
 
 

 
STRUCTURAL, MORPHOLOGICAL AND OPTICAL PROPERTIES OF 

(ZnO)X (ZrO2)1-X NANOCOMPOSITES PREPARED BY THERMAL 
TREATMENT METHOD 

 

 
 
 
 
 
 
 
 
 

 
HAMIDU ISHAKU MIDALA 

 
 
 
 
 
 
 
 
 
 

FS 2020 18 



i 

STRUCTURAL, MORPHOLOGICAL AND OPTICAL PROPERTIES OF 

(ZnO)X (ZrO2)1-X NANOCOMPOSITES PREPARED BY THERMAL 

TREATMENT METHOD 

By 

HAMIDU ISHAKU MIDALA 

Thesis Submitted to the School of Graduate Studies, Universiti Putra Malaysia, 

in Fulfilment of the Requirements for the Degree of Master of Science 

March 2020 

© C
OPYRIG

HT U
PM



 

ii 

COPYRIGHT 

 

 

All material contained within the thesis, including without limitation text, logos, icons, 

photographs, and all other artwork, is copyright material of Universiti Putra Malaysia 

unless otherwise stated. Use may be made of any material contained within the thesis 

for non-commercial purposes from the copyright holder. Commercial use of material 

may only be made with the express, prior, written permission of Universiti Putra 

Malaysia. 

 

 

Copyright © Universiti Putra Malaysia  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



 

iii 

DEDICATION 

 

 

I dedicated this work to my family 

LATE HAMIDU YERIMA 

LATE AMINA HAMIDU 

AHMED HAMIDU 

AISHA ADAMU 

AMINA ISHAKU 

ABDULHAMEED ISHAKU 

ZAINAB ISHAKU 

FATIMA ISHAKU 

AHMED ISHAKU 

 

 

Thank you for your encouragement and help in pursuing my life studies and 

struggle. May the Almighty Allah reward you abundantly. 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM



 

i 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the degree of Master of Science 

 

 

STRUCTURAL, MORPHOLOGICAL AND OPTICAL PROPERTIES OF 

(ZnO)X (ZrO2)1-X NANOCOMPOSITES PREPARED BY THERMAL 

TREATMENT METHOD 

 

 

By 

 

 

HAMIDU ISHAKU MIDALA 

 

 

March 2020 

 

 

Chairman :   Professor Halimah binti Mohamed Kamari, PhD 

Faculty :   Science               

 

 

The purpose of this study was to investigate the constituents of nanomaterial that was 

made from zinc nitrate, zirconia nitrate and polyvinyl pyrrolidone, which is assumed as 

classification of novel materials. The unique product obtained through the thermal 

treatment process containing the zinc oxide and zirconia oxide nanocomposites as well as 

organic polymer. This product possesses better characteristics as compared to their nano-

sizes. So, the binary oxide of the nanocomposite (Zinc oxide (ZnO)) x (Zirconia oxide 

(ZrO2)) 1-x at constant concentration of 4g polyvinylpyrrolidone (PVP) was calcined at 

various temperature that was produced with thermal treatment process. Zinc and 

Zirconium nitrates as well as PVP (capping agent) was used to produce nanocomposite 

materials (ZnO) x (ZrO2)1-x s for x = 0.2, 0.5, and 0.8 molarity. To ensure the best yield, 

the characterization has been performed. Thermal analysis (TGA), gave the optimization 

of the thermal treatment technique and show the appropriate temperature to carry out the 

calcination process. The crystallinity of the sample was measured by using X – ray 

diffraction (XRD). Fourier transform infra-red (FTIR) spectroscopy analysis proved that 

ZnO and ZrO2 were the original compounds for the prepared nanocomposite (ZnO) X 

(ZrO2) 1-X. However, the morphological characterization was determined via scanning 

electron microscopy (SEM) and transmission electron microscopy (TEM) and were 

supported by XRD results. It showed the increment of the average sample sizes from 21 

– 40 nm due to the increment of calcination temperature. Ultraviolet visible spectroscopy 

(UV-Vis) determine the gap of optical path and decreased the values for both 

nanocomposite ZnO and ZrO2.  Photoluminescence (PL) displayed the increment of 

intensity when the particle size was increased. The study also showed the application of 

optical in the binary particle application with the wider nano size (ZnO)x (ZrO2)1-x as a 

novel functional material. The varying calcination temperature has control over the 

(ZnO)x (ZrO2)1-X particle sizes by the permission of this method, so the generation of 

semiconductor materials with multiple band gap is possible. Detailed wavelengths of solar 

energy can be captured by these materials, which can be an appropriate choice for 

employment of solar cell applications.   
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Kajian ini bertujuan untuk menyiasat juzuk bahan nano yang dianggap terdiri daripada  

zink nitrat, zirkonia nitrat dan polivinilpyrrolidon, yang dianggap sebagai klasifikasi 

bahan baru. Produk unik diperoleh melalui proses rawatan terma yang mengandungi 

nanokomposit zink oksida dan zirkonia oksida dan juga polimer organik. Produk ini 

mempunyai ciri-ciri yang lebih baik berbanding dengan saiz nano mereka. Oleh itu, oksida 

binari nanokomposit (Zink oksida (ZnO))x(Zirkonia oksida ZrO2))1-x pada kepekatan 

malar polivinilpyrrolidone (PVP) 4g, dikalsinasi pada pelbagai suhu dihasilkan dengan 

cara proses rawatan terma. Zink dan Zirkonium nitrat, dengan PVP (ejen perlindung) 

digunakan untuk menghasilkan bahan nanokomposit (ZnO)x(ZrO2)1-x untuk x = 0.2, 0.5, 

dan 0.8 mol. Untuk memastikan hasil yang berjaya, pencirian berikut telah dilakukan. 

Analisis terma (TGA) memberikan pengoptimalan teknik rawatan terma dan 

menunjukkan suhu yang sesuai di mana proses kalsinasi perlu dilakukan. Kehabluran 

sampel diukur menggunakan Belauan sinar-X (XRD). Analisis fasa spektrum FTIR 

mengesahkan ZnO dan ZrO2 adalah sebatian asal bagi nanokomposit (ZnO)X(ZrO2)1-X 

yang disediakan. Walaupun, ciri-ciri morfologi telah ditentukan dengan menggunakan 

Mikroskopi Pengimbasan Elektron (SEM), Transmisi Elektron Mikroskopi (TEM) yang 

disokong oleh keputusan XRD menunjukkan peningkatan saiz purata sampel dari 21 - 40 

nm disebabkan kenaikan suhu kalsinasi. Spektrum reflektif resap UV-Vis menentukan 

jurang jalur optik dan didapati penurunan nilai bagi kedua-dua nanokomposit ZnO dan 

ZrO2. Spektrum foto pendarchaya (PL) menunjukkan peningkatan keamatan apabila saiz 

zarah meningkat. Penyelidikan ini juga melihat aplikasi optik di kalangan aplikasi binari 

zarah bersaiz nano (ZnO)x(ZrO2)1-x yang luas sebagai bahan berfungsi baru. Suhu 

kalsinasi yang berbeza-beza mempunyai kawalan terhadap ukuran zarah (ZnO)x (ZrO2)1-

x dengan menggunakan kaedah ini, maka dengan ini mungkin penghasilan bahan 

semikonduktor dengan jurang berbilang jalur dapat terjadi. Panjang gelombang tenaga 

suria yang terperinci dapat ditangkap oleh bahan-bahan ini, aplikasi sel suria menjadi 

pilihan yang tepat untuk digunakan. 
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1 

CHAPTER 1 

1 INTRODUCTION 

1.1 General Introduction 

An advancing field of science that study particles of nanoscale ranging from (0 -100 

nm) materials with very tiny sizes is referred to Nanoscience. It is a Greek term, Nano 

mixture, from the Greek "Nanos" (or Latin "Nanos") meaning "Dwarf" and the 

significance of wisdom is the term "science."  Indeed, it is an interdisciplinary field 

that seeks to bring about mature technology that focuses on the junction of areas such 

as physics, chemistry, biology, engineering and computer science. Nanoscience is the 

study of phenomena on a nanoscale or could be anything which has a measurement 

less than 100 nm (Ali, 2015). The terms, science and technology have to do with a 

nanoscale nature, meaning the understanding and restrained manipulation of 

nanoscale-dimensional structures and phenomena.           

Nevertheless, it can be said that it is a revolutionized way of creating materials and 

products aimed to exploit their functionalities and hence producing things that are 

lighter, smaller and stronger. Scientists and engineers are therefore very interested in 

this increasing sector. To that end, expect innovative transformations from this rapidly 

growing field years ahead. A significant aspect of nanoscience is the determination of 

nanomaterial physical characteristics such as colour, optical, electrical and magnetic 

behaviour. Nowadays, many technological applications of nanomaterials are produced 

in the fields of optics, optoelectronics and photonics.  

Research linked to the nanoparticle’s region is on the increase as the result of 

nanoscale size, different from the bulk sample. This aspect of nanoparticles made the 

industrial and commercial applications interesting because of its distinctive property; 

uncommon absorptive characteristics, wide surface area, defects, and rapid diffusivity.  

Hence promotes scientists to investigate these characteristics from different fields and 

areas (Kamari et al., 2017). As a consequence, many methods have enabled modern 

structures, nanoplatforms, systems, or gadgets used in various applications and areas 

(Varughese et al., 2014; Zhang et al., 2017). This made it possible to study its 

significance for application in biodegradable, biocompatible and as functioned 

material (Kamari et al., 2017; Varughese et al., 2014). The use of hexagonal ZnO and 

monoclinic ZrO2 semiconductor nanomaterials is one of the main problems perceived 

independently or compositionally by many research studies because of the unmatched 

properties.  Hexagonal ZnO is part of the group II-VI composites of the metallic 

chemical element zinc (II) and non-metallic chemical element oxygen (VI). This 

showed the accessibility of the remarkable features of many ZnO semiconductor 

materials and endorsed many applications due to the advantage of hexagonal crystal 

structure. A n-type semiconductor with range of 2.16 - 3.19 eV direct band gaps is 

grouped into the framework regarded as the normal hexagonal shape (Varughese et 

al., 2014). Such properties will benefit from the unique characteristics of ZnO 
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2 

nanomaterials obtained in a recognizable manner and nanoscale particle 

measurements for application and experimental use (Zhang et al., 2017). 

ZrO2 (Zirconia) is a sample of good natural color, high strength, resilience to 

transformation, high strength to corrosion, chemical and microbial tolerance, and high 

chemical stability. The characteristics that qualified it as a useful catalyst include: 

increased ability to exchange ions and redox operations, as well as wide band gap p – 

type semiconductor form with abundant oxygen vacancies (Singh and Nakate,2014). 

ZrO2 is used as a transistor insulator for future non- electrical (Kremer, 1996). 

Nicollian and  Brews, (1982) identified the potential for replacing silicon oxide (SiO2) 

in advance metal oxide semiconductor (MOS) devices and optical applications 

because of its dielectric property. Recognition has been acquired for the 

implementation of ZrO2 nanoparticles in powerful oxide, fuel cells (Seungdoo Park, 

2000), sensor nitrogen oxide and oxygen gas (Subbarao and Maiti, 1988). For 

instance, in a scheme with elevated temperature power conversion frameworks, 

engineering and medicine appreciated for its elevated oxygen particle transport 

capacity and long-turn stability, it can also be used. 

Zirconia oxide (ZrO2) exist as namely cubic(c-ZrO2), monoclinic (m-ZrO2) and 

tetragonal (t-ZrO2), at ordinary atmospheric and diverse temperatures (Madfa et al., 

2014;  Channu et al; 2011).  The  m-ZrO2 is  stable up to 1100 o C, t-ZrO2 and the 

cubic phase is above 2370 o C (Tan et al., 2011). Some reported techniques for 

synthesising zirconia nanoparticles such as sol/gel method were carried by 

(Kul’met’eva et al; 2009), vapor phase method (Heshmatpour and Aghakhanpour, 

2011), pyrolysis (Moravec et al., 2017), spray pyrolysis  (Baqer et al., 2017)hydrolysis 

(Adamski et al., 2006), hydrothermal(Espinoza-González et al., 2011) and microwave 

pals (Tada and Iwasawa,2003). These method, however, have some setback 

characteristics which include complicated procedures, longer reaction time, high 

reaction temperature, toxic reagents, high production costs and product use. 

These set-backs do not encourage synthesis of zirconia NPs on a large scale. 

Nevertheless, supplementary features  anticipated from ZnO – ZrO2 composite have 

many optical properties in oxide semiconductors that have the potential to exhibit 

separate structure compared to their bulk aspects of semiconductor parts (Scholz, 

2017; Salem et al., 2017).  

Synthesis of industrial scale ZnO – ZrO2 nano powder using the following techniques; 

heavy weight solution (Kolodziejczak-Radzimska and Jesionowski, 2014), sol – gel 

method (Sahoo et al., 2012; heat decomposition  (Kakhaki et al., 2015), solvothermal 

method (Division, 1985), and heat evaporation (Karim et al., 2009). For instance, 

faced constraints owing to the difficulty of the synthesis method, lengthy reaction 

period, toxic reagents, elevated temperature, and product manufacturing outflow. 

None of these techniques in binary or powder form produced the material. 
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Through thermal treatment process, these aforementioned disadvantages can be 

overcome by concentrating on synthesis of thermal treatment process to yield no 

parallel waste (ZnO)x (ZrO2)1-x samples. Indeed, the highlights are going to be 

attractive for various mechanical–scale jobs. According to these highlights, it showed 

that no hazardous or ecologically harmful side-effects are produced by the current 

approach. In this thesis, a parallel approach that produces (ZnO)x (ZrO2)1-x nano 

powder primarily and exclusively is discussed. The prepared technique used heat-

treatment synthesis therapy to harmonize (ZnO)x (ZrO2)1-x and to study its impact on 

morphological, fundamental and optical characteristics. Heat treatment method used 

a solution with metallic nitrate particles as a background and Polyvinylpyrrolidone 

(PVP) as a capping agent, thus, desirable products were obtained as the result of 

conducted calcinations. Various methods have been used to study the product's 

morphology and crystallinity. Furthermore, the work also examined the product's 

optical properties. 

1.2 Statement of the problem 

 In opting method for synthesis of materials, one has to bear in mind the first 

requirement of its novel study. In fact, the current challenge for the synthesis of oxide 

nanoparticles is the development of systematic studies. The creation of (ZnO)X 

(ZrO2)1-X Nanocomposite powders has received relatively little research attention, 

with most research effects aimed at (ZnO)X (ZrO2)1-X films. With the advancement of 

technology, synthesis of metal oxide nanocomposite was encouraged. Thus, this 

approach provides numerous advantages over more pre-described techniques; the 

material can be manufactured with good performance, low financial outlay, high 

adaptability and less handling complexity, and these advantages form the basis for 

current research motivation. Notwithstanding, the application of (ZnO)X (ZrO2)1-X 

nanocomposite powders obtained through this method as observed from their optical 

properties is another factor for this research work.  

1.3 Significant of the Study 

Method of heat treatment created the sample in binary or powder form. It does not 

produce any parallel waste (ZnO)x (ZrO2)1-x samples. The product is environmentally 

friendly, ( Kamari et al., 2019). The synthesis is concentrated on producing with a 

better quality, higher cleanliness, particle size control, high adaptability, minimal 

effort, and use by power products, a two way leading supplier of two way radio 

chargers and a two way radio accessories for motorola (Al-Hada et al., 2016). 
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1.4 Objectives of the study  

The overall objective of this study is to use the thermal treatment method for binary 

synthesis (ZnO)X (ZrO2)1-X nanocomposites with the PVP acting as a capping agent. 

The main objectives of the study are as follows: 

1. To synthesize ZnO/ZrO2 nanocomposite powder using thermal treatment 

method.  

2. To determine the impact of calcination temperature on the sample’s structure 

and morphology. 

3. To determine the optical properties of ZnO / ZrO2 nanocomposites. 

 

 

1.5 Thesis outline 

This section is numbered chapters 1- 6, Chapter 1 is the general introduction and 

problem statements on metal nanocomposites. This section also describes the 

significant and goals of the study. Chapter 2 presents the prior research and reviews 

of nanocomposites ZnO and ZrO2 prepared using distinct methods. In addition, the 

processing and characterization method for Zn and Zr nanoparticles is also evaluated. 

Chapter 3 The structural, optical properties of products at bulk and nanoform studied. 

Chapter 4 shows nanocomposite sample preparation and characterization using 

suitable tool. Chapter 5 Discussion of all specimens used and measurements 

conducted using Thermogravimetric Analysis (TGA), X-Ray Diffraction (XRD), 

Electron Microscopy transmission (TEM), Fourier Transform Infrared (FTIR), 

Electron Microscopy scanning (SEM), UV- Spectroscopy visible and 

Photoluminescence (PL). Finally, current work and some suggestions for future 

studies are summarized in Chapter 6 
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