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ABSTRACT  

The aim of this research is to measure acidity using circular nickel wire as electrodes of a pH-sensor. Nickel has 

been chosen as material due to its benefit of being easy to find in the market with relatively cheap price. The variations of 

nickel wire diameter used during the measurement were 0.8 mm, 0.9 mm, 1.0 mm, 1.2 mm and 1.4 mm, whereas the 

variations of distance between electrodes were 0.50 cm, 1.00 cm and 1.50 cm. To ensure the distance, resin has been used 

to fix the bond between electrodes. A liquid pH-buffer has been used during the acidity measurement. The electrodes of the 

pH-sensor have been immersed during one minute in the liquid buffer. The results show that the best sensitivity has been 

obtained for acidity measurement along the pH-range of 1-7 using the combination of 1.0 cm of distance between 

electrodes and -1.1 volt corresponding with pH-level increment of 1. 

 
Keywords: pH sensor, nickel, wire. 

 

INTRODUCTION  

Sensor is a type of transducer which is used to 

change the quantities of mechanical, magnetic, heat, light, 

and chemical characteristics into voltage and current 

quantities. Sensors are often used for detection in 

instrumentation, measurement or control systems. Some 

examples among various available types of sensor include 

heat sensor, sound sensor, gas sensor, light sensor, pH 

sensor and motion sensor. 

A pH-sensor is a device to measure the pH level 

in a liquid. The electrodes of the pH-sensor are immersed 

into the liquid to indicate the voltage value corresponding 

to the pH level values [1], [2]. Recently, the need for a pH 

measurement tool to determine the degree of acidity or 

alkalinity of a solution has increased significantly. It is 

used in various sectors, including industry, food, health 

and environment. Due to its significant importance, there 

are still needed continuous researches on pH-sensors with 

more accurate performance and lower price [3], [4]. 

The pH-sensor gets the name from its main 

working principle. The pH means the power of Hydrogen, 

as the concentration level of hydrogen ion [H
+
] is to be 

known from the pH-scale. It is defined as the negative 

logarithmic of [H
+
] ion concentration in an acid liquid, and 

varies from 0 till 14. The value of pH=7 indicates the 

neutral condition, pH<7 acid, whereas pH>7 is alkaline. 

For example, orange juice and battery are categorized as 

acid and each has a pH-value between 0 and 7, whereas 

pure water is neutral or has a pH-value of 7.  
 

]log[HpH            (1) 
 

where [H
+
] represents the hydrogen ion 

concentration, in mol/L. 

The pH-value represents the level of [H
+
] and 

[OH
-
] ions concentration. If [H

+
] concentration is more 

than [OH
-
] concentration, then it is called acid, otherwise 

it is alkaline.  

In general, many types of pH-sensor are made of 

glass which has a relatively large size and resistance (in 

the order of Mega-ohm), and is easily broken if being 

dropped or bumped, besides it is of high cost. In this 

paper, the use of circular nickel wire as electrodes in a pH-

sensor is presented. The circular nickel-alloy has been 

used to measure acidity with good sensitivity and linear 

characteristic [5], [6], [7]. 

 

RESEARCH METHOD  

The circular nickel wire has been used as 

electrodes in the pH-sensor to detect the acidity of liquid. 

The sequence to undertake during this research on the 

effect of a circular nickel wire as electrodes of a pH-sensor 

for acidity measurement is shown in Figure-1, being 

started from design, construction, implementation and 

testing including sensitivity measurement, and 

characteristics analysis before ended by drawing some 

conclusions. 
 

 
 

Figure-1. Research method. 

http://www.arpnjournals.com/
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Experiments have been performed using three 

different values of distance between electrodes, i.e. 0.5 

cm, 1.0 cm and 1.5 cm. Five variations of wire diameter 

have been considered, i.e. 0.8 mm, 0.9 mm, 1.0 mm, 1.2 

mm, and 1.4 mm [8]. To ensure the distance between the 

two nickel wires, resin liquid has been used to fix the bond 

between electrodes, as shown in Figure-2. 

Liquid buffer with pH values of 1-14 has been 

used during the acidity-sensor measurement. The 

electrodes of pH-sensor are immersed into the buffer 

liquid during one minute, while at the same time the 

electrodes outputs are connected to a Wheatstone-bridge 

(Figure-3) to obtain the output quantity in volts. It is used 

to amplify the electrodes output before being amplified 

furthermore using an instrumentation amplifier (Figure-5). 

 

 
 

Figure-2. The bond between electrodes. 

 

 
 

Figure-3. The Wheatstone-bridge circuit used in the 

experiment. 

 

The bridge has been fed with 10-V power supply 

and a volt-meter has been used to measure the results [9], 

[10], [11]. It is used to measure the output of sensor 

electrodes with better precision [12], [13]. 

The block diagram of the laboratory experiments 

done is shown in Figure-4. 
 

 
 

Figure-4. The laboratory experiment block diagram. 

 

The sensor output, Eo, can be obtained using: 
 

      (2) 
 

       (3) 
 

      (4) 
 

     (5) 
 

 

      (6) 
 Eo = 0 

 

 
 

Figure-5. The instrumentation amplifier. 

 

RESULTS AND ANALYSIS 

Five variations of wire diameter have been 

considered: 0.8 mm, 0.9 mm, 1.0 mm, 1.2 mm, and 1.4 

mm. For each considered diameter, the experiment has 

been done using three variations of distance between 

electrodes, i.e. 0.5 cm, 1.0 cm, and 1.5 cm. Sensor I, II, 

and III represent the distance of 0.5 cm, 1.0 cm, and 1.5 

cm subsequently. Each measurement has been taken by 

immersing the electrodes into the buffer liquid of pH 

values 1 to 14 during one or two minutes. Each 

measurement has been repeated three times, and its 

average value has been considered [14]. 

 

Results of sensor test with 0.8 mm wire diameter 

Figure-6 indicates the measurement results of 

sensor with 0.8 mm wire diameter and three variations of 

distance between electrodes (0.5 cm, 1.0 cm, and 1.5 cm). 

For each experiment, the pH-sensor has been tested during 

10 seconds. 

 

http://www.arpnjournals.com/
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Figure-6. Measurement results of sensor with 0.8 mm 

wire diameter and three variations of distance between 

electrodes (0.5 cm, 1.0 cm, and 1.5 cm). 

 

Figure-6 shows that the voltage output changes 

linearly with the change in pH values from 1 to 7, but it is 

not the case for the pH values above 7. The quadratic 

approximation of the relationship between the sensor 

output voltage and the pH values for sensor with 0.8 mm 

wire diameter and the distance between electrodes of 0.5 

cm is shown in Figure-7. 

 

 
 

Figure-7. Quadratic approximation of the relationship 

between the sensor output voltage and the pH values for 

sensor with 0.8 mm wire diameter and the distance 

between electrodes of 0.5 cm. 

 

The resulted quadratic equations for the all three 

distance variations are as follows: 
 

Sensor I:  y = -0.015x
2
 + 0.24x - 1.4 

Sensor II:  y = -0.015x
2
 + 0.22x - 1.3 

Sensor III:  y = -0.016x
2
 + 0.24x - 1.4 

 

Results of sensor test with 0.9 mm wire diameter 
Figure-8 indicates the measurement results of 

sensor with 0.9 mm wire diameter and three variations of 

distance between electrodes (0.5 cm, 1.0 cm, and 1.5 cm). 

 

 
 

Figure-8. Measurement results of sensor with 0.9 mm 

wire diameter and three variations of distance between 

electrodes (0.5 cm, 1.0 cm, and 1.5 cm). 

 

Figure-8 shows that the voltage output changes 

linearly with the change in pH values from 1 to 7, but it is 

not the case for the pH values above 7. The quadratic 

approximation of the relationship between the sensor 

output voltage and the pH values for sensor with 0.9 mm 

wire diameter and the distance between electrodes of 0.5 

cm is shown in Figure-9. 

 

 
 

Figure-9. Quadratic approximation of the relationship 

between the sensor output voltage and the pH values for 

sensor with 0.9 mm wire diameter and the distance 

between electrodes of 0.5 cm. 

 

The resulted quadratic equations for the all three 

distance variations are as follows: 
 

Sensor I:  y = -0.017x
2
 + 0.27x - 1.5 

Sensor II:  y = -0.018x
2
 + 0.3x - 1.6 

Sensor III:  y = -0.016x
2
 + 0.26x - 1.4 

 

Results of sensor test with 1.1 mm wire diameter 

Figure-10 indicates the measurement results of 

sensor with 1.1 mm wire diameter and three variations of 

distance between electrodes (0.5 cm, 1.0 cm, and 1.5 cm). 

It shows that the voltage output changes linearly with the 

change in pH values from 1 to 7, but it is not the case for 

http://www.arpnjournals.com/
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the pH values above 7. The quadratic approximation of the 

relationship between the sensor output voltage and the pH 

values for sensor with 1.1 mm wire diameter and the 

distance between electrodes of 0.5 cm is shown in Figure-

11. 

The resulted quadratic equations for the three 

distance variations are as follows: 
 

Sensor I:  y = -0.017x
2
 + 0.29x - 1.5 

Sensor II:  y = -0.016x
2
 + 0.28x - 1.5 

Sensor III:  y = -0.019x
2
 + 0.32x - 1.6 

 

 
 

Figure-10. Measurement results of sensor with 1. 1 mm 

wire diameter and three variations of distance between 

electrodes (0.5 cm, 1.0 cm, and 1.5 cm). 

 

 
 

Figure-11. Quadratic approximation of the relationship 

between the sensor output voltage and the pH values for 

sensor with 1.1 mm wire diameter and the distance 

between electrodes of 0.5 cm. 

 

Results of sensor test with 1.2 mm wire diameter 

Figure-12 indicates the measurement results of sensor with 

1.2 mm wire diameter and three variations of distance 

between electrodes (0.5 cm, 1.0 cm, and 1.5 cm). 

 

 
 

Figure-12. Measurement results of sensor with 1.2 mm 

wire diameter and three variations of distance between 

electrodes (0.5 cm, 1.0 cm, and 1.5 cm). 

 

Figure-12 shows that the voltage output changes 

linearly with the change in pH values from 1 to 7, but it is 

not the case for the pH values above 7. The quadratic 

approximation of the relationship between the sensor 

output voltage and the pH values for sensor with 1.2 mm 

wire diameter and the distance between electrodes of 0.5 

cm is shown in Figure-13. 

 

 
 

Figure-13. Quadratic approximation of the relationship 

between the sensor output voltage and the pH values for 

sensor with 1.2 mm wire diameter and the distance 

between electrodes of 0.5 cm. 

 

The resulted quadratic equations for the three 

distance variations are as follows: 

Sensor I:  y = -0.018x
2
 + 0.28x - 1.6 

Sensor II:  y = -0.018x
2
 + 0.27x - 1.6 

 Sensor III:  y = -0.018x
2
 + 0.28x - 1 

 

Results of sensor test with 1.4 mm wire diameter 

Figure-14 indicates the measurement results of 

sensor with 1.4 mm wire diameter and three variations of 

distance between electrodes (0.5 cm, 1.0 cm, and 1.5 cm).  

 

 

http://www.arpnjournals.com/
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Figure-14. Measurement results of sensor with 1.4 mm 

wire diameter and three variations of distance between 

electrodes (0.5 cm, 1.0 cm, and 1.5 cm). 

 

Figure-14 shows that the voltage output changes 

linearly with the change in pH values from 1 to 7, but it is 

not the case for the pH values above 7. The quadratic 

approximation of the relationship between the sensor 

output voltage and the pH values for sensor with 1.4 mm 

wire diameter and the distance between electrodes of 0.5 

cm is shown in Figure-15. 

 

 
 

Figure-15. Quadratic approximation of the relationship 

between the sensor output voltage and the pH values for 

sensor with 1.41 mm wire diameter and the distance 

between electrodes of 0.5 cm. 

 

The resulted quadratic equations for the three 

distance variations are as follows: 

Sensor I:  y = -0.015x
2
 + 0.24x - 1.3 

Sensor II:  y = -0.017x
2
 + 0.28x - 1.6 

Sensor III:  y = -0.018x
2
 + 0.30x - 1.5. 

 

Sensitivity measurements 

 The sensitivity values during each measurement 

are as follows: 

For sensor with wire diameter of 0.8 mm, the 

sensitivity values for each case of distance between 

electrodes of 0.5 cm, 1.0 cm, and 1.5 cm, subsequently 

are: 

 
 

For sensor with wire diameter of 0.9 mm, the 

sensitivity values for each case of distance between 

electrodes of 0.5 cm, 1.0 cm, and 1.5 cm, subsequently 

are: 
 

 
 

For sensor with wire diameter of 0.9 mm, the 

sensitivity values for each case of distance between 

electrodes of 0.5 cm, 1.0 cm, and 1.5 cm, subsequently 

are: 
 

 
For sensor with wire diameter of 1.1 mm, the 

sensitivity values for each case of distance between 

electrodes of 0.5 cm, 1.0 cm, and 1.5 cm, subsequently 

are: 
[ 

 
 

For sensor with wire diameter of 1.2 mm, the sensitivity 

values for each case of distance between electrodes 

 

 
 

For sensor with wire diameter of 1.41 mm, the 

sensitivity values for each case of distance between 

electrodes of 0.5 cm, 1.0 cm, and 1.5 cm, subsequently 

are: 

 

CONCLUSIONS AND PERSPECTIVES 

From the measurement results and analyses, some 

conclusions to be drawn are as follows. 

1) Sensor with circular wire diameter could operate well 

to measure liquid acidity in the pH-range of 1-7, 

being indicated with its linear proportionality 

between the voltage output and the pH values of the 

liquid. 

2) The best measurement sensitivity of S = -0.125 � ��⁄  

has been obtained using the distance between 

electrodes of 1 cm and with the proportionality 

relationship given by the quadratic equation y = -

0.015x
2
 + 0.22x - 1.3. 

 It is suggested that the use of instrumentation 

based on microprocessor should be considered in the 

future research to obtain real time measurement. 

 

ACKNOWLEDGEMENTS 

 The authors would like to thanks Mr. A. Zainuri, 

Mr. Rangga, and Mr. Eka Maulana, for their invaluable 

contribution to the accomplishment of this research.  

 

http://www.arpnjournals.com/


                             VOL. 10, NO. 21, NOVEMBER 2015                                                                                                            ISSN 1819-6608            

ARPN Journal of Engineering and Applied Sciences 
 

©2006-2015 Asian Research Publishing Network (ARPN). All rights reserved.

 
www.arpnjournals.com 

 

 
9931 

REFERENCES 

 

[1] Bueche, Frederick J., and Eugene Hecht. 2011. 11
th
 

edition. New-York: Schaum's Outlines, 11
th

 edition. 

 

[2] Chang, Raymond and Kenneth A. Goldsby. 2012. 

Chemistry. 11
th

 edition. Singapore: McGraw-Hill 

Education. 

 

[3] Luigi Rovati, Paola Fabbri e Francesco Pilati. 2009. 

Development of a low-cost pH sensor based on plastic 

optical fibers. International Instrumentation and 

Measurement Technology Conference.  
 

[4] Ning Liu, Yanghui Liu, Liqiang Zhu, Yi Shi, and Qing 

Wan. 2014. Low-Cost pH Sensors Based on Low-

Voltage Oxide-Based Electric-Double-Layer Thin 

Film Transistors. IEEE Electron Device Letters. Vol. 

35, No. 4. 

 

[5] Zhuxin Dong, Uchechukwu C. Wejinya, John M. 

Vaughan, and Alan M. Albrecht. 2012. Fabrication 

and Testing of ISFET based pH Sensor for Microliter 

Scale Solution Targets. Proceedings of the 2012 IEEE 

Nanotechnology Material and Devices Conference.  

 

[6] Ching-Ting Lee, Ying-Shuo Chiu, Li-Ren Lou, Shu-

Ching Ho, and Chun-Te Chuang. 2014. Integrated pH 

Sensors and Performance Improvement Mechanism of 

ZnO-Based Ion-Sensitive Field-Effect Transistors. 

IEEE Sensor Journal. Vol. 14, No. 2.  

 

[7] Chuang, Cheng-Hsin, Hsun-Pei Wu, Cheng-Ho Chen, 

and Peng-Rong Wu. 2011. Flexible pH sensor with 

polyaniline layer based on impedance measurement. 

Proceedings of the Fifth International Conference on 

Sensing Technology (ICST). Palmerston North, pp. 

211-216.  

 

[8] Shukla, Arun and James W. Dally. 2000. 

Instrumentation and Sensors for Engineering 

Measurements and Process Control. Canada: John 

Wiley & Sons, Inc. 

 

[9] Glanc-Gostkiewicz, M., M. Sophocleous, J.K. 

Atkinson, E. Garcia-Breijo. 2013. Performance of 

miniaturised thick-film solid state pH sensors. 

Journal of Sensors and Actuators A: Physical. Vol. 

202, pp. 2–7. 

[10] Simonis, Anette, Thomas Krings, Hans Lüth, Joseph 

Wang, and Michael J. Schöning. 2001. A hybrid 

thin-film pH sensor with integrated thick-film 

reference.  Sensors. No. 6, pp. 183-192.  

 

[11] Kohlmann, Frederick J. 2003. What is pH, and how 

is it measured. A Technical Handbook for Industry. 

Hach Company.  

 

[12] Ekelof, Stig. 2001. The genesis of the Wheatstone 

bridge. Engineering Science and Education Journal. 

(10.1): pp. 37-40.  

 

[13] Brink, O.G. and R.J. Flink. 20013. Fundamental of 

Instrumentation (in Bahasa Indonesia). Ed. 7.  

Jakarta: Binacipta.  

 

[14] Toledo, Mettler. 2013. A Guide to pH Measurement. 

The Theory and Practice of pH Applications. 

Switzerland. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.arpnjournals.com/

