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Abstract 

This work studied the behaviour of two conductive inks, applied by conventional screen 

print method, on four different textile substrates, 100% cotton, 50% cotton 50% polyester, 

100% polyester and 100% polyamide. The inks were also applied on a multifibre fabric. 

Atmospheric plasma treatment was applied in order to improve the adhesion on the samples 

[1], and the resistance values were compared with non-treated samples on the different fibres. 

The values were measured before and after cleaning and washing tests performed to simulate 

home treatment for garments, in order to predict the behaviour of the inks after the normal 

usage of the fabrics. Comfort properties like stiffness of the fabrics were also evaluated after 

5 and 10 washing cycles. 

 

Key Terms 

Conductive ink, Smart garments, Screen print, Washing fastness 

 

1. Introduction 

Flexible electronic systems applied in textiles are an interesting method used for monitoring 

position, posture and activity parameters. It is therefore indispensable to obtain 

interdependence between electronics and fabrics focused on the flexible compatibility in 

substrates/electronics [2]. A significant range of studies explore many ways of integrating 

conductors in textiles. They can be produced by integrating conductive yarns into the 

structures, dip-coating the fibres, inkjet printing, among others [3-5]. Different applications 

can be created depending on the final objective of the sensor such as stretch, pressure and 

impact sensors, textile energy harvesting among others. Systems capable of measuring heart 

rate or breathing movement, and capable of accumulating energy form the body or the nature 

energy (sun, rain), can be achieved by these methods [6]. The application of conductive ink 

by the screen print technique described in this work is intended to evaluate the potential to 

create electrical circuit networks to be used to carry electrical signals in clothing or technical 

applications where pressure sensors, previously developed [7] [8], were applied. In order to 

evaluate the efficiency of the application, Dupont PE 828 and PE 825 inks were applied to 

different textile substrates, where the values of electrical resistance and flexibility of the 

material were measured after 5 and 10 standard household washing tests. 

 

2. Experimental  
 

2.1. Materials 

Fabrics 

Commercial 100% polyester (PES), 100% polyamide (PA), 100% cotton (CO) and 50% 

cotton (CO) / 50% polyester (PES), fabric with a weight per unit area of 110 g/m2, were used 

in this study. The fabrics were washed with 1 g/L of a non-ionic detergent solution at 60ºC 

during 60 min, in order to eliminate some possible contaminations. Commercial SDCE 

multifibre DW fabric was also used, a product acquired from SDC enterprises limited. 
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Conductive inks 

Two conductive inks (DuPont PE 825 Silver Composite Conductor and DuPont PE 828 

Silver Conductor) were used as conductive material to create the electrical connections. 

DuPont PE825 Silver Composite Conductor is used to fabricate low-voltage circuitry, on 

flexible substrates including polyester film, has a curing condition of 120ºC-140ºC, 2-10 

minutes. PE825 is a presented as a highly efficient silver-bearing conductor that possesses 

excellent abrasion resistance, adhesion and print resolution. DuPont PE 828 is a low 

temperature drying Silver Conductor, designed to maintain low temperature substrate 

tolerances as this composition can be applied between 60°C-100°C, 10-20 minutes. PE 828 

achieve very good physical and electrical properties when dried using low temperatures. 

 

2.2. Procedures 

Plasma treatment 

The plasma treatment was performed in a semi-industrial prototype machine (Softal 

GmbH/University of Minho) at room temperature and atmospheric pressure, using a system 

of metal electrode coated with ceramic and counter electrodes coated with silicone with 50 

cm effective width, fixed gap distance at 3 mm and producing a discharge at 10 kV and 40 

kHz. A power of 1 kW was applied, with a speed of 4 m/min, each sample passing 5 times 

per side. The total applied dosage was 5 kW min/m2.  

 

Screen print 

The process for the application of the conductive inks was carried out in a Zimmer samples 

stamping machine using a conventional screen print method, 2 passes were made (one for 

each side), with maximum magnetic force used. The screen used a 100 thread/cm polyester 

mesh. Connections of 10 cm length by 0.5 cm width were made (Figure 1). After the ink 

application the samples were cured at 120°C, during 10 minutes for the PE 825, and 80°C 

during 20 minutes for the PE 828 ink. The samples were cured in a Memmert laboratory 

oven. 

 

 
Figure 11 Conductive sample 

Washing test 

To assess the resistance to washing, ISO 105-C06 tests were performed in a Roaches 

washtec-p machine, to determine the resistance to all forms of domestic or commercial 
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laundering procedures. The samples were washed 10 times each, at a temperature of 40º C 

during 30 minutes with 10 spheres for a single test. 

 

 

2.3. Analytical Methods 

Stiffness test 

To test the influence of the conductive ink on the stiffness of the textile material, a stiffness 

test was carried out on a Shirley fabric stiffness tester TF113. This test is capable of 

determine the bending height, flexural rigidity and bending modulus of fabric by simple 

procedures and calculation. The method complies with ASTM D1388. The test was carried 

out at 0 washes (0ws), 5 washes (5ws) and 10 washes (10ws). 

 

Resistance test 

The electrical resistance values were measured with a Fluke 45 dual display multimeter. The 

measurements were taken with a distance of 4 cm between the test leads for the 100%CO, 

50%CO/50%PES, 100%PES and 100%PA fabrics, and a distance of 1 cm in the multifibre 

fabric, due to the maximum size of the fibres in the multifibre fabric. The test was carried 

out at 0ws, 5ws and 10ws. 

 

Microscope analysis 

After the washing processes, the conductive track was evaluated using a Leica DM 750 M 

optical microscope using 5 times magnification, so that it was easier to identify changes in 

the surface of the applied material, like cracks and wear. 

 

3. Results and Discussion 

Stiffness test 

After the screen print application of the inks, the fabrics were tested to evaluate the change 

in flexibility in the fabric, and then compared after 5 and 10 washes (Table I). 

 
Table X Stiffness test 

Sample 0ws 5ws 10ws Sample 0ws 5ws 10ws 

PES 825 0.00 3.20 2.50 PES plasma 825 0.00 2.90 1.50 

PES 828 3.10 2.75 2.70 PES plama 828 3.45 2.85 2.15 

PA 825 0.00 3.30 3.30 PA plasma 825 0.00 2.95 3.00 

PA 828 2.55 2.80 3.25 PA plasma 828 3.20 2.95 3.30 

CO 825 0.00 2.85 2.60 CO plasma 825 0.00 3.40 2.65 

CO 828 3.45 2.70 2.60 CO plasma 828 2.95 2.80 2.50 

CO/PES 825 0.00 3.00 2.65 CO/PES plasma 825 0.00 3.20 1.95 

CO/PES 828 2.95 2.75 2.20 CO/PES plasma 828 3.10 2.70 2.50 

 

Samples produced with 825 ink presented a high rigidity after the application and it was not 

possible to obtain a value on the scale for the pre-wash test (all samples marked as 0), 

however after the first wash the stiffness value decreased allowing to obtain measurable 

results. After 5ws the 825 ink still present higher values of stiffness then the 828, after the 

10ws the values tend to be similar. 

It is possible to confirm a trend of decreasing stiffness throughout the application of the 

washing for all the samples. Only the PA samples contradict this trend and show a slight 

increase or maintenance of the values. Application of plasma treatment to the samples results 

in lower values of rigidity. 
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Electrical resistance test 

Resistance values were measured for each sample, before washing, after 5 and 10 washing 

cycles, and are compiled in table II. When resistance values were too high to be measured 

NC (Non-conductive) is reported. 

 
Table XI Resistance value on fabrics, in ohm 

Sample 0ws 5ws 10ws Sample 0ws 5ws 10ws 

PES 825 90 126 45 PES plasma 825 80 43 NC 

PES 828 190 136 NC PES plasma 828 130 186 NC 

PA 825 70 NC NC PA plasma 825 75 NC NC 

PA 828 200 NC NC PA plasma 828 190 NC NC 

CO 825 90 76 140 CO plasma 825 100 105 70 

CO 828 80 109 160 CO plasma 828 100 160 NC 

CO/PES 825 90 160 50 CO/ plasma PT 825 100 125 76 

CO/PES 828 160 170 NC CO/ plasma PT 828 170 230 NC 

 

After the tests, the 825 ink presented the best results in terms of durability and lower values 

of resistance. Patterns of behaviour within the different groups of fibres can also be found. 

PA fabrics lost the conductive propriety after 5 washes due to a weak bonding between the 

ink and the fibres. PES samples obtained the lowest value in resistance after 10ws for the 

825 ink, (PES plasma 825) but had a tendency to break the circuit as shown in figure 2. The 

samples developed with the 100% CO and the 50% CO/50% PES continued to conduct after 

10ws, for the 825 ink. Plasma treatment does not seem to increase adsorption of the inks in 

the substrates, neither on the resistance values 

 

 
Figure 12 Cracked sample 

Table III and table IV present the results for the multifibre fabric. This samples were 

measured with a distance of 1 cm. Acetate, Cotton, Polyamide, Polyester, Acrylic and Wool 

fibres were tested. 
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Table XII Resistance value on multifibre fabrics Ink 825, in ohm 

Ink 825 0ws 5ws 10ws Ink 825 plasma treatment 0ws 5ws 10ws 

Acetate 40 45 75 Acetate 40 42 52 

Cotton 50 42 50 Cotton 55 41 56 

Polyamide 60 116 NC Polyamide 70 64 89 

Polyester 40 42 38 Polyester 40 40 46 

Acrylic 50 41 98 Acrylic 50 43 100 

Wool 50 42 40 Wool 45 43 90 

 
Table XIII Resistance value on multifibre fabrics Ink 828, in ohm 

Ink 828 0ws 5ws 10ws Ink 828 plasma treatment  0ws 5ws 10ws 

Acetate 40 40 52 Acetate 60 52 80 

Cotton 50 43 47 Cotton 60 51 46 

Polyamide 60 49 64 Polyamide 80 56 82 

Polyester 40 40 42 Polyester 50 45 51 

Acrylic 40 40 66 Acrylic 75 62 80 

Wool 40 41 66 Wool 50 55 60 

 

 

The inks showed good results in the capability to withstand the standard household washing 

tests, and still retains the conductive properties after 10 washes. The 825 ink lost the 

conductive proprieties in the polyamide non plasma treated. 

The thicker structure of the multifibre fabric allowed a better fixation of the paints and at 

same time reduced the mechanical stress caused by cleaning processes, increasing the 

resistance to the washes. 

 

Microscope analysis 

The samples, depending on the ink used, presented different values of flexibility in the pre-

wash fabrics. Microscope images were collected (Figure 3), and it was observed that the PE 

825 ink forms a thicker film on the fabric surface contributing to the loss of flexibility of the 

textile. Plasma treatment increased the penetration capacity of the inks in the CO fabric 

resulting in an increase in the resistance value of the sample. 
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Figure 13 Microscope image of the samples 5x magnified, before wash 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 14 Microscope image of the samples 5x magnified, after 10 washes 

 

After the 10 washes (Figure 4) the samples were re-evaluated, and new images were 

collected. 825 ink presented still has a high surface coverage where no ink faults are visible 

in the space between the yarn crossings. In the case of the 828 ink a loss of conductive 



 

395 

 

material is more visible, only the fibres that make up the fabric are covered. This leads to a 

smaller area available for electrical condution, increasing the resistance and causing the 

interruption of the flow when the material is folded. 
 

Despite having a more uniform area coverage, the 825 ink shows greater tendency to form 

cracks along the connection, as can be observed in Figure 5. 

 

 
 

Figure 15 Cracks formation on CO plasma 825 sample 5x magnified 

 

4. Conclusions 

This study showed that is possible to use DuPont conductive inks PE 825 and PE 828 to 

create conductive connections in textile fabric with conventional screen printing.  

Cotton fibres presented the best results, the samples developed in the 100% CO and the 50% 

CO/50% PES continued to work after 10 washes, for the 825 ink. PES samples obtained the 

lowest value in resistance after 10 washes for the 825 ink but tend to break the circuit because 

of the formation of cracks in the sample. PA fabrics lost the conductive propriety after 5 

washes due to a weak bonding created between the ink and the fibres. 

Also, in the test made with the multifibre fabric the samples retain the conductive properties 

after 10 washes, excluding the PA fibre. The bulkier fabric contributed to greater stamping 

resistance. 

A tendency for stiffness decreases during the application of the washings was observed for 

all the samples produced, PA fibre excluded. 

Application of plasma treatment generates lower values of rigidity in the samples after the 

washing procedures but does not have a positive effect on conductivity. 

After 10 washes the 825 ink presented a high surface coverage, no ink faults are visible in 

the space between the yarn crossing, whereas in the 828 ink a loss of conductive material is 

more visible. This means a smaller conductive area, resulting in an increase of electrical 

resistance. 

The 825 ink presented the best results in terms of durability and lower values of resistance 

in general. 
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