
Chitin-Based Bioplastics
By Audrey Kavchak



Plastic Pollution Problem
Plastic pollution is one of today’s most renowned global issues. But what 

exactly is the problem with plastics? 

While the plastics we use today have their advantages (being lightweight, 

resistant to corrosion, strong, economical, and water-resistant), most 

commercial plastics are derived from petroleum, which in an extremely 

unsustainable source. For one thing, refining oil - to end up with 

polyethylene to make the plastics, as well as many other elements - is a 

lengthy process; one which includes greenhouse gas byproducts that are 

released into the atmosphere. Oil also isn’t a renewable resource. 

Petroleum-based plastic products also take a long time to biodegrade, and 

their mass production outweighs the time it takes for them to biodegrade, 

which leaves us with tons of excess plastic and an environmental crisis. 

So what exactly can we do?



Introduction to bioplastics
Scientists have been working on the plastic 

pollution crisis for a long time, and one of their 

most promising solutions is this: bioplastics. 

Bioplastics, by textbook definition, are “a type of 

biodegradable plastic derived from biological 

substances rather than petroleum”. They can be 

made from various substances, including but not 

limited to; corn, milk, vegetable fats and oils, 

sawdust, cornstarch, recycled food waste, 

cellulose, and chitin or chitosan. 

Knowing what vegetable fats and cellulose are is 

common knowledge, but what exactly are chitin 

and chitosan?



Introduction to Bioplastics made from Chitin/Chitosan

Chitin is the second most abundant biopolymer found in nature, after only cellulose. 

If we can make bioplastics out of milk and corn, why bother with going to the trouble of 

extracting chitin?

To make bioplastics from corn and milk, there’s always the environmental footprint of the 

life cycle. To grow more corn for bioplastics would be occupying more land mass and water, 

as well as the time and money of farmers. And for milk, we’d use more resources to care for 

and raise the cows until they can give milk. 

Whereas chitin can be simply extracted from crab, lobster and shrimp shells, which already 

end up as waste from seafood restaurants and food processing plants anyways. In making 

bioplastics from chitin, we’re reducing not only the amount of plastic in landfills, but the 

amount of seafood waste as well. 



 

How to Get Chitin/Chitosan
To extract chitin from its sources - 

crustaceous shells, in this case - the 

other elements in the original substance 

must be removed, through 

demineralization and deproteinization. 

I extracted chitosan twice - once from 

lobster shells, and a second time from 

shrimp shells. 



Demineralization

Deproteinization

Decolorization

Deacetylation

Chitin

Chitosan

Ground crustacean shell

Remove minerals using hydrochloric acid (HCl) to dissolve 

Remove proteins using Sodium Hydroxide (NaOH) to dissolve

Remove pigment using ethanol as a solvent

Change properties of chitosan so it can be dissolved in mild acid
Remove acetyl groups with strong NaOH to convert to Chitosan
- Chitin: > 50% of groups have – COCH3-
- Chitosan has over 50% replaced by – H 

Shrimp, lobster, and crab shells are sources of chitin
Shells are primarily made of minerals, protein and chitin

Producing Chitosan from Crustacean Shells



React with 1 M (1 mol/L) HCl for 3 hours on magnetic stirrer 
Use solid:liquid ratio 1:10 (1 g shells : 10 mL)
Rinse with water, filter and air dry at 90 C

React with 1 M NaOH for 3 hours @ 175 F, stirred 
Use solid:liquid ratio 1:10 (1 g shells : 10 mL)
Rinse with water, filter and air dry at 90 C

Rinse for 10 minutes in 95% ethanol solution
Rinse, filter and air dry at 90 C

React with 40 wt% M NaOH for 1 hours @ 150 F, stirred 
Use solid:liquid ratio 1:10 (1 g shells : 10 mL)
Rinse to neutral pH, filter and air dry at 90 C

Wash shells in 90℃ water for 3 hrs to remove impurities 
Dry in 90℃ oven for 2 hours
Grind in blender to get powder

Demineralization

Deproteinization

Decolorization

Deacetylation

Chitin

Chitosan

Ground crustacean shell

Chitosan Production Procedure



Demineralization - Lobster

Materials: 20 g dry lobster shell, 50 mL water & 50 mL of 10% 

volume HCl (hydrochloric acid)

Procedure: 

1 - Blend lobster shells into little bits (not fine powder).

2 - Mix 50 mL water & 50 mL of 10% HCl into a solution.

3 - Soak lobster shells in solution for 3.5 hrs.



Observations:

Immediately after starting mixture: Mixture immediately started bubbling and reacting. Some pieces started floating around 

(moving).

1 hr: Bubbles have condensed in the middle of the surface area. Lobster chunks are stationary.

1.5 hrs: Bubbles have completely disappeared - the mixture seems to have stopped reacting entirely.

3 hrs: Solution is very murky, and a few big bubbles have appeared at the surface.

3.5 hrs - draining: Acid obtained a pinkish hue, and the reaction seems to have completely stopped.

New acid bath - 20 minutes after original bath: Reactions are seemingly repeating - there are more bubbles and pieces are 

floating around again.

Removal - 1.5 hrs later: Solution is murky, but not as murky as the last bath’s solution at this stavem and bubbles have ceased 

to produce. No evidence of any reaction continuing beyond this point.

Rinsing - 10 mins later: 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 - Note: during the drying process, the lobster bits were much softer and more 

flexible.

***Weight after demineralization: 14 g



Demineralization - Shrimp
Procedure: 

1 - Washing: Shells were washed in 90 ℃ water for 3 hours.

2 - Drying: Dried in 90 ℃ oven for 2 hours.

3 - Grinding: Used blender to grind shells into as fine a powder as I could manage. 

4 - Calculations: Weighed shrimp (21 g) and determine the amount of 1 M (1 mol/L) of 

HCl Solution (based on a ratio of 10 mL HCl : 1 g shrimp).

5 - Demineralization: Let the shrimp sit in the HCl/water solution for 3 hours.

6 - Rinsing: Rinsed the demineralized shells three times with distilled water, to clean off the 

acid.  Dried in 90℃ oven.



Demineralization

Equation: 2HCl + CaCO3 → CaCl2 + H2O + CO2

HCl - hydrochloric acid

CaCO3 - calcium carbonate (minerals in the shell)

CaCl2 - calcium chloride (salt - makes water murky)

H2O - water

CO2 - carbon dioxide (bubbles)



Deproteinization - Lobster

Materials: 4g sodium hydroxide (NaOH) 4%, 14g demineralized lobster 

shells, & 100 mL cold water - and a magnetic stirrer.

Procedure: 

1 - Make water and NAoH solution (add 100 mL water and stir bar to the 

slack. Start the stirrer and slowly add sodium hydroxide beads).

2 - Add lobster shells to flask and stir.

3 - Heat stirrer to 70℃. 

4 - Soak for 2.5 hrs.



Deproteinization - Shrimp
Materials: 11 g demineralized shrimp shells, 

Procedure:

1 - Decolorization: Pigment was removed from shells by soaking in 100 mL of 95% 

ethanol for 10 minutes. 

2 - Deproteinization: Shells were soaked in 1 M NaOH solution (10 mL per 1 g 

chitosan) for 3 hours at 80℃, under agitation with a magnetic stirrer. 

3 - Rinsed, filtered, and dried. 

Weight after deproteinization: 4 g



Deacetylation - Lobster
Process:

Soaking the deproteinized and demineralized shells in NaOH solution to remove acetyl groups

Challenge 1: Measurement - the manner in which you measure the degree of deacetylation involves 

having a spectrophotometer

Challenge 2: Exposing the chitin to NaOH and high temperatures for longer times will increase 

deacetylation, but also will result in breaking the polymer chain in to smaller lengths. Research has been 

done to maximize deacetylation with minimal compromise to the chitosan, and an example of this is to 

do cycles of freezing and thawing the chitin in strong NaOH solutions to change the crystal structure of 

the chitosan. This makes for a product with more uniform properties and can reduce the time required 

for hot NaOH treatment significantly, which helps to minimize chain breakage. 



Deacetylation - Shrimp

Materials: 4 g demineralized, deproteinized, decolorized shrimp (chitin!)

Procedure:

1 - Deacetylation: Let chitin sit in in a 40% weight sodium hydroxide solution (40 g 

NaOH + 60 mL water) for 1 hour at 60℃, under agitation with a magnetic stirrer.

2 - Rinsed, filtered, dried. 

Weight after deacetylation: Less than 1.5 g



Conclusion

I was able to extract chitosan from lobster shells last year, but I wasn’t able to 

grind it down into a fine enough powder to be able to use it to create a plastic 

sample. 

With the shrimp shells, I was able to extract chitosan, though it was a long 

process with a very little outcome. And the plastics made with the extracted 

chitosan were less than perfect. At that rate, it definitely wouldn’t be worth 

extracting it over and over again to create all my plastic samples; it was better 

to use commercial chitosan for that, due to the consistent quality (spec 90% 

deacetylation) and accessible amount. 



Using Chitin/Chitosan to make plastics

Plastics come in so many different forms, - hard and thick for solid plastic objects, 

stretchy and thin for cling wrap and bags, and everything in between - so it’s hard to 

find recipes for every texture. It took months of trial and error before I found a recipe 

that could work for my purposes - and it was especially difficult, since this is a fairly 

new field of research and nearly all research and recipes are closely guarded. 

The ingredients required to produce chitosan-based bioplastics are:

- Chitosan (powder)

- Vinegar

- Water

- A plasticizer

- A solidifier (optional, depending on what type of plastic is being developed)



Using chitosan to make bioplastics:

- The ideal water:vinegar ratio is a 2:1 ratio. For every 5 g of chitosan, 50 mL (1 part) of vinegar and 100 mL (2 parts) of water. 

- No matter what plastic you’re aiming for, you always need to add a plasticizer (glycerin, in this case). Otherwise, the sample is flaky 

and crumbles easily. 

Plastic Type Plasticizer Other Additives? Production Details

Sheets - Plastic Bags 2-3% glycerin None.

Double/triple layer thin pour 

for desired density. 

Sheets - Cling Wrap 10% glycerin None. Single-layer pour.

Solids - Chess Pieces 10% glycerin Wood flour. 

Pour thin layers, and once 

they become spongy, push 

them down into the molds.

Solids - Lobster Mold 10% glycerin None. 

Pour layers thin layers into 

molds.

Cups 3% glycerin None. 

Paint thin layers of 3% 

glycerin solution onto molds.



Biodegradability Test
As a side experiment, I also tested chitin and chitin-based bioplastics’ impact on the environment 

when they biodegrade. I planted cress and bean seeds, and kept tabs on their growing: plants watered 

with distilled water vs. plants with chitosan as a fertilizer. They all turned out about the same, which 

proves that chitin isn’t harmful to the environment, and proves its worth as a source for bioplastics. 



 

Chitosan Plastic Negatives
As always, with positives come negatives. While chitin 

and chitosan-based bioplastics seem like the perfect 

solution for our plastic problem, there are a few flaws. 

For one thing, they aren’t water soluble. Chitin-based 

plastics dissolve into a gel when wet. While this could 

be a good thing for if they ever end up in lakes or 

oceans - they won’t pollute the water. However, no one 

wants a plastic bag that dissolves in their hand on a 

rainy day.

Another problem is that since the plastics retain so 

much moisture, they dry out and shrink over time.

The bioplastics are also too porous to be used to 

vacuum seal, which isn’t ideal for if they were ever 

needed for plastic packaging.

Chitosan Plastic Positives
As well as simply being a plastic alternative, 

there are many perks when it comes to 

chitin-based plastics:

For one thing, they biodegrade quickly and 

easily, leaving little to no impact on the 

environment - in fact, chitin is used in some 

places as a fertilizer for plants. Chitin and 

chitosan also come from seafood waste, which 

is ultimately going to end up in the dump. The 

production of chitin based plastics is also more 

eco-friendly than the production of 

petroleum-based plastics, and has less of an 

environmental impact than the production of 

corn or milk-based bioplastics.



Areas for improvement/further studies

If I were to expand on this project, I don’t think I’d do anything differently, - since 

every mistake I made was a learning point and made way for improvement - but there 

are a few things I’d do to add on.:

- I’d try extracting chitin from various sources to compare the amounts extracted 

and determine whether one source was superior to the others. I’d also do multiple 

chitin extraction tests to aim for getting consistent batches of usable 

chitin/chitosan. 

- I’d use a spectrophotometer to measure the degree of deacetylation in order to get 

consistent batches of extracted chitin/chitosan.

- I’d continue experimenting with plasticizer levels and solidifiers in order to find a 

recipe for consistent batches of optimal solids. 



Conclusions
I was able to successfully start with crustaceous shells 

and make bioplastics. 

I was able to experiment with different ratios of water 

and vinegar and study their effect on dissolution and 

drying times. 

I was able to experiment with different additives and 

come up with recipes for basic bioplastics which could 

be used for a lot of objects with different uses. 

And the great thing is that I was able to see the 

bioplastics biodegrade, so I was able to look at the 

whole life cycle. 

It was a fascinating project, and I look forward to seeing 

what novel uses of chitosan we see and how this project 

will be applied to real life in the future. 

 



And Special Thanks to The Captain’s Boil and Black Forest Wood Company!


