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Abstract 
 

Graphene Oxide (GO) shows remarkable properties in many filed like electronics, sensors, biomedical, thermal conductivity, 
nanofluids, etc. In this paper, the original Hummers method was used to synthesis GO. Various characterization techniques 
like FESEM, EDS, FTIR, XRD, and RAMAN were used to verify the conversion of carbon into GO. Suspension of GO in 
double distilled water with different concentrations was prepared with the help of exhaustive ultrasonication. The stability and 
presence of GO in the suspension were checked after one week with the help of UV-Vis spectroscopy and the nanoparticle size 
of GO in the suspension was confirmed with the help of the DLS technique. To calculate the acoustical parameter of the 
prepared samples ultrasonic velocity, density and viscosity were measured with the help of instruments available. Further, 
these values were used to calculate parameters like adiabatic compressibility, attenuation, acoustical impedance, etc. 
Acoustical thermal properties of the prepared sample of Water-GO suspension is reported in this paper.  
Keywords: Graphene Oxide; FESEM; XRD;  EDS; UV-Vis; Ultrasonic velocity; Density; Viscosity; Relaxation time; Bulk 
Modulus; Attenuation; Nanosuspension; Adiabatic compressibility 

 

Introduction 
Nanosuspension is a colloidal dispersion of 

nanoparticles that can be controlled by various techniques. 
The particle size range for solid particles in nanosuspensions 
is typically smaller than one micron with a median particle 
size ranging between 100 and 500 nm. (Pardeike et al., 2011) 
Dispersion of nanoparticle in a base fluid can offer a 
tremendous change in its properties and because of the 
extraordinary properties shown by various nanoparticles of 
metals, metals oxides, ceramic and carbon, it becomes the 
attraction for many researchers. One fascinating feature of 
nanofluids is that they have anomalously high thermal 
conductivity (Rabbani, Mohseni and Rao, 2016), 
(Sadeghinezhad et al., 2016), (Kharat et al., 2019) which 
makes nanosuspension strong material for the next 
generation of coolants for improving the design and 
performance of thermal management systems. (Torrisi et al., 
2012). In recent, applications of nanofluids was also 
discussed (Ghazvini et al., 2019), (Ahmadi et al., 2019a), 
(Ahmadi et al., 2019a), (Ghazvini et al., 2020), (Ahmadi et 

al., 2018), (Ahmadi et al., 2019c). 
The Brownian motion of nanoparticles in a base liquid 

is proposed to be one of the major physical mechanisms of 
the thermal conduction of nanofluids. Therefore; it is 
significant to investigate the movements of nanoparticles in 
nanosuspension. Ultrasonication is an accepted technique for 
the study of such Brownian motion and dispersing 
aggregated nanoparticles for the preparation of aqueous 
nanosuspensions (Zhang et al., 2017). Most of the studies 
have focused on the effect of sonication time on the stability 
of nanosuspensions and all of them used continuous 
ultrasonic waves to sonication (Mahbubul et al., 2015). The 
ultrasonic properties of solid-liquid suspensions in the 
micrometer size of the particles can cause changes in 
ultrasonic velocity and ultrasonic attenuation that can affect 
the thermal conductivity of nanofluids. More specifically, 
there is an increasing interest mostly in the acoustic 

properties for acoustic telemetry suspensions via drilling 
fluids, as well as the rising market for ultrasonic components. 
Several scientists have researched ultrasonic propagation 
behavior by suspending solid particles, especially in the 
nanometre scale of a fluid, with the goal of finding a process 
that allows vital information to be derived from the behavior 
of ultrasonic materials, such as particle size, density and 
mechanical properties of the constituents. Due to their 
relatively large surface-to-volume ratio, nanoparticles 
arrested in base liquid substantially expose some new 
properties that aren't always present in either of the pure 
components. Hence it is essential to investigate the influence 
of nanoparticles on the properties of the base liquid in order 
to effectively anticipate the final properties of the complex 
fluids.  

Graphene is one of the greatest finds of the last decade 
in terms of many physical and chemical properties. Since its 
evolution in 2004 range of properties has been reported like: 
high electron mobility, high thermal conductivity, 
impermeable to gasses, strongest material ever reported etc. 
Despite all of these good properties still, there is a number of 
challenges associated with this material, like industrial-scale 
productivity, the stability of GO in different available 
solvents (El-Kady et al., 2012), (Haque et al., 2015), (Lee et 

al., 2008), (Sheshmani and Fashapoyeh, 2013).  
In the present work, we have conducted a study 

of ultrasonic waves in colloidal dispersion of GO 
nanoparticles with different concentrations in water to take 
advantage of the GO properties in the form of 
nanosuspension. Structural, morphological and fluid-particle 
interaction studies have been completed and compared. 
Various acoustical parameters like ultrasonic velocity, 
density, viscosity were calculated at a temperature range of 
298 to 313 K and explained.  
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Material and Methods 

Reagent and chemicals 

Graphite powder, sodium nitrate procured from Sigma 
Aldrich, KMnO4, HCL, H2SO4, and Ammonia has been taken 
from CDH. H2O2 has been procured from fisher scientific. 
All chemicals used in this research were of AR grade and 
used without additional purification. Throughout all the 
experiment double distilled water was used. 
Methods 

Graphene Oxide was prepared using Hummers Method. 
In short, 3g of graphite powder and 6g of NaNO3 were added 
in the glass flask containing 120 ml of H2SO4 kept on ice 
bath maintaining 0 oC. After continuous stirring of 45 
minutes, 12 gm of KMnO4 was added in the suspension very 
slowly maintaining the temperature below 90 oC. The 
mixture is maintained close to 0 oC and kept on continuous 
stirring for 2 hours. After this mixture is placed in the water 
bath maintained at 40 oC to increase the oxidation reaction. 
The color of the mixture begins to change from black to 
brown. Eventually, 30% of the H2O2 is applied to the 
solution to halt the reaction. The solution is treated with 
distilled water and sprayed with HCl to remove excess metal 
ions. The paste is cleaned properly, purified and air-dried 
with 2 liters of distilled water. Synthesized GO is spread by 
continuous ultrasonicate in distilled water. Suspension of 
various concentrations was prepared without adding any 
further chemical treatment. (Hummers and Offeman, 1958), 
(Abulizi et al., 2013), (Mahbubul et al., 2015), (Naficy et al., 
2014). 
Characterization of GO and GO-Water nanosuspension 

Nova Nano FESEM 450 with attached EDAX was used 
for the micro-level imaging of prepared samples. Shimadzu 
8400S spectrometer was used for the Fourier transform 
spectroscopy in range from 400 to 4000 cm-1. Panalytical 
X’Pret Pro with wavelength 1.54 Å used for the XRD 
spectra. Confocal Raman Spectrometer Airix STR 500 was 
used to study the Raman spectrometric studies. Shimadzu 
UV-1800 spectrometer was used to study the UV-Vis studies 
of the prepared nanosuspension samples. The average 
particle size in nanosuspension was verified with the help of  
Malvern Zetasizer Nano ZS90. The ultrasonic velocity of the 
prepared samples calculated with the help of Mittal 
Interferometer M – 81 with a fixed frequency of 2 MHz. 
Density was calculated with the help of a pycnometer.  
labman model of LMDV-200 used to calculate the viscosity 
of all prepared samples.  

Result and Discussion 
Morphological and elemental analysis 

Figure 1 (a) corresponds to the FESEM image of the 
GO sample at 200000 X magnification. The figure shows 
how layers of carbon are stacked together in GO.  

 

 
The EDS graph of GO shows the present content of 

carbon and oxygen present in the prepared samples which 
come out to be 74.33% and 24.46% respectively. A large 
amount of oxygen content present in the prepared sample 
shows the good oxidation of carbon. It proves the conversion 
of graphite powder into GO. (Wang, Huang and Huang, 
2014), (Roy et al., 2016). 

 
Figure 3 corresponds to the FTIR spectrum of GO.  

Peaks at 1116.82 correspond to alkoxy C—O stretching 
vibration and C—O epoxy stretching vibrations. 1618.33 
correspond to C=C Skelton vibrations of the Graphene 
network, 2345.51 shows the presence of CO2 (Wang et al., 
2017), (Zhu et al., 2015), (Luo et al., 2013). XRD spectra of 
GO is shown in figure 4. The strong peak at 8.93 contributed 
toward the (001) crystal plane of GO. The lower value of 
angle corresponds to the increase in the interplanar distance 
of the layers of Graphene because of oxygen atoms trapped 
inside these layers (Liu, Huang and Zhang, 2014), (Liu et al., 
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2013), (Liu, Yao and Zhou, 2015). Figure 5 shows the 
Raman spectroscopy graph of the GO samples. 

 
The peak at 1352.37 in figure 5 corresponds to defects 

in the graphene network and the second peak at 1594.21 
corresponds to the Graphene Network peak respectively. The 
intensity ratio of structure defect and Graphene network ratio 
is ID/IG = 0.84 which corresponds to good structure 
retainment of the graphene network. (Su et al., 2012), (Feng 
et al., 2016), (Stankovich et al., 2007) 

Colloidal Stability analysis 

The nanosuspension of water-GO was prepared with the 
help of extensive ultrasonication. The UV-Vis spectra are 
shown in figure 6. The peaks at the position of 239 nm 
confirm the presence of GO in the nanosuspension (Li et al., 
2008), (‘Preparation of Graphitic Oxide’, 1957).The average 
diameter of GO in water is obtained using a dynamic light 
scattering (DLS) shown in figure 7. 

 
It is seen that the average size of the GO is in the array 

of 130 to 155 nm for all 5 prepared samples (Roy et al., 
2016), (Ma et al., 2018), (Bao et al., 2011). 

 

With the help of average particle size calculation by 
DLS, we can categorize the prepared sample as 
nanosuspension. 

Thermoacoustic analysis 

Following parameters have been measured in the study. 

Ultrasonic Velocity 

Ultrasonic velocity is one of the most important 
parameters for understanding the intraparticle and 
intermolecular interaction of nanosuspension specimens. The 
ultrasonic velocity of double distilled water and its solution 
was measured at four different temperatures (298, 303, 308 
and 313 K) and at 1atm pressure. The reading of velocity, 
density and viscosity were repeated several times for 
accuracy (Parmar and Banyal, 2005). All measurements for 
pure water are matched with literature to prevent error. The 
dissimilarity of ultrasonic velocity with the concentration of 
nanosuspension and temperature contributes to the 
understanding of the liquid. Figure 8 indicates the difference 
of ultrasonic velocity with the concentration of GO in liquid 
(Parmar and Thakur, 2006) (Thakur et al., 2014)(Thakur, 
Sharma, Kumar, et al., 2015). 

 

299 K 304 K 309 K 314 K

0 (mg/ml) 1498.461 1507.692 1516.15 1525.31

0.2 (mg/ml) 1501.538 1510.846 1519.08 1528.54

0.4 (mg/ml) 1504.615 1512.923 1521.17 1530.23

0.6 (mg/ml) 1506.55 1514.85 1524.05 1532.23

0.8 (mg/ml) 1507.692 1515.846 1526.14 1534.86

1.0 (mg/ml) 1510.46 1518.692 1529.32 1537.15

Average Velocity(U)

 
Ultrasonic velocity grows in water-GO nanosuspension 

with the upsurge in the concentration of the particles (S. 
Pathania et al., 2015) (Thakur, Sharma, Meenakshi, et al., 
2015). The increment in the ultrasonic velocity has been 
accredited to the dominance of intramolecular interaction 
over intermolecular interaction. With the growth in the 
concentration of the particles, there is a likelihood of an 
increase in the Brownian motion of nanosuspension and an 
increase in the surface layer which further helps to increase 
the ultrasonic velocity. Growth in the temperature of the 
nanosuspension also increases in the Brownian motion of the 
fluid molecules which further increase the velocity of the 
fluid. (Leena, Srinivasan and Prabhaharan, 2015), (Parveen et 

al., 2009). 
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Density 

As shown in Figure 9, as soon as the GO particle has 
been added to the pure water, density increases from 997 m / 
s to 1005 m / s for water-GO nanosuspension at 0.2mg / ml. 
After this continuous decrease in the density of the prepared 
nanosuspension with a rise in the concentration of the 
particles can be seen (S. K. Pathania et al., 2015) (Sonika and 
Thakur, 2015) (Thakur, Sharma and Bala, 2016) (Ramesh 
Thakur, 2016) (Thakur, 2016) (Thakur, 2016) (Sharma and 
Thakur, 2017) 

 

299 K 304 K 309 K 314 K

0 (mg/ml) 997 995.4 993.8 992.2

0.2 (mg/ml) 1005 1003.2 1002.1 1000.8

0.4 (mg/ml) 1004.3 1002.1 1001 999.5

0.6 (mg/ml) 1003.3 1001.2 1000.1 998.1

0.8 (mg/ml) 1002.4 1000.3 998.7 996.9

1.0 (mg/ml) 1000.8 999.4 998.1 995.5

Density(ρ)

 
This is due to an increase in intramolecular interaction 

rather than intermolecular interaction. Density drops with the 
rise in the temperature of nanosuspensions (Vajjha, Das and 
Mahagaonkar, 2009), (Ranjini, Mahalingam and Jeevaraj, 
2012). 

Viscosity 

Viscosity of the water-GO nanosuspension declines 
with a rise in temperature due to the increase in the Brownian 
motion of the water molecules. The increase in the 
temperature flow of nanosuspension also becomes easy. 
Viscosity also increases slightly with an increase of particle 
loading in nanosuspension, which is due to a restriction in the 
flow produced by GO nanoparticles. These particles get 
tangled with each other to restrict the flow of liquids 
(Rabbani, Mohseni and Rao, 2016), (Parveen et al., 2009) 
(Thakur and Sharma, 2017) (Sharma et al., 2017) (Sharma 
and Thakur, 2018) (Sonika et al., 2018). 

 

299 K 304 K 309 K 314 K

0 (mg/ml) 0.00089 0.000797 0.000719 0.000653

0.2 (mg/ml) 0.015014 0.014089 0.0136 0.013263

0.4 (mg/ml) 0.015044 0.01425 0.01382 0.01346

0.6 (mg/ml) 0.015822 0.0151 0.014575 0.014289

0.8 (mg/ml) 0.01602 0.015075 0.014675 0.01426

1.0 (mg/ml) 0.016612 0.015978 0.015528 0.01462

Viscosity(η)

 
Adiabatic Compressibility 

Figure 11 shows a decrease in adiabatic compressibility 
with a rise in the concentration of the particles. Decreased 
adiabatic compressibility with increased concentration of the 
particles promotes fluid-particle interaction. In addition, 
adiabatic compressibility also decreases with an increase in 
system temperature (Kumar et al., 2016), (Hemalatha, 
Prabhakaran and Pratibha Nalini, 2011) (Chakraborty et al., 
2018) (Kaur et al., 2018) (Kaur, Kailash C. Juglan and 
Kumar, 2017). 

 

299 K 304 K 309 K 314 K

0 (mg/ml) 4.47E-10 4.42E-10 4.38E-10 4.33E-10

0.2 (mg/ml) 4.41E-10 4.37E-10 4.32E-10 4.28E-10

0.4 (mg/ml) 4.40E-10 4.36E-10 4.32E-10 4.27E-10

0.6 (mg/ml) 4.39E-10 4.35E-10 4.30E-10 4.27E-10

0.8 (mg/ml) 4.39E-10 4.35E-10 4.30E-10 4.26E-10

1.0 (mg/ml) 4.38E-10 4.34E-10 4.28E-10 4.25E-10

Adiabatic Compressibility(β)

 
Acoustic Impedance 

Figure 12 shows an increase in the value of acoustic 
impedance in nanosuspension with an increase in the number 
of particles. Increased values of acoustic impedance suggest 
that there is a significant collaboration between nanoparticles 
and liquid which can affect the structural arrangement. On 
the other side, the acoustic impedance for nanosuspensions 
increases with an uprise in temperature that can be due to an 
increase in the Brownian motion of base fluid molecules.  
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Increasing particle-fluid interactions at lower 
concentrations increase the intermolecular gap which 
provides resistance to the propagation of ultrasonic waves. 
(Khushboo et al., 2016; Gupta and Sharma, 2014; Kaur and 
Kumar, 2017; Manon et al., 2017) 

299 K 304 K 309 K 314 K

0 (mg/ml) 1493966.2 1500756.9 1506749.9 1513412.6

0.2 (mg/ml) 1509046.2 1515680.9 1522270.1 1529762.8

0.4 (mg/ml) 1511085.2 1516100.2 1522691.2 1529464.9

0.6 (mg/ml) 1511521.6 1516667.8 1524202.4 1529318.8

0.8 (mg/ml) 1511310.8 1516300.9 1524156 1530101.9

1.0 (mg/ml) 1511668.4 1517781.1 1526414.3 1530232.8

Acoustical impedance(Z)

 
Ultrasonic attenuation 

Figure 13 demonstrates the attenuation of ultrasound 
waves when going through prepared nanosuspensions. 
Ultrasonic attenuation increases dramatically with the 
addition of nanoparticles to the base fluid because the 
network of these particles can block most of the ultrasonic 
waves from reaching the other end.  

 

299 K 304 K 309 K 314 K

0 (mg/ml) 6.98E-15 6.14E-15 5.46E-15 4.88E-15

0.2 (mg/ml) 1.16E-13 1.07E-13 1.02E-13 9.76E-14

0.4 (mg/ml) 1.16E-13 1.08E-13 1.03E-13 9.88E-14

0.6 (mg/ml) 1.21E-13 1.14E-13 1.08E-13 1.05E-13

0.8 (mg/ml) 1.23E-13 1.14E-13 1.09E-13 1.04E-13

1.0 (mg/ml) 1.27E-13 1.20E-13 1.14E-13 1.06E-13

Attenuation (α/f2)

 
Therefore, with the rise in the density of the samples, 

the attenuation decreases only marginally. Moreover, the 
reliance on attenuation on temperature can be seen in all 
other nanosuspension preparations.  It can be seen that as the 
temperature rises, the magnitude of the attenuation declines 
because of the rate of Brownian motion increases in the base 
liquid (Kaur and Juglan, 2015; Tajik et al., 2012). 

Bulk Modulus 

It can be described as the resistance of the liquid or 
fluid to the stress applied. In Figure 14, the bulk modulus 
tends to increases for the water-GO nanosuspension with the 
growth in the count of the particles in nanosuspension. Bulk 
modulus also increases with increased temperature. 

 

299 K 304 K 309 K 314 K

0 (mg/ml) 2.239E+09 2.263E+09 2.284E+09 2.308E+09

0.2 (mg/ml) 2.266E+09 2.29E+09 2.312E+09 2.338E+09

0.4 (mg/ml) 2.274E+09 2.294E+09 2.316E+09 2.34E+09

0.6 (mg/ml) 2.277E+09 2.298E+09 2.323E+09 2.343E+09

0.8 (mg/ml) 2.279E+09 2.298E+09 2.326E+09 2.348E+09

1.0 (mg/ml) 2.283E+09 2.305E+09 2.334E+09 2.352E+09

Bulk Modulus(K)

 
An increase in bulk modulus or reduction in 

compressibility attributes to the fact that robust, collaboration 
forces act between molecules of the base fluid after the 
dispersion of GO nanoparticles in water (Ayachit et al., 
2007), (Elangovan and Mullainathan, 2013). 

Relaxation Time 

Figure 15 indicates the relaxation time of the water-GO 
nanosuspension. Relaxation time is the duration of molecular 
re-arrangement during the propagation of ultrasonic waves 
from the fluid. It can be seen clearly in Figure 15 that 
relaxation time rises from  to s 
purely because of the introduction of GO nanoparticles to 
pure water. 

 

299 K 304 K 309 K 314 K

0 (mg/ml) 5.30E-13 4.70E-13 4.20E-13 3.77E-13

0.2 (mg/ml) 8.83E-12 8.20E-12 7.84E-12 7.56E-12

0.4 (mg/ml) 8.82E-12 8.28E-12 7.96E-12 7.67E-12

0.6 (mg/ml) 9.26E-12 8.76E-12 8.37E-12 8.13E-12

0.8 (mg/ml) 9.37E-12 8.74E-12 8.41E-12 8.10E-12

1.0 (mg/ml) 9.70E-12 9.24E-12 8.87E-12 8.29E-12

Relaxation Time(τ)

 
In addition, a slight increase in relaxation time is seen 

in nanosuspensions. Relaxation time declines with an 
increase in temperature as the Brownian motion of water 
molecules rise with an increase in temperature (Elangovan 
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and Mullainathan, 2013), (Naik, 2015)(Parmar, Dhiman and 
Thakur, 2002). 

Intermolecular free length 

It can be clearly understood from Figure 16 that 
the intermolecular free length is a function of temperature. 
As the temperature rises, the free intermolecular free length 
reduces as the relaxation period increases. 

 

299 K 304 K 309 K 314 K

0 (mg/ml) 4.59E-10 4.59E-10 4.58E-10 4.57E-10

0.2 (mg/ml) 4.54E-10 4.53E-10 4.53E-10 4.51E-10

0.4 (mg/ml) 4.52E-10 4.52E-10 4.52E-10 4.51E-10

0.6 (mg/ml) 4.51E-10 4.52E-10 4.51E-10 4.50E-10

0.8 (mg/ml) 4.51E-10 4.51E-10 4.50E-10 4.49E-10

1.0 (mg/ml) 4.50E-10 4.50E-10 4.49E-10 4.49E-10

Intermolecular Free Length (Lf)

 
Therefore, the intermolecular free length falls with a 

rise in the density of nanoparticles in the base liquid. This 
activity is the result of liquid and particle interactions in 
nanosuspension (Khushboo et al., 2016), (Gupta, Sharma and 
Sharma, 2014). 

Conclusion 

Graphene oxide and reduced graphene oxide were 
prepared using the Original Hummer Method. Various 
characterization techniques including FESEM, XRD, FTIR, 
EDS, and RAMAN have been used to confirm the conversion 
of GO. Prepared GO powder was dispersed directly into 
distilled water using an ultrasonic technique. Samples with 
varying densities have been prepared for ultrasonic studies. 
The ultrasound analysis of Water-GO nanosuspension reveals 
the superiority of intramolecular interaction over 
intermolecular interaction. Ultrasound velocity increases with 
an increase in concentration due to a decrease in 
the intermolecular free length of the nanosuspension 
molecules. The density of both nanosuspension reduces and 
the viscosity rises with a rise in the concentration of GO 
particles. Adiabatic compressibility, intermolecular 
free length, decreases with increased concentration. This 
decrease in acoustic parameters indicates that there is a weak 
interaction between the molecules of the base fluid and GO 
nanoparticles. Acoustic impedance, bulk modulus, 
attenuation and relaxation time show an increase in the 
concentration of GO, suggesting the lack of a complex 
formation in the nanosuspension. 
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