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ABSTRACT 
 

 

 

Nowadays, the increasing demand of electronic devices causes undesired electromagnetic 

interference (EMI) to occur and lead to many problems including interference or 

multifunctioning of device. To overcome the problem, injection moulded thermoplastic in 

form of housing component of EMI shielding effectiveness (SE) material which is in 

conductive or magnetic state was used. In this research, nylon 6,6 was used as the polymer 

matrix while nanographene platelets (NGP) was selected as conductive filler. However, 

nanographene tends to cause agglomeration to itself and polymer matrix. Thus, 

introduction of silane treatment as functionalization or coupling agent can reduce the 

agglomeration of nanographene and enhance the adhesion properties. Objective of this 

research is to study the effect of silane based functionalization on thermal and electrical 

properties of nylon 6,6/nanographene composites. This research involves several stages 

consist of material selection, formulation, dry mixed master batch, pre-dried process, 

compounding process, injection moulding, characterization and analysis of sample. In 

formulation stage, the optimum weight percentage of NGP was treated with various weight 

percentage of Vinyltrimethoxysilane (VTMS) then the mixture was mixed with optimum 

weight percentage of nylon 6,6 in homogeneous form at dry mixed master batch stage. The 

mixture of nylon 6,6 and NGP was pre-dried to avoid moisture. Compounding process was 

used to compound the mixture in pallet form followed with ASTM D638 type 4 standard 

injection moulded. Then characterization and analysis of samples were performed. The 

sample of NGP/Nylon 6,6 treated with 20% VTMS showed the most thermally stable and 

highest electrical conductivity. It was observed that, 20% VTMS have enough energy to 

help NGP disperse well and reduce agglomeration. 
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ABSTRAK 
 

 

 

Pada masa kini, permintaan tinggi untuk peranti electronik dimana mengundang kepada 

gangguan elektromagnet yang menyebabkan banyak masalah termasuk mengganggu 

peranti electronic lain. Untuk menyelesaikan masalah ini, suntikan acuan berbentuk 

komponen perumahan bahan keberkesanan melindungi gangguan elektromagnet dimana 

bersifat konduktif digunakan. Dalam penyelidikan ini, penggunaan nylon 6,6 sebagai 

matrik polimer dengan nanographene platelets (NGP) sebagai pengisi konduktif 

dipertimbangkan. Bagaimanapun, NGP cenderung kepada penggumpalan kepada dirinya 

dan matrik polimer. Jadi, pengenalan rawatan silane sebagai gandingan ejen akan 

mengurangkan penggumpalan NGP dan meningkatkan sifat lekatan. Objektif penyelidikan 

ini adalah untuk mengkaji kesan rawatan silane terhadap sifat haba dan elektrik 

nanographene/nylon 6,6 komposit. Penyelidikan ini melibatkan beberapa peringkat iaitu 

pemilihan bahan, penggubalan, “dry mixed master batch”, proses pra kering, proses 

mengkompaun, pengacan suntikan, pencirian dan analisis sampel. Dalam peringkat 

penggubalan, peratusan berat optimum NGP dirawat dengan pelbagai peratusan berat 

Vinyltrimethoxysilane dan dicampurkan dengan peratusan berat optimum nylon 6,6 dalam 

bentuk homogen. Proses pra kering digunakan untuk mengelakkan kelembapan campuran. 

Proses mengkompaun ke bentuk pallet diikuti dengan “ASTM D638 type 4 standard” 

menggunakan pengacuan suntikan. Pencirian dan analisis sampel dijalankan. Sampel 

NGP/Nylon 6,6 yang dirawat dengan 20% VTMS menunjukkan paling stabil dari segi 

haba dan kekonduksian elektrik tertinggi. Ia telah diperhatikan bahawa dengan kehadiran 

20% VTMS, ia mempunyai tenaga yang mencukupi untuk membantu NGP tersebar dengan 

baik dan mengurangkan penggumpalan.  
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CHAPTER 1 
INTRODUCTION 

 

 

 

1.1 Background of The Study 

 

In this modern era, the demand of the electronic devices, in various sectors such as 

military, commercial, entertainment, and industrial have been increasing. Due to this 

situation, undesired electromagnetic interference (EMI), or electromagnetic radiation, or 

radio frequency interference (RFI) that can cause of many problems including interference 

or malfunctioning of device has also increased. Generally, most common cause of EMI 

that always happen in daily routine is electrostatic discharge (ESD) which are distortion of 

television broadcast reception, radio static and clicking sound when light in switched on 

mode. Hence, the EMI may cause the receiving devices and may reduce it performance. 

Therefore, the effective shielding material also known as EMI shielding effectiveness (SE) 

material which is injection moulded thermoplastic in form of housing component is high in 

demanding nowadays. The EMI shielding functioning by preventing the interference 

incoming and outgoing to/from devices. Absorption and reflection is one of the acts of 

electromagnetic wave interference which is can be prevent by EMI shielding effectiveness. 

However, in order to shield the ESD or EMI, the EMI shielding material should be an 

excellent conductivity in properties where the more excellent the conductivity material, the 

more the can absorb, reflect, and transmit the electromagnetic interference (EMI). 
 

  
 

Figure 1.1: Shielded and unshielded cable from Electromagnetic Interference 
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Usually, housing components was made by plastics or rubber due to lightweight, 

low cost and ease to process. However, plastics and rubber are insulator materials to both 

heat and electrical which is transparent to electromagnetic interference (EMI) whereby do 

not absorb nor reflect EMI and most of energy wave not blocked. Thus, in order to shield 

the EMI by using this material, several methods can be considered to make the 

thermoplastic become the conductivity materials to both heat and electrical which is 

consist of conductive coating on plastic, compounding with conductive filler, and 

intrinsically conductive polymer. Among these methods, the most common method for 

EMI shielding is compounding polymer composites with the conductive fillers such as 

metal particles, metal flakes, stainless fibre, graphitized carbon particles, carbon fibre, 

graphene and many more. This method applied by incorporated the plastic materials and 

conducting material. 

 

 
 

Figure 1.2: Structural formula of nylon 6,6 
 

 

 
 

Figure 1.3: Nylon 6,6 
 

 

Graphene with dramatic enhancement in properties at low filler content been very 

popular nowadays as a conductive filler. This two-dimensional honeycomb lattice 

graphene sheet conductivity is given by σ = enμ where mobility, μ have a theoretically 

limit to 200,000 cm2V-1s-1 and acoustic phonons at a carrier density, n = 1012 cm-2. Layer 
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thickness bulk conductivity of graphene is 0.96x106 Ω-1cm-1 which is higher than the 

conductivity of metal copper that only 0.60x106 Ω-1cm-1. Due to this reason, graphene is 

much more suitable material as a conductive filler thus make a graphene most suitable 

material as EMI shielding material than metal copper. 

  

  
 

Figure 1.4: Structural formula of graphene 
 

 

 
 

Figure 1.5: Nanographene platelets (NGP) 
 

 

One of the most widely used polymer material as a component in many electronic 

devices is nylon 6,6 which has distinctive thermo-mechanical properties and has good 

resistance from severe atmospheric instability. (Pedro et. al.,2004). Generally, due to no 

free electron moving, nature of polymer material is good insulator but poor in electrical 

conductive. Beside very lightweight and easy to shape, it’s also own better properties than 

steel coating EMI that easy to corrode and heavyweight. By adding the nanographene as 

conductive filler, nylon 6,6 enhanced in the electrical conductivity property, thus, make it 

an EMI shielding material that allow the current flow in the electrically shielding material. 




