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Abstract. Three distinct polymers were used as model polymers in this study: poly (vinyl alcohol) (PVA), 

polyacrylamide (PAM), and poly (ethylene glycol) (PEG). These polymers were employed to make nanocomposites 

films utilizing solution and dry casting techniques with varied loading ratios of Silver nanopowders (AgNPs) of (0.1, 0.2, 

and 0.4 wt. percent). The films were of varying thicknesses (950 nm). The diffusion of NPs among the gaps of polymer 

mix particles was determined using optical microscopy (OM). The polymers and Silver nanopowders (AgNPs) created an 

important interfacial contact, as evidenced by Fourier-transform infrared spectra. In nanocomposites, the most functional 

group of polymer and nanoparticle.  Using the ultrasound technique (U/S), the mechanical characteristics of each film 

were measured and estimated. The velocity of the U/S wave was calculated using the frequency (40 kHz) of the film 

thickness (950 nm). Except for compressibility, mechanical characteristics improved as the number of Ag NPs increased. 

Doping with AgNPs had a considerable impact on the U/S coefficients. The resulting blend gels demonstrate these new 

nanocomposites as potential materials for a wide range of applications, and they were used in medical applications 

instead of U/S sonar and echo gel. 
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INTRODUCTION 

Polyvinyl alcohol (PVA) is one of the foremost polymers that soluble in water and associated with vinyl resin 

with a structure [CH3CHOH (CH2-CHOH)]n (1,2). PVA has many relative molecular mass ranges in viscosity (3) 

with several features that make it promising materials most used within the coatings, (2,4) ultrasound absorption, 

anti-scattering of ultrasound wave in sonar and echo devices, cosmetics, anti-bacterial applications, and other 

industrial applications (5,6). Polyacrylamide (PAAm) is additionally (WSP), features a wide range of medical and 

industrial applications such as water treatments, manufacture of paper, recovery of oil, and electrophoresis gels 

(7,8). The applications are often useful as a result of mechanical properties of vulnerable lastingness of the weak 

resistance to pressure and deficiency of lengthening (7,9). Moreover, PAAmfeatures a great ability to fool water and 

produce gel-like distinguishing, which makes an honest filter for forming gel polymer electrolyte (9). 

The polymers are investigated with different forms such as the casting, sol-gel, drop-casting and theroticl 

methods (10–13). PEG or polyethylene oxide (PEO) from the polyether chemical class features major applications 

in flocculants in water treatment, manufacture of papers, mining, oil recapture, absorbents and electrophoresis gels 

(1,14,15). Poly (ethylene oxide) (PEO) is a polar semi-crystalline polymer that can be liquid or solid. It has a very 
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hydrophilic nature, and its lubricating and water retention capabilities are excellent (16,17). Both organic and 

aqueous solutions of PEO with high hydration and flexibility are regarded effective solubilizers [1]. Furthermore, 

PEO does not exhibit toxicity, antigenicity, or immunogenicity (16). PEO's characteristics make it a versatile 

polymer with a wide range of applications, including polymer electrolyte (16), biomedical (16), pharmaceutical (16), 

and other uses (18). Other major applications include batteries, cell applications (19), supercapacitor (20), and 

polymer-drug conjugates (15), as well as PEO being utilized as a billboard polymer. Meanwhile, the most significant 

disadvantage of PEO is the solid polymer electrolytes' poor ionic conductivity. This is due to the comparatively 

weak interfacial connection, as well as the mechanical properties of the material (14). The nanoscale filler company 

might improve the mechanical, thermal, electrical, and magnetic properties of the polymer within the matrix without 

sacrificing optical clarity (18,21). 

In the present work, the (PVA-PAAm-PEG). Ag NCs have been  synthesised by casting method with different 

weight percentages of (Ag) nanoparticles. The structural and optical properties of pure and composite 

materials are studied. The structural properties include optical microscopy and FTIR study. The structure and 

molecular interaction of ultrasonic (U/S) waves in pure liquids and their additives (composites or blends) has piqued 

researchers' interest. The U/S investigations are necessary for understanding the liquid theory of matter. Because the 

U/S velocity of a polymer reflects its nature, the scientist is worried with reviewing polymer solutions. 

Nanoparticles are usually added to polymers as a composite to reinforce their qualities, although each nano-type is 

different depending on the surface treatment and method utilized (22,23). 

                                                           The EXPERIMENTAL part 

The NCs polymer films were contagious by blending of PVA that was equipped by the (DIDACTIC) company 

with (18000 Dalton Mw and assay purity 99 %), PAAm was equipped by (BDH) with Mw over (5000000 Dalton 

and purity 99.9%) and PEG from (Reagent World) with (6000 Dalton Mw and purity 99.8%) with varying doping 

percentages from Ag NPs that was equipped by (Sky Spring Nanomaterials, Inc.) with grain size about (20-30 nm) 

and assay purity (99.95%) at (60 mL) of distilled water in a glass beaker by a magnetic stirrer. The blending process 

was continued for (40 min.) to getting on a homogenous mixture at (55 oC). The Adding weights were (0.1, 0.2, and 

0.4)wt.% respectively, as shown in Table (1), then the mixture cast in (5 cm diameter petri dish) leave for a week to 

drying. By micrometer, the thickness of the sample was measured in the range of about (700-800 nm). The optical 

microscope, FTIR, and U/S device that used to study the structural and U/S properties respectively. Figure (1) and 

Table 1 summarized the preparation of samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1. Scheme of preparation samples. 
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TABLE 1. Summarize the preparation PVA-PAAm-PEG and PVA-PAAm-PEG /Ag. 

Sample No. Concentration (wt. %) 

1 PVA PAAm PEG Ag NPs 

2 0.600 0.200 0.200 0.00 

3 0.594 0.198 0.198 0.01 

4 0.588 0.196 0.196 0.02 

5 0.576 0.192 0.192 0.04 

RESULTS AND DISCUSSIONS  

    Figure (2) represents the optical microscopy (OM) images of (PVA-PAAm-PEG) blends and PVA-PAAm-PEG/ 

Ag nanocomposites at (100X) magnification. Figure (2-A) shows the polymer blends that had a smooth surface and 

homogenous dissolving. The (B, C, and D) in the same figure show the fine diffusion and dispersion of Ag 

NPs within the blend polymers in the nanocomposites. The dispersion of NPs on blend were often clearly 

appeared good with fine homogeneous within the sample, also no aggregation of nanoparticle presented that is 

related to the interaction among polymers and Ag NPs, which is the large surface area to the volume ratio. These 

findings matched the other finding when using the nanofiller to reinforce the polymer (14,24).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 2. Photomicrographs with magnification (100X) of the NCs: A) PVA-PAAm-PEG, B) PVA-PAAm-PEG:0.01wt.% Ag 

NPs, C) PVA-PAAm-PEG:0.02wt.% Ag NPs, and  D) PVA-PAAm-PEG:0.04wt.% Ag NPs nanocomposites. 
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    Figure (3-A) represents the Fourier transform infrared spectrum (FTIR) of pure (PVA-PAAm-PEG). Figure (3-B) 

shows that (FTIR) of (PVA-PAAm-PEG) with (0.04 wt.%) for Ag NPs within the (1000-4000 cm-1) wave factor 

optical range. From the Fig., it can be notest the functional groups that appeared for all polymers and nanoparticles. 

The peak at (3274.27 cm-1) related to alcohol/phenol O-H stretch bond, while (1242.31 cm-1) refer to C-O stretching 

bond, the aromatic C-H bond appears in (695.68 cm-1), finally, C-O stretching related to primary alcohol appears in 

the (1085.39 cm-1) wave factor rang. The functional group presented a strong interfacial interaction of polymers and 

nanoparticles. Additionally, when comparing these two figures, we see that the shifting of wave factor is less than 

(10 cm-1), which means no chemical interaction happens between the basis and Ag additive.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 3. FTIR spectrum of (a): Pure (PVA-PAAm-PEG) (25), (b) (PVA-PAAm-PEG):0.04 wt. % Ag NCs.  

 

The (SV-DH-7A/SVX-7) instrument is used to make practical U/S measurements at (41 kHz) frequency. The 

U/S waves are applied to the sample being tested, which is located between the sender and the receiver. A digital 

oscilloscope instrument receives U/S pulses, which are converted by the receiver into electrical pulses. The (+Ve) 

peak in the first channel represents the incident U/S wave or initial amplitude (Ao), and thus the (-Ve) part in the 

second channel corresponds to the receiver amplitude (A). 

 The density of composite films and gels was measured at RT. Figure (4) represents the densities of all solutions 

increased, because of the gels form across linked formulation among the molecules of (PVA-PAAm-PEG) and Ag 

NPs that occupied the spaces between (PVA-PAAm-PEG) molecules, furthermore, the density increased with 

increasing of the loading ratio of Ag NPs weight percentage (26). 

The transmittance of U/S wave (T) has been computed by (27–29): 

 T = I / Io (1) 

From Figure (5), it was noticed that the ultrasound wave velocity of (PVA-PAAm-PEG) increased with the 

increase of Ag NPs weight percentage, and computed by (30,31): 

  b 

  a 
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 V= x / t  (2) 

   This behavior is similar to that seen in the composite (PVA-PAAm-PEG) and Ag NPs. When waves propagate, 

they cause the flow of molecules between vacancies in the lattice during compression and return to their original 

location during rarefaction, but when the waves propagate, they cause the flow of molecules between vacancies in 

the lattice to flow between vacancies in the lattice to flow between vacancies in the lattice to flow between vacancies 

in the lattice to flow between vacancies in the lattice to flow between vacancies in the lattice. Because U/S waves 

promote contact between (PVA-PAAm-PEG) and Ag NPs molecules, the velocity directly correlates with 

concentration before and after the addition of Ag NPs. This is consistent with the literature (30). 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      FIGURE 4. The ratio of Ag vs. the density.                                             FIGURE 5. Ultrasonic velocity vs. the ratio of Ag. 

 

Figures (6 and 7) show the relaxation time and relaxation amplitude also increased with the increasing of the Ag 

loading ratio of weight percentage according to theoretical equation (24,32): 

 D = α/ f2 (3) 

The increasing of (PVA-PAAm-PEG) and Ag NPs chains led to an increase in the fraction between the 

composition layers that tested by a moment of inertia factor (32). The compressibility of (PVA-PAAm-PEG) and Ag 

NPs were calculated by Laplacian equation (33,34):  

 β = (ρ v2)-1 (4) 

Young modulus (K) computed by (31,35): 

 K = ρ v 2 (5) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          FIGURE 6. Relaxation time vs. the ratio of Ag.                                  FIGURE 7. Relaxation amplitude vs. the ratio of Ag. 
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The results in Figure (8) show that as the amount of Ag NPs increased, the compressibility of (PVA-PAAm-

PEG) decreased. This was due to the propagation of U/S waves causing a random polymer chain conformation, as 

well as the U/S wave compression causing a reduction in the elasticity of the composition due to the reinforcement 

of the Ag NPs (36). Furthermore, the U/S wave's velocity was inversely proportional to its wavelength. The bulk 

modulus increases as the concentration of Ag NPs rises, as shown in Figure (9). Figure (10) shows the particular 

acoustic impedance (Z), which increased as the number of Ag NPs increased, according to the theoretical equation 

(14,37): 

Z = ρ v  (6) 

 The U/S absorption coefficient computed by the law of Lambert-Beer (36,38): 

 A/Ao = e (- α x) (7) 

 Figure (11) shows the direct influence of reinforcement the Ag led to improve the absorption of the absorption 

coefficient also that could relate to the U/S absorption coefficient depends on the weight percentage (36,39–41). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 8. Compressibility vs. the ratio of Ag.                                      FIGURE 9. Bulk modulus vs. the ratio of Ag. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           

      FIGURE 10.  SAE vs. the ratio of Ag.                               FIGURE 11.  U/S absorption coefficient vs. the ratio of Ag. 

 

The results showed that most of the physical properties were affected by the contribution of the loading ratio of 

Ag weight percentages in the samples. Most of the results were improved in comparison with a sample without Ag. 

Where the addition of nanosilver increased the density and viscosity additionally to significantly improve the U/S 

velocity and the ultrasonic absorption coefficient of the polymer-based Ag NPs. Furthermore, Ag NPs led to a 

decrease in compressive values of the prepared films. The viscosity increased up to 107 %. Moreover, it was found 

that the best ratio of Ag NPs percentage weight was (0.04 wt. %), which exposed the best mechanical results. The 

mechanical properties are enhanced by the addition of Ag NPs and this appears in U/S velocity and bulk modulus. 
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Therefore the Ag NPs presented a notable effect on the samples. These finding much the result of other 

investigations study the influence of nanoparticles on the polymer properties (14,23,24,31,34,42).  The samples was 

test as U/S sonar and echo gel as a medical application and presented a good appsorption of the ultrasound waves. 

These samples are promising and lead to exhibit new materials have more tolerable to environmental conditions and 

can be useful in the external environment, so it can be used in various industrial applications. 

CONCLUSIONS 

      (PVA-PAAm-PEG) blend films were successfully prepared to apply the solution-casting technique to prepare 

samples with a thickness of (950 nm). The Ag NPs diffuse inside the polymer blend increased presence as an 

important key role to enhance the mechanical properties in this study. (PVA-PAAm-PEG) blend films were a good 

medium for absorbing the U/S wave. The blend solutions were succeeded to be an anti- scattering medium instead of 

sonar and echo gel because of ease of preparation, cheapness, the harm of skin, conduct to electricity, and local 

production. 
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