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The Need for Sustainable Materials

Since the mid-20th century, our 
societies have become increasingly 
dependent on plastics. It’s easy to 
see why: they are strong and stable, 
cheap and easy to produce, and can be 
readily modified and moulded for their 
intended use. In many ways, plastics are 
the ideal materials.

Of course, we now know that plastics 
are far from perfect. Most plastics are 
petroleum-based, meaning that the 
starting materials used to make them 
come from crude oil. Like all fossil fuels, 
crude oil resources are dwindling and 
are inherently unsustainable, meaning 
that we should look to alternative, 
renewable sources for producing 
plastics.

Another major problem with plastics 
is their longevity. We have all heard 
about how long it can take for a plastic 
bag or toothbrush to break down 
naturally, and other plastic items are 
no exception. When they can’t be 
recycled, these items end up in landfill 
or even the ocean, contributing to the 
already astronomical levels of pollution 
released into the environment every 
year.

If we want to keep using plastics, we 
need to seriously rethink how they are 
made, while also ensuring that they 
can be safely recycled or biodegraded 
after they have served their purpose. 
Scientists all over the world have 
dedicated their careers to this problem, 
with the hopes of creating new solutions 
for a sustainable future.

Dr Jinwen Zhang and his team at 
Washington State University are at 
the forefront of this research. These 
researchers are working tirelessly to 
develop interesting new materials that 
are not only produced in a sustainable 
way, but can also help to reduce the 
amount of plastic waste that goes to 
landfill.

‘For more than 20 years, I have 
dedicated myself to tackling 
challenges in the realm of sustainable 
plastic materials,’ says Dr Zhang. ‘I 
have focused my research on the 
synthesis, processing, and application 
development of polymer materials, 
towards addressing the long-term 
sustainability of plastics.’

Developing Recyclable and Self-
healing Plastics

When it comes to reducing waste, there 
are many possible approaches. An 
obvious approach is to make plastics 
that can be easily reprocessed – 
meaning that they are easy to recycle 
and can be made into new high-quality 
materials. This is impossible for many of 
our current plastics, such as ‘thermoset’ 
plastics, which have a crosslinked 
network structure and are used to 
make wind turbine blades and foam 
mattresses. Another approach is to 
create longer lasting, durable materials, 
which can be reused many times, 
reducing the need for disposable items.

FIXING THE PLASTIC 
INDUSTRY WITH 
SUSTAINABLE MATERIALS  
A combination of dwindling oil reserves and increasing pollution 
means that the plastic industry must be urgently transformed 
before it’s too late. The efforts of researchers, including Dr Jinwen 
Zhang and his colleagues at Washington State University, mean 
that solutions are becoming increasingly available. Through the 
development of malleable and self-healable plastics, created from 
both existing petrochemical and renewable chemical feedstocks, 
Dr Zhang’s team is creating stronger, more resilient plastics that 
can be easily recycled. 
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A recent breakthrough in materials science offers a fantastic 
solution to this: recyclable and self-healable thermoset plastics. 
Through some innovative chemistry, it is possible to produce 
crosslinked plastics that have the ability to repair defects in 
their structures. This means that small amounts of damage 
in these materials can ‘heal’ themselves, allowing them to be 
reused far more times than traditional plastic. In addition, such 
plastics can be more easily recycled, as their malleability allows 
them to be remoulded while still maintaining their structural 
integrity. 

The mechanism behind the malleable and self-sealing 
properties of these materials is rather ingenious. When heated 
to a suitable temperature, the molecular bonds within the 
material shift and new linkages form within the material. This 
allows the material’s constituent molecules to reconnect 
and patch up damaged areas. Once cooled, the material has 
similar properties to those of a traditional plastic, allowing it 
to be used across a wide range of applications. Because of the 
characteristic bond exchange, these plastics are also easier to 
chemically recycle than their traditional counterparts.

Dr Zhang and his colleagues have been developing and 
researching new types of malleable and self-healable materials, 
with the goal of creating alternative plastics that are both 
durable and recyclable. 

Using different combinations of chemical feedstocks, the team 
produced a range of different plastic materials, and assessed 
their physical properties and recyclability. This gave them an 
insight into which combinations worked, and which did not. 
Through this extensive research, the researchers developed a 
range of materials with varying properties, which could repair 
themselves when heated.

The team also assessed how easily their new self-healing 
materials could be recycled. They did this by applying both 
physical and chemical methods to break down the plastics, 
before remoulding them back into solid materials and testing 
their physical properties. The team found that their materials 
could be easily broken down, and that the remoulded plastics 
had similar quality to the original materials, confirming 
excellent recyclability.

Dr Zhang and his colleagues have demonstrated how self-
healing plastics can be produced through conventional means, 
resulting in strong, dynamic materials that can be used in 
diverse applications. Importantly, the team’s new plastics can 
also be readily recycled, making them a far greener alternative 
to most conventional plastics.

Creating Plastic from Hemp Oil

Another goal of Dr Zhang’s research is to reduce society’s 
dependence on crude oil. As previously mentioned, the 
majority of our plastics are made from petrochemicals derived 
from crude oil, meaning that these materials are inherently 
unsustainable.

A much more appealing alternative is to use the oils found 
in plants to develop new plastic materials. ‘Since I joined 
Washington State University in 2004, I have conducted in-
depth investigations into bio-based polymer alternatives 
to petroleum-based plastics in several key areas, including 
bioplastics made from vegetable oils.’ 

Such vegetable oils are renewable, as plants can be grown 
quickly. As plants capture carbon dioxide from the air as they 
grow, producing plastics from vegetable oil can help to offset 
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the carbon emissions associated with the manufacturing 
process. Dr Zhang and his team have been investigating how 
the oil from hempseed can be used in this way.

Hemp has been used throughout history as a strong and 
versatile material, especially when it comes to weaving clothing 
and other textiles from its fibres. However, it is an entirely 
different challenge to develop new plastics using oils extracted 
from the plant. 

Dr Zhang and his colleagues focused once again on developing 
a thermoset plastic material that has dynamic chemical bonds, 
so that it would be more likely to exhibit malleable and self-
healing properties. Such properties would make their new 
material long-lasting, durable and easily recycled. 

After extensive research, the team’s resulting material exhibited 
excellent physical properties, and demonstrated the ability to 
be remoulded and repair its surface when scratched.

Dr Zhang has now partnered with ZILA Works to develop 
and commercialise an epoxy resin system made from hemp 
seed oil. ‘ZILA’s initial Life Cycle Assessment screening of the 
patented hemp-based epoxy identified a clear path to a 60% 
reduction in carbon footprint compared to petroleum-based 
epoxies,’ explains Dr Zhang.

Recycling Carbon Fibre Reinforced Polymers

Carbon fibre reinforced polymers are extremely durable 
materials that are a lot less heavy than metallic alternatives. 
Their strength and lightweight nature have made them highly 
desirable materials in the manufacture of boats, cars, airplanes 
and spacecraft. 

However, the unique structure of carbon fibre reinforced 
polymers makes them difficult to recycle, which can ultimately 
lead to a lot of waste material. Dr Zhang and his team are 
addressing this challenge, by reinventing the recycling 
processes for these materials, towards significantly reducing 
the amount of carbon fibre reinforced polymers that goes to 
landfill. 

While these types of processes have been performed in the 
past, they often require the use of nasty caustic solutions, such 
as nitric acid and potassium hydroxide. These substances are 
not only dangerous, but their usage can also create toxic by-
products that actually contribute to pollution. In recent years, 
some milder methods for recycling these materials have been 
developed by treating them  at high temperatures, though the 
results have been less than optimal. 

Dr Zhang suggests a slightly different approach, whereby 
chemical treatment is used to break down the molecular chains 
that bind the material together, in a safe and efficient way. 
Dr Zhang’s team developed an approach that uses a milder 
solution: zinc salt and water. When heated, this solution can 
help to catalyse the breakdown of carbon fibre reinforced 
polymers, leading to much easier and safer recycling.

Not only was the team’s method safer, but because of the 
milder reaction conditions, the quality of the recycled material 
was much better than in previous cases. By using this method, 
both the recovered carbon fibre and polymer can be reused for 
preparation of new composite materials, so that they can be 
effectively recycled and used again.

A Sustainable Future

The team has recently partnered with industries to scale-up 
their processes, and to get their sustainable plastic materials 
on the market. ‘Several of our methods and technologies have 
now been licensed by industries and are being assessed in the 
initial commercialisation process,’ explains Dr Zhang.

Through a thorough understanding of chemical bonding and 
structural design, Dr Zhang and his team have demonstrated 
how we can create long-lasting, recyclable materials with 
the use of existing petrochemicals and renewable feedstock. 
This is a great step in terms of changing our relationship with 
plastics, and will hopefully help to create a cleaner and more 
sustainable world for future generations.
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