
Fabrication and characterization of Screen-printed Graphite and 

Nickel Based Thick Film Resistive Strain Sensor.  

 
Abstract: - Piezo resistive properties of thick film resistors are shown by a variety of nanomaterials, in 
which graphite and nickel are used to study the piezo resistive response in this paper. The present work 
proposes to fabricate stain sensor on substrates like PVC, and transparent plastic sheet. Screen printing 
method is used for patterning of sensor on the substrates with two different inks namely piezo resistive ink 
made of graphite and nickel powder and conductive ink made of silver. Change in resistance of the 
fabricated sensor is noted for the changes in force applied on the sensor and corresponding gauge factor is 
observed to be around 10.5 and 11 for PVC and OHP respectively. The screen-printed strain gauge 
performance is investigated and presented in this paper. This study of mechanical test results demonstrate 
that the sensor can be used for micro strain detection in various applications. 

Key-Words: - Piezo resistive, gauge factor, flexible sensor, screen printing, strain sensor, thick film 
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1. Introduction 
Flexible strain sensors have promising applications 
in the field of healthcare, wearable electronics, 
automotive, human motion detection, robotics etc. 
after the discovery of nanomaterials [1]–[5]. High 
sensitivity, flexibility, good stretchability and 
durability are some of the essential properties that 
are considered while fabricating any sensor. 

 Many nanomaterials and nanocomposites such as 
CNTs, Graphene, graphene oxide, carbon black, 
carbon nanofibers, carbon Ni composite,  are 
investigated to observe piezo resistive, piezo 
capacitive and piezoelectric effects [6]–[13]. Among 
them Nickel and graphite are also found to be strain 
sensitive material and they are used with other 
materials to enhance the piezo resistive nature of the 

overall compound [9], [14]–[16]. The effect of 
nickel particles in the composite enhances the piezo 
resistive effect of the compound [16]–[18] and the 
property is enhanced when there is change in 
temperature[19], [20]. In this paper, a composite of 
nickel nanoparticles and graphite is used as sensing 
material on a flexible substrate and the change in 
resistance for mechanical deformation is 
investigated and studied. 

Depending on the applications and range of 
production of sensors, the materials and fabrication 
technique will be chosen. Inkjet printing[21], screen 
printing [1], [22], 3D printing [34], laser induction 
and gravure printing , soft lithography, drop casting, 
spray coating, spin coating, direct dry transfer etc.  
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Fig. 2: Screen printed samples, left are PVC sheet and 
right are OHP sheet 

[23], [24] are some technologies for printed 
electronics on substrates. The advances in screen 
printing technologies provide many excellent 
advantages like cost effectiveness, throughput, ease 
in fabrication, and many more[1]. In the present 
work screen printing technique is used for printing 
of strain sensors on flexible substrates. The screens 
are made on A4 size with 200 mesh detailed at 45 
lines per inch. Screen printing method provides the 
researcher an ease in fabrication of sensor and the 
advantages of this method encouraged us to use the 
method in this work.  

When a stress is applied on the strain sensor 
electrical parameter changes which is due to the 
deformation in material. The mechanical 
deformation can be applied on the sensor by 
stretching, pressing, bending, tapping methods. 
[25][26], [27] has used a Tensile test machine 
experimental setup for mechanical analysis of the 
sensor. [22] Reported strain sensing of a silver 
carbon composite screen printed strain gauge on 
TPU by applying different loads on the sensor to 
observe the resistance changes. [28] Studied the 
sensing behaviour of flexible conductive 
PDMS/NCG nickel coated graphite composite 
fabricated by natural sedimentation method. The 
author reported resistance of the sensors were 
increased and then decreased when the sensor was 
under twisting, stretching and bending mode. [26]–

[28] used bending property for applying mechanical 
strain to the sensor which were used mostly in 
human motion detection and soft robotics. Another 
method to give strain to the sensor is stretching, in 
which force is applied in the opposite direction on 
the sensor. This can be achieved on a Universal 
Testing Machine that is reported by [29] for styrene 
based ternary composite elastomer for 
supercapacitor integrated strain sensor system, [30]–

Fig. 1: Schematic diagram illustrating the fabrication of strain sensor 
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[32] reported similar testing method for testing the 
strain sensing of the composite materials. In this 
investigation, the electromechanical behaviour of 
the prepared sensor is being stretched using UTM 
and relative change in resistance is observed.  

In this work, a strain sensing resistor is fabricated 
using the screen-printing method on a flexible 
substrate that has nickel and graphite as sensing 
material and silver as conductive material. The 
strain response characteristics and stretchability of 
the sensor is studied. 

2. Experimental Section 

2.1 Materials: 

 Nickel nanoparticle powder, graphite 
powder and silver paste were purchased from 
SILTECH CORPORATION INC, India. PVC (poly 
vinyl chloride) powder is purchased from local 
vendor, High purity solvent Cyclohexanone (00087) 
purchased from Loba Chemie pvt. Ltd., India. Silver 
conducting paste was utilized to fabricate 
conductive contacts at the ends of the sensor.  
Acetone is purchased for the cleaning of equipment 
and substrates from sigma Aldrich. 

Substrates used: PVC Sheet and transparent plastic 
sheet are used as flexible substrates in this work. 

All the materials and chemicals were used as 

received without further purification. 

2.2 Sensor Fabrication: 

The schematic diagram of fabrication of strain 
sensors is shown in Fig 1. Firstly, two screens are 
prepared (one for conductive ink and other for 
nickel graphite ink) with different patterns for the 
printing process. Piezo resistive ink is prepared by 
mixing 8g of graphite powder and 2g of nickel Nano 
powder in planetary ball mill for 60 minutes. 2g of 
PVC powder is added to the mixture and ball 
milling is done for 30 min using 10 balls at 1000 
rpm.  20 ml of cyclohexanone is mixed to the 
powder to form a paste for screen printing. 
Conductors are screen printed on the flexible 
substrates using Silver conductive paste to evaluate 
the performance of the sensor. Samples are cured at 
1000C for 2 hours. Then piezo resistive ink is 
printed to form a resistor in different patterns as 
shown in Fig. 2. Curing at 1000C for 4 hours. 

The screen-printed thick film resistors with 20mm 
length and 10mm width (single resistor), 5mm x 
5mm (series resistors) and bridge formation using 
the first pattern on PVC sheets and transparent 
plastic sheets are shown in Fig. 2. The nickel and 
graphite powder have a particle size of 325 mesh 
that is suitable for prepared screens for the printing 
process. The thickness of the resistors on the 
substrates is found to be 45μm using a thick film 

Fig 3: Tensile testing of the sample on Universal Testing Machine Instron 5966 and a digital multimeter is 
used to measure electrical resistance. 
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thickness measuring gauge.  

2.3 Characterization 

Morphological and structural studies of the 
fabricated sensor were characterized by SEM 
(ZEISS ULTRA55, INDIA). The Rigaku Smart Lab 
XRD is used for chemical composition and 
crystalline size of the material. FTIR (Fourier 
Transform Infrared) spectra were recorded on 
Perkin Elmer.  Electromechanical studies of the 
sensor are done by performing tensile testing on a 
Universal Testing machine (INSTRON5966) and 
electrical resistance for applied load is noted using a 
digital multimeter as shown in Fig 3. 

3. Results and Discussions  

Characterization by XRD (X-ray Diffraction) was 
carried out for the prepared sensor to observe the 
structural analysis and crystallinity. The 
corresponding spectra is shown in Fig 4 where the 
large peak at 25.8 degrees and shorter peak at 44.38 
degrees represents the presence of Graphite and 
Nickel respectively. Individual XRD patterns of 
nickel powder and graphite powder to study the 
strain sensing behaviour are reported and 
crystallinity is found to be 99.57% and 82% 
respectively [13]. 

Fig 5 shows the SEM images of the Nickel graphite 
composite screen-printed sensors on PVC substrate 
before and after mechanical force applied on the 
sensor. The images show that the low viscosity 

composite is roughly and uniformly deposited on 
the substrate which is due to curing of the sensors 

after printing. A representative high magnification 
view of Fig 5 (a) and (c) are shown in (b) and (d). 
When mechanical strain is applied on the sensors 
the conductive nature of the material reduces 
resulting resistive behaviour. Fig 5 (c) and (d) 
shows the morphology of the PVC strain sensor 
after strain is applied on the sensor.  
The electromechanical response of the strain sensor 
printed on a flexible substrate by tensile test is done 
on a Universal Test Machine Instron 5966. The 
strain sensing measurement setup is shown in Fig 6. 

Fig 4: XRD spectra of prepared piezo resistive screen-printing ink 

Fig 5: The SEM images of Screen-printed strain 
sensors on PVC film: (a) and (b) before stretching; 
(c) and (d) after stretching 
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The prepared sensors were stretched with a constant 
velocity of 0.5 mm/min on the UTM and the 
resistance of the sensor was noted before stretching. 
The applied force on the sensor was converted to 

change in the original resistance which shows the 
piezoresistive behaviour of the sensor. The 
resistance is measured using a digital multimeter. 
The response of strain vs change in resistance and 
load vs resistance of the strain sensor on two 
different flexible substrates are shown in Fig 6. 

The Gauge factor of the sensor can be calculated 
using following equations 

𝐺𝑎𝑢𝑔𝑒 𝑓𝑎𝑐𝑡𝑜𝑟 =
(∆𝑅/𝑅)

∈
                            (1) 

Where,𝑆𝑡𝑟𝑎𝑖𝑛, ∈=
∆𝐿

𝐿
,                                 (2) 

ΔR is change in resistance,  

R is original resistance of the sensor, 

ΔL is extension or change in length for applied load,  

L is the original length of the sensor. 

 

4. Conclusion 

In this paper, the screen-printed strain 
sensor using a Nickel-graphite composite is 
demonstrated for measuring low to high strain by 
observing the relative change in resistance of the 
sensor. Gauge factor for PVC sheet is found to be 
10.5 and for OHP sheet is 11. The results of the 
electromechanical tests of printed strain sensor 

indicates the strain sensing capability of the 
prepared Ni-graphite composite material and this 
sensor can be further be used in health monitoring 
[35], electronic applications, gauges, medical 
prosthetics, nanosensors, wearable electronics etc.    

The studies of the fabricated sensor are so 
promising that the sensor can further undergo 
temperature sensitivity, durability and thickness 
analyses. The fabricated sensor is providing GF near 
to 11 that is comparable to previous studies [33] 
which depends on the type of substrate used for 
fabrication. The future work can be done to improve 
the sensitivity and bendability of the sensor using 
other flexible substrates like Polydimethylsiloxane 
(PDMS), Polyimide, Fabrics etc. that can be used in 
flexible and wearable electronic applications. 
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