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Abstract 

Transportation, power generation, micro-manufacturing, electronics, engines, thermal therapy, heating, 

cooling, ventilation, and air conditioning are just a few of the industrial areas to which nanofluids 

provide intriguing heat transfer applications. Al2O3 nanoparticles have been uniformly suspended in 

water with varying concentrations in the current work. In the concentration range of 0.1 to 0.8 w/V%, 

the ultrasonic velocity, absorbance, density, and viscosity measurements were performed. Using a 2 

MHz frequency, an ultrasonic interferometer measures ultrasonic velocity and absorption. The 

conductivity parameter, FTIR properties, viscosity, intermolecular interaction, and molecular free 

length are used to understand changes in these parameters. As the concentration of alumina oxide 

increased, the density, viscosity, and sound velocity changed nonlinearly. The drop in molar sound 

velocity and adiabatic compressibility occurs with concentration, while surface tension, internal 

pressure, and molecule free length all rise. Different types of molecular contacts, their physico-

chemical behavior, and their strength are indicated by variations in acoustic and thermodynamic 

characteristics. 
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Introduction 
Nanoparticles are present in nanofluid. Their main use as coolants in heat exchangers and 
electronic cooling systems is to improve their thermal characteristics. Metallic particles 
suspended in a considerably smaller volume and size make up nanofluids. Two-phase 
systems having a single solid phase in a base liquid are called nanofluids [1-4]. Viscosity, heat 
transfer coefficients, thermal conductivity, and thermal diffusivity are all high in nanofluids. 
Applications involving heat transfer use nanofluids because of their high thermal 
conductivity and high heat transfer coefficient. Metal-oxide nanoparticles come in a variety 
of forms, including nanoscale zinc oxide, titanium oxide, iron oxide, cerium oxide, and 
zirconium oxide. Specifically, new paint and coating compositions use nano-size pigments 
and metal-oxides like TiO2, ZnO, or alumina, cerium, and silica [5-7]. The substance 
polyacrylamide is an acrylic resin that dissolves especially well in water. Acrylamide 
undergoes polymerization to produce polyacrylamides. Because of its hydrophilic nature and 
lack of hazardous effects, polyacrylamide may form extremely high concentrations in 
aqueous solutions. Water and subsurface applications frequently use polyacrylamide and its 
derivatives. For water retention, the cross-linked form is commonly utilized. On agricultural 
land and building sites, the anionic form of linear, water-soluble polyacrylamide is 
commonly applied as a soil conditioner to stop erosion. High purity aluminium chloride 
hexhahydrate is used as the raw material in the microwave-assisted sol-gel technique to 
create alumina nanoparticles. When compared to other nanomaterial synthesis and 
processing methods, alumina nanoparticles are easier to synthesize and more cost-effective. 
Alumina nanoparticles in particular are anticipated to be crucial in a number of applications, 
including electronic substrates, furnace liner tubes, thermometry sensors, gas laser tubes, 
high temperature electrical insulators, high voltage insulators, and antibacterial properties.  
Using ultrasonication, homogenous suspensions of nanosized Al2O3 in polyacrylamide were 
made in different concentrations for the current study [8-10].

International Journal of  Advanced Chemistry Research  2025; 7(7): 43-50 

 

https://www.chemistryjournals.net/
https://www.doi.org/10.33545/26646781.2025.v7.i7a.301


 

~ 44 ~ 

International Journal of Advanced Chemistry Research https://www.chemistryjournals.net 
 

Materials and Methods 
Sigma Aldrich supplied the high-purity, AR-grade 
polyacrylamide, ammonium acetate, and aluminium 
chloride (hexahydrate) were used in this experiment. 
Demineralized water was used to prepare each solution. In 
order to minimize evaporation losses, mixtures were 
produced by weighing the liquids in ground stoppered 
weighing bottles. An electronic balance (Shimadzu 
Electronic Balance) with an accuracy of 0.01 mg was used 
for all weightings. The sol-gel method with microwave 
assistance was used to carry out the synthesis. Ammonium 
acetate, aluminium chloride hexahydrate, and a magnetic 
stirrer were combined at 80° C. At the end of the procedure, 
a translucent gel was produced, which was scraped off and 
dried in a microwave. After solidifying, the substance was 
ground into a powder. To get rid of any remaining water, the 
resulting powder was crushed, filtered, and baked. Alumina 
nanoparticles were uniformly prepared in polyacrylamide 
solution to create nanofluids. Al2O3 nanofluid with a 
concentration of 0.1% to 0.8% (W/V) was created by 
dispersing the resulting Al2O3 nano powder in a polymer 
solution. In order to determine the viscosity of the 
suspensions, the fluid flow durations were measured with an 
accuracy of ±0.2% using Ostwald's viscometer. A specific 
gravity bottle was used to measure the fluids' densities. The 
KD2 Pro Thermal Analyzer was used to measure the 
thermal conductivity at 303 K. After being cooked to the 
appropriate temperature in a water bath, the sample was left 
to stabilize. Thermal conductivity was then measured using 
the thermal analyzer. of the sample of nanofluid was 
measured. The MHF-400 high frequency pulser receiver 
was used to evaluate the velocity values of ultrasonic wave 
propagation through the nanofluid samples in various ratios 
at frequencies of 2 MHz and 10 MHz at various 
temperatures. Water from a thermostatically regulated water 
bath was circulated to maintain the steady temperatures. 
Density, viscosity, and ultrasonic velocity are used to 
compute acoustic parameters such adiabatic compressibility, 
acoustical impedance, intermolecular free length, and 
surface tension. 
 

Results and Discussion 

FTIR Characterization of [Al2O3] nanoparticle 
Figure 1 displays the synthesized nanoparticle's FTIR 
spectrum. Al-O-Al stretching vibration is the cause of the 
vibrational peaks at 646 cm-1. The peaks are attributed to 
alumina and are located between 400 and 962 cm-1. The 
vibrational peaks that correlate to the C-O stretching 
vibration are located at 1082.39 cm-1 and 1166.06 cm-1. 
Vibrational peaks at 1406.8 cm-1 and 1633.78 cm-1 are 
attributed to the solvent water's O-H bending vibration. In 
the 3391.09-2500 cm-1 range, the vibration peaks 
correspond to the O-H stretching vibration. The shape of the 
nanoparticles made using the microwave-assisted sol-gel 
process is revealed by scanning electron microscopy (SEM) 
analysis. Alumina crystals are shown by the hexagon-shaped 
structure (Fig. 3). Figure 2's alumina nanoparticle EDX 
pattern revealed the existence of Al and O 
A versatile, non-destructive analytical technique for 
identifying the crystalline phases of different powder and 
solid materials is X-ray diffraction. Figure 4 displays the 
synthesized alumina powder's X-ray pattern. All of the 
diffraction peaks align with the stated 2θ values and 
standard patterns of pure alumina's hexagonal structure 
(JCPDS No. 01-079-0207). The lattice planes (012), (104), 
(024), and (116) correspond to the diffraction peaks at 2θ, 
which are 24.7°, 32.4°, 47.18°, and 57.9°. It demonstrates 

the resulting alumina nanoparticle. It has been determined 
that the prepared sample Alumina has an average crystalline 
size of 23.4 nm. The prepared sample's identity as an 
alumina nanoparticle is confirmed [11-15]. Al2O3's density and 
ultrasonic velocity in a polyacrylamide solution were 
measured for different concentrations at 303K, and Tables 
1-4 provide this information. The change in ultrasonic 
velocity with varying mole fraction is depicted in Fig. 5. 
These differences rely on structural alterations brought 
about by interactions between the solute and solvent 
molecules. The velocity value drops above the concentration 
of 0.6%, suggesting that the nanoparticle-fluid interaction is 
decreasing and the particle-particle interaction is increasing. 
The change in adiabatic compressibility with varying mole 
fraction is depicted in Fig. 6. As the nanoparticle-fluid 
interaction grows and the particle-particle interaction 
decreases, the adiabatic compressibility value rises. A 
greater degree of connection between the solute and solvent 
molecules is indicated by an increase in adiabatic 
compressibility at higher concentrations. Ultrasonic velocity 
has the opposite effect from adiabatic compressibility. The 
intermolecular free length and acoustical impedance 
variations are displayed in Figures 7 and 8. As the 
concentration of nanofluids rises, so do the free length and 
acoustical impedance. It shows that Brownian motion causes 
a decrease in the molecular forces of attraction. The square 
of the ultrasonic velocity has an inverse relationship with 
adiabatic compressibility. The following factor can be used 
to characterize the deviation in adiabatic compressibility. 1. 
The loss of di-polar connection and variations in the size 
and shape of the constituent molecules result in a drop in 
velocity and an increase in compressibility. 2. Dipole-dipole 
interactions or the creation of hydrogen-bonded complex 
ions result in an increase in ultrasonic velocity and a 
decrease in adiabatic compressibility. The resulting effect 
determines the actual deviation [16-17]. The noted significant 
interaction between the component molecules in the binary 
mixtures is demonstrated by changes in adiabatic 
compressibility, intermolecular free length, acoustic 
impedance, and relative association with composition.  
 

Thermal Conductivity of nanofluids  
One of a material's thermal characteristics that allows heat 
energy to be transmitted is thermal conductivity. It is a 
crucial characteristic for improving the heat transfer fluid's 
thermal performance. Brownian motion, the weight 
proportion of dispersed particles, the size and shape of the 
material, and the type of base fluids all affect thermal 
behavior. Thermal conductivity measurements for several 
polymer nanofluids at varying nanophase material 
concentrations were made for the current studies, and the 
results are tabulated in Table 6. When a tiny quantity of 
nanoparticles is added to a fluid, the conductivity changes 
significantly. 
As sample weight and polymer solution concentration 

increase, so do the values of thermal conductivity. The 

thermal conductivity of Al2O3 nanoparticles in ethylene 

glycol at varying volume concentrations was reported by 

Esfe et al. [21]. When Lee and Choi [22] examined the thermal 

conductivity of Cu-water in ethylene glycol nanofluids, they 

found that adding 4% more volume fraction of nanoparticles 

boosted thermal conductivity by 20%. Wang [23] found that 

when the volume proportion of Al2O3-water increased by 

3%, the thermal conductivity increased by 12%. The current 

study has tested the high thermal conductivity of nanofluids 

at various concentrations and has determined that the 
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concentration of Al2O3 nanoparticles increases the thermal 

conductivity of nanofluids particles [24-25].  

 

Discussion 
At varying concentrations, the thermo-acoustical 
characteristics of Al2O3-polyacrylamide nanofluids were 
measured. At room temperature, the density, viscosity, and 
ultrasonic velocity values are determined. Additional 
thermal characteristics that are more responsive to 
intermolecular interactions between the constituent 
molecules of nanofluids are discovered. The structural 
changes brought about by the association of polymer chains 

are demonstrated by the linear variations in viscosity of 
nanofluids. The viscosity of the nanofluids is influenced by 
the complexity of the polymer chain. Acoustic impedance 
and adiabatic compressibility also contribute to these 
interactions. Variations in the intermolecular forces 
surrounding the solute and solvent molecules are 
demonstrated by the constant drops in velocity. This impact 
is supported by the variations in Lf. The concentration of 
Al2O3 in nanofluids also causes an increase in thermal 
conductivity. Al2O3 NP typically exhibits high thermal 
conductivity and transfer of heat energy as a result of the 
nanoparticle's brownion motion. 

 
Table 1: Experimental value of density, ultrasonic velocity and viscosity of varying concentration of polymer-nano fluid 

 

Sr. 

No. 

Wt: of Alumina nanoparticles in 100ml of polymer 

solution (g) 

Polymer 
concentration 

(g/100 ml) 

Mole fraction of 

PA (X2)  

Density 

(kg/m3) 

Ultrasonic 

Velocity (m/s)  

Viscosity 
(10-3) 

(Pa.s) 

1.  0  1  0.1104 924.17 1331.36 26.22  

2.  0.1  0.1  0.1109 924.98 1462.52 2.808  

3.  0.2  0.2  0.1117 923.88 1578.36 3.501  

4.  0.3  0.3  0.1123 924.32 1624.08 4.590  

5.  0.4  0.4  0.1129 924.39 1637.68 5.609  

6.  0.5  0.5  0.1136 924.50 1656.12 7.158  

7.  0.6  0.6  0.1145 924.44 1670.28 8.180  

8.  0.7  0.7   1.0000 924.70 1676.32 8.643  

 
Table 2: Calculated values of adiabatic compressiblility, acoustic impedance, inter molecular free length, and effective molecular weight of 

polymer nanofluid 
 

Sr. 

No  
Adiabatic Compressibility (βad) (x1010) Acoustic Impedance (Z)  

Inter molecular free length(Lf)  

(x1016) 

Effective  

Molecular weight (Meff)  

1.  4.0241 1622081.6  8.1240 9478.2976 

2.  3.9793 1631784.2  8.1452 9520.7446 

3.  3.8732  1659318.4  8.1874  9503.7658 

4.  3.8022  1681612.8  8.2084  9519.0467 

5.  3.7226  1700206.4  8.2503   9520.7446 

6.  3.4384  1773299.2  8.4055  9512.2552 

7.  3.2458  1829497.6  8.5175  9519.8956 

8.  3.2870  1760555.5  8.6281  85000.000 

 
Table 3: Calculated values of free volume, internal pressure, molar sound velocity, surface tension and Relaxation time of polymer nano 

fluids 
 

Sr. 

No. 

Free volume (V) 

(x10-18) 
Internal pressure (π) 

Molar sound 

velocity (R) 
Surface tension (s) Relaxation time (τ) (x109) 

1.  3.9325 0.0007408 103.1975 39998.4012 1.5066 

2.  2.8660 0.0008207 103.7614 40342.5718 1.8576 

3.  1.9338 0.0009407 103.2710 41235.8617 2.3703 

4.  1.4461 0.0010410 102.7660 41897.1931 2.8436 

5.  1.0188 0.0011704 103.0493 42576.5767 3.5528 

6.  0.8807 0.0012334 103.7432 45242.2809 3.7503 

7.  0.8448 0.0012539 104.2532 47298.0719 3.7405 

8.  0.0140 0.0000547 103.1975 46106.4987 1.1492 

 
Table 4: FTIR spectroscopic analysis of polymer solution with different concentration of nano phase materials. 

 

Functional Groups 
Weight of Alumina nano particles in 100ml of polymer solution(g) 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

O-H Water Stretch Strong Strong Strong Strong Strong Strong Strong Strong 

C≡C Alkyes Stretch Strong Medium Strong Medium Strong Strong Strong Strong 

N-H Stretch Amide Medium Strong Medium strong Medium Medium Medium Medium 

C-I Stretch Alkyl halide Variable Medium Variable Variable Variable Variable Variable Variable 

C-Br Stretch - - Variable Variable Variable - - - 
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Fig 1: FTIR spectroscopy of alumina nanoparticle 

 

 
 

Fig 2: EDX of Alumina nanoparticle 

 

  
 

Fig 3: FESEM images of Alumina nanoparticle 
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Fig 4: XRD Analysis of Alumina nanoparticle 

 

 
 

Fig 5: Variation of velocity with mole fraction of PA polymer solution 

 

 
 

Fig 6: Variation of adiabatic compressibility with mole fraction 

 

 
 

Fig 7: Variation of Inter molecular free length with Concentration of polyacrylamide solution 
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Fig 8: Variation of acoustic impedance with Concentration of polyacrylamide solution

 

 
 

Fig 8.1: FTIR spectrum of 0.1g Alumina nanoparticle 

 

 
 

Fig 8.2: FTIR spectrum of 0.2g Alumina nanoparticle in polymer solution in polymer solution 
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Fig 9: Graph shows the variation of thermal conductivity with different concentration of alumina nano pariticles in polymer solution. 

 

 
 

Fig 10: Variation of thermal conductivity with wt of Np-with different concentration of alumina nano pariticles in polymer solution. 

 

Conclusion 
As the concentration of the nanocomposite sample 

increases, the density and viscosity of the nanofluids at 

different concentrations rise as well. While intermolecular 

free length and acoustical impedance rise as a result of 

increased Brownian motion, adiabatic compressibility 

decreases. The produced solution can be employed for heat 

transfer applications since the measured thermal 

conductivity values are higher than those of other alumina 

composites at 303 K. This is because the heat transfer rate 

will be higher. As concentration rises, a distinct pattern is 

detected in the velocity of nanofluids measured as a 

concentration indicator. As the molar concentration rises, so 

does the relaxation time. Because it forms hydrogen bonds 

with the solvent, nanosized alumina has a surface catalytic 

effect. Additionally, when the alumina nanoparticles and 

water molecules interact with one another, a hierarchical 

structure will form, increasing the velocity even more. 

Therefore, with lower concentrations of nanofluids, the 

faster velocity of ultrasonic waves is favored by the 

decrease in compressibility, increase in viscosity, and 

decrease in density. Thus, it is clear that a strong particle-

fluid contact favours velocity growth. The excellent 

suitability of Al2O3-water fluid for nanofluid applications is 

known from all the acoustical parameters. 
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