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ABSTRACT 
 

Composite flexible electrode made up of a carbon nanotubes (CNTs) added with graphene has a 
remarkable potential in overcoming the limitations of a metal-based electrode of higher surface 
contact between the skin which creates lower resistance and consistent current flow. In medical 
application, the function is as a conductor to convert ionic potential into electronic potentials 
through the skin suitable to sense signals for EEG or ECG. However, this electrode still requires 
further exploration in terms of design and composition for it to become affordable. Therefore, this 
study aims to develop a flexible electrode made of graphene-CNT composite based on selected 
design and to analyse the conductivity levels of the electrode with and without cable connections. 
Two-probe measurement system was used to measure the conductivity levels of the developed 
electrodes containing various composite compositions as well as various cable connection types. 
The results showed that 20% CNTs mixture with 2% Graphene was the best conductor with 
approximately ±20µA recorded. When SOMK cables with and without copper ring were used, 
9.091A current was recorded.  
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1.0 INTRODUCTION 
 
Electrode is a device that converts ionic potentials into electronic potentials. In medical application, 
electrodes are categorized into three main classes which include microelectrodes, body surface 
electrodes and needle electrodes [1]. It comes in variety of shapes, materials, functions and 
capabilities targeting at different applications and usage. For example, it is suitable to sense signals 
or currents for EEG, ECG, etc. The body surface electrodes are those which are placed in contact 
with the skin of the subject in order to obtain bioelectric potentials from the surface. Some examples 
include immersion electrode, plate electrode, floating electrode, disposable electrode and suction 
electrode. These electrodes are commonly made of metals which consists of a metallic conductor 
such as stainless steel, silver, platinum and gold in contact with the skin with a thin layer of an 
electrolyte gel between the metal and the skin to establish its contact [2]. 
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Major disadvantages of these conventional electrodes are the inconsistency of current flow due 
to low surface contact to the skin, the need to use saline water/electrolyte gel to reduce resistance, 
potential to skin irritation, rigid shape with difficulty of mounting on skin and the need of clean 
and care after use. 

Apart from that, the design can be flimsy which makes it easy to dislocate the wire [2]. To 
overcome these limitations, flexible and conductive polymer can be a solution. However, the 
conducting polymer alone still faces several challenges such as low manufacturability, poor 
mechanical properties and biocompatibility which leads to various studies to investigate the 
chemical modification techniques in producing good combination composites [3]. Conductive 
flexible electrodes are commonly made of metal-filled polymer such as carbon nanofibers, carbon 
nanotubes (CNTs) and graphene [4-6]. CNTs are allotropes of carbon with a cylindrical shaped 
nanostructure. They are no less than 100 times stronger than steel. In developing the electrodes, 
CNT will be embedded in the rubber-based polymer to enhance the electrical conductivity and 
maintain a higher surface contact between the electrode and surface to stabilize the current flow 
[7]. 

Previous work performed on CNTs with rubber-based polymer have shown positive results with 
low current density being recorded. Previous study tested three types of electrodes; the silicon 
rubber, embedded polymer and coated polymer. The results showed that the embedded electrodes 
led to unsatisfying result. Generally, silicone polymer is an insulator material which resist electrons 
to flow. However, in this work, we are challenging to embed CNTs and graphene as nanofiller in 
the polymer matrix to enhance its conductivity [8]. This becomes the main motivation of the current 
study. 

Furthermore, in recent years, graphene has shown potential application in electrode 
development [9-11]. Graphene has an overall excellent material property and has been regarded as 
an ideal material to fabricate electrodes [12]. In terms of conductivity, it consists of conductive 
electrons where the particles can make up electricity [13]. With the capability of graphene to act as 
conductor and the flexibility of CNTs polymer characteristics, flexible electrode can then be 
developed [14]. Therefore, the aims of this study are twofold; to develop mixture of graphene-
CNTs composites of a flexible electrode based on selected design and to analyse the conductivity 
levels of the developed electrode with and without cable connections.  
 
 
2.0 METHODOLOGY 
 
The methodology is divided into two phases; (i) material preparation and (ii) electrode design 
development. Phase 1 involves the preparation of electrode material samples made of a mixture of 
CNTs and graphene. The variation of CNTs and graphene ratio were set in preparation for mixing 
and sonification. Once ready, the samples were all labelled for future analysis. Phase 2 involves the 
electrode design development which include electrode cable fabrication and two-probe system 
setup. Details of the methodology is given in the following sub-sections. 
 
2.1 Material Preparation 
Preliminary work based on previous study [15] was first performed in order to obtain a feasible 
range of mixture composition for material preparation. The details steps involve in preparation of 
silicon rubber and dispersion of nanotubes are given in the following sub-sections.  
 
2.1.1 Preparation of the silicon rubber 
During the polymer preparation, 6 g of silicon rubber elastomer was mixed with 0.6 curing agent 
solvent with as ratio of 10:1 in a petri dish and carefully stirred to ensure a homogeneous reaction. 
The mixture is then left in the oven and let to cure for 24 hours at a temperature of 60oC. Once set, 
it was then removed and cut to dimensions of 1 × 1 cm. Following that, the coating solution for the 
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substrate was produced by mixing Graphene powder with Dichloromethane (DCM) with a ratio of 
1:99 by weight % 6.633 g. Next, 5 ml of DCM was added to 0.0066 g graphene powder and the 
mixture was sonicated using 3510 Branson Ultrasonicator at different time durations; 1 hour and 
2.5 hours to increase the graphene dispersion. 
 
2.1.2 Dispersion of nanotubes 
The dissolution or dispersion of CNT’s in the solvent is necessary in preventing the CNTs from 
clinging together and forming lumps. CNTs was added and the solution was sonicated for 10 
minutes to get the desired vibration to achieve the wanted dispersion of CNTs. Four different 
graphene-polymer composite configurations, labelled as Composite A, Composite B, Composite C 
and Composite D, were prepared containing CNTs and graphene mixture in various weight ratios 
percentage as shown in Table 1. 
 

Table 1: Graphene-polymer composite configuration weightage (%) 

Composite CNTs (%) Graphene (%) 
Silicone rubber 

polymer (%) 
A 20 0.0 80.0 

B 20 1.0 79.0 

C 20 1.5 78.5 

D 20 2.0 78.0 

 
2.2 Electrode Design Development 
The electrode design as shown in Figure 1 was developed with the intention to analyse the effect 
of conductivity with and without cable attachment to the silicon rubber. The electrode was designed 
in order to achieve a maximal surface contact and attachment at all times. The flexible electrode 
consists of a square-shaped 20 mm × 20 mm × 2 mm grapheme-polymer composite pad with 
chamfered edge at the corner, a button tab and various types of 75 cm length cables of different 
specifications. The types of cables include (i) SOMK cable with copper ring, (ii) SOMK cable 
without copper ring, (iii) SOMK cable with copper ring (smaller diameter), (iv) iPhone cable with 
copper ring, (v) Auxiliary (AUX) cable with copper ring and (vi) AUX copper without copper ring.  
 
 
 
 
 
 

 
Figure 1: Electrode design schematic 

 
2.3 Two Point Probe System Method 
Conductivity measurements were performed on the developed electrodes samples using the ‘Two 
Point Probe (TPP) system method’ or simply, a two-probe system. It works by connecting two pins 
to the sample at opposite sides, one of them discharges a voltage into the sample and the other 
collects the resulting output voltage as shown in Figure 2. 
 

Button tab 

Cable 
Flexible graphene-
polymer composite pad 



27 
 

 
Figure 2: A two-probe system 

 
Insulated copper micro-wires were used to connect the paste onto the sample and the tin islands 

on the board, since they are very thin and can be easily attached with the conductive paste. Their 
ends were previously exposed by means of a scalpel under an optical microscope. Insulated copper 
micro-wires were utilized to connect to the paste onto the sample and the tin islands on the board. 
 
 
3.0 RESULTS, ANALYSIS AND DISCUSSION 
 
In order to ensure the practicability of the developed electrode design, the current was measured 
and analysed. The results were presented and discussed in the following sub-sections. 
 
3.1 Electrode Conductivity Analysis without Cable 
Conductivity analysis of the electrode containing 20% CNTs with 1%, 1.5% and 2% of graphene 
without cable connection has shown significant current detected as depicted in Figure 3. The 
relationship obeys the Ohm’s law where there are barely any fluctuations seen when a high voltage 
was applied to it. The maximum and minimum currents achieved are at the same rate between both 
negative and positive values. From Figure 3, it can be observed that by adding 1% graphene with 
CNTs 20%, it can be observed that there are discrepancies between the maximum current achieved 
and the minimum current achieved. The minimum current achieved is up to 500 µA while the 
maximum current achieved is 420 µA. There is less of a mirror effect due to the gaps between the 
minimum and maximum values. When more graphene is added at 1.5%, a smooth linear effect was 
again observed. The maximum current achieved is ±150 µA. Similarly, at 2% graphene, 
approximately ±20 µA was recorded. The results proved that by increasing the percentage of 
graphene, the conductivity will exponentially increase by 10 times as compared to a conductor 
without graphene.  
 

 
Figure 3:  Graph of Voltage vs Current for CNT 20% with 1%, 1.5% and 2% of graphene 
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3.2 Electrode Conductivity Analysis with Cable 
Conductivity analysis was also performed on the electrodes using 2% graphene + 20% CNTs after 
assembled with various types of cables. Fig. 4 and Table 2 show the electrode conductivity analysis 
tested using different types of cables. The electrode and voltage range used are made constant at 
20% and 10.0 V, respectively. Overall, lowest resistance indicates a better electrode design with 
the amount of current detected. From Table 2, the results showed that SOMK cables with and 
without copper ring recorded similar and the lowest resistance value of 1.1 Ω with 9.091 A curent. 
For this type of cable, the use of copper ring has showed no significant effect towards the electrode 
performance. On the other hand, the AUX cables recorded the highest resistance and lowest current. 
The AUX cables has shown some variation in the values when copper ring is used where with 
copper detected 3.3 Ω resistance with 3.03 A current while without copper recorded 2.8 Ω 
resistance with 3.571 A current. iPhone cable with copper ring has also showed acceptable value 
of resistance and current of 1.4 Ω and 7.143 A, respectively. 

 
Table 2: Conductivity analysis of the flexible electrode with various cable types 

No Cable type 
Resistance, R  

(Ω) 

Current, I  
at 10 V 

(A) 
C1 SOMK cable with copper ring 1.1 9.091 

C2 SOMK cable without copper ring 1.1 9.091 

C3 SOMK cable with copper ring (smaller diameter) 2.6 3.846 

C4 iPhone cable with copper ring 1.4 7.143 

C5 AUX cable with copper ring 3.3 3.030 

C6 AUX cable without copper ring 2.8 3.571 

 

 
Figure 4: Comparison of current generated using different types of cables 

 
 
4.0 CONCLUSION 
 
The results obtained have proven that combination of graphene and CNTs can be used in 
developing a flexible graphene-polymer composite electrode. From the graphs illustrated, it was 
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found that increasing the amount of graphene, will gradually increase the amount of current at the 
same voltage value. Two conductivity tests using the two-probe system were performed on the 
flexible electrode; with and without cable connections. Test without cable showed that 2% 
graphene and 20% CNTs was found to be the best composite mixture where no fluctuations of the 
current recorded during the when voltage was applied. In general, the current increased 
exponentially by ten times. Test using different cables has recorded various current and voltage 
values, where SOMK cables with and without copper ring recorded similar and the lowest 
resistance value of 1.1 Ω with 9.091 A current. AUX cable type was found to be the worst electrode 
combination. Therefore, future analysis is looking at designing variation of electrode with other 
composite mixture, shape and connection. 
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