic 
solution + 50% glycerin 

 
10:30 pm: Poured molds 
11:00 pm: Not much change. Contents are very wet and solution levels have decreased a bit. 
January 13, 2020 @ 11:00 am: Solution level has decreased a bit in each mold. The molds with 
wood filler seem to have decreased more than the molds without filler. A thin crust has filled 
around the edges of all molds. I added a second level of the chitosan solution to Row 4 to see if 
layer the solution after drying a bit will increase the mold volume. 
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4:00 pm: All molds except Row 4 seem very dry. 
5:00 pm: Molds in Rows 1, 2, 3, 5, and 6 are completely dry and have shrunk. The addition of 
wood did not seem to make a difference. 
 
January 14, 2020. 
I am currently attempting to make a mold of a fish, a turtle or a starfish with a plastic-like 
consistency. Here’s what I have: 
Molds: 

A) Empty now, solution shrunk too much. 
B) Empty now, solution shrunk too much. 
C) Empty now, solution shrunk too much. 
D) Full, but with less wood filler than mold I. 
E) Full because I topped up the mold every day for 4 days  
F) Still drying, but very small because it shrunk 
G) Still drying, topped up 
H) Still drying. Has a sponge-like texture (chitosan solution + wood flour + glycerine) 
I) Dry now, more of a wood like texture (chitosan solution + wood flour) 

* I think this mold might be too deep because the solution on the bottom never dried and the 
shapes were very hard to remove. 
 
January 15, 2020.  
What I did today: I decided to whip up another batch of 33% vinegar bioplastic solution (5 g 
chitosan, 50 ml vinegar, 100 ml distilled water and 5% /7.5 ml glycerin. I also decided to try 
using some ground up chalk as filler.  
Started mixing @ 8:40 pm 
Ended mixing @ 10:10 pm 
Stir time: 1.5 hours 
 
Divided up the roughly 160 ml of chitosan solution as follows: Added 3 tbsp of ground chalk to 
50 ml, 3 tbsp of wood filler to 50 ml and left the rest alone. Poured the solutions into several 
fish and turtle shaped molds. 
A – Chalk and chitosan solution 
B – Chalk, chitosan solution and green food colouring 
C – Wood flour and chitosan solution 
D – Chitosan solution that I applied in layers after each layer dried.  
 
Observations: 

- Took 2 days to dry and all molds except D had shrunk a lot. Mold D took 4 days to dry 
with 3 layerings (one per day) 

- Food colouring makes the molds look neat.  
- Chalk as a filler didn’t work well. It fell to the bottom of the mold and resulted in a 

chalky, dry surface once the mold was dried and removed. 
- Wood filler was okay, but I think I’ll need to sift the flour to add only really fine pieces. 
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- I should always add glycerin/plasticizer to molds to make the chitosan flexible enough to 
go into the crevices of the mold. 

- Layering molds is absolutely necessary since all molds except D shrunk a lot with drying. 
 
HARD PLASTIC – Chess Pieces 
Note: the magnetic stirrer didn’t seem to be as necessary, once we learned in January 2021 that 
with the newer batch of chitosan, it worked better to add the water to the powder first and 
then the vinegar. We still needed the stirrer for the chitosan extraction experiment though. 
 
Solidifiers – intended to keep the chitosan plastic from shrinking and making a harder plastic. 
Contrary to what I thought earlier, if you are making a solid from a mold, you also need to add a 
fair amount of plasticizer (I used 10% glycerine), so that the polymer solution dips into all the 
crevices of the mold to take its shape. 
 
February 13, 2021. – flour as a solidifier 

- Combined 1 tbsp of flour with 13 ml of 10% glycerine bioplastic solution and a drop of 
blue food colouring 

-  
February 21, 2021. 

- Put 100 ml of 10% glycerin solution in a pot and added 4 tsp of sparkles. Reduced the 
water content on the stove over low heat stirring regularly for 20-25 minutes (until the 
solution was still liquid, but considerably thicker). 

- Added the wet sparkle solution to the molds where we had a clear and dry 10% glycerin 
solution base. Unfortunately, the first layer peeled up and floated in the wet solution. 

- Tried adding a new glycerin coating to the base of half of the molds and then added the 
wet sparkle solution with out allowing the first layer to dry. Just put the wet sparkly 
solution directly into the other half of the molds without a glycerin base coat. 

Outcome: After 4 days (with 6 hours of drying in the dehydrator at 120 degrees Fahrenheit), the 
molds came out fairly cleanly, but the ones with the glycerin base coat had splotchy orange 
patches and didn’t have the nice smooth coating we had intended. The sparkles worked as a 
decent solidifier, but the pieces were still very jelly-like and will not make firm chess pieces that 
can stand upright. 
 
CONCLUSIONS: 
I had a hard time making molds out of chitosan bioplastics. I tried many different solution 
compositions, glycerine and solidifier levels, solidifier options, as well as heating the chitosan 
solution to reduce water levels and decrease drying time, but never really had great or 
consistent success.  Solidifiers were also very difficult to work with or get any consistency in the 
molds. 
 
In order to make sure that the chitosan took the full shape of the molds it was poured into, you 
need to have a high glycerine level (5-10%), but that leads to a longer drying time and deep 
molds often never dried at the bottom. Pouring chitosan in thin layers with drying time in 
between helped correct the problem somewhat, but you had to be careful to not let the layers 
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dry too much or they sometimes peeled up and floated in the solution poured for the next 
layer. 
 
You can heat the chitosan solution (with or without solidifier) on low heat over the stove to 
reduce the water content before pouring into molds and decrease the drying time, but the 
plastic will end up murky and not clear. I only used this method when I added a wood solidifier 
because the plastic would be unclear anyways. 
 
When trying to make more solid plastic pieces, I would add a solidifier to fill in the spaces in the 
polymer chain and make the plastic stronger/harder. Unfortunately, some solidifiers were too 
heavy and fell to the bottom making the mold structure inconsistent and sometimes the 
surface would be dry and brittle.  
 
The fact of the matter is that really solid items are usually intended to last a long time, so 
chitosan bioplastic probably wouldn’t be the first choice of construction material. Chitosan-
based plastics are prone to shrinkage over time and are very water soluable. In an industrial 
setting, chitosan solution could probably be applied in very thin layers at a super high 
temperature and might result in a nice mold, but then the mold would have to be sealed 
somehow to prevent moisture from releasing causing the mold to shrink. In a home setting, 
trying to use this plastic to make long lasting molds with any consistency was almost 
impossible, but it was still very interesting and challenging to try and I was happy with some of 
the pieces I was able to make. 
 
NOTES ON MOLDS 
Plastic trays/molds worked the best by far. Plastic molds that were oiled with Vaseline 
beforehand worked the best for shaped plastics. The plastic samples stuck to ceramic and glass 
trays and would not come off cleanly. Silicon trays/molds were good for removal of samples, 
but resulted in bubbling in the plastic. Molds that are deep often resulted in the lowest solution 
layer not being dried fully, so smaller shallow molds work best. 
 

 
FINAL RECIPES 

 
All of my recipes use a 1:2 ratio of vinegar to distilled water, as I found this to be the best 
solution for allowing the chitosan powder to dissolve quickly and the plastic to dry in a timely 
manner. For example, if I use 5 g of chitosan, I will add 100 ml of distilled water and 50 ml of 
vinegar. If I use 10 g of chitosan, I will add 200 ml of distilled water and 100 ml of vinegar. You 
must add the water to the powder first and stir to dissolve the chitosan thoroughly before 
adding the vinegar because the vinegar turns the liquid into a gel that is harder to dissolve 
powder in. This ratio results in a clear smooth plastic with a less vinegar smell. The amount of 
glycerine (plasticizer) that I add to my plastics depends on what type of plastic I am making. A 
more solid plastic will require less glycerine, while a softer plastic will require more. However, 
high glycerine levels are required for solid molds in order to try to capture all of the mold 
surface and a solidifier is necessary to make the plastic harder.  
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PLASTIC BAGS 

1) Mix up a batch of chitosan solution using the (1:2 vinegar to distilled water ratio). Once 
thoroughly mixed, add 1-3% plasticizer (glycerine) to the solution and mix thoroughly. 
1% makes a firm, stiff plastic like you would find as a seal on a sour cream container and 
3% makes a flexible bag similar to a Ziploc bag. I calculate the plasticizer percentage 
using the volume of solution I added. 
Example: 3 g of chitosan mixed with 60 ml of distilled water and 30 mls of vinegar will 
have 90 mls of solution added. 1% of 90 mls is 0.9 ml of glycerin. I add the glycerin using 
a baby medicine syringe. 

2) Pour solution into your desired mold making sure the layer is not too thin. If it is too 
thin, the plastic will tear easily. If the plasticizer has not been thoroughly mixed into the 
solution, parts of your bag will be harder than other parts. 

3) Once dried, you can either fold your sheet in half to make a bag or use two sheets 
together. Lightly paint wet glycerine solution along the edges of your bag and cover with 
top sheet. Place a heavy flat object on top of the edges until dry, as the wet chitosan will 
cause the sheet to ripple and may not result in a sealed edge. Be careful that the 
chitosan has not dried to the heavy object when removing or you might rip your plastic 
bag. 

 
 

PLASTIC CLING WRAP 
When you add a high percentage of plasticizer to your glycerine solution, you get a plastic sheet 
that is thinner, takes longer to dry and tears more easily.  10% glycerine makes an almost cling 
wrap style of plastic that clings to itself and a bit to other surfaces. Adding any more than 10% 
glycerine will make the plastic almost impossible to remove from the petri dish or mold. If you 
make this type of plastic, I wouldn’t use it as a cling wrap lid unless you secured it with an 
elastic band. 

1) Mix up a batch of chitosan solution using the (1:2 vinegar to water ratio). Once 
thoroughly mixed, add 10% plasticizer (glycerine) to the solution and mix thoroughly. 
Pour the solution into a petri dish and allow to dry. The high glycerine content will cause 
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the sheet to take longer to dry and it will be very easy to tear during removal from the 
mold. 

 

 
 

PLASTIC CUPS 
I have a silicon tray for making ice cube cups that I though I would be able to pour the liquid 
chitosan solution into directly, but the solution at the bottom of the mold would not dry. So I 
turned the individual cups inside out and tried to paint chitosan solution layers on directly, but 
they just dripped off the mold. The chitosan layers needed something to cling to, so I used a 
sheet of cling wrap type chitosan wrapped around the cup as a base layer and then painted 
chitosan with a small plasticizer content (2% glycerine) in layers on to the cup mold until I 
reached a good cup thickness. Please note that these cups are very water soluble, so should not 
be used for liquids. 
   

1) Mix up a small batch of chitosan solution using the (1:2 vinegar to distilled water ratio). 
Once thoroughly mixed, add 10% plasticizer (glycerine) to the solution and mix 
thoroughly. Pour the solution into a petri dish and allow to dry. Once dry, carefully 
remove the plastic sheet as the high glycerine content will make it very easy to tear. 
Wrap your cup mold in the sheet of plastic. It will stick to itself like cling wrap and will be 
easy to wrap around the mold. Cut away any excess plastic. 

2) Now mix up a batch of chitosan solution with 2% glycerine and paint a layer of the 
glycerine over the wrapped mold. I use a barbeque basting brush to apply the layers. 
Once dry, paint the solution on again and allow to dry. Repeat adding layers until the 
cup is thick enough to remove from the silicon mold without tearing. The cup may seem 
flimsy at first, but it will stiffen up after a few days.  

3) If you would like to add colour to your cups, food colouring can be added at any time, by 
ether painting it directly onto the cup or by mixing the food colouring into your chitosan 
solution. Please note that adding food colouring to a chitosan solution can result in the 
formation of a precipitate that will form on your cup. If you want to avoid that, you can 
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mix your food colouring into the distilled water before adding it to your chitosan 
powder, then add the vinegar.  

A precipitate is a solid that forms and drops out of a liquid solution 
 

 
 

PLASTIC BOWL 
I made my plastic bowl in a similar way to how I made my cups. The chitosan solution needed 
something to attach to in order to take the shape of the silicon bowl that I used as a mold. 
Instead of using a 10% glycerine plastic sheet like I did with my cups, I used a sheet of kitchen 
cheesecloth to form a grid or base for the chitosan layers.  

1) Mix up a batch of chitosan solution using the (1:2 vinegar to distilled water ratio). Once 
mixed, add 2% plasticizer (glycerine) to the solution and mix thoroughly.  

2) Cut a piece of cheesecloth or gauze to drape over your bowl mold. Use a kitchen basting 
brush to apply a coat of the chitosan solution over the cheesecloth and bowl mold. Once 
dry, cut the excess gauze away and apply another layer of chitosan solution. Repeat 
until you achieve the desired thickness for the bowl. 

3) If you would like to add colour to your bowl, food colouring can be added at any time, 
by ether painting it directly onto the bowl or by mixing the food colouring into your 
chitosan solution. Please note that adding food colouring to a chitosan solution can 
result in the formation of a precipitate. If you want to avoid that, you can mix your food 
colouring into the distilled water before adding it to your chitosan powder, then add the 
vinegar.  
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MOLDS 
To make a soft jelly-like mold: 

1) Mix up a batch of chitosan solution using the (1:2 vinegar to distilled water ratio). (If you 
want to add colour to the mold, you should add the food colouring to the distilled 
water, then stir into the chitosan powder. After the powder appears dissolved, add the 
vinegar and stir). Once mixed, add 10% plasticizer (glycerine) to the solution and mix 
thoroughly. This will give you a nice clear coloured solution with out any percipitate. If 
desired, add sparkles at this time. 

2) Pour into molds and allow to dry. Drying times will vary depending on the size of the 
mold. Once the layer appears dry (it will shrink into the mold), apply another layer of the 
chitosan solution and continue the drying and pouring process until you are satisfied 
with the mold. If available, a dehydrator can help speed up your drying times. 

 
 

SOLID MOLDS 
To make hard molds with wood flour as a solidifier: 

1) Mix up a batch of chitosan solution using the (1:2 vinegar to distilled water ratio). Once 
mixed, add 10% plasticizer (glycerine) to the solution and mix thoroughly.  
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2) Pour the chitosan solution into a pot and add 2 tbsp of wood flour for every 100ml of 
chitosan solution. Sift the wood flour beforehand to ensure that there are no large 
pieces of sawdust.  Heat over the stove on a low heat stirring constantly for 20 minutes 
or until the solution looks much thicker. The wood flour will sit on top of the chitosan 
solution at first, but will thoroughly mix in with heating and stirring. 

3) Spoon a thin layer of the mixture into the mold and allow to dry. Drying times will vary 
depending on the size of the mold. Once the layer shrinks into the mold and appears 
almost spongy, push the layer down further to force out any air bubbles that may have 
formed. Spoon another layer of the mixture over top and allow to dry. 

4) Repeat this process until you achieve the desired thickness and mold size. If available, a 
dehydrator can help speed up your drying times considerably. 

 

 
*Note: I used hot glue to attach two copies of the same mold together to form a solid chess 
piece. 

 

OTHER EXPERIMENTS  

I want this project to essentially be an overview of the life cycle of chitosan-based bioplastics 
from extraction to decomposition, so I will also look at how well chitosan-based bioplastics 
breakdown through l looking at its water solubility, biodegradability and how it effects plant-life 
in soil after decomposition.  
 
WATER SOLUBILITY 
January 26, 2020. 
Started making plastics for the water soluability test. Made 4 sets of chitosan solution (with 1:2 
ratio of vinegar to distilled water) and varying levels of glycerine. Poured 4 ml of each solution 
into small container lids (acting as molds and measuring 4 cm in diameter) as follows:  
A – chitosan solution + no glycerin 
B – chitosan solution + 1% glycerin 
C – chitosan solution + 5% glycerin 
D – chitosan solution + 10% glycerin 



 26 

Left the molds to dry. 
 
January 29, 2020. 
MATERIALS: 

- 4 mason jars  
- distilled water 
- food colouring 
- graduated cylinder 
- Plastic samples made January 26. 
- Masking tape and marker for labelling 
- Stop watch 

 
PROCEDURE: 

1) Fill mason jars with 250 ml of distilled water and add a few drops of food colouring to 
help see the plastic samples better in the water. 

2) Label each mason jar with assigned plastic information. 
3) Drop plastic samples into the corresponding mason jars at the same time. 
4) Observe and take notes until all of the plastic is dissolved. 

 
OBSERVATIONS: 
2:03 pm: Right away all of the plastics folded in on themselves and seemed jelly-like. The higher 
glycerin plastics floated and the lower glycerin samples sunk. 
2:17 pm: Sample A is completely gone. There are still a few very small pieces of Sample B left. 
Sample C is still visible.  
 

Plastic Sample Time to Dissolve in Water 

Sample A; chitosan solution + no glycerin 14 minutes 

Sample B – chitosan solution + 1% glycerin 25 minutes 

Sample C – chitosan solution + 5% glycerin 40 minutes 

Sample D – chitosan solution + 10% glycerin 2.5 hours 

 
CONCLUSIONS: 
All plastics were very water soluble, but the samples with the higher concentrations of glycerin 
took longer to dissolve. Plastics made from chitosan would be of little use if they come in 
contact with water. For example, I wouldn’t make a plastic grocery bag from chitosan in case a 
grocery item was wet or leaked or a shopper got caught in the rain.  
 
BIODEGRADABILITY 
January 26, 2020.  
Started making plastics for the biodegradability test. Made 4 sets of chitosan solution (with 1:2 
ratio of vinegar to distilled water) and varying levels of glycerine. Poured 4 ml of each solution 
into small container lids (acting as molds and measuring 4 cm in diameter) as follows:  
A – chitosan solution + no glycerin 
B – chitosan solution + 1% glycerin 



 27 

C – chitosan solution + 5% glycerin 
D – chitosan solution + 10% glycerin 
Left the molds to dry. 
 
January 28, 2020. 
EQUIPMENT: 

- 1 large plastic bin with lid 
- 4 medicine measurement cups 
- hot glue gun and glue 
- drill 
- paper tags and marker for labelling 

 
MATERIALS: 
Brown Waste Layer:  

- newspaper (black & white only) 
- paper towel 
- dry leaves from yard 
- egg shells 
- ash 

Green Waste Layer: 
- plant waste 
- veggie waste 
- soil 
- tray  
- various plastic samples of the same size: (Samples A-D chitosan plastics of varying 

glycerine levels poured on January 26 and listed above, Sample E is a 4 cm diameter 
circle of a Ziploc sandwich bag, Sample F is a 4 cm diameter of a hard plastic lid and 
Sample G a 4 cm diameter circle of a green grocery bag) 

 
PROCEDURE: 

1) Drill 15 small holes evenly over the bottom of the large bin.  
2) Use hot glue to attach the 4 medicine cups to the bottom of the bin to act as legs and 

allow for air circulation and drainage. 
3) Place bin on a tray. 
4) Make a layer of brown compost about 3 inches thick. 
5) Add a 3 inch thick green layer of compost. 
6) Add another 3 inch thick brown layer. 
7) Attach string and a label to each plastic sample and place in the bin with the strings 

hanging outside the bin. 
8) Add another 3 inch green layer. 
9) Add the last 3 inch brown layer. 
10) Insert an electric thermometer into the soil. Moisten soil 
11) Close lid and store inside if during winter.  
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12) Check the temperature daily and open once a week to view the plastics and ensure that 
the compost is moist.  

 
OBSERVATIONS: I check the temperature of the compost after school each day between 4 and 
6 pm.   
 
January 28, 2020: 96°F 
January 29, 2020: 93°F 
January 30, 2020: 90°F 
January 31, 2020: 89°F 
February 1, 2020: 86°F: All the chitosan plastic is jelly-like and Sample A is almost completely 
dissolved. 
February 2, 2020: 80°F  
February 3, 2020: 76°F  
February 4, 2020: 75°F - Sample A; completely gone, Sample B; small blob (1 cm x 1 cm), Sample 
C; small bit (0.8 cm x 1 cm), Sample D; completely detached from string (1.5 cm x 1.5 cm), 
Samples E-G; no change 
February 5, 2020: 75°F 
February 6, 2020: 75°F 
February 7, 2020: 75°F – Decided to check on my plastics mid week because the chitosan 
samples were so small last time I checked. Samples A-D were completely gone. Samples E-G 
had no change. 
February 8, 2020: 72°F 
February 9, 2020: 72°F 
February 10, 2020: 72°F – My mom made me take the bin outside now that all my Bioplastics 
are dissolved because she didn’t want it in the house anymore. 
 
CONCLUSIONS: 
It takes approximately 1.5 weeks for small samples of chitosan bioplastics to biodegrade. Higher 
levels of glycerin content seem to have minimal impact on bio-degradability, but only increases 
the time to biodegrade slightly. 
 
 
 
 
 
After 1 Year (March 6, 2021): I checked my compost bin after 13 months and found that the bit 
of hard plastic and the green plastic were still intact. The hard plastic was completely 
unchanged and the biodegradable plastic was still 4 cm in diameter, but had thinned a bit and 
had a few tears in it. It had also lost some of its green colour.  
 
I couldn’t find the Ziploc bag sample. It could have biodegraded, but based on the condition of 
the green grocery bag, I think it is more likely that the sample just curled up and washed away 
through one of the air holes in the bottom of the compost bin. 
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CHITOSAN AS A FERTILIZER 
January 25 – February 10, 2020 – Attempt #1 
Materials Used: 

- Mint, tomato and bean seeds 
- Paper towels 
- Peat pods for starting seeds 
- 4 plant pots 
- 2 chitosan cups that I made (chitosan powder, 1:2 ratio of vinegar to water and 2% 

glycerine) 
- Distilled water 
- Masking tape and marker (for labelling) 
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Equipment Used: 

- Seed starter trays (mini greenhouses) 
- Greenhouse light (not necessary, but nice to have for longer light exposure on dark 

winter days) 
 

1) Dampened three paper towels and placed several mint seeds in one, tomato seeds in an 
other and bean seeds in the last one. Folded up and left to start germination overnight. 

2) Planted the seeds as follows: 
Pot A1: Mint seeds in chitosan cup filled with soil 
Pot A2: Mint seeds in soil 
Pot A3: Mint seeds in pieces of bioplastic with no soil 
 
Pot B1: Tomato seeds in chitosan cup filled with soil 
Pot B2: Tomato seeds in soil 
Pot B3: Tomato seeds in pieces of bioplastic with no soil 
 
Pot C1: Bean seeds in chitosan cup filled with soil 
Pot C2: Bean seeds in soil 
Pot C3: Bean seeds in pieces of bioplastic with no soil 

 
3) Watered the plants as needed.  

 
CONCLUSION: 
The seeds in the pots with just soil all sprouted with in 4-10 days, but none of the seeds in the 
chitosan bioplastics sprouted, so I abandoned the experiment. 
 
February 23 – March 6, 2021 – Attempt #2 
Materials Used: 

- Bean plant and Cress Seeds 
- Paper towels 
- Peat pods for starting seeds 
- 4 plant pots 
- Distilled water 
- Chitosan solution (chitosan powder, 1:2 ratio of vinegar to water, not 

glycerine/plasticizer) 
- Masking tape and marker (for labelling) 

 
Equipment Used: 

- Seed starter trays (mini greenhouses) 
- Greenhouse light (not necessary, but nice to have for longer light exposure on dark 

winter days) 
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1) Dampened two paper towels and placed several bean seeds in one and cress seeds in 
the other. Folded up and left to start germination overnight. 

2) Soaked 12 dehydrated peat pods in 2-3 cups of distilled water until they expanded to 
full size (20 mins).  

3) Broke the peat pods up and put 9 tbsp of peat soil in each of four plant pots. 
4) Added 2 tbsp of chitosan solution to 2 of the pots and stirred into soil. 
5) Added seeds as follows: 

Pot A1 – Cress seeds in soil without chitosan solution 
Pot A2 – Cress seeds in soil with chitosan solution 
Pot B1 – Bean seeds in soil without chitosan solution 
Pot B2 – Bean seeds in soil with chitosan solution 
*Note: Cress seeds had already started to grow in the paper towel. 

6) Put the pots into the seed starter trays, put on lid and placed under the greenhouse 
light. 

7) Watered daily. 
 
Outcome: 
The seeds never grew and I abandoned the project on March 6, 2021. I think that the vinegar in 
the chitosan might be too acidic for seeds to grow. 
 
March 5-11, 2021 – Attempt #3 
Materials Used: 

- Bean plant and Cress Seeds 
- Paper towels 
- Peat pods for starting seeds 
- 8 plant pots 
- Distilled water 
- Chitosan powder 
- Commercial fertilizer powder 
- Masking tape and marker (for labelling) 

 
Equipment Used: 

- Seed starter trays (mini greenhouses) 
- Measuring spoons 
- Greenhouse light (not necessary, but nice to have for longer light exposure on dark 

winter days) 
 
Procedure: 

1) Dampened two paper towels and placed several bean seeds in one and cress seeds in 
the other. Folded up and left to start germination overnight. 

2) Soaked dehydrated peat pods in 2-3 cups of distilled water until they expanded to full 
size (20 mins). Put equal portions of the peat soil into 8 plant pots. 

3) Poured 333 ml of distilled water into each of 4 mason jars (the amount made sense with 
the commercial fertilizer dosage).  
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Mixed the following: 

Jar 1 Straight distilled water 

Jar 2 Distilled water + 1.25 ml (1/4 tsp) of store bought fertilizer  
(Plant Prod for tomatoes and vegetables) 

Jar 3 Distilled water + 1.25 ml (1/4 tsp) of commercial chitosan powder 

Jar 4 Distilled water + I tbsp of commercial chitosan powder 

 
4) Tested the pH of the following: 

Item pH Acid/Neutral/Basic 

Soil 5.0 Slightly acidic/neutral 

Distilled water 6.0 Neutral 

Fertilizer water 5.0 Slightly acidic/neutral 

1 tsp chitosan powder in 
distilled water 

6.0 Neutral 

1 tbsp chitosan powder in 
distilled water  

6.0 Neutral 

Glycerine (plasticizer) 5.0 Neutral 

White Vinegar 3.0 Acidic 

*Note: The ideal pH for growing plants is 5.5 – 7.0 and planting    outside this range can 
effect the health of plants.  

5) Row 1: Pot A1 – Cress watered daily with distilled water 
             Pot B1 – Beans watered daily with distilled water 
Row 2: Pot A2 – Cress watered daily with commercial fertilizer in distilled water 
             Pot B2 – Beans watered daily with commercial fertilizer in distilled water 
Row 3: Pot A3 – Cress watered daily with ¼ tsp of chitosan in distilled water 
Pot B3 – Beans watered daily with ¼ tsp of chitosan in distilled water 
Row 4: Pot A4 – Cress watered daily with 1 tbsp of chitosan in distilled water 
             Pot B4 – Beans watered daily with 1 tbsp of chitosan in distilled water 

 
METHOD: 
Started by watering the plants daily with 1 tbsp of the liquid from the corresponding jar. Once 
the plants sprouted on March 7, I had to increase the amount for watering to 2-3 tbsp daily. 
Once the bean plants grew so big that they had to be repotted (March 11), I considered the 
experiment to be completed. 

March 7, 2021. March 11, 2021. 
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OBSERVATIONS: 
All of the bean sprouts grew well, but the plant getting only distilled water (B1) took much 
longer to sprout and did not grow as rapidly as the others. The cress sprouted quickly, but 
didn’t grow very fast in any of the pots. Even the sprouts in B4 which got coated with 
undissolved chitosan powder grew as well as the other cress plants. 
 
The fasted growing bean plant was the pot being watered with the commercial fertilizer 
solution (B2), but the pots getting watered with chitosan solutions (B3 and B4) grew very well 
and I can see that chitosan is in fact a good organic fertilizer. However, plastics made with 
chitosan and vinegar solution are probably too acidic to just throw into your garden biodegrade 
with out effecting the growth of your plants. 
 
 

HOW MY PLASTICS HELD UP AFTER 1 YEAR: 

Plastics with a high glycerine level tended to shrivel up rapidly, but plastics in the 1-3% glycerine 
range held up surprisingly well, although they too hardened and shrunk. The plastic bag of pop 
corn kernels in this picture was vacuum-sealed over a year ago. The vacuum seal only lasted a 
few hours (perhaps the plastic is too porous to hold air for long), but the plastic bag held up 
very well over the year. 
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Areas for Future Research 

When I first started, a lot of the information was well guarded, as this is a new and promising 
concept.  There wasn’t a lot of information about exactly how to make bioplastics, as a lot of 
researchers may want to end up patenting their methods.  I was able to figure out some ways 
to effectively make bioplastics based on the information I could find.   
 
If I were to expand on this project I would suggest trying to extract chitin from different 
sources, to evaluate what sources are rich in chitin and easier for extraction 
 
There is a lot of research going on in to deacetylation.  If I had a spectrophotometer, I could 
measure the degree of deacetylation, and experiment with different methods of deacetylation, 
and also try for consistent batches of chitosan.   
 
I also would be interested to look at different recipes involving different plasticizers and 
solidifiers, and maybe plastic formation methods 
 
I came pretty far in this project, but there is definitely a lot of room for further research in 
almost all of the individual steps in the process from crustacean shells to useful bioplastics.  
 

THANK YOU: 

I would like to thank the staff at the Captain’s Boil on Centre Street N for giving me seafood 
shells to conduct my chitosan extraction experiments. I would also like to thank the staff at the 
Black Forest Wood Company for providing me with a huge bag of wood flour for my solidifier 
experiments with chitosan bioplastic molds. 
 
Thank you to my parents for all of their support and encouragement. 
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https://urldefense.proofpoint.com/v2/url?u=http-3A__www.pbs.org_wgbh_nova_education_tech_bioplastics.html&d=DwQFaQ&c=euGZstcaTDllvimEN8b7jXrwqOf-v5A_CdpgnVfiiMM&r=4OqkBLJbmvZ3FOVgSv6cIw&m=iDGpsg31Qor4sli0V2WlhcimjVzK6vdicGOdePhBWz0&s=s55jjgmEhQgTJV56Jc9csyACVx09Md2QnilODXWXSe8&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.thespruce.com_compost-2Dbin-2Dfrom-2Dplastic-2Dstorage-2Dcontainer-2D2539493&d=DwQFaQ&c=euGZstcaTDllvimEN8b7jXrwqOf-v5A_CdpgnVfiiMM&r=4OqkBLJbmvZ3FOVgSv6cIw&m=iDGpsg31Qor4sli0V2WlhcimjVzK6vdicGOdePhBWz0&s=cqGiP2ceqbPh_B2No_yNrRGg6iaMzT6wE_UWCys9OxE&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.thespruce.com_compost-2Dbin-2Dfrom-2Dplastic-2Dstorage-2Dcontainer-2D2539493&d=DwQFaQ&c=euGZstcaTDllvimEN8b7jXrwqOf-v5A_CdpgnVfiiMM&r=4OqkBLJbmvZ3FOVgSv6cIw&m=iDGpsg31Qor4sli0V2WlhcimjVzK6vdicGOdePhBWz0&s=cqGiP2ceqbPh_B2No_yNrRGg6iaMzT6wE_UWCys9OxE&e=


 38 



 39 



 40 

 


