
M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Graphene as biomedical sensing element: State of art review and potential 
engineering applications 

1Ranvijay Kumar, 1Rupinder Singh, 2David Hui, 3Luciano Feo, 3Fernando Fraternali 

1Dept. of Production Engineering, Guru Nanak Dev Engineering College, Ludhiana (India)  

2Dept. of Mechanical Engineering, University of New Orleans, Louisiana (USA) 

3Dept. of Civil Engineering, University of Salerno (Italy) 

1ranvijayk12@gmail.com, 1rupindersingh78@yahoo.com 
2DHui@uno.edu 

3l.feo@unisa.it,3f.fraternali@unisa.it 
 

Abstract 

Nano grephene (Gr) particles are of abundant methodical and scientific interest as having the 
astonishing prospective to usage as the sensors element in the miniaturized and biomedical 
sensor device. The nano Gr particles have been appeared on the life science and health platform 
due to their interesting material performance like; excellent biocompatibility, conductivity, super 
para magnetism, thermal, chemical, mechanical and metallurgical properties to use as a sensor 
component. In recent years, Gr as nanoparticles has acquired powerful technological and 
scientific attention and having potential applications like; for fabrication of super-capacitors, 
batteries, solar or fuel cells, miniaturized and biomedical sensors. Gr is one of the most 
influential nano composites with endowment of use in the sensing mechanism like; bio-sensing, 
bio-imaging and diagnostic of diseases due to stimulating material behavior like; 
biocompatibility, cell growing properties, excellent surface behavior thermally and chemically 
etc. The present discussion explores the state of art review and prospective of the Gr in the 
miniaturized and biomedical sensors. The sensing mechanism for each of the sensors has been 
discussed for betters understanding of the functionality and prospective of the Gr in the sensors. 

Keywords: biomedical sensors, additive manufacturing, physical sensor, biosensors, bio-
potential electrode, sensing mechanism 

1 Introduction 

The broad term sensors is an electronic module, component, subsystem or an element based on 
the certain detection mechanism to measure the changes in the environmental activities, [1-5]. 
The biomedical sensors are broadly differentiated upon the basis of sensing mechanism like the 
gas sensors senses the gaseous particles, optical sensors measure the light changes and similarly 
various physical, bio-potential electrode and biosensors measures different physical and 
chemical quantities. There are some of the previous studies which have lightened the prospective 
and application of different classified sensors in the different areas of applications, [6-12]. A 
sensor observed the changes in the environment components such as movement, light, 
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temperature, moisture, pressure, flow rate and many more as response/output. The sensors are 
usually liable to determine the values in electrical, mechanical, optical and electromechanical 
signals. Blood pressure and flow rate, growth rate of bone, body temperature measurement are 
some of the applications of physical sensors prospective with use of Gr. Most commonly uses as 
diagnostics of body issues are externally employed. Use of Gr increases the precision and 
sensitivity of measurement [13].  
The biosensors are the most advanced and intelligent sensors that fit internally to the human 
living organism for the investigations of internal changes like, enzymes, protein, and DNA etc. 
Gr are the most important research components due to their activeness even at nano-particle 
level, enable it to be potential part, [14]. A highly sensitive behavior of Gr in terms of thermal 
and electrical conductivity made it eligible for its applications in fabrication of bio sensing 
devices, electronic circuits charge storage devices and medical biosensors [15-17]. 
The diagnostics of gaseous issue in relation with concentration of chemical in human bodies, 
their monitoring (chemical activities in the body)is performed by the chemical sensors. High 
chemically sensitiveness of Gr enables it to be a most desirable component in biomedical 
devices, [18]. There are some of the considerations such as specifications of sensor devices must 
be known by a user before working. Sensitivity, operating conditions, accuracy, and response 
time are few basics of sensors which explain the capabilities of the sensors in numerous 
applications such as; accelerometer, biosensors, image sensors, motion sensors etc. This 
excellent material behavior of Gr extracted from graphite has been best applicable to the 3D 
printing like fused deposition modeling (FDM) of components for high quality sensors, medical 
devices and precision making mechanical and electrical tools,[19-20]. Gr is two dimensional 
materials have noteworthy belongings of extraordinary Young’s modulus, knack to thermally 
and electrically superconductive (high kinesis of charge and electron), surface insulating 
performance and enormous aspect ratio for prototype fabrication. The performance of vertical 
axis wind turbine can be improved by changing geometrical components design, FDM emerged 
as specific tool for such analysis by fabricating functional prototypes, [21].  FDM technology 
covers almost every area of application. For example on medical field, a device called oral 
pulsatile, release of drugs and patient-tailored tablets have been fabricated by FDM [22-23]. 
 

2 Synthesis of Gr for sensing devices 
 
Graphite is a low cost raw source for extraction of Gr. It is generally extracted via different 
methods of processing like;  chemical vapour deposition (CVD), micromechanical exfoliation, 
and ball milling etc. [24-26]. Previous studies reveals that exfoliation concept can also be used as 
chemical processing of graphite in water for Gr production by using 1-pyrenesulfonic acid 
sodium salt, [27]. Graphite is the best and economical source for extraction of Gr material. The 
previous literature highlighted that oxidative treatment of graphite resulted in formation of 
graphite oxide (GO) for extraction of Gr, [28-29]. Oxidation and exfoliation mechanisms for GO 
production were explained by [30-32]. Synthesis of Gr through exfoliation of natural graphite in 
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ortho-dichloro benzene (ODCB) has been achieved by process called “sonication”, [33]. All Gr 
extraction technique contributed to achieve specific mechanical, optical and thermal properties, 
as chemical vapor deposition (CVD) led to Gr sheet production with high mechanical strength, 
[34-35].  
Most of the studies related to the FDM with different feedstock filament materials (like polymer 
reinforced Gr particles) highlighted the pre-processing, production and post-processing of 
prototypes,[36-43].Graphite is semi-metallic characterized allotropes of carbon which is 
available in crystalline and considered as most stable form of carbon. Mechanical exfoliation, 
chemical exfoliation, chemical synthesis, pyrolysis, epitaxial growth, CVD are some of the 
processes which are used for Gr synthesis from graphite (Figure 1). 
The solid phase method is based upon the principle of mechanical exfoliation and synthesis of 
silicon carbide (SiC). The Gr is extracted by the use of taping method for mechanical exfoliation 
(Figure 11-3). The Gr extracted from the graphite by the mechanical exfoliation are of excellent 
charge carrier mobility characteristics, [44-47]. 
The solution phase method is consisting of the extraction of Gr by exposing to the chemical 
reagent or exposing the graphite oxide to chemical consisting mechanical setup. The new 
technique for Gr extraction has been introduced by the use of laser for reduction of graphite 
oxides (See Figure 11-7). The chemical exfoliation is the economical extraction technique which 
can have the potential to use in the different areas of application for the sensor fabrication, [48-
51]. A process procedure has been shown in Figure 1(7), the mixing of graphite in organic 
solvent contributed to mixing of graphite dissolution. Treating in ultrasonic bath followed by 
centrifugation provide separation of graphite flakes from Gr. Aging of Gr dissolution contributed 
for stabilization of Gr layers in solutions then graphite flakes are removed to extract the Gr 
through pipetting. Chemical exfoliation method midst all the synthesis processes is termed as the 
informal and furthermost cost-effective one with foundation of pureness of ultimate artifact [49], 
51-52]. Exfoliation is a chemical approach for removal of GO from graphite dissolution to 
achieve Gr extraction,[33]. Exfoliation process forms chemically converted stable Gr from 
graphite powder with very less production cost [53-55]. There are some most common organic 
chemical like; benzene, toluene, nitrobenzene have been reported as catalyst for chemical 
exfoliation of graphite.   N, N-dimethyl- formamide (DMF) and N-methylpyrrolidone (NMP) 
have been used to form homogeneous dispersion of graphene, [56-59]. Except chemical 
exfoliation some studies have been reported for exfoliation through electrochemical, water 
dispersion and other mode of dispersion, [25, 27, 60-62]. 
The Gr for sensor application and other manufacturing processes required large surface area and 
effective mechanical and thermal and electronic properties which are generally not achieved with 
either solid phase method or solution phase method. The CVD method has been emerged as the 
most effective technique for the manufacturing of high yield Gr. [35, 63-69]. The Gr by the CVD 
methods are extracted with the use of the substrate used, the nature of substrate is resulted into 
the yield of the extracted graphene. Fig. 18-9 shows the process of chemical vapor deposition for 
extraction of graphene.  
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Figure 1 Grsynthesis techniques, Mechanical exfoliation1, Synthesis on SiC2, Plasma etching3, 
Solution Phase technique4, Liquid phase exfoliation5,  reduction of GO induced by hot AFM 
(atomic force microscope) tipor laser6, Chemical Exfoliation Method7 Chemical Vapor 
deposition method8&9, [ 47, 70-72]. 

 
 Table 1 shows the comparative study for charge carrier mobility of Gr processed by different 
synthesis technique. The mechanical exfoliation resulted in the highest charge carrier mobility of 
Gr. 
 

Table 1 Charge carrier mobility resulted by different processes of synthesis, [72] 

Properties Mechanical 
exfoliation 

Chemical 
exfoliation 

Chemical 
exfoliation 
by graphene 

oxide 

Chemical 
vapor 

deposition 
(CVD) 

Synthesis 
on SiC 

Sample size(mm) >1 Infinite 
because of 

Infinite 
because of 

Approx.1000 100 
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overlapping 
flakes 

overlapping 
flakes 

Crystallite size(µm) >1000 ≤0.1 Approx. 100 1000 50 
Charge carrier mobility 
(at 25oC) (cm2V-1S-1) 

>106 100 1 10000 10000 

 

3 Specifications of biomedical sensors 

A sensor observed the changes in the environment components such as movement, light, 
temperature, moisture, pressure, flow rate and many more as response of output. The sensors are 
usually liable to determine the values in electrical, mechanical, optical and electromechanical 
signals. There are some of the considerations such of specifications of sensor devices must be 
known by a user before working. Sensitivity, operating conditions, accuracy, and response time 
are few basics of sensors which explain the capabilities of the sensors in numerous applications 
such as; Accelerometer, Biosensors, image sensors, motion sensors etc (Table 2).  

Table 2 Specification of Gr sensors, [73-78] 

Key Description 
Extent range The ranges of sensor for measurement of bio-characteristics must be detailed 

the maximum and minimum measurable information. For example of pressure 
sensors, the pressure must be in range of 0-10MPa. 

Sensitivity Sensitivity of a sensor is defined as the changes of output over the input under 
the controlled specific environment. For pressure sensors it should be equal to 
the 0.4V/Pa. 0.4 Volt will change over 1Pa pressure.  

Operating 
temperature 

The operating temperature ranges of sensor must be optimum for great 
performance. Operating beyond temperature range may cause the losses in 
accuracy and performance. For graphene based NO2 sensors the operating 
range suggested 20-150oC.  

Accuracy The accuracy is the measure of the exactness upon the true values output. The 
accuracy must be detailed to minimize the rejections. 

Reproducibility Reproducibility of the sensor is the measure of the closeness in output over 
keeping the same operating conditions and same sensors. For temperature 
sensor the reproducibility of ±0.1V/℃ in temperature range of 20-80℃. 

Response time Response time is the measure to reach a sensor on calibrated values upon 
changes in the input. For pressure sensor the response time should be 10 
second to reach the 95% of the maximum output. 

Drift Dzero = (▲Y0/YFS) ×100%, drift is defined as the changes in the output value 
when input keep constant. The zero drift can be expressed as above 
expression. Where ▲Y0 is the output changes and YFS is the reference input. 
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4 Prospective of Gr in bio-medical sensing devices 

4.1 Classification of biomedical sensors 

The biomedical sensors are broadly classified in the 4 basic subgroups based upon the nature of 
sensing such as; physical sensors, chemical sensors, bio-potential electrode and biosensors [74]. 
Physical sensors are those sensors which senses the changes in the physical factors like; pressure, 
force, velocity, momentum, capacitance, depth and level etc. the chemical sensors are liable to 
measure the any changes in the chemical composition of environment, food and other bodies, the 
most common used chemical sensor is gas sensors but now a days with prospect of efficient the 
other type of chemical sensors have been emerged like; electrochemical sensor, photometric and 
physiochemical sensor. Bio-potential electrodes are those sensors which measure the change in 
the factor by a electrode in form of some graphs or plots, the ECG, EOG and EMG are some of 
the bio-potential electrode which commonly used in the biomedical fields. Biosensors are the 
advanced sensors which can fit internally to the human body for sensing purpose of protein, 
DNA, glucose etc. Figure 2 shows the detailed classification of miniaturized and biomedical 
sensors. 

 
Figure 2 Classification of miniaturized and bio-medical sensors  

4.2 Physical sensors 

Some of the applications of physical sensors are for geometric, mechanical, thermal, hydraulic, 
electrical and optical measurements. Blood pressure and flow rate, growth rate of bone, body 
temperature measurement are some of the applications of physical sensors prospective with use 
of graphene. Most commonly uses as dignostics of body issues externally. Use of graphene 
increases the precision and sensitivity of measurement [13].Physical sensors are composed of 
nanochemical resonator and pressure membrane for measurement of force, pressure, 
temperature, flow rate, bone growth rate in biomedical fields, [79]. All the touch screen device, 
oil and pressure regulating system in automobile industries, digital blood pressure monitoring, 
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evaluation of gases and  their partial pressure, to keep balance between control system and 
atmosphere in aviation field and to measure the depth of submarine in marine industries, [80] 
The Gr in the miniaturized sensors is the need of hour to improve the efficiency in physical 
sensors. Gr is the most desirable material for fabrication of nonchemical resonator and pressure 
membrane to use in miniaturized biomedical sensing devices, [81]. The pressure sensors are the 
most commonly used sensor in biomedical and miniaturized sensors. The ordinary sensors are 
used to low efficient measurement. Composite sensors with use of Gr can be used as the 
attachment to the ordinary sensors as the secondary measurand shown in Figure 3 will improve 
the efficiency and precision.  

 

Figure 3 Gr based composite sensor elements 

Pressure Sensors: The pressure in pressure sensing devices can be measure statically (Figure 
4(a)) and dynamically (Figure 4(b) ), the pressure exerted to the system can be understood from 
the given source described below [82]. For improvement in sensitivity Gr blended sensors may 
be employed. 

Static pressure sensing Dynamic pressure sensing 

 

4(a) 

 

4(b) 

Figure 4 Pressure sensing mechanism in static and dynamic conditions 

The upward pressure exerted (PU) can be calculated by expression given below  

PU = (h + L) g 
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Where, h= distance between pressure point to the surface, A&L= area and length of the bock in 
container, and g are the density and acceleration due to gravity. 

The pressure in a moving fluid exerted parallel to the flow direction is called the impact pressure, 
Ps. This is due to the kinetic energy of the fluid: 

Ps = VO²/2 

Vo = fluid velocity 

Light sensors: The photo-detector is one of the physical sensors which measure the 
environmental quantity like; incident of light. Photo-detecting sensors measure incident of light 
or photon flux or optical power by converting the absorbed photon energy into electrical current. 
They are widely used in a range of devices, such as remote controls, televisions and DVD 
players. The sensing mechanism of photo-detectors is works on the photo thermoelectric effect 
principle based upon the Motto’s formula,[83]. The photo-detection is the measure of the change 
in the thermoelectric power also called thermo power (s) related to the electrical conductivity 

(σ) and can be calculated by the given equation, [84].  

� = 	−	���.�
��
σ3�σδℇ  

The proposed equation leads to the sensing mechanism as change in output of the σ. Where K is 

the Boltzmann’s constant, q is the electronic charge (1.60217662×10-19 coulombs), k is 
Boltzmann’s constant (1.38064852×10-23 m2 kg s-2 K-1),ℇ�is the standard permittivity of free 
space (8.85 x 10-12 farad per meter (F/m)),Tef is effective temperature and can be calculated as;  


�� =	�
� + 
� 

T is the sample temperature and T0 is the fitting parameter related to Dirac point associated with 
random potential fluctuations. Here also Gr blended samples will improve the sensitivity of 
measurement. 

4.2.1 Prospect of Gr in physical sensors 

Capacitive sensors use carbon nano-platelets with polymeric material to reduce the cost, easily 
implemented and rapid prototyped of physical and chemical sensors. The prospective of Gr in 
biomedical sensor is wide because change of resultant value with very small changes in the strain 
(≤0.2%). The humidity changes measurement are the key goal to use the Gr in the miniaturized 
sensors. The typical mechanically or chemically extracted GO can achieve high sensitivity and 
fast response. The capacitive pressure sensors use dielectric permittivity materials as graphene 
for high performance [85-87]. Electromagnetic interference (EMI) shielding properties are the 
key element in electromagnetic sensors to know the efficiency and capability of the sensing 
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materials. The Gr aerogels (GAs) are prepared under the chemical process by GO reveals the 
potentiality of the graphene in the electromagnetic sensors. The EMI shielding effectiveness (SE) 
has been noted significantly changes by varying Go under hydrazine vapor. The surface-
enhanced Raman scattering (SERS) characteristics can be enhanced by the using hybrid blend of 
Gr/Ag-nanoparticles. The unique blending of Gr/Ag-nanoparticles enhances sensitivity of 
electromagnetic sensor up to the ultra-sensitivity level,[88-89]. Bi-Gr sheets/piezoelectric (BGP) 
was exposed to the moving particle medium of certain gases, ensured the potential application of 
Gr reinforced laminates for the future prospective of Gr. The viscoelastic behavior of 
piezoelectric layer decreases the nonlinear dynamic amplitude of BGP laminated films only. The 
difference between linear and nonlinear solutions depends on the speed of moving particles. The 
obtained new features and interesting results about the nonlinear viscoelastic dynamic responses 
of BGP laminated films under moving particles, [90], The potentiometric sensors are the 
resistive sensors which changes the resistance exposing to the different environmental pressure 
conditions (by following LVDT, Hall Effect, or by eddy current principle). Recently with 
prospect of use of Gr studies reported for polymer-based potentiometric nano-Gr/ionic 
liquid/carbon paste electrode for the determination of in changes in the pharmaceutical products. 
The acetone detection through ultraviolet (UV) illumination has been promised the better and 
high level application of potentiometric sensors with Gr sensors, [91-92]. The variation in 
resonant frequency under different loading conditions used to measure the changes over stress, 
gas density and applied pressures. The Gr based resonant can leads to the absorption on terahertz 
(THz) frequency range. Most of the studies highlighted the use of other micro or nano molecules 
but Gr will certainly be one of the best replacements of sensing element, [93-95]. The depth/level 
sensors are calculated the volume, depth of the chemical tank, water reservoir, and large dam. 
Some of the studies have highlighted the propspective of Gr as Gr/polyethylene-based 
nanocomposites by depth-sensing indentation. It is obvious that Gr has the excellent and 
outstanding properties of sensitivity like, thermally, electrically, mechanically and good resonant 
properties. The depth sensors need to be a good sensing element carrying all round material 
properties. The graphene may be the best available option among the entire nanocomposite to be 
a part of level/depth sensing device, [96-98]. 

4.3 Chemical sensors 

Gas, Electrochemical, Photometric, and other physicochemical sensor are some of the chemical 
based biomedical sensors. Diagnostic of gaseous issues in relation with concentration of 
chemical in human body is one of the important concerns. The monitoring of chemical activities 
in the body can be performed by the chemical sensors. High chemically sensitiveness of Gr 
enables it to be a most desirable component in biomedical devices. [18].The interpretation of gas 
sensing mechanism is governed by the two models, (i) Oxygen ionosorption and (ii) Oxygen 
vacancies, [99]. The steps involves to exposing the sensors to as air or reducing gas (Like, CO) 
media. 
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The responses mechanism are defined upon exposure to oxygen by an adsorptions reactions, at 

elevated temperatures, reactive oxygen species such as , O2− and O− are adsorbed on the surface 

of metal oxide semiconductor. The sequence of processes involved in the adsorption of oxygen 
on the metal oxide surface [100]. 

O2 (gas) + e-⇆ O2
- (adsorbed) 

O2
- (adsorbed) + e-⇆ O2

2 (adsorbed)⇆ 2O- (lattice) 

When the sensing element exposed to O2environment, the O2 adsorbed by the sensing surfaces 
resulted of decrease in the charge carrier concentration (e-) which leads to increase in the 
resistance of the sensing material. The change in the resistance is termed as the sensibility of the 
sensor upon exposure to O2. The similar mechanism also governed for the reducing gases like; 
CO2, [99, 101-102]. 

The	 sensing	 of	 gas	 sensors	 upon	 exposing	 to	 a	 reducing	 gas	 environment	 (e.g.	 CO),	 the	reactions	delivered	as;	
CO + O- (adsorbed)           CO2+ e- 

2CO + O2
-(adsorbed)         CO2 + e- 

The monitoring purposes of chemical activities in the body are measured by the chemical 
sensors. High chemically sensitiveness of Gr enables it to be a most desirable component in 
biomedical devices.Photochemical and photometric are the most commonly used chemical 
sensors that fulfill the need for examining the concentration and changes in the chemical 
reactions with most precision, [103-106]. Conventionally nanacomposite like silicon nanowire is 
the one of the most desirable materials for application in chemical sensors, [107]. 

The electrochemical sensors are liable to respond the changes in the PH value of the solutions. A 
relation has been suggested by [108] for oxide-on-graphene field effect bio- sensors for 
electrochemical sensing devices. The PH value can be measure of the solution gate capacitance 
(Csg) change as shown by equation given below. 

012	3	 045.067.
045.8067. 

The Csg is the combination of the series connected capacitance of the solution (CDL) and 
capacitance of double oxide layer (Cox) as the sensing material.  

Semiconductors are the key for fabricating chemical sensors; study highlighted the image 
correction for chemical sensors by changing material characteristics [109]. The semiconductor 
reported as less efficient and produced lesser image sensing, conductive polymers are the 
replacement of semiconducting polymer due to high stability in image sensing, [110]. Metal 
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oxide nanowires are emerged as the one of the stable material for the stable image sensing. The 
metal oxide as chemical sensors proposed as ease of rapid prototyping, integration to other 
devices and fabrication purposes, [111].  

The sensing mechanism for graphene-based quantum capacitance wireless vapor sensors has 
been demonstrated. The change in the resonant frequency of metal oxide graphene capacitive 
(varactor) sensor is liable to change in the vapor concentration as relative humidity (RH). A 
model has been suggested to calculate the varactor capacitance (CV) as sensing mechanism to 
vapor, [112] 

9: = ;. < 19>? +	 19@A
BC

 

Cv is the varactor capacitance, A is the active area of the metal oxide Gr capacitor, Coc is the 
oxide capacitance per unit area and Cq is the quantum (Gr capacitance per unit area, and the Coc 
and Cq can be calculated as; 

9DE = 3.9ℇ�GH
  

EOT is the equivalent oxide thickness of dielectric of metal oxide graphene, ℇ�is the standard 
permittivity of free space.  

9� = 	 2� <�J
���ℎLM A� NO P2 + 2EDQℎ < G��
���AR 

Where q is the electronic charge, k is Boltzmann’s constant, h is the plank constant,Fermi 
velocity VF = 1100000 cm/sec, Ef is the Dirac point energy, Tef is effective temperature. 

The adsorption capacity is the main key to select the sensor material, [113-114]. Most of the 
chemical sensors exposes to the water, gas or other fluid media to calculate the changes in the 
adoptions. The Gr in the chemical sensor widely used because of their excellent adsorption 
nature exposing to certain gases and liquid. The sensing mechanism by adsorption can be 
suggested as; 

S = 	TC − T�T�  

Q is the adsorption capacity and can be calculated as knowing the m1 which is the mass of 
sensing element before exposure to fluid and m2 is the mass after exposure to fluid. 

Figure 5 shows the sensing mechanism of a biosensor system  
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Figure 5 Principle of chemical sensor based mechanism, [115] 

4.3.1 Prospect of Gr in biomedical chemical sensors 

Gas adsorption is the key of sensitivity towards the selection of sensor materials. The more is the 
gas adsorbed sensitive characteristics of the material higher will be the preference to use as 
sensing material. Gr proposed the good adsorption characteristic to ensure the reliability of the 
chemical sensors. Study highlighted the use of microwave irradiation technique synthesis of zinc 
oxide semiconductor using Gr for chemical sensors. Fluorinated graphene oxide has been studies 
experimentally for sensing of NH3 gas. The advancement in the field of sensor fabrication can be 
a best applied by the blend of Gr/titanium dioxide hybrid material. Blend of Gr-TiO2 resulted in 
excellent NH3 gas sensing, [116-119]. Potentiometric, amperometric and conductometric are 
some of the electrochemical sensors which provide the continuous information about the changes 
in the environment. Detectability, experimental simplicity and low cost are some of the 
remarkable characterizes of the electrochemical sensors enable it to apply potentially in different 
areas. The Gr can be best applying to the electrochemical sensor for advances the sensing ability. 
Determinations of daphnetin, preparations of Hydrophilic graphene surface are some of the 
achievement after use of graphene as an electrochemical sensing element,[120-122]. 
Photodetectors are recent advancement of sensors used to response the changes in luminous flux, 
illuminance, luminous intensity and luminance for application in different fields. Photo-resistors, 
photodiodes or photomultipliers are the sensing element t in photometric sensors. There is a need 
to explore the use of Gr for sensing element for photometric sensor. It has been explored that Gr 
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has excellent adsorbent ability that is the reason it should be apply as photometric sensors, [123-
124]. The recent development in the chemical based sensors has been targeted for the sensing of 
local magnetic fields, magnetic particle characteristics, viscosity and chemical binding. The 
graphene will be the future material for the physiochemical sensing as having great electrical, 

thermal and chemical characteristic,[125-128].  

4.4 Bio-potential electrode 

Body surface bio-potential electrode, metal plate, Intracavitary and intratissue electrode, 
microelectrode are some of the classifications of bio-potential electrodes. The little changes in 
activities of muscle, brain, eye retina, nerves and skin can be measure by the use of the bio 
potential electrode such as; ECG (Electrocardiogram),EMG (Electromyogram), EOG 
(Electrooptigram). ESR (Galvanic skin reflex) etc.[129].The bio-potential electrodes are the 
transducer used in the sensing devices for converting the bodies’ ionic current into electronic 
current. The responses can be explored in the form of some signals or other representations. The 
uses of high conductive bio-potential electrode are the key element in the sensors uses for carries 
the charges.  The ECG/EEG/EMG Systems are some of the potentially applied devices that give 
the very precise output in the form of signal for any changes in the human body. The bio 
potential electrodes are the greatly applied biomedical and miniaturized sensors, [129]. The 
transducing function is being able to be applicable as the excellent electrical conductivity of the 
electrode. Graphene is the most accepted material because of its extraordinary electrical 
conductivity. The sensing mechanism of the electrode in aqueous solution for charge carrier can 
be governed by the given equation, [130]. 

C⇆Cn+ + ne- 

Am-⇆ A + me- 

Where n is the valence of positively charged material(C), and m is the valence of negatively 
charged material (A). In the genetral, the cations in solution and the metal of the electrodes are 
the same, so the atoms C are oxidized when they give up electrons and go into solution as 
cations. Figure 6 shows the different configurations. 
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Figure 6 Different types of electrodes used in the bio-potential sensors, (a) probe type (2) needle 
type (c) cosxial needle typeand (4) coiled wire electrode, [130] 

4.4.1 Prospect of Gr in bio-potential electrodes 

Gold, silver and copper are the conventional material for the body surface electrode for sensing. 
Gr is the need of hour to use as the body surface electrode due to its positive features like; 
excellent electrical, thermal and surface properties. Recent studies have reported on direct 
electrochemical and electro-catalytic characterization of hemoglobin on palladium-Gr modified 
electrode. The experimental studies have been suggested that polymer reinforced with the Gr has 
a wide potential for the fabrication of body surface electrode with provision of rapid prototyping, 
[131-133].Intracavitary and intratissue electrode are using from the years to cure the internal 
body issues rather than to diagnose the problem. Use of nanomaterial in the intracavitory and 
intratissue can greatly improve the performance of the biopotential electrode. the studies reveals 
the application of Intracavitary electrode in the dog’s internal body parts to minimize risk of 
ventricular fibrillation, [134-135]. Chemically reduced graphene oxide (CRGO) is largely 
replacing the conventional electrode material in ECG/EOG/EMG system as the sensing material. 
Studies reported for the dry electrodes as touch sensor for electrocardiograph measurement 
fabricated by CRGO and Graphene-clad textile electrodes for electrocardiogram monitoring, 
[136-139].  

4.5 Bio-analytic or biosensors 

Bio-analytic or biosensor is a intelligent analytic device that best applies for detection of  analyte 
that integrate biological component with a physicochemical detector. The biosensors are eligible 
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to observe and analyses the level of enzymes, protein, DNA and microorganism concentrations 
in the bodies, [140-141]. The main sensing element or transducer attached physiologically, 
optically or electrochemically convert the signal obtained by integrating the bio-analytic with the 
sensitive biological element to measurement and quantification. The typical bio-analytic setups 
consisting of a bio-recognition site, a signal receiver and a signal amplifier to display the 
processed observations.  

Field-effect transistors shortly known as FET are among the most applicable sensors for 
biosensors. An FET contains input and output electrodes, a semiconducting channel and a gate 
electrode. The working mechanism of a FET biosensor based upon the Electrical transport 
through the semiconductor channel which becomes modulated by the applied gate voltage, [142-
143]. FET is a typical transistor that uses electrical field to control the functionality of a device. 
The conductivity between the input and output source is controlled by the electric fireld of the 
device. The electric field in FET is generated by considering the voltage difference between the 
body and the gate of the device. The detection mechanism as a biosensor, the transport 
mechanism is governed by the defining the voltage difference between the two parameter (V), 
[144]. 

L = U|W|XYҨ 

|W|is the magnitude of impedance, I is the current, XYҨ is the phase factor which is the delay in 

the voltage w.r.t I by a phase Ҩ,  j=√−1. 

Biosensing mechanism  based on surface plasmon  resonance (SPR) is is the most common and 
known technique to examine the  biochemical reactions in scientific, food research, and medical 
diagnostics, [145]. In particular, SPR provides biosensing without need of fluorescent, 
radioactive material, which could interfere with the biosensing process, sensitivity, and real-time 
monitoring of biomolecule binding.  The sensitivity is a liable of the performance for any 
biosensors. For SPR biosensors, the sensitivity(S) is governed by the given expression,   [146].  

� = 	Δ\
Δ9 = 	ΔP

ΔnΔn
ΔC = 	�^CG 

P is the output of the SPR sensor as SPR angle for analyte concentration (C), Δnis the refractive 

index can be taken as 0.005. Therefor the senility is termed as the product of refractive index 
change (SR1) and Efficiency (E). 
 
 
A bio-receptor in the bio-analytic is the main element which interacts with   antibody/antigen, 
Artificial binding protein, enzymes, DNA, epigenetics, organelles, cells and tissues for signal 
processing, [147]. There are 6 types of bio-transduces are commonly uses in the bio-analytic 
such as; optical, piezoelectric, electronic, gravimetric, electrochemical and pyro-electric types.  
Figure 7 shows the working mechanism of bio-potential based sensors. 
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Figure 7Mechanism of sensing for (1) Antibody based biosensor (2) DNA/RNA based 
biosensors, [148]. 

 4.5.1 Prospect of Gr in Bio-analytic or biosensors 

The studies highlighted the triple particle nanoparticle for the biosensor for the glucose response. 
This type of biosensor was fabricated using the polypyrrole as liking agent through dispersing 
the nanosized gold particle on the surface of reduced graphene oxide, [149-150].  The cancer 
biomarker detection is one of the greatest achievement in the biosensor fabrication, the 
multimaterial electrochemical biosensor was fabricated using graphene surface enhanced with 
magnetic beads (MBs) and enzyme-labeled antibody-gold nanoparticle, [151]. Polymer based 
graphene nanocomposite sensor has been demonstrated for the cholesterol detection, high 
conductivity of graphene based nanocomposite  has potential to be a part of biosensors, [152-
153] has explained the synthesis of the graphene by chemical vapor deposition method for the 
fabrication of Nickel nnaosheet/ graphene based composites for biosensing. A study reported to 
detect the dangerous pesticide residue in the water or food using the sensor fabricated from 
functionalized GO, [154-155] have developed the graphene based potentiometric biosensor for 
the detection of the bacterial. Graphene can be lead to the enhancement in the sensitivity, 
detection accuracy and quality factor, the study reported for the application of GO for the 
biosensor functionality for explosive detection, [156].  As GO exhibit the excellent dispersibility, 
biocompatibility to potentially use in the biomedical and Nano-electric biosensors [1, 129]. 
Dopamine is an organic chemical of the catecholamine and phenethylamine families that plays 
several important roles in the brain and body, detection were achieved developing a graphene 
based biosensor, with stusy suggested 3D printing of graphene based biosensor,  [157-158]. One 
of the most recent studies having the potential for the detection of Zika virus infection, the sensor 
developed for Zika virus detection was cost effective as use of graphene, [159]. Development of 
Hall Effect based biosensor for DNA detection have been promises the future of the graphene to 
be best use for miniaturized and biomedical applications, [160]. 

5 Case study forfabrication of sensor component by additive manufacturing 
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The FDM feedstock filament with an ABS–Gr (90-10 and 75-25 wt.%) matrix has been 
successfully prepared by exfoliation of graphite at the lab scale [43, 161]. The blending of Gr in 
ABS has been processed by two methods, mechanical mixing and chemical + mechanical 
mixing. Finally, the feedstock filament has been successfully used for preparing functional 
prototypes. The results of the present case study suggest that the electrical and thermal 
conductivity and mechanical properties of the functional prototypes have been improved. The 
proportion of Gr in the ABS matrix is the significant parameter which influences the electrical 
conductivity, followed by the in-fill density and the process used for blending. Whereas for 
thermal conductivity, the process used for blending (chemical and mechanical mixing), followed 
by in-fill density and proportion of Gr in the ABS matrix are significant parameters. The Gr-
blended ABS specimens with improved mechanical, thermal, and electrical properties can be 
used for a number of engineering applications. Their association with recycled materials for the 
manufacturing of innovative, sustainable composites awaits attention.Investigations have been 
made to calculate the thermal and electrical conductivities of the Gr blended ABS function 
surface obtained by 3D printing [161]. The ABS was initially calculated as thermal conductivity 
of 0.1 W/m.K, after blending of Gr to ABS by twin screw extrusion followed by 3D printing 
resulted in the improvement in the thermal conductivity of ABS polymer up to 176.6 times (See 
Figure 8). The thermal conductivity (K) of graphene blended fictional prototypes with 3D 
printing has been evaluated by the given formula using Lee’s disk method; 
 

� =	 TE _`a
`bc d

;(e� − eC) 
Where A is the cross sectional area of 3D printed part, t2-t1 is the temperature gradient across 
sample, x is the thickness of the 3D printed part, m is the mass of Lee’s disk and c is the specific 
heat of capacity of disk. The rate of cooling/temperature gradient (dT/dt) has been calculated by 
plotting the graph of temperature and time. The thermal conductivities have been calculated 
using the said expressions and it is plotted as function of infill density and proportions of 
graphene content against thermal conductivity. 
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Figure 8 Thermal conductivity of different sample 
 
Similar operations have been performed using the Ohm’s law.  
The electrical conductivity (σ) for different fictional prototypes has been investigated by the 
given relations; 
 

σ	= C
fin	S/m	(Siemens/meter) 

Where i is the resistivity of the sample, the resistivity of the 3D printed part can be calculated 
as;the inverse of conductivity is called resistivity. 

i = 	j;N  

Where l is the length of the sample and R is the resistance of the 3D printed part and it can be 
calculated using Ohm’s law 

U = 	 :^     In Amperes 

Where V is the voltage and I is the current flow across the samples. Upon this basis the electrical 
conductivity for each samples have been determined and plotted to see the changes in their 
values according the other factor variations (See Figure 9). 

 
Figure 9 Electrical conductivity of different sample 

 
As observed from literature, the functional component of sensors devices is being fabricated by 
the 3D printing techniques. The present case study also highlights the potential to fabricate the 
functionally upgraded parts for sensors devices. 

6 Conclusions 

Sensors are heart of any measurement, control and diagnostics devices and termed as the critical 
component. Following conclusions can be made from the present state of art review with 
prospective of use of Gr in the sensing devices. 
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• Conventional sensor devices use the sensing element has high cost due to use of 
expansive nanoparticles. Gr has emerged as one of the most acceptable replacements of 
nanoparticles used as sensing material. In biomedical applications the Gris replacing the 
conventional metallic nano particle with provision of reducing cost and improving 
sensing ability. The 3D printing followed by the extrusion process can be the one of the 
replacements to fabricate the sensor part blended by particle with nano composites. This 
novel method of manufacturing the sensor element will be instrumental for reducing the 
elemental cost of sensor devices. 

The employment of composite ABS–Gr FDM feedstock filaments for the rapid prototyping of multi 
scale innovative materials and structures [162-214] awaits attention. 
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