
Synthesis and characterisation of low temperature 

sintering conductive inks for fabrication of E-textiles

Electronic textiles (E-textiles) have seen a rapid development in fabrication of smart materials to produce high-tech devices such as energy harvesters, sensors and actuators [1]. In this regard, printing conductive inks is an efficient method to generate E-textiles [2].
Natural textiles are soft, flexible and can be easily curved and change its shape regarding to the below surface shape [3]. Cotton as the most abandon natural textile, is one of the softest and most breathable fabrics used in human clothing and can be used as the substrate for production of E-textiles [4].
Additional sintering steps with high temperature processes are required to obtain high conductivity after printing conductive inks [5]. This is a limiting factor for generation of E-textiles using natural substrates. This is mainly due to the fact that compared with synthetic textiles, natural fibers are extensively 
sensitive to temperatures and can be degraded at low temperatures. This therefore demands a systematic study to lower the sintering temperature to avoid the degradation process.
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Introduction
Conductive inks have received extensive attention in the fabrication of smart materials in high-tech industries such as wearable computing devices. Despite the significant
advances in this area, there are still challenges to design and develop efficient methods to generate conductive inks which can be sintered at low temperatures, a very crucial
step in production of electronic textiles with natural fibres. Natural fibers such as cotton, wool and silk are very sensitive to temperature compared with synthetic fibres and
are degraded at high temperatures. However, distinctive properties of natural fibres such as sustainability, biodegradability and next to skin comfort can make it a better
choice for E-textile applications over synthetic fibres. 1,2 Therefore, in order to avoid degrading of natural substrates, it is required to use conductive inks with low sintering
temperature. The synthesis of copper-based conductive inks composed of metal nanoparticles can be a starting point for the research direction.
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Conclusions

Experimental results

• The size of copper nanoparticles decreased by decreasing the reaction
temperature from 90 ◦C to 80 ◦C, and 70 ◦C

• Evidence of formation of the Cu-O bond in various concentrations of citric
acid (which prevents aggregation of nanoparticles) was proved by the IR
analysis

This work is fully funded by Deakin University and supervised by Coventry University,
UK and Deakin University, Australia under the Cotutelle PhD programme.

1. Angelucci, A., et al., Sensors, 2021. 21(3).
2. Dias, T., P. Lugoda, and C.R. Cork, High-Performance Apparel, 2018. 451-471.

Pre-treatment of cotton and polyester fabrics

• The scouring condition for cotton fabric:
- Sodium hydroxide: 2 g/L
- Detergent: 2 g/L
- Temperature: 70 ◦C
- Time: 30 min
- Material to liquor ratio: 1g of fabric:50 ml of solution

Materials

Fig 1. Cotton fabric before pre-
treatment.

Fig 2. Polyester fabric before pre-
treatment.

• The pre-treatment condition for polyester fabric:
- Circuposit conditioner 3323 A: 50 ml
- Deionised water: 450 ml
- Temperature: 50 ◦C
- Time: 5 min

• The scouring process made cotton fabric hydrophilic,
however, no physical changes occurred after this
process

• In comparison with the untreated fabric, the pre-
treated fabric exhibit a higher porosity, and this
fabric showed a low resistivity after sintering copper
nanoparticles at 90 ◦C for 15 minutes

Fig 3. SEM images of cotton fabric; a) with no pre-treatment, b)
scoured; and polyester fabric; c) without any pre-treatment, and
d) after pre-treatment (yellow arrows demonstrate increasing
the porosity after pre-treatment).

The size of nanoparticles can play a crucial role in sintering
temperature. The effect of temperature on the size of
nanoparticles has been evaluated in this study.

Effect of temperature on the size of nanoparticles

Fig 5. SEM image proves the 
formation of nanoparticles.

Fig 6. EDX, shows the presence of a 
high amount of copper in 
nanoparticles.

Copper nanoparticles synthesised by chemical
reduction method in presence of sodium
hypophosphite as a reducing agent and citric acid as a
capping agent.

Synthesis of copper nanoparticles

Figure 4. Changing the reaction colour during synthesis of copper NPs.

Chemical structure of citric acid

Cu-Capping agent interaction Fig 4. IR spectrum of pure 
citric acid.

Fig 5. IR spectra of nanoparticles
synthesised at four equivalent of
citric acid; a) 0.5, b) 1, c) 1.5,
and d) 2.

• Additional molecule of citric acid can
bridge between the Cu centres leading
to an increase in the Cu⋯Cu distance.
Therefore, the concentration of the
capping agent plays a critical role in
preventing the aggregation

• A considerable shift of the C=O bond
toward lower frequencies, indicates the
formation of Cu-carbonyl bond in 4 Cu-
citric acid samples

100 % polyester 
bleached fabric

Table 1. The effect of reaction temperature on the size of NPs (at 60 ◦C
formation of nanoparticles did not occur).

• Size of nanoparticles increased by increasing the reaction
temperature

Sintering of 
deposited ink in 
the oven

100 % cotton 
knitted grey fabric

Synthesis of copper 
nanoparticles

Optimisation of the 
chemical reaction 
conditions for the 
synthesis of copper 
nanoparticles 

Pre-treatment of fabric

Deposition of the solution 
containing nanoparticles 
on the fabric

Flowchart for the experiments

Sintered ink 
on the fabric


