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What’s the problem? Reckless overuse of plastics is at the forefront for climate activists. The packaging industry produces 141 million tonnes of 
plastic packaging annually and contributes up to 36 % of total plastic pollution [1]

a)

Food Packaging from Nature: Cellulosic Films for 
the 21st Century 

What’s the solution? •Cellulose is a long chain glucose polymer that is the main chemical constituent of most
plants, making it Earth’s most abundant biopolymer
•Cellulose can be extracted from plants and converted to films with high strength using a
technique known as ‘The Viscose Process’
•A resurgence of cellulose films has been seen in the food packaging industry
•They offer a biodegradable and renewable alternative to synthetic films
•Using different plants to produce these films gives rise to different mechanical properties,
with this non-uniformity causing uncertainty in quality control of films

The Big Question 

Plant Cellulose % Hemicellulose % Lignin %

Eucalyptus 49 14 22
Hemlock 42 9 29

 This work demonstrates the mechanical and structural
properties of two films made using The Viscose Process from (A)
Eucalyptus and (B) Western Hemlock wood pulp, motivated by
customer complaints surrounding the western hemlock film

Mechanical Properties

Molecular Movement 

 Molecular movement is not impacting the
mechanical properties of the films

Water Content
Eucalyptus film exhibits higher water content, this is
associated with superior strength

 A higher water content
can be a result of film
composition due to
plant species

What can I do?

Composition

Orientation

 Increased orientation can be a result of
plant species as cellulose chains can vary
in length, giving orientation to fibres

0

2

4

6

8

10

12

14

16

18

0 50 100 150 200

Y
ou

n
g'

s 
M

od
u

lu
s(

 G
P

a)

Strength (MPa)

Eucalyptus (TD)

Eucalycptus (MD)

Western Hemlock (TD)

Western Hemlock (MD)

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

-100 -50 0 50 100 150 200

ta
n

 ∂

Temperature °C

Eucalyptus

Western Hemlock

0

20

40

60

80

100

120

140

160

0 2 4 6 8 10 12

S
tr

en
gt

h
 (

M
P

a)

Moisture Content (g)

Eucalyptus TD

Eucalyptus MD

Western Hemlock TD

Western Hemlock MD

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

-90 -40 10 60

In
te

n
si

ty

Alpha °

Eucalyptus

Western Hemlock

What does this mean?

Understanding the relationships between plant properties and production is vital in the drive for unlimited utilisation of

plants for endless applications in the material industry to accelerate the switch to renewable and biodegradable materials

Range of physical techniques to assess what microscopic features of the films are affecting their 

macroscopic mechanical properties

Cellulose monomer unit [2]

Eucalyptus HemlockPlant Composition: Cellulose, hemicellulose and lignin content [3]

Take home message 

• Plant choice is deliberated extensively by industry; with

sustainability and cost being important factors

• Futamura aim to understand the links between plant selection

and film final properties in order to optimally tune their films

• This understanding will enable the use of waste materials

across all cellulose-based products, improving their ‘green’

credentials even further.
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Why do different plant species cause non-uniformity in the mechanical performance of films?

Eucalyptus

 Confirm customer complaints. Strength
and stiffness greater in Eucalyptus film in
machine(MD) and transverse(TD) direction

Eucalyptus film has a higher Xyloglucan
(hemicellulose) content

Eucalyptus film demonstrates higher ‘P2
order parameter’ (cellulose chains are more
orientated in a certain direction) giving rise to
superior strength and stiffness

Film P2
Eucalyptus 0.401
Western Hemlock 0.337

 A difference in hemicellulose content can
be a result of origin plant species
composition

Movement of the cellulose molecule in each
film shows very similar behaviour.

• It is clear that plant choice is impacting the
mechanical properties of these films

• The water content, composition and orientation
are all a result of the original plant species,
working together to alter the mechanical
performance of the films

 These results have changed
Futamura’s production process as
they have stopped using Hemlock in
films and now incorporate
eucalyptus in all films

Eucalyptus Hemlock
Xyloglucan 0.786 0.03

What’s the impact?
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