
The Material Experience of Nanocellulose Based Structural Colour

Introduction:
Structural colour arising from nanostructures of cellulose nanocrystals (CNC) has been studied for some time already. However,
well-founded practical applications for these visually enchanting colours have not been realized yet. The focus in the development
of nanocellulose -based structural colours has been on advanced materials applications, for example, tunable reflective filters or
various sensors. In contrast, this work aims to bring nanocellulose-based structural colour into visual applications.
There is a great need for sustainable structural colours, as iridescent and glittering effect colours are commonly used in various 
visual industries. However, these colours are currently produced using environmentally harmful materials and toxic pigments. 
Structural colour from CNCs could potentially offer an alternative for these harmful colourants.

Objective: 
 
CNC-based structural colour is still in the development stage, meaning that its behaviour is not yet fully known. Here, material 
science and design collaborate to learn about the functional qualities of the material and the experience involved, to create a ho-
listic, meaningful material experience for CNC structural colour. The material is studied with laboratory experiments and design 
methods, such as prototyping, to construct knowledge and build a deeper understanding of the colourant's properties and its ma-
terial identity.

Beyond “the traditional”
design process

A Combination of laboratory experiments with prototyping are conducted to gain 
understanding on the properties of the colorant and its material identity. Proto-
typing and building mock-ups are used to learn about the colorant/material.

KnowledgeConstruction

1. Understanding Structural Colour

The research around structural colour has focused mainly on describing/
understanding the nanostructure that creates the colour. A holistic picture
of the visual features of structural colour is lacking. A literature review is con-
ducted to gain more understanding on these topics.

Where are structural colours found in the visual fields? What 
terms are used to talk about colours?

Defining terms and words used to describe structural colours to 
facilitate a multidisciplinary conversation around this subject 
and to improve the discussion on the diversity of the
visuality of these colour effects.

CNC structural colour is used to be seen in very small & technical applications, such as optical sensors (Tran et 
al. 2020, Ganguly et al. 2020), so experiencing this material in large-scale applications can change how we think 
and help us to imagine possible futures for the material/colourant.

Exploring the behaviour of the colourant in large-scale applications can also reveal new problems and possibili-
ties about the material. (For example, applying the colourant evenly to a large surface might be more compli-
cated than to a smaller surface etc.)

In addition to the material's behaviour, different kinds of prototypes and their presentation to the general 
public can make the material more understandable to a larger audience.

With prototypes the material is also made visible to those likely to use the coating in the future. Their perspec-
tive can help create an even more meaningful narrative for the colourant.

Exploring the phenomenon of structural colour in general. Laboratory examples, prototypes and mockups 
help us to define the material experience of CNC structural colour. In addition to the technical data, we try to 
define CNC structural colours visuality (properties like: iridescence, different colour shades that can be 
achieved with the colourant, the possibilities and limitations of the coffee ring -effect in pattern design, differ-
ent textures of the colour, possibilities of hygrochromisity)
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2. Design methods in material
development

Design can be used to develop the experiential aspects of the 
material. The work in design and art is not expected to lead to 
quantitative technical data in the same way as chemistry, and 
material science work is. Implementing design methods in the 
material development process might lead to a broader perspec-
tive for studying the experiential features of the material. Design 
is often used to create experiences for already existing and com-
mercially available materials (Karana et al. 2015). We explore 
what happens when experiences are designed for materials in 
their development stage. The various features of a material 
should not only be considered separately, but instead how they 
work together to create a holistic experience. Properties like 
water resistance, roughness, behaviour with light and colour all 
lead to a material’s unique identity.

What can structural colours look like? What is the visuality of structural colour 
in all its diversity like? 

Mapping the colourant's possibilities in design applications requires under-
standing the phenomenon of structural colour.

Constructive design research goes beyond the "traditional design 
process". The process does not end with presenting a prototype/ 
product but continues. The prototype/ product is used to gather in-
formation, and this information is then used in the research. 
(Koskinen. 2011)

In our research, the prototypes, mock-ups and laboratory experi-
ments have been at the centre of understanding the behaviour of 
CNC structural colour in the context of visual (design) applications.

“the typical 
design 

process”

1. Defining the 
problem/ idea

2. Collecting 
information/ 
researching

3. Ideation/ 
Brainstorming

4. Exploring & 
developing solu-

tions/ creating 
mock-ups

5. Proto-
typing
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