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ABSTRACT

An investigation into the printability and final performance of a set of bio-based carbon fibre
conductive inkjet inks was performed. Triton X-100 and various concentrations of glycol
is used to influence the dispersion of carbon fibre throughout the ink, and the shelf life
of the ink. These additives were also used to influence the surface profile and resistivity
of printed samples. The optimal concentration of glycol was found to be 10.09%. Ink
containing glycol at this level was found to have to most consistent distribution of carbon
fibre throughout printed shapes, improved shelf life, significantly improved surface profile
uniformity, and has relatively low resistance. Samples were treated in a plasma oven to
remove impurities. Using a four point probe, it was found that the resistance of these
treated samples had decreased by a factor of 10,000.
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1. Introduction

In a world where electronics are becoming much cheaper to manufacture, it is important
to consider the end of life of these electronics and what impact that they may have on the
environment.

An ever decreasing cost makes it more viable to develop disposable electronics which en-
courages more packaging manufactures to embed disposable electronics into their products.
Embedded sensors in packing unlocks the opportunity for automatic tracking of parcels
through supply chains, checkout-less supermarkets, environmental monitoring of perishables
such as food or pharmaceuticals, and other novel applications. An example of a current
use case for disposable electronics can be seen behind the cover of library books in the
form of an RFID tag to prevent theft [1].

Studies based on carbon based conductive inkjet inks have shown potential for these ma-
terials to be used in the manufacture of �exible electronics. The investigation concerns
a bio-based alternative to metal for the use in �exible, printable, and disposable elec-
tronics. An experiment is conducted in order to further characterise and optimise inkjet
inks containing the conductive bio-based material, for printing in the manufacture of the
aforementioned electronics.

However, many of these studies struggle to detail the ways in which the production and
use of these materials can be environmentally sustainable. Almost all disposable electronics
are sent to land�lls when they're no longer used or reach their end of life. Generally, it is
dif�cult or cost-inef�cient to recover the metals used in these electronics, so many recyclers
do not bother to do so. Many of these studies struggle to detail the ways in which the
production and use of these materials can be environmentally sustainable..

This is partly due to the ways the carbon material is manufactured, and it is also due
to the methods in which the �uid is optimised to enable reliable printability. This study
investigates how lignin, what was once seen as a waste material, can be used to sustainably
produce carbon �bres for the use in conductive inkjet inks. This report discusses the issues
faced when balancing ideal ink characteristics with printability.

1.1 Literature

Printed electronics are part of a growing trend of interest in the scienti�c community. They
show potential to be used in a wide variety of applications such as transistors [2], �exible
displays [3], antennas [4], �exible batteries [5], and sensors [1]. Various forms of additive
manufacturing (AM) exist that have been used for the production of these electronics.
Such AM processes include; 3D printing, inkjet printing, laser sintering, air-brush spraying,
dip-pen nanolithography, slot-dye coating, gravure printing, and extrusion printing [6].

1.1.1 Carbon-based Inks

Carbon is a material that is often used in these studies. Carbon materials are investigated
for their great thermal and electrical conductive properties. Carbon nano�bres (CNFs) and
carbon nanotubes (CNTs) are the dominant areas of focus for those involved in conductive
carbon technologies related to the manufacture of electronics [6–11]. CNT and CNF based
inks rely on a network of interconnecting particles to carry current across the ink. Some
studies concerning conducting carbon technologies have focused on deposition techniques
[6,10,12], dispersion optimisation [6,11], composites [9], and material precursors [13].
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1.1.2 Lignin

Lignin is one of the worlds most copious bio-based renewable resources. It can also be
used to produced low cost carbon �bres via the melt spinning process [14]. The New
Zealand Ministry for Primary Industries reports NZ relies on forestry for 3% of its total
GDP and is the third biggest earning export. Lignin is obtained as a byproduct from the
wood pulping process and is burned for use in industrial heating. Unfortunately, heating by
combustion is much cheaper compared to electrical heating, which signi�cantly contributes
to climate change. This study aims to support the growing interest in providing bio-based
alternatives for fossil-based high-performance materials [13], giving value to lignin, which
was once seen as a waste product.

1.1.3 Dispersion and Agglomeration

Many of the aforementioned studies report dif�culties concerning the homogeneous dis-
persion of their respective carbon suspensions. This lack of natural solubility, known as
agglomeration, is attributed to the hydrophobic structure of CNFs and CNTs. Agglomer-
ation issues have been known to clog ori�ces used in AM, hindering production [8]. For
the purpose of this investigation, this study adopts some of the techniques demonstrated
within those studies to counter agglomeration.

2. Experimental

2.1 Carbon Fibre Solutions

Six inks are featured in this project. They were supplied by Scion, a Crown research
institute. They are named as follows: RA-013-1a, RA-013-2a, RA-013-3a, RA-011-1a,
RA-011-2a, and RA-011-3a. Each ink contained a carbon �bre concentration of 1.7%. The
RA-011 series of inks contained 0.1% nanocellulose whereas the RA-013 series of inks
contained no nanocellulose. The 1a, 2a, and 3a suf�x refers to 0.7%, 1.0%, and 1.2%
concentrations of protein within the respective inks.

Solution Name Nanocellulose Concentration (%)Protein Concentration (%)
RA-011-1a 0.1 0.7
RA-011-2a 0.1 1.0
RA-011-3a 0.1 1.2
RA-013-1a 0 0.7
RA-013-2a 0 1.0
RA-013-3a 0 1.2

Table 1 Ink Compositions

2.2 Inital Characterisation

2.2.1 Preliminary Viscosity Testing

To gain an inital understanding of the qualities of each ink solution, viscocity tests were
conducted using a Brook�eld DV3T viscometer. At this point, it became apparent that the
RA-011 series of inks were signi�cantly more viscous compared to the RA-013 series of
inks. Proceeding these viscosity tests it was recommended that a solution with an average
viscosity value closest to10mPa� s is chosen; RA-013-1A was selected for further testing.
Due to time constraints, resources were allocated towards further testing of the RA-013
series.
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Figure 1 Brook�eld DV3T viscometer

Soulution Viscocity (mPa � s)
RA-011-1A 53.37
RA-011-2A 37.79
RA-011-3A 15.84
RA-013-1A 7.425
RA-013-2A 2.005
RA-013-3A 1.993

Table 2 Average Viscocity Values (pre-treatment)

2.2.2 Initial Print

Using solution RA-013-1A, test prints were made. The printer used in the investigation
was an experimental inkjet printer with an MJ-ATP-01 drop-on-demand single jet dispensing
print head device from Microfab Technologies. Prior to loading the solution into the printer
reservoir, it was sonicated in a water bath for 30 minutes. This is to break up any aggregate
carbon �bres that may have collected while in storage. If carbon �bre agglomeration is
prevalent enough, the entangled structures may block the 60 micron print head ori�ce,
disabling the printer until the blockage is cleared.

Initially, �lms were printed using RA-013-1A at a droplet dispensing frequency of 200Hz.
Using a 2D motorised print bed, shapes were printed after uploading the appropriate G-code
to the controller. The chosen shape was a 1.2cm x 1.2cm square. Only partial success was
achieved with this combination of solution and frequency as intermittent printing issues
were encountered, as shown in �gure 3. This is attributed mainly to the clogging of the
print head ori�ce caused by agglomeration, despite the initial 30 minutes of sonication.
Following this, the dispensing frequency was increased from 200Hz to 500Hz so that if
there are parts of the printed shape that are incomplete, the increased amount of liquid
on the substrate will be able to cover it. An increase in frequency of printing issues was
encountered, also attributed to a clogged print ori�ce. To avoid this issue, the print head
was �ushed with DI water to remove any aggregated carbon �bres and had also further
sonicated the solution using a Sonics Vibra-Cell ultrasonic liquid processor. The results of
these efforts are shown in �gure 4. These results were worse than that of 200Hz.
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