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Abstract: The Original Hummer’s Method was used to produce Graphene Oxide. Hydrazine 

monohydrate was used to produce Reduced Graphene Oxide by the Graphene Oxide sample. The 

processed Reduced Graphene Oxide was confirmed by numerous characterization methodologies: 

RAMAN, X-ray diffraction, Field emission scanning electron microscopy, Energy-dispersive X-ray 

spectroscopy, and Fourier transform infrared. The numerous characterization methodologies verified 

the manufacture of Graphene Oxide and the transformation of Reduced Graphene Oxide from Graphene 

Oxide. The ultrasonication process of double distilled water was used for 24 hours to produce reduced 

graphene oxide nanosuspension. Further existence of reduced graphene oxide was confirmed by the 

ultraviolet-visible spectroscopy operating procedure in the nanosuspension. The dimension of reduced 

graphene oxide fragments was verified by an Ethylene Glycol solution's dynamic light scattering 

technique. Viscosity, density, and ultrasonic velocity for every concentration were calculated. Other 

parameters, such as acoustical impedance, intermolecular length, and adiabatic compressibility, are also 

calculated from investigated data. 
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1. Introduction 

Colloidal dispersion leads to the formation of nanosuspension nanoparticles ranging 

between 100-500 nm  [1]. Carbon nanotubes, carbide metals, and oxides were used as basic- 

components for the nanoparticles. Nanosized particles could be essential for more deficient 

heat transfer utilization as these nanostructures have high thermal conductance [2] and 

enormous surface area [9] [3] that can be deployed in various industries such as electronics. 

The literature discusses how the nanoparticles' greater surface area accounts for the majority 

of their remarkable characteristics. The fluid we are mixing has better overall qualities when 

we add nanoparticles with a bigger surface area. The nanoparticles may interact with the 

solvent molecules because of their very tiny size. Heat causes the liquid's molecules to move 

in an erratic zigzag pattern. Molecules clash with the suspension's nanoparticle as a result of 

this motion. Nanosuspension characteristics are further advanced by a selection of nanofluids 

[4]. Therefore, nanosuspension research aims to attempt to produce steady nanosuspension for 

commercial operation [5]. Utilizing ultrasound is the proven methodology for synthesizing 

https://biointerfaceresearch.com/
https://doi.org/10.33263/BRIAC144.094
mailto:alok.jain@lpu.co.in
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-7782-2983


https://doi.org/10.33263/BRIAC144.094  

 https://biointerfaceresearch.com/  
  

2 of 15 

 

fluid nanosuspension by dispersed trapped nanoparticles. The research has shown 

enhancements in nanosuspension stability with an extension of the sonication period. The 

nanosuspension’s ability to stay steady depends on the selection of nanoparticles and the period 

of sonication. Thus, developing steady nanosuspension that can be utilized for industrial 

purposes is the primary concern. Researchers are studying the density, viscosity, and ultrasonic 

velocity of nanosuspensions. Given that the nanoparticles' surface volume % is quite high, the 

thermoacoustic characteristics of the nanosuspension may be greatly enhanced.  

Regarding the chemical and physical characteristics of the process steps, graphene has 

been among the most relevant findings in the past ten years. Since its development, it has 

exhibited a wide range of characteristics, including the strongest material, high thermal 

conductivity, high electron mobility, and high electron density [6]. This material encounters 

two significant obstacles: fabricating stable suspension and industrial-scale productivity [7]. 

Graphene was one of the key materials we found and investigated in the last ten years. 

Numerous studies have considered and reported several features since its discovery in 2004 

collectives. First off, a lot of studies have been done on the graphene production process itself. 

Several teams are trying to figure out a sustainable and eco-friendly method of producing 

graphene. Although graphene presents numerous opportunities for research and development, 

there are still certain gaps in the field. For example, it is impossible to produce graphene at an 

industrial scale, and the process of creating it involves toxic gases. Graphene can only be 

suspended in a very small number of solvents. 

In this study, we synthesized an ethylene glycol-based rGO (reduced graphene oxide) 

nanosuspension with concentration ranges. Studies on the interaction between fluid, 

morphology, and structures have been performed and examined [8]. rGO-Ethylene Glycol 

nanosuspension intermolecular interaction was seen at numerous temperatures and 

concentrations ranging between 298K and 314K. Acoustic, adiabatic compressibility, 

ultrasound, mean free path, and impedance were examined [9,10]. 

2. Material and Methods 

From Sigma Aldrich, sodium nitrate and hydrazine monohydrates have been purchased. 

Ethylene Glycol (EG), H2SO4, HCL, KMnO4, and ammonia were purchased from CDH. H2O2 

was purchased from Fisher Scientific. All components were AR grade. Triple distilled water 

was used throughout the experiment. 

5 g of Sodium Nitrate and 5 g of graphite powder were combined with sulfuric acid of 

250 ml in a 1000 ml beaker. To ensure the temperature ranges between 0°C-10°C, an ice bath 

has been built around the beaker. The suspension was stirred for over 3 Hours at his 

temperature. At a range of temperature less than 10°C, 15 grams of potassium permanganate 

was slowly added and held at a temperature of 35°C till it turned brown.100 ml of water was 

slowly introduced to the mixture, ensuring a temperature of less than 90°C. 500 ml of water 

was additionally added while being continuously stirred. To terminate the reaction, 50 ml of 

hydrogen peroxide was added to the reaction. With deionized water and 10% HCl solution was 

continuously washed. The GO powder was extracted after the filtering solution was vacuum-

dried. 

The synthesized graphene oxide GO powder is split into two equal proportions to 

synthesize rGO from GO. A homogenous concentration of GO powder in ionized powder(2 

mg/ml) was obtained by employing the ultrasonication technique. A few drops of ammonia 
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were introduced to the solution to stabilize the PH ranging between 9 and 10. Hydrazine 

monohydrate (1 µl for 3 mg of GO) was introduced to the solution. It was stirred for 4 hours at 

95°C, which produced the black precipitate. Black rGO precipitate was rinsed, vacuum-dried, 

and filtered after it reached room temperature. The ultrasonication was employed to synthesize 

nanosuspension in the following suspensions- 0.8 mg/ml, 0.4 mg/ml, 0.2 mg/ml, 0 mg/ml, 0.6 

mg/ml, and 1 mg/ml. 

3. Results and Discussion 

X-ray diffraction (XRD) in the range of 2Ѳ=20°-70° was analyzed using (Panalytical 

X’Pret Pro) X-ray diffraction with Cu Kα radiation(k=1.5406) at a voltage of 40 KV and with 

a current of 40 mA. Shimadzu 8400 spectrometer was employed for FTIR Spectro (KBr pellets). 

Micro-level imaging of the sample was acquired by Nova Nano FESEM 450 with connected 

EDAX. Confocal Raman Spectrometer Airix-STR 500 was employed to analyze Raman 

spectra running between 800-2000 cm-1 at room temperature. Shimadzu UV-1800 Spectrometer 

was employed to analyze UV-VS spectra. Malvern- Zetasizer Nano ZS90 was employed to 

confirm the average particle size. Mittal Interferometer M-81 determined the ultrasonic 

velocity of the synthesized sample with a 2MHz fixed frequency. A pycnometer was employed 

to measure the density. The LMDV-200 Layman model evaluated the viscosity of the 

synthesized sample. 

Table 1. GO-EG nanosuspension. 

Concentration 

(mg/ml) 

Temperature 

(K) 

Jacobson 

Coefficient 

(KT) 

Average 

Velocity 

(m/s) 

Density 

(Kg/m3 ) 

Viscosity 

(Pa-s) 

Adiabatic Compressibility(β) 

=1/{(density*velocity2} 

(1/Pa) 

0 299 2.056 1670.77 1121.1 0.012193 3.20E-10 

0.2 299 2.056 1670.07 1120.9 0.016103 3.20E-10 

0.4 299 2.056 1669.09 1120.7 0.01363 3.20E-10 

0.6 299 2.056 1665.33 1120.2 0.012383 3.22E-10 

0.8 299 2.056 1663.54 1119.8 0.012126 3.23E-10 

1 299 2.056 1661.08 1119.4 0.010806 3.24E-10 

0 304 2.075 1653.08 1118.4 0.01103 3.27E-10 

0.2 304 2.075 1652.23 1117.8 0.014249 3.28E-10 

0.4 304 2.075 1651.15 1117.3 0.012378 3.28E-10 

0.6 304 2.075 1649.15 1116.8 0.011573 3.29E-10 

0.8 304 2.075 1645.23 1116.3 0.010988 3.31E-10 

1 304 2.075 1636.92 1116 0.0102 3.34E-10 

0 309 2.094 1633.85 1115.4 0.01036 3.36E-10 

0.2 309 2.094 1631.23 1114.7 0.012795 3.37E-10 

0.4 309 2.094 1628.69 1114.1 0.011148 3.38E-10 

0.6 309 2.094 1625.54 1114.1 0.010336 3.40E-10 

0.8 309 2.094 1622.92 1113.8 0.010171 3.41E-10 

1 309 2.094 1621.54 1113.4 0.009789 3.42E-10 

0 314 2.11 1618.46 1113.6 0.00944 3.43E-10 

0.2 314 2.11 1615.08 1113.1 0.010765 3.44E-10 

0.4 314 2.11 1613.46 1112.3 0.010288 3.45E-10 

0.6 314 2.11 1612.15 1112 0.009604 3.46E-10 

0.8 314 2.11 1608.62 1111 0.009346 3.48E-10 

1 314 2.11 1605.38 1110.5 0.009213 3.49E-10 
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Table 2. GO-EG nanosuspension. 

Concentration 

(mg/ml) 

Temperature 

(K) 

Acoustic 

impedance Z = 

Density * Velocity 

(Z) 

Attenuation (α/f2) 

(m-1 ) 

Bulk Modulus K 

= Velocity2 * 

Density 

(Pa) 

Relaxation 

Time 

τ = 4βη/3 

(s) 

Intermolecular Free 

Length Lf = 

Jacobson Constant * 

Adiabatic 

Compressibility1 / 2 

(m) 

0 299 1873099.385 6.13119E-14 3129516818 5.19E-12 3.28E-10 

0.2 299 1871980.601 8.1087E-14 3126337202 6.87E-12 3.29E-10 

0.4 299 1870550.182 6.87693E-14 3122118303 5.82E-12 3.29E-10 

0.6 299 1865506.4 6.2927E-14 3106689991 5.31E-12 3.31E-10 

0.8 299 1862830.369 6.18466E-14 3098889967 5.22E-12 3.32E-10 

1 299 1859409.508 5.53759E-14 3088622224 4.66E-12 3.33E-10 

0 304 1848801.231 5.7402E-14 3056210650 4.81E-12 3.39E-10 

0.2 304 1846863.554 7.43068E-14 3051444790 6.23E-12 3.40E-10 

0.4 304 1844834.192 6.47036E-14 3046105072 5.42E-12 3.41E-10 

0.6 304 1841775.015 6.0743E-14 3037370350 5.08E-12 3.42E-10 

0.8 304 1836571.108 5.8112E-14 3021583296 4.85E-12 3.43E-10 

1 304 1826806.154 5.47872E-14 2990341150 4.55E-12 3.47E-10 

0 309 1822392 5.59917E-14 2977508160 4.64E-12 3.52E-10 

0.2 309 1818332.081 6.95288E-14 2966117840 5.75E-12 3.53E-10 

0.4 309 1814526.1 6.08926E-14 2955304701 5.03E-12 3.54E-10 

0.6 309 1811012.4 5.67904E-14 2943870311 4.68E-12 3.56E-10 

0.8 309 1807611.723 5.61696E-14 2933614779 4.62E-12 3.57E-10 

1 309 1805420.923 5.42161E-14 2927559466 4.46E-12 3.58E-10 

0 314 1802318.769 5.25731E-14 2916983608 4.31E-12 3.62E-10 

0.2 314 1797742.123 6.03571E-14 2903491817 4.94E-12 3.63E-10 

0.4 314 1794653.269 5.78949E-14 2895604025 4.74E-12 3.64E-10 

0.6 314 1792715.077 5.41932E-14 2890132506 4.43E-12 3.65E-10 

0.8 314 1787171.692 5.31367E-14 2874871879 4.33E-12 3.67E-10 

1 314 1782779.615 5.27197E-14 2862046967 4.29E-12 3.69E-10 

Table 3. rGO-EG nanosuspension. 

Concentration 

(mg/ml) 

Temperature 

(K) 

Jacobson 

Coefficient 

(KT) 

Average Velocity 

(m/s) 

Density 

(Kg/m3 ) 

Viscosity 

(Pa-s) 

Adiabatic Compressibility(β) 

=1/{(density*velocit y2} 

(1/Pa) 

0 299 2.056 1665.77 1121.1 0.012193 3.21E-10 

0.2 299 2.056 1663.38 1120.2 0.01397 3.23E-10 

0.4 299 2.056 1659.46 1119.7 0.013781 3.24E-10 

0.6 299 2.056 1655.38 1119.5 0.013685 3.26E-10 

0.8 299 2.056 1653.38 1119.2 0.01298 3.27E-10 

1 299 2.056 1650.38 1118.7 0.012516 3.28E-10 

0 304 2.075 1653.08 1118.4 0.01103 3.27E-10 

0.2 304 2.075 1651.85 1117.7 0.012539 3.28E-10 

0.4 304 2.075 1648.85 1117.1 0.012243 3.29E-10 

0.6 304 2.075 1645.92 1116.3 0.011473 3.31E-10 

0.8 304 2.075 1642.92 1115.8 0.011168 3.32E-10 

1 304 2.075 1640.00 1115.2 0.010779 3.33E-10 

0 309 2.094 1638.85 1115.4 0.01036 3.34E-10 

0.2 309 2.094 1635.77 1114.7 0.011225 3.35E-10 

0.4 309 2.094 1632.69 1113.9 0.011041 3.37E-10 

0.6 309 2.094 1629.77 1113.4 0.01025 3.38E-10 

0.8 309 2.094 1626.85 1112.8 0.009879 3.40E-10 

1 309 2.094 1623.85 1111.8 0.0095 3.41E-10 

0 314 2.11 1618.46 1113.6 0.00944 3.43E-10 

0.2 314 2.11 1615.38 1112.3 0.009728 3.45E-10 

0.4 314 2.11 1612.31 1111.7 0.009518 3.46E-10 

0.6 314 2.11 1609.46 1111.1 0.008904 3.47E-10 

0.8 314 2.11 1605.46 1110.4 0.008421 3.49E-10 

1 314 2.11 1602.46 1109.4 0.008134 3.51E-10 
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Table 4. rGO-EG nanosuspension. 

Concentration 

(mg/ml) 

Temperature 

(K) 

Acoustical 

impedance Z = 

Density * Velocity 

(Z) 

Attenuation (α/f2) 

(m-1 ) 

Bulk Modulus K 

= Velocity2 * 

Density 

(Pa) 

Relaxation 

Time 

τ = 4βη/3 

(s) 

Intermolecular Free 

Length Lf = jacobson 

Constant * Adiabatic 

Compressibility1/ 2 

(m) 

0 299 1867493.885 6.18657E-14 3110813852 5.23E-12 3.30E-10 

0.2 299 1863323.446 7.12444E-14 3099423554 6.01E-12 3.32E-10 

0.4 299 1858099.085 7.08131E-14 3083443966 5.96E-12 3.33E-10 

0.6 299 1853203.077 7.0852E-14 3067763863 5.95E-12 3.35E-10 

0.8 299 1850468.062 6.74642E-14 3059535424 5.66E-12 3.36E-10 

1 299 1846285.269 6.54385E-14 3047080804 5.48E-12 3.37E-10 

0 304 1848801.231 5.7402E-14 3056210650 4.81E-12 3.39E-10 

0.2 304 1846268.446 6.54407E-14 3049751432 5.48E-12 3.40E-10 

0.4 304 1841926.038 6.42785E-14 3037052664 5.37E-12 3.42E-10 

0.6 304 1837343.931 6.0605E-14 3024126776 5.06E-12 3.43E-10 

0.8 304 1833173.569 5.93398E-14 3011763161 4.94E-12 3.44E-10 

1 304 1828928 5.76119E-14 2999441920 4.79E-12 3.46E-10 

0 309 1827969 5.54808E-14 2995759965 4.61E-12 3.49E-10 

0.2 309 1823391.962 6.04909E-14 2982648466 5.02E-12 3.51E-10 

0.4 309 1818655.962 5.988E-14 2969305599 4.96E-12 3.53E-10 

0.6 309 1814585.062 5.59142E-14 2957354900 4.62E-12 3.54E-10 

0.8 309 1810354.4 5.421E-14 2945168093 4.47E-12 3.55E-10 

1 309 1805392.154 5.24675E-14 2931679105 4.32E-12 3.57E-10 

0 314 1802318.769 5.25731E-14 2916983608 4.31E-12 3.62E-10 

0.2 314 1796792.308 5.45481E-14 2902510651 4.47E-12 3.63E-10 

0.4 314 1792402.462 5.37056E-14 2889904276 4.39E-12 3.65E-10 

0.6 314 1788272.715 5.05405E-14 2878156156 4.13E-12 3.67E-10 

0.8 314 1782704.492 4.81865E-14 2862063497 3.92E-12 3.69E-10 

1 314 1777770.831 4.68495E-14 2848809381 3.81E-12 3.70E-10 

3.1. Analyzing and elements. 

The structural characterization of GO and rGO samples is analyzed using Field 

emission scanning electron microscopy SEM [11]. High-magnification SEM pictures 1(a) and 

1(b) for GO and rGO, respectively, allowed for observing the general morphology of the 

various layers. The folded and wrinkled graphene sheets are visible in Figure 1 thanks to SEM 

photos.  

 
(a) (b) 

 

Figure 1. (a) FESEM image of GO; (b) FESEM image of rGO. 

Additionally, the Energy-dispersive X-ray spectroscopy EDS results for GO and rGO 

are displayed in Figure 2 for comparison. They indicate the distribution of the principal 

elements and once more attest to the presence of carbon and oxygen in the final sample. Carbon 
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content in GO and rGO is 74.33% and 86.53%, respectively, whereas oxygen content is 22.51% 

and 8.56%. 

  
(a) (b) 
Figure 2. (a) EDS image of GO; (b) EDS image of rGO. 

 

The Fourier transform infrared (FTIR) spectra of GO and rGO are depicted in Figure 3. 

The C and O bond's alkoxy and epoxy vibrations are represented by peaks at locations 1095 

cm-1 and 1116 cm-1, respectively [11,14]. Peaks at locations 1614 cm-1 and 1618 cm-1 are 

associated with the C and C bond's skeletal vibration in unoxidized graphene [13-16]. The 

hydroxyl group is represented by the peak at positions 2345 cm-1 and 2347 cm-1 [17,18]. 

Additionally, the peaks at locations 3435 cm-1 and 3443 cm-1 are associated with the stretching 

vibrations of N and H [19]. 

 
 (a) (b) 

 

Figure 3. (a) FTIR Spectra of GO; (b) FTIR Spectra of rGO. 

 
(a) 

 
(b) 

Figure 4. (a) XRD of GO; (b) XRD of rGO.  
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We conducted an X-ray diffraction (XRD) analysis, as depicted in Figure 4, to define 

GO and rGO morphology further. The peak at 8.93° (002 planes) vanished after GO was 

oxidized, and a new peak at 26.47° (001 planes) was produced [20]. A bigger angle value 

strengthens the removal of oxygen from the layers because it reflects a reduction in the distance 

between the layers. 

In order to characterize the structural transformation of graphite into GO and RGO, 

RAMAN Spectroscopy is a very potent instrument. The two primary characteristics of the 

Raman spectra are the G band (1352.37 cm-1 and 1336.38 cm-1 ), which represents the retention 

of the graphite structure, and the D band (1594.21 cm-1 and 1565.96 cm-1) which denotes a 

defect in the graphene structure, as illustrated in Figure 5. The graphene network has effectively 

preserved the structure, as evidenced by the intensity ratios of the structural defect and 

graphene network being ID/IG = 0.93 and ID/IG = 0.41  [21]. 

 
(a) 

 
(b) 

Figure 5. (a) RAMAN Spectra of GO; (b) RAMAN Spectra of rGO. 

3.2. Colloidal stability analysis. 

The GO and rGO nanosuspension with Ethylene Glycol was prepared through extensive 

ultrasonication. Since the GO peak in Ultraviolet-visible spectroscopy (UV-is) is evident at 238 

nm and the UV cut-off wavelength for the Ethylene Glycol is 268 nm [22], there is no GO peak 

visible in the UV spectra of the GO-EG nanosuspension depicted in Figure 6(a) [23]. Figure 

6(b) shows the shoulder of the peak beginning at 270 nm in the case of rGO-EG 

nanosuspension. This might be interpreted as rGO being present in the nanosuspension  [24]. 

(DLS) Dynamic light scattering investigations in Figure 7 can be successfully used to 

determine the size of GO and rGO particles in the GO-EG and rGO-EG nanosuspension. This 

research aids in determining the size of the particle in the nanosuspension, which is found to be 

between 111 and 118 nm for rGO and 132 to 151 nm for GO [25,26]. 

 
(a) (b) 
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Figure 6. (a) UV-Vis Spectra of GO; (b) UV-Vis Spectra of GO. 

 
(a) (b) 

Figure 7. (a) DLS of GO; (b) DLS of rGO. 

3.3. Thermoacoustic analysis. 

The following parameters were measured in the study: 

3.3.1. Ultrasonic velocity.  

Figure 8, Ultrasonic velocity is among the most significant aspects in assessing the 

interaction between the molecules and particles in the synthesized nanosuspension. A 

synthesized sample of GO-EG and rGO-EG have respective ultrasonic velocities examined at 

299K, 304K, 309K, and 314K. Values of pure EG were verified with literature, and observation 

readings were repeated to avoid any experimental inaccuracies [27]. As demonstrated in Figure 

8, the variation of ultrasonic velocity with temperature and particle nanofluid gives us 

information regarding intramolecular and intermolecular interaction. Ultrasonic velocity dips 

later as we increase the concentration of particles while increasing at pure EG. As the 

temperature of the other system rises from 299 to 314K, the interaction between GO and EG, 

rGO, and EG leads to a decrease in ultrasonic velocity. Ultrasonic velocity slows down as the 

concentration level increases because of a decrease in Brownian motion. GO and EG, rGO, and 

EG have greater interaction than GO and GO, rGO, and rGO because a rise in temperature 

leads to a drop in velocity even more than pure EG. Nanosuspension is likely to behave 

analogously to non-aqueous fluids because as the temperature increases, there is a drop in 

ultrasonic velocity. That’s because as there is a rise in the temperature of the suspension, the 

molecule moves faster on average and spends less time in the near vicinity. Consequently, the 

cohesive force and intermolecular adhesive force drop as the temperature increases, leading to 

enhancing compressibility and lessening of ultrasonic velocity. 

  
(a) (b) 

Figure 8. (a) Velocity in GO-DMF; (b) Velocity in rGO-DMF. 
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3.3.2. Density.  

Figure 9. demonstrates that pure EG GO-EG and rGO-EG nanoparticles rise. A slight 

drop in density is identified. It is well-established that fluid density reduces with rising 

temperature, so a drop in the density of nanosuspension is consistent with fluid behavior [17]. 

There is a rise in the density with concentration. The rise of intermolecular interaction leads to 

a decline in density as the concentration level of the particle increases [28,29]. 

  
(a) (b) 

Figure 9. (a) Density in GO-DMF; (b) Density in rGO-DMF. 

3.3.3. Viscosity. 

In Figure 10, the viscosity of GO-EG and rGO-EG considerably increases when GO and 

rGO nanoparticles are added to a pure EG solution. The interlocking of GO and rGO particles 

during flow and viscosity increase with increased concentration of nanoparticles [14]. As the 

temperature viscosity of nanosuspension increases, fluid decreases for both. It’s explained by 

the well-established fact that as the temperature rises, the particle’s Brownian motion of 

nanosuspension increases. Consequently, the nanosuspension's high-temperature flow is higher 

than the nanosuspension's flow at a lower temperature [30,31]. 

  
(a) (b) 

Figure 10. (a) Viscosity in GO-DMF; (b) Viscosity in rGO-DMF. 

3.3.4. Adiabatic compressibility. 

Figure 11, In pure EG, Figure demonstrates how the change in adiabatic 

compressibility varies when GO and rGO particles were added to the concentration. The 
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sudden drop that occurs as the nanoparticles are added to the pure EG illustrates the weak 

fluid interaction. Moreover, the reduction in compressibility signifies that the particles 

introduced to the based fluid attempted to form complicated structures in the 

nanosuspension—afterward, both GO-EG and rGO-EG nanosuspension exhibit adiabatic 

compressibility. There is a reduction in interaction between fluid and particle as the adiabatic 

compressibility rises, which also presents a complex structure in the system. A rise in 

adiabatic compressibility with the temperature leads to an increase in the Brownian motion 

of particles [32]. 

  
(a) (b) 

Figure 11. (a) Compressibility of GO-DMF; (b) Compressibility of rGO-DMF. 

3.3.5. Acoustic impedance. 

Acoustic impedance with particle loading in EG is demonstrated in Figure 12. The rise 

in acoustical impedance confirmation of interaction among particles in GO-EG and rGO-EG 

nanosuspension and solute. As concentration increases, there is a reduction in interaction 

because the particle-fluid interaction is weaker than the particle-particle interaction. Acoustical 

impedance reduces as fluid's Brownian motion increases with rising temperature. A low 

concentration leads to a rise in the intermolecular gap, as a rise in the particle fluid 

concentration offers opposition to the transmission of ultrasonic waves [33,34]. 

  
(a) (b) 

Figure 12. (a) Acoustical impedance of GO-DMF; (b) Acoustical impedance of rGO-DMF. 
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3.3.6. Ultrasonic attenuation. 

Figure 13 demonstrates the variation in ultrasonic attenuation and concentration of 

nanoparticles in the nanosuspension of GO-EG and rGO-EG. Ultrasonic attenuation rises as the 

nanoparticles GO and rGO are added to pure EG. GO and rGO interlocking during flow leads 

to a further rise in ultrasonic attenuation of nanosuspension of GO-EG and rGO-EG. The 

resistance is established due to the interlocking of GO and rGO, which prevents ultrasonic 

wave passage from one end to another. The temperature rise also leads to a rise in ultrasonic 

attenuation. 

  
(a) (b) 

Figure 13. (a) Acoustical attenuation of GO-DMF; (b) Acoustical attenuation of rGO-DMF. 

3.3.7. Bulk modulus. 

Figure 14 demonstrates that the nanoparticles of GO and rGO were added to the pure 

EG nanosuspension, leading to the rise in bulk modulus. Further, with the rise in the level of 

concentration of GO and rGO to pure EG, the bulk modulus reduces with the rise in temperature [35]. 

  

(a) (b) 

Figure 14. (a) Bulk modulus of GO-DMF; (b) Bulk modulus of rGO-DMF. 

3.3.8. Relaxation time. 

Figure 15 demonstrates the relationship between relaxation time and nanoparticle 

concentration in pure EG. As the GO and rGO nanoparticles have been added to pure EG, there 

is a sharp rise in relaxation time. Further nanosuspension shows mall variation in relaxation 
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time. Temperature-dependent relaxation time is influenced by the Brownian motion 

nanosuspension that grows as the temperature rises [36]. 

  
(a) (b) 

Figure 15. (a) Relaxation time of GO-DMF; (b) Relaxation time of rGO-DMF. 

3.3.8. Intermolecular free length. 

Figure 16 demonstrates the variation of intermolecular free length variation with the 

concentration of nanoparticles in pure EG. As temperature increases, there is a rise in 

intermolecular free length, which weakens the particle interaction force. It increases as 

nanoparticles GO and rGO are added to pure EG. The well-established fact is that the decline 

in fluid-particle interaction contributes to a rise in intermolecular free length [37]. 

  
(a) (b) 

Figure 16. (a) Intermolecular free length of GO-DMF; (b) Intermolecular free length of rGO-DMF. 

4. Conclusion 

In this research, Original Hummer’s Method was used to synthesize graphene oxide, 

and then hydrazine monohydrate was used to reduce it. Synthesizing of GO and rGO was 

verified using numerous methodologies such as FESEM and FTIR. EDS, RAMAN, and XRD 

verified reduced graphene oxide. Ultrasonication methodology was used to synthesize 

nanosuspension of GO-EG and rGO-EG ranging at different concentrations. DLS and UV-Vis 

techniques were employed to demonstrate the stability of nanosuspension. As per acoustical 

analysis, particle-particles predominate at greater concentrations while fluid predominates at 

lower concentrations, and rGO-EG and GO-EG show identical behavior. 
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