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Abstract 

Four samples of Poly (methyl methacrylate) (PMMA)dissolved in acetone, (1gm of PMMA and 100ml of 

acetone) were prepared. Structural, thermal, and rheological characteristics were studied, and zinc oxide 

nanoparticles (ZnONPs) with concentrations (0.5,1,1.5) wt% were added to PMMA polymer. Structural 

characteristics after adding different percentages of ZnONPs to PMMA/acetone are found, and the results 

showed the appearance of new bonds because interaction of ZnONPs with PMMA/acetone. In thermal 

characteristics, the thermal conductivity values of PMMA/acetone after adding ZnONPs increase with 

increasing concentrations of ZnONPs. The thermal resistance values of PMMA /acetone decrease with 

increasing concentration of  ZnONPs. In rheological characteristics, the viscosity measurement of 

PMMA/acetone after adding ZnONPs increases with increasing amounts of ZnONPs. When measuring the 

density of the PMMA /acetone and comparing it with the density values when adding  ZnONPs, we notice 

a small increase. 
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Introduction 

Polymers are very useful in the diversity of electronic strategy applications because of their many useful 

qualities, which contain low cost, and high resistance. PMMA is famous as an acrylic polymer, It is used in 

the manufacture of plates (Siddaiah et al., 2018). PMMA polymer is used in environmentally stable outdoor 

fields such as beauty and art because it is a hydrophobic polymer (Daabool & Hussein, 2022; Ali, 2021) Poly 

(methyl methacrylate) (PMMA) is characterized by its dimensional stability and high resistance to 

weathering. The light absorption of PMMA polymer is low due to the high transparency in the visible region. 

It also has a low refractive index and is easy to manufacture. (Raghuram, 2024) (PMMA) abbreviates nucleic 

acids via ionic interactions (Das et al., 2025). Nanoparticles resist harsh conditions and remain stable in the 

presence of alkalis or acids. Nanoparticles have poor scratch resistance (Saxena & Menon, 2024). 

Nanoparticles have good matrix performance, so their structure can be enhanced (Mano et al., 2004; Prasath 

et al., 2024). Carbonaceous materials are usually considered the most Excellent  nanofillers, making an 

important in the development of the materials (Raghuram, 2024; Swaroop et al., 2016). Metal oxides 

production a very important role in numerous aspects for example material science (Hegazy & El-Agamy, 

2021). Many methods to make NPs for example chemical vapor deposition (Zia & Zomaya, 2011). ZnONPs 

has found extensive spread interest because of its many properties. For example. It has excellent thermal 

stability (Hegazy & El-Agamy, 2021). ZnONPs are used in numerous applications for example solar cells 

(Hegazy & El-Agamy, 2021). ZnO nanoparticles have a propensity to agglomerate, which leads to  prevention 

the of antibacterial activities (Jeyaraj et al., 2024). 

Experimental work 

Materials 

Poly (methyl methacrylate) (PMMA), Acetone solvent is a purity equal to 99.5%, a colorless solvent, nano 

ZnO with purity equal to 99.8%, shape spherical and diameter in the range (20-30) nm.  

Preparation of PMMA/acetone and addition of ZnONPs  

PMMA / acetone was prepared via the addition of 1g PMMA powder in 100 ml acetone solvent, also mixing 

PMMA/acetone via using  a stirrer device for 30 minutes at -(Al2) -, As shown in the equations below (1𝐶°25

rammahi & Alshimaysawe, 2025; Ali Hasan et al., 2024). 

𝐶𝑥=
𝑛𝑥

𝜈
     (1) 

𝑛𝑥=
𝑚

𝑀𝑤
     (2) 

Where 𝐶𝑥: explains concentration measured in (mol/L),𝑛𝑥  :explains the number of mole s, v:  explains 

the volume of solvent measured in (litter), m: explains the mass of PMMA measured in (g),  and Mw: explains 

the molecular weight measured in (g/L), Then adding(0.5,1,1.5) Wt%  ZnONPs with using a stirrer device 

during 1h at . 𝐶°25  
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Results and discussion 

Structural characteristics 

FTIR examination for the purpose of determining the chemical composition of materials by measuring their 

absorption of infrared radiation, the range of wave number (450 to 4050)𝑐𝑚−1 , and the broad peak of 

PMMA/acetone equal to 3417.86𝑐𝑚−1(Skoog et al., 2012). After adding different percentages of ZnONPs to 

PMMA/acetone, the results showed the appearance of new bonds because interaction of  ZnONPs with 

PMMA/acetone (Attia & Abd El-kader, 2013). This spectroscopy Shows the formation of numerous new bonds 

(Kadim et al., 2024). Figure (1) Explains the effect of adding ZnONPs on FTIR examination of 

PMMA/acetone.  

 

Figure 1. The effect of adding ZnONPs on FTIR examination of PMMA/acetone 

In Figure 1 (B) Explains the transmittance and wavenumber at PMMA/ZnONPs 0wt%, (C) 

Explains the transmittance and wavenumber at PMMA/ZnONPs0.5wt%, (D) Explains the transmittance 

and wavenumber at PMMA/ZnONPs1wt% and (E) Explains the transmittance and wavenumber 

atPMMA/ZnONPs 1.5wt%. 

Thermal properties 

The thermal conductivity and Thermal resistivity values are prepared as shown in Table (1), The thermal 

conductivity values of PMMA /acetone after adding ZnONPs increase with increasing concentrations of 

ZnONPs (Turko et al., 2016; Farhan et al., 2017) Figure (2) Explains the effect of adding ZnONPs on thermal 

conductivity of PMMA/acetone. The thermal resistance values of PMMA /acetone decrease with increasing 

concentration of ZnONPs (Turko et al., 2016; Abraham et al., 2016; Ruan et al., 2024). Figure (3) Explains the 

effect of adding ZnONPs on the thermal resistance of PMMA/acetone. 

Table 1. The relationship between concentrations of ZnONPs and the thermal conductivity and Thermal 

resistivity values. 

Concentration of 

ZnONPs 

Thermal conductivity 

(K
𝑾

𝒎.𝒌
)) of PMMA/acetone 

Thermal resistivity 

(𝝆)(
𝑪°.𝒄𝒎

𝑾
)of PMMA/acetone 

0.0wt% 0.482 207.5 

0.5wt 0.901 138.7 

1wt 1.02 111.0 

1.5wt 1.097 91.17 
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Figure 2. The effect of adding ZnONPs on the thermal conductivity of PMMA/acetone 
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Figure 3. The effect of adding ZnONPs on the thermal resistance of PMMA/acetone 

The rheological properties 

The viscosity and the density values are prepared as shown in Table (2), The viscosity values of PMMA 

polymer after adding ZnO NPs increase with increasing concentrations of ZnO NPs (Demir et al., 2006). Figure 

(4) Explains The effect of adding ZnONPs on the viscosity of PMMA/acetone. When measuring the density 

of the PMMA polymer and comparing it with the density values when adding ZnONPs, we notice a small 

increase (Rudolf et al., 2020; Dizon et al., 2018). Figure (5) Explains the effect of adding ZnONPs on the 

density of PMMA/acetone. 

Table 2. The relationship between concentrations of ZnONPs and viscosity and the density values. 

Concentration of ZnONPs Viscosity (CP) (of PMMA/acetone Density 

(𝒈 𝒄𝒎𝟑⁄ ) of PMMA/acetone 

0.0wt% 18.1 0.858 

0.5wt% 22.9 0.872 

1wt% 24 0.896 

1.5wt% 25.2 0.897 
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Figure 4. The effect of adding ZnONPs on the viscosity of PMMA/acetone 
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Figure 5. The effect of adding ZnONPs on the density of PMMA/acetone 

Conclusion 

FTIR examination showed that adding ZnONPs to PMMA polymer causes the appearance of new bonds, 

indicating the presence of an interaction between PMMA polymer and ZnONPs, The thermal conductivity 

values of PMMA polymer solution after adding ZnONPs increase with increasing concentrations of ZnONPs. 

The thermal resistance values of PMMA polymer solution decrease with increasing concentration of ZnONPs. 

The viscosity measurement of PMMA / acetone after adding ZnONPs Increases with increasing amounts of 

ZnONPs. When measuring the density of the PMMA polymer solution and comparing it with the density values 

when adding ZnONPs, we notice a small increase. 
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