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CHAPTER 1 

INTRODUCTION 

 

At present, plastics are material that is used for many applications in our life. 

They are everywhere from your pillows and mattresses to cars, hi-tech computers and 

surgery. Our life has participated with plastics when we get up until go to bed again. 

Because its lightweight, does not rust or rot, helps lower transportation costs and 

conserves natural resources is the reason for which plastic has gained this much 

popularity (www.thinkquest.org). Composite materials made from two or more 

constituent materials with significantly different physical or chemical properties, 

which remain separate and distinct at the macroscopic or microscopic scale within the 

finished structure. Polymer composites have become attractive because of their wide 

applications and low cost. The properties of polymer filled with particle made its 

properties better than a commercial polymer. In general, the mechanical and thermal 

properties of composite materials depend strongly on size, shape and distribution on 

filler particles in the matrix polymer and good adhesion at the interface surface (Bose 

et al., 2004). 

PP is a thermoplastic polymer used in wide application such as packaging, 

textile, stationery, plastic parts and reusable containers of various types, laboratory 

equipment, loudspeakers, automotive components, etc. It is one of the most 

extensively used polyolefins (Hongxia et al., 2006) due to its good process ability, 

relatively high mechanical properties, great recycle ability and low cost. However, 

owing to its low modulus, high notch sensitivity and poor impact resistance (Yang et 

al., 2006) make uses of PP still limited. There are many researches to improve 

mechanical properties and thermal properties of PP with using filler such as calcium 

carbonate (CaCO3) (Chi-Ming et al., 2002), silica (Chun et al., 2002 and 

Suryadiansyah et al., 2008), cellulose (Ljungberg et al., 2006), bio-flour (Hee-Soo et 

al., 2007), etc. It challenges to filled particles into PP matrix because the hydrophobic 
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character of PP made the dispersion of hydrophilic fillers difficult (Ljungberg et al., 

2006). 

Zinc oxide (ZnO) is one of the multifunctional inorganic has drawn 

increasing attention in recent years due to its prominent physical and chemical 

properties, such as chemical stability, low dielectric constant, high luminousis 

transmittance, high catalysis activity, effective antibacterial and bactericide, intensive 

ultraviolet and infrared absorption (Erjun et al., 2006). It is an environmentally benign 

material and is used not only for traditional inorganic UV-absorbing materials and 

cosmetics, but also for optoelectronic materials such as solar cell and light emitting 

diode (Sato et al., 2008). Moreover, the advance of ZnO particles could improve the 

mechanical and optical properties of the polymer matrix (Erjun et al., 2006). The 

optoelectronic properties of ZnO nanoparticles depend on particle sizes, which can be 

controlled by reaction conditions during their preparation and by attachment of 

organic compounds onto the surfaces. ZnO has many nanostructures among all one-

dimensional. ZnO nanocrystals with various shapes included one-dimensional (rod, 

tube, wire and nail), two-dimensional (sheet, hexagon, tower and comb) and multi-

dimensional (flower), have been successfully demonstrated (Zhang et al., 2007).  

There are many researched to synthesis ZnO and easy to control the particle sizes and 

shapes such as flame spray pyrolysis (Joon et al, 2006), chemical route (Singh et al., 

2008), solvothermal reaction (Tonto et al., 2006 and Wei et al., 2008), etc. However, 

ZnO particle has high surface energy which may result in the agglomeration of 

particles when ZnO particles are dispersed in organic solvent and matrices. 

Thereafter, it is necessary to prepare ZnO/polymer composites to prevent the 

formation of agglomerated nanoparticles (Erjun et al., 2006). In recent years, it has 

been suggested that introduction of organic compounds into the ZnO nanoparticle 

surfaces stabilizes the ZnO nanoparticle sizes without aggregation between ZnO 

nanoparticles. The ZnO nanoparticles have been disclosed to show significant UV-

shielding property (Sato et al., 2008). So, the synthesis and properties of ZnO are very 

attractive to use ZnO as filler in this research. 
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The development of an interphase layer makes the good dispersion of filler 

particles in the polymer matrix. Change in interfacial interactions between particles 

and polymer matrix can modify the debonding mechanism, failure behavior and thus, 

the overall performance of composites. The most used technique to change the 

particle-particle and polymer-particle interactions is the coverage of filler surface with 

a low molecular weight organic compound such as zinc stearate (Zuiderduin et al., 

2003). Treatment of nanoparticles or modified polymer chains had a complex method. 

But in many researches have used a maleated form of polypropylene (PP-g-MA) as 

compatibilizer for polypropylene (PP)/clay nanocomposites without treatment of PP 

(Fan et al., 2007; Gcwabaza et al., 2008; Dong et al., 2008; Yang et al., 2008 and 

Rozanski et al., 2008). PP-g-MA has been widely used to improve the interfacial 

surface between filler and polymer matrix that can be enhanced the mechanical, 

thermal, and chemical properties (Wulin et al, 2005) due to the polar groups could 

interact with functional groups on the inorganic filler while the PP backbone of PP-g-

MA was able to anchor to the polymer matrix via physical entanglements and van der 

Waals interactions (Suryadiansyah et al., 2008). 

In this work, we focused on the study of composites of PP with various sizes 

and shapes of ZnO. The effect of addition two types of dispersing agent (PP-g-MA 

and zinc stearate) was also investigated, in particular, miscibility between PP matrix 

and ZnO. The effects of ZnO with various sizes and shapes without and with PP-g-

MA on mechanical, thermal, electrical and morphological properties of PP/ZnO 

composites were studied. The effect of maleic anhydride (MA) content on 

mechanical, thermal, electrical properties and morphology were prepared by an 

internal mixer were also investigated. PP/ZnO composites with varying concentration 

of ZnO were prepared by melt mixing technique in a twin screw extruder. The 

dispersion of ZnO in PP matrix was observed by scanning electron microscope 

(SEM). The thermal properties were observed by thermo gravimetric analyzer (TGA) 

and differential scanning calorimeter (DSC). The mechanical properties of PP/ZnO 

composites were investigated by tensile and impact testing. An electrical property was 

also investigated by LCR meter equipment. 
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CHAPTER 2 

THEORY 

1. Polypropylene (PP) 

PP is a thermoplastic material that is produced by polymerizing propylene 

molecules, which are the monomer units, into very long polymer molecule or chains. 

Figure 1 The repeating unit of PP (www.taggedwiki.zubiaga.org) 

As is typical with most thermoplastic materials, the main properties of PP in 

the melt state are derived from the average length of the polymer chains and the 

breadth of the distribution of the polymer chain lengths in a given product. In the solid 

state, the main properties of the PP material reflect the type and amount of crystalline 

and amorphous regions formed from the polymer chains. PP has excellent and 

desirable physical, mechanical, and thermal properties when used in room-

temperature applications. It is relatively stiff and has a high melting point, low 

density, and relatively good resistance to impact. These properties can be varied in a 

relatively simple manner by altering the chain regularity (tacticity) content and

distribution, the average chain lengths, the incorporation of a comonomer such as 

ethylene into the polymer chains, and the incorporation of an impact modifier into the 

resin formulation (Kissel, 2003).

PP is used in a wide variety of application such as packaging, automotive 

components, textiles, laboratory equipment and etc. Due to its good processability,
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2. Zinc Oxide (ZnO)
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3. Twin screw and twin rotor processing equipment  

 
 
 
 

 
 
 
 

 
 



 
 

 
 
 
 

 
 
 
 

 
 



 
 

4. Internal batch mixer 

 
 
 
 

 
 
 
 

 
 



 
 

5. Compression molding 
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6. Mechanical properties 

6.1 Tensile strength 

 
 
 
 

 
 
 
 

 
 



 
 

6.2 Elastic behavior 

 
 
 
 

 
 
 
 

 
 



 
 

6.3 Yield Point 

 
 
 
 

 
 
 
 

 
 



 
 

6.4 Measures of Ductility 

 
 
 
 

 
 
 
 

 
 



 
 

 
 
 
 

 
 
 
 

 
 



 
 

Impact strength 

 
 
 
 

 
 
 
 

 
 



 
 

7. Thermal properties 

 
 
 
 

 
 
 
 

 
 



 
 

 
 
 
 

 
 
 
 

 
 



 
 

 
 
 
 

 
 
 
 

 
 



 
 

 
 
 
 

 
 
 
 

 
 



 
 

8. Electrical properties 
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CHAPTER 3 

LITTELATURE REVIEW 

1. Polymer composites properties 
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2. Compatibilizing agents for polymer composites 
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3. Zinc oxide synthesis  
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CHAPTER 4 

EXPERIMENTAL PROCEDURE

1. Materials 

2. Synthesis of ZnO nanorod and nanoshpere 

 
 
 
 

 
 
 
 

 
 



 
 

3. Preparation of the nanocomposites 

3.1 PP/ZnO composites were prepared by a twin screw extruder 

 
 
 
 

 
 
 
 

 
 



 
 

 
 
 
 

 
 
 
 

 
 



 
 

3.2 PP/ZnO composites were prepared by an internal mixer 

 
 
 
 

 
 
 
 

 
 



 
 

 
 
 
 

 
 
 
 

 
 



 
 

 
 
 
 

 
 
 
 

 
 



 
 

4. Characterisation of ZnO nanorods and nanospheres 

 
 
 
 

 
 
 
 

 
 



 
 

 

 
 
 
 

 
 
 
 

 
 



 
 

  
 
 
 
 

 
 
 
 

 
 



 
 

5. Characterization of PP/ZnO composites without and with PP-g-MA
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CHAPTER 5 

RESULTS AND DISCUSSION 

 

The main topic of this research involves the properties of PP/ZnO 

composites without and with PP-g-MA compatibilizer that has various sizes (71, 100 

and 250 nm) and shapes (sphere and rod) of ZnO. Furthermore, the comparison 

between two compatibilizers and two dispersing agents was investigated. The results 

and discussion were divided into five sections. In the first section, the characterization 

of ZnO nanorod and nanosphere were synthesized by simple chemical route. The 

second section discussed the type of dispersing agent that suitable for dispersion ZnO 

particles in the PP matrix. The suitable of PP-g-MA content in polymer composites 

was determined in the third section. The fourth section discussed the effect of the two 

compatibilizers which has the different percent of MA content (MZ-109D 0.55 wt% 

and MD-353D 1.305 wt%) on properties of PP/ZnO 100 nm composites. These 

composites were prepared by an internal mixer. The fifth section was determined the 

properties of PP/ZnO composites with different sizes and shapes of ZnO without and 

with PP-g-MA (MZ-109D), which were prepared by a twin screw extruder. 

 

1. Characterization of ZnO 

1.1 BET 

       This analysis is beneficial in the estimation of surface area, pore size and 

particle sizes. This research, mainly interested in particle sizes of ZnO sphere shapes 

was obtained from BET. The particle sizes were calculated from surface area was 71, 

100 and 250 nm, respectively. 
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Zinc oxide content (wt%) 
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