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Abstract 

Recently Graphene Oxide (GO) Nanofluids has become one of the emerging 

topics discussed in engineering applications due to its favourable characteristics 

in thermal and electrical conductivity. The substance is a combination of nano-

size particles of graphene oxide dispersed in a base fluid, commonly distilled 

water. Two-step preparation method was used to prepare the nanofluids in this 

experiment. Graphene oxide nanoparticles was created by using simplified 

Hummer’s method. Oxidized from graphite, the material is proven to have 

ability to conduct electricity and heat. To determine the characteristics of the 

graphene oxide nanosheets, FTIR and XRD test was carried out on the sample. 

The corresponding results showed that the graphite was fully reduced and 

oxidized to graphene oxide. To monitor the stability of the samples photo 

capturing technique was utilized. It was concluded that with a pH around 7.8 

and ultrasonic time of 70 min produce samples that are stable for at least a 

month. In terms of electrical conductivity enhancement it was shown that 

samples with 0.03% volume fraction of graphene oxide had the highest 

electrical conductivity with a value of 161.44 μS/cm. The ability of the colloidal 

suspension to conduct electricity is basically due to the formation of dielectric 

layer and the presence of surface charges around the nanoparticles. In terms of 

electrical conductivity enhancement of the base fluid, sample with volume 

faction of 0.03% produces an enhancement value of 106%. The samples did not 

show any significant enhancement when the temperature is manipulated.    

Keywords: Graphene Oxide, Nanofluids, Stability, Electrical conductivity 

                   enhancement. 

 

 

1.  Introduction 

The combination of nanoparticles with a known fluid produces a colloidal 

suspension called nanofluids. The nanoparticles dispersed can vary from metal to 
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ceramic particles as well as carbon allotropes and all kinds of metal oxide 

particles, whereas the common fluids used are cooling liquids which can be water, 

organic liquids or even oil and kerosene [1]. This liquid substance have gained 

considerable attention in recent years due to its ability to enhance thermal 

conductivity, heat transfer, and electrical conductivity of the base fluid creating 

potentials to be used as a coolant and electrodes in many advance equipment such 

as high powered laser, x-ray, microelectronics and industrial cooling applications. 

Using nanoparticles not only enhances the characteristics of the base fluid compared 

with millimeter dispersed particles but it also does not cause any sedimentation and 

clogging in pipes as the size is extremely small and stable in the base fluid [2].  

Nanofluids are widely prepared by two-step preparation method whereby the 

nanoparticles and the base fluids are created separately from its precursor and 

afterward mixed together. After dispersion there are high chances that the 

nanoparticles will agglomerate and sediment forming two layered solution due to 

high van der Waals interaction [3]. To avoid this, secondary treatments such as 

addition of surfactants or surface modification, pH control of the nanofluids and 

applying ultrasonic treatment are common steps taken to make sure a stable and 

homogeneous solution is formed. Surfactants are chemical compounds, when 

added to nanofluids it helps reduce the surface tension of the base fluid making 

better immersion of the particles. Sodium dodecyl sulfate (SDS) and Sodium 

dodecylbenzenesulfonate (SDBS) are commonly used surfactants. Surface 

disruption is a surfactant free method whereby the particles are made hydrophilic 

by introducing functional groups to make it immense in aqueous solution. 

Another step is by pH control of the nanofluids, by means of acid treatment the 

zeta potential value of the nanofluids is moved away from the isoelectric point 

and producing a stable and homogenous suspension. Zeta potential is the measure 

of electrokinetic potential in mV of nanoparticle surface charge. The further away 

the zeta potential value from IEP the less agglomeration is formed and vice versa 

[4]. Use of ultrasonic vibration is to successfully break down the cluster of the 

particles to produce a homogenous nanofluids. Producing nanofluids that is able 

to be stable for a very long period of time can be extremely useful for potential 

application, one such nanofluids is the graphene oxide nanofluids.           

Recent breakthrough in nanotechnology using Graphene Oxide (GO) as a new 

type of nanofluids in many applicable areas, one specific to this research is using 

as electrodes to conduct electricity. Graphene is a 2D sp
2
 nanostructure material 

than can be produced from graphite. 2D sp
2
 means that the graphene is a two 

dimensional, one-atom thick bonded to each other by sp
2
 bonding. Graphene 

proved to be an ideal electrode material because of their high specific surface area 

theoretically calculated to be around 2630 m
3
/g and further more due to their 

chemical stability and the ability to conduct electricity and heat. It is also noted 

that the material have high mechanical strength, hence summing up all these 

properties makes the material suitable to be used as an electrode [5]. Though 

having good characteristic yet the material cannot be stable in water due to its 

hydrophobic properties and tend to create a two phase suspension. In the contrary 

graphene oxide proves to be stable in water for a long period of time because of 

its hydrophilic nature due to the presence of functional group [6].  

The oxidation of the graphene can be done by either using Brodie’s method or 

Hummer’s method. In Brodie’s method the main process is KCLO3 - fuming 

HNO3 whereas Hummer’s method involves reacting graphite with a mixture of 
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potassium permanganate (KMnO4) and concentrated sulfuric acid (H2SO4). 

However both oxidation methods introduces hydroxyl, carboxyl and epoxy 

functional group on the graphene flakes with a carbon/oxygen atomic ratio ~ 2 [7].      

Nanofluids are widely acknowledged for its thermal conductivity properties 

with less information published about its ability to conduct electricity. Available 

publications regarding electrical conductivity of nanofluids mentioned that the 

conductivity of nanofluids are based on the ability of charged particles which are 

the ions in the suspension to carry the charges (electrons) towards respective 

electrodes when an electric potential is applied, which is similar to the 

functionality of aqueous electrolyte solution [8]. Also mentioned in the theory of 

colloidal and surface chemistry, particles dispersed in a fluid get charged due to 

the formation of electrical double layer (EDL) around the particle surface. EDL 

are constitutes of the surface charge of the particles with the ion clouds 

surrounding it. This formation of EDL mainly depends on the surface charge, size 

and volume faction of the particles disbursed in the fluid. Hence, when an electric 

potential is applied the particles and the EDL will move towards oppositely 

charged electrode whereby the mobility of particles determines the electrical 

conductivity of a solution [9]. 

By producing a stable electrical conductive substance, battery technology can 

be extremely improved. Currently lithium ion technology are used as rechargeable 

battery in laptops, smart phones and many other electronic devices. In a lithium 

ion battery the common material used for the cathode is graphite based materials. 

This is because the material is able to store ions during charging, and discharges. 

Graphene oxide which has high specific surface area makes it able to store more 

ions, thus producing a high energy density battery. The performance of battery is 

also directly connected with the conductivity of the material used as well [10].  

The purpose of this study is to examine the characteristics of graphene oxide 

nanofluids and also study the electrical conductivity by varying volume 

concentration and temperature of graphene oxide nanofluid. Graphene oxide used 

in this experiment was dispersed in distilled water as the base fluid with volume 

factions from 0.005% to 0.03% and experiments conducted with temperature 

ranging from 25 to 50 ̊C.    

 

2.  Methodology  

2.1. Materials  

Table 1 shows the precursor and its quantity used to produce 3g of graphene oxide.   

Table 1. Precursor used in preparation of graphene oxide.  

Precursor  Quantitiy  

Graphite flakes 3g 

Sulfuric acid (H2SO4, 98% concentration) 360 ml 

Phosphoric acid (H3PO4, 98% concentration) 40 ml 

Potassium permanganate (KMnO4, 99.9% purity) 18 g 

hydrogen peroxide (H2O2, 30% concentration) 350 ml 

hydrochloric acid (HCI, 37% concentration) 1 mole 
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2.2. Preparation of GO  

The preparation of GO was done according to simplified hummer’s method and 

the whole process takes roughly about four days to prepare. Initially 360ml of 

sulfuric acid (H2SO4), and 40ml of phosphoric acid (H3PO4) was mixed in a 

beaker using magnetic stirrer. While stirring 3.0g of graphite flakes was added. 

After 5min of stirring, potassium permanganate (KMnO4) was added gradually. 

Precaution should be taken when adding potassium permanganate as it can be 

explosive. The solution is left to stir for three days using a magnetic stirrer [11]. 

After three days hydrogen peroxide (H2O2) was added to the solution in an ice 

bath. Ice is used to cool down the reaction as adding hydrogen peroxide can 

increase the temperature. The solution is left to stir for another 10 minutes. At the 

last stage, the solution is washed with hydrochloric acid (HCI, 1Mole) for 3 times 

and finally washed with distilled water until the pH reaches 6 or 7 in a centrifuge 

(HITACHI, CR21GIII temperature control centrifuge). The main observation that 

was noted is the colour change of the GO suspension from bright yellow to light 

brown and finally dark brown. Moreover the suspension will also change from a 

less viscous solution to a more viscous jelly like material [11].   

The GO suspension is then dried in an oven (PROTECH, FAC-50, forced air 

convection oven) for 24 hours at 50 ̊
C 

to remove water molecules finally 

producing graphene oxide Nano-sheets. 

 

2.3. Preparation of GO nanofluids  

The prepared graphene oxide sheets were later dispersed in deionized water (DI 

water) to produce the desired GO nanofluids with different volume concentration 

using density of 2.23g/cm
3
. Two-step preparation method was used to prepare the 

samples. After dispersing the nanoparticles, the solution is ultrasonicated using a 

horn ultrasonic (Sonic Vibra cell) for 70min to produce a stable and homogeneous 

nanofluid. PH of the samples was maintained at pH7.  

 

2.4. Analysis method 

FTIR and XRD are done to determine the oxidation level, present functional 

group and the interstitial distance of the structure. XRD (x-ray diffraction) data is 

taken from EMPYREAN, PANALYTICAL and FTIR spectra (Perkin Elmer-

spectrum 100 model). 

To observe the stability of GO nanofluids photo capturing technique was 

carried out using a digital camera. Pictures of freshly prepared nanofluid was 

taken on the day of preparation as well as few days after preparation. The 

formation of sedimentation and the clarity of the nanofluid was used to determine 

the stability of the solution.    

 

2.5. Electrical conductivity  

The electrical conductivity is measured by a 4-Cell conductivity electrode meter 

(CYBERSCAN CON 11) with inbuilt automatic temperature compensation 

(ATC). The instrument reads out both the temperature and the conductivity values 
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simultaneously when fully immersed in the solution. Instrument calibration was 

done with de-ionised (DI) water, 5 repeated measurements was done to get a 

consistent reading [12]. 

The summation of instrumental error and measurement error gives the total 

error in the experimental data. In terms of measurement error the error is caused 

by the deviation from the mean value obtained due to environmental factors, the 

error is known to be ±1%. In terms of the instrumental error, the electrical 

conductivity and temperature measurement gives an error of ±1% and 0.1 ̊
C
 for the 

range of 0–1999 S/cm. Therefore the total experimental error produced is less than 2%.  

 

3.  Results and Discussion  

3.1. FTIR spectrometer analysis  

Figure 1 shows the FTIR result of GO sheets. By analyzing the graph it can be 

concluded that oxygen and water containing functional groups are present in the 

lattice. The peaks at around 3500 to 3200 cm
-1

 are due to hydroxyl functional 

groups the H bonded OH stretch. A sharp peak at 1374 cm
-1

 can be assigned to 

the C=O starching known to be the carboxyl functional group and the 1066 cm
-1

 

peak for C-O stretching vibration from the primary alcohol bond. Moreover the 

peak at 1619
 
cm

-1 
indicates the retention of the C=C even after the oxidation 

process. The presence of functional groups helps the graphene sheets to interact 

with water molecules and disperse well [6, 13]. 

 

Wavenumber (cm-1) 

Fig. 1. FTIR result of GO. 

3.2. XRD pattern 

The XRD pattern of the GO in Fig. 2 shows only one sharp peak around 2θ = 9.7 ̊. 

This corresponding to the (001) plane of graphene oxide, which indicates the 

presence of functional groups and other structural defects.  

Figure 3 shows the XRD pattern of the graphite, the pattern has peak at 26 ̊ 

indicating the (002) plane. Moreover small peaks at 42 ̊, 44 ̊, and 54 ̊ indicates a 
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significantly crystalline structure of graphite. By comparing both figures it is 

evident that graphite has been successful reduced to graphene oxide.  

 

Fig. 2. XRD pattern of GO. 

 

Fig. 3. XRD result of graphite [14]. 

3.3. GO stability  

Stability of nanofluids is related to its zeta potential value and the distance it has from 

the isoelectric point (IEP). Zeta potential measures the degree of repulsion of similar 

charged particle dispersed in a solution. It represents the electrostatic value of the 

particles dispersed, typically having a high zeta potential value more than 30mV or 

less than -30mv causes electrostatic force to be greater than the attraction force 

between the particles, therefore making the nanofluids stable over a period of time. 

Having a zeta potential value close to IEP causes it to have a low electrostatic value as 

the IEP point is the point with no net electrical charge hence the attraction force of the 

particles will be greater causing it to agglomerate and subsequently sediment [8].  

One of the key parameter that affects the zeta potential value is the pH of the 

solution. By changing the pH of the solution its electrostatic charge of the surface 

will change accordingly. Thus to produce a stable GO nanofluids the pH of the solution 

was kept around pH 7 from pH 4 by adding drops of Sodium Hydroxide (NaOH) [15].         
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Besides manipulating the pH of the solution the ultrsonication time also 

determines the best dispersion of the GO nanofluids. Providing a longer 

ultrsonication time successfully breaks down the clumps of the GO sheets into fine 

particles however it is very critical and based on the clustering theory there is an 

optimum time in which if the ultrasonication time would be more than optimized 

time, the agglomeration has reverse influence and results in sedimentation [1]. 

Therefore as it is shown in the Table 1 the best preparation method to have the most 

stable GO nanofluid is 65 to 70 min ultra-sonication time. It is also stated in several 

research paper that the most stable nanofluid is located at pH around 8 [16]. Table 1 

shows the pH value of the samples with the ultrasonic time. Figure 4 illustrates the 

preparation of nanofluids with different ulsonication time and Figs 5 and 6 shows 

the stability of the nanofluids over a period of one week.  

Table 1. pH value and ultrasonic time of samples. 

Sample number Initial 

pH 

Final               

pH 

Ultrasonic time 

(min) 

Stability  

(days) 

1 4.6 7.3 67 1 

2 4.7 6.9 62 1 

11 4.5 7.5 70 1 

12 5.2 7.4 71 1 

3 4.2 7.0 70 7 

4 4.4 7.0 66 7 < x < 14 

5 5.5 7.1 62 7 < x < 14 

6 4.4 6.9 66 7 < x < 14 

8 4.5 7.0 73 7 < x < 14 

10 5.6 7.5 70       14 

9 4.4 7.4 69 14 < x < 30 

7 4.3 7.0 64 30 

13 40 7.4 70 > 30 

14 4.5 7.8 69 > 30 

 

       

 

Fig. 5. (sample 1-7: 0.017, 0.17, 0.17, 0.005, 0.005, 0.011, 0.024 vol %)              

a) one day after preparation b) one month after preparation. 

b 

 

1 2 3 4 5 6 7 

 

a 
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Fig. 6. (samples 8–14: 1-7, 0.017, 0.17, 0.17, 0.005, 0.017, 0.03, 0.03 vol %)              

a) one day after preparation b) one month after preparation. 

 

Based on Fig. 4, it can be noted that after dispersing the nanosheets in the 

water, the particles does not homogenize in the liquid as its size is still large. 

After applying strong forces the particles begin to disperse evenly out in the 

liquid. As the ultrasonic time increases the clumps of particle begin to break down 

and disperse in the liquid evenly as observed in Fig. 4.     

 

3.4. Electrical conductivity of GO nanofluids 

Based on Fig. 7, the experimental data indicates that the electrical conductivity of 

the nanofluids depends on the volume fraction of nanoparticles, when the volume 

fraction increases the conductivity also increases. Whereas for change in 

temperature there is an increase in electrical conductivity of the suspension but 

the increase is insignificant in value. This is mainly because electrical 

conductivity of low concentrated GO nanofluid does not dependent on the 

temperature, nevertheless as the concentration increases there will be minor effect 

on the improvement of electrical conductivity by temperature [17, 18]. Reflecting 

on the values produced, highest value of electrical conductivity, 161.44μS/cm, 

was recorded for a volume fraction of 0.03 at a temperature of 50°C. and the 

lowest recorded value was 60.94μS/cm at room temperature; T=25 °C with 

volume fraction 0.005. 

The percentage increase in electrical conductivity of the base fluid with 

different volume faction was calculated using the formula (1), where σ 

corresponds to the electrical conductivity of the nanofluids and σo correspond to 

that of the base fluid which is 1.35 μS/cm. The values are represented in Fig. 8: 

  𝑘 =
𝜎−𝜎0

𝜎0
 × 100%                                                                                        (1) 

a 

 

b 
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Fig. 7. Electrical conductivity of                                                                          

GO nanofluids with different volume fraction. 

Figure 8 shows that the rate of enhancement increases with respect to increase 

in the nanoparticle volume fraction. This shows that the conductivity has a clear 

dependence on the volume fraction but this variation does not reflect on the 

temperature in the range of 25 – 50 ̊
C
. Even as the temperature increases, the 

enhancement seems to have the similar value to those of lower temperature 

mainly because the samples are low concentrated GO. A 44% increase in the 

electrical conductivity was observed for 0.005 volume concentration of GO 

nanoparticles in water at temperature, T=25 ̊
C
. With rise in concentration, a 106% 

increase in the electrical conductivity was measured for volume fraction 0.03 at 

the same temperature. 

 

Fig. 8. Enhancement of electrical conductivity of GO nanofluids. 
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According to the theory of colloidal suspension, electrical conductivity in 

nanofluids depend on the formation of dielectric layer on the particle surface and 

the net electric charge of the particles. Formation of EDL is based upon three 

factors which are the volume fraction of particles, ionic concentrations in the 

solution and the physicochemical properties of the particles. When nanoparticles 

are dispersed in a polar liquid there will be a formation of electric charge on the 

particle surface. Specific to this experiment, when GO particles are dispersed in 

the base fluid, electric charges are formed, this consequently causes ions that are 

oppositely charged to attract on to GO particle surfaces, which causes the 

formation of charged diffuse layer around the particle, known to be the electrical 

double layer [1, 8-9]. In situations when the amount of ions in solution is low 

such as distilled water, there are insufficient ions to compensate the electric 

charges of the particle, therefore the net electric charge density becomes higher on 

the particle surfaces compared to the formation of EDL. Subsequently the 

enhancement of the electrical conductivity of the nanofluid is contributed by the 

formation of EDl and the net surface charge of the particle. Moreover, having 

homogeneously dispersed nanoparticles with large surface area, leads to an 

improve electrophoretic mobility [9], successively leads to the increases in 

electric conductivity of the nanofluid. In conclusion when the particles volume 

fraction increases, more conducting pathways is formed, which in turn increases 

the overall electrical conductivity of the solution as witnessed in this experiment 

[1, 8-9].    

4.  Conclusions 

Graphene oxide was successfully prepared by simplified hummer’s method. After 

homogenizing by ultrasonic probe (sonic vibra cell) and alkaline (NaOH) 

treatment, sample number 14 is shown to have good stability with pH 7.8 and 

ultrasonic time of 70min. GO nanofluids with volume concentration 0f 0.03% and 

temperature of 50 ̊
C
 is shown to have the highest conductivity value which is 

161.44μS/cm. therefore having an enhancement value of 106% GO nanofluids 

has a potential to be used as an electrode in redox flow batteries, 
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