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In this assignment, we chose 3 possible topics for our paper;
1. Wet spinning cellulose nanofibril filaments in a continuous setup
2. Developing a continuous CNF spinning setup
3. Extrusion speed effect on drawing in continuous CNF spinning setup

Since we are not yet certain what the final topic of our paper will be, we generated a bit more
abstract Introductions to each of these topics and did a outline of the paper that we can use with
any of the topics.

Version 1. Wet spinning CNF filaments in a continuous setup

1. Introduction

The environmental issues regarding plastics such as carbon emissions and microplastics
ending up in the ocean have pushed material research towards bio-based options (Klar et al.,
2018). Also the consumers, industry and governments are increasingly demanding for products
that are made from renewable resources with low environmental impact (Moon et al., 2011).

A promising substitutive material is nanocellulose obtained from lignocellulosic biomass (Lee et
al., 2014). Cellulose nanofibrils (CNFs) are lightweight, biodegradable and their stiffness is
comparable to kevlar and steel (Lee et al., 2014; Lundahl et al., 2016). Nanocellulose
nanoparticles are ideal materials for composite products and their potential applications include
flexible displays, polymer fillers, biomedical implants, fibers and textiles, and many others (Moon
etal., 2011).

Continuous fibers with a desired length can be formed by various spinning techniques, such as
dry-spinning, wet-spinning or dry-jet wet-spinning. The only techniques applied to CNF spinning
without added polymers are wet- and dry-spinning. (Lundahl et al., 2016)

Mechanical properties of man-made cellulosic materials depends on the cellulose crystallite
alignment, which can be enhanced by drawing during the spinning. However, this can be difficult



to implement because of the low aspect ratio of CNF. (Baez, Considine and Rowlands, 2014;
Sehaqui et al., 2012; Lundahl et al., 2016)

Four grand challenges in cellulose nanoparticle processing have been identified that, when
solved, would greatly increase the potential for expanding cellulose nanoparticle usage in new
composite materials. These challenges are: 1) decreasing the internal damage in CNs as a
result of the extraction process, 2) narrow the particle size range for a given CN processing
methodology, 3) decrease the cost of the extraction process and 4) scaling up production to
industrial quantities. (Moon et al., 2011)

In this paper, we focus on the challenge of scaling up production, which is challenging
especially if controlled structure and characteristics of the material are demanded (Lundahl et
al., 2016) and we examine how CNF filaments could be wet spun in a continuous way that
would allow the production to be scaled up to industrial quantities.

The process used in this study is conducted in room temperature and salt solution is used in the
solidification bath. The aqueous CNF suspension is pumped into the salt solution and a roll is
used to transfer the CNF from solidification bath into the washing bath without breaking. Another
roll is used at the end of the washing bath to allow the CNF transported into drying. The rotating
speed of both rolls is interrelated to the extrusion speed of the spinneret and drawing speed at
both baths is adjustable.

Version 2. Developing a continuous CNF spinning setup

1. Introduction

The environmental issues regarding plastics such as carbon emissions and microplastics
ending up in the ocean have pushed material research towards bio-based options (Klar et al.,
2018). Also the consumers, industry and governments are increasingly demanding for products
that are made from renewable resources with low environmental impact (Moon et al., 2011).

A promising substitutive material is nanocellulose obtained from lignocellulosic biomass (Lee et
al., 2014).Cellulose nanofibrils (CNFs) are lightweight, biodegradable and their stiffness is
comparable to kevlar and steel (Lee et al., 2014; Lundahl et al., 2016). Nanocellulose
nanoparticles are ideal materials for composite products and their potential applications include
flexible displays, polymer fillers, biomedical implants, fibers and textiles, and many others (Moon
etal., 2011).

Continuous fibers with a desired length can be formed by various spinning techniques, such as
dry-spinning, wet-spinning or dry-jet wet-spinning. The only techniques applied to CNF spinning
without added polymers are wet- and dry-spinning. (Lundahl et al., 2016)



Mechanical properties of man-made cellulosic materials depends on the cellulose crystallite
alignment, which can be enhanced by drawing during the spinning. However, this can be difficult
to implement because of the low aspect ratio of CNF. (Baez, Considine and Rowlands, 2014;
Sehaqui et al., 2012; Lundahl et al., 2016)

Four grand challenges in cellulose nanoparticle processing have been identified that, when
solved, would greatly increase the potential for expanding cellulose nanoparticle usage in new
composite materials. These challenges are: 1) decreasing the internal damage in CNs as a
result of the extraction process, 2) narrow the particle size range for a given CN processing
methodology, 3) decrease the cost of the extraction process and 4) scaling up production to
industrial quantities. (Moon et al., 2011)

In this paper, we focus on the challenge of scaling up production, which is challenging
especially if controlled structure and characteristics of the material are demanded (Lundahl et
al., 2016) and we present a prototype of a wet spinning line for CNF that would allow the
production to be scaled up to industrial quantities.

The process used in this study is conducted in room temperature and salt solution is used in the
solidification bath. The aqueous CNF suspension is pumped into the salt solution and a roll is
used to transfer the CNF from solidification bath into the washing bath without breaking. Another
roll is used at the end of the washing bath to allow the CNF transported into drying. The rotating
speed of both rolls is interrelated to the extrusion speed of the spinneret and drawing speed at
both baths is adjustable.

Version 3. Extrusion speed effect on drawing in continuous CNF
spinning setup

1. Introduction

The environmental issues regarding plastics such as carbon emissions and microplastics
ending up in the ocean have pushed material research towards bio-based options (Klar et al.,
2018). Also the consumers, industry and governments are increasingly demanding for products
that are made from renewable resources with low environmental impact (Moon et al., 2011).

A promising substitutive material is nanocellulose obtained from lignocellulosic biomass (Lee et
al., 2014).Cellulose nanofibrils (CNFs) are lightweight, biodegradable and their stiffness is
comparable to kevlar and steel (Lee et al., 2014; Lundahl et al., 2016). Nanocellulose
nanoparticles are ideal materials for composite products and their potential applications include



flexible displays, polymer fillers, biomedical implants, fibers and textiles, and many others (Moon
etal., 2011).

Continuous fibers with a desired length can be formed by various spinning techniques, such as
dry-spinning, wet-spinning or dry-jet wet-spinning. The only techniques applied to CNF spinning
without added polymers are wet- and dry-spinning. (Lundahl et al., 2016)

Mechanical properties of man-made cellulosic materials depends on the cellulose crystallite
alignment, which can be enhanced by drawing during the spinning. However, this can be difficult
to implement because of the low aspect ratio of CNF. (Baez, Considine and Rowlands, 2014;
Sehaqui et al., 2012; Lundahl et al., 2016)

Four grand challenges in cellulose nanoparticle processing have been identified that, when
solved, would greatly increase the potential for expanding cellulose nanoparticle usage in new
composite materials. These challenges are: 1) decreasing the internal damage in CNs as a
result of the extraction process, 2) narrow the particle size range for a given CN processing
methodology, 3) decrease the cost of the extraction process and 4) scaling up production to
industrial quantities. (Moon et al., 2011)

In this paper, we examine how the extrusion speed of the cellulose nanofibrils affects the
drawing capability of the nanofibrils during the solidification and washing.

One of these introductions would then be followed by chapters:

2. (Methods)

e What are we solving

e Why are we solving it

e Restrictions for the study
3. (Results)

e Results
4. (Discussion/Conclusions)

e Repeat why we did what we did, why it is important

e Results

e Further studies/problems
5. References
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