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ABSTRACT

Significant growth in the automobile industry boosted tire production contributing to the
huge stock piles of waste tires. Retreading of worn rubber tires became an example of
remanufacturing and waste dust produced from tire retreading is also reusable, but cannot be
used directly in rubber processing due to the presence of impurities, hence it must be
reclaimed to remove contaminants using chemical method. The problem statement gearing
the research is that blend produced from the reaction between WTRR sheet through chemical
separation method with SMR sheet will have deteriorated properties because of the chemical
process involved and dimension effect of the sheet. Therefore, cryo-pulverization process
was introduced to retrieve the sheet into particle sizes. The research objectives are to study
the effect of cryogrinding on the particle size of WTRR and to investigate the effect of
cryogrinding on the surface microstructure of WTRR particles. For this research, the WTRR
pieces were ground cryogenically into powder form followed by particle characterization
using sieve with aperture width of 5mm, 4mm, 3.15mm, 2mm and 1mm. Powder
characteristics including the particle size distribution and surface area were explored as well
as calculated respectively. Subsequently, the surface microstructure of the WTRR particles
were observed through an Optical Nikon Microscope and Scanning Electron Microscope to
study the physical texture of the cryoground WTRR particles. The results from the study
indicates that grinding the cryogenically-prepared WTRR through commercial blender
possess a quite large particles with majority the sieved ground fragment falls in the sieve of
5 mm with weight percentage of 60.56 wt % as well as have low total calculated average
surface area of 1.50 mm?/g. Also, the surface microstructure of the cryogenically-prepared
particles possesed rough texture with an uneven irregular shape after grinding. All findings
present confirms that, although particles produced from the commercial blender is large in
size yet this technology as the grinding equipment for the cryogenic technique can be a good
choice to modify the smooth surface of the cryogenically-prepared WTRR to be rough.



ABSTRAK

Pertumbuhan yang ketara dalam industri automobil telah meningkatkan pengeluaran tayar
yang menyumbang kepada longgokan stok tayar sisa yang besar. Pengilangan semula tayar
getah yang haus menjadi contoh pengilangan semula dan habuk sisa yang dihasilkan
daripadanya juga boleh diguna semula tetapi tidak boleh digunakan secara langsung dalam
pemprosesan getah kerana mempunyai kekotoran dan campuran sisa lain, oleh itu ia mesti
dituntut semula untuk membuang bahan kekotoran tersebut menggunakan kaedah kimia.
Kenyataan masalah yang menjurus kepada penyelidikan adalah bahawa campuran yang
dihasilkan daripada tindak balas antara lembaran WTRR melalui kaedah kimia dengan
lembaran SMR akan merosot sifat-sifat kerana proses kimia yang terlibat dan juga sebab
kesan dimensi lembaran. Oleh itu, proses pengisaran kriogenik diperkenalkan untuk
mengisar helaian ke dalam saiz zarah. Objektif penyelidikan adalah untuk mengkaji kesan
pengisaran kriogenik pada saiz zarah WTRR dan untuk menyiasat kesan pengisaran
kriogenik pada mikrostruktur permukaan zarah WTRR. Untuk penyelidikan ini, kepingan
WTRR akan dikisar mengunakkan proses kriogenik dalam bentuk serbuk diikuti dengan
penapisan zarah menggunakan lebar saiz 5mm, 4mm, 3.15mm, 2mm dan 1mm. Ciri-ciri
serbuk termasuk taburan saiz zarah dan kawasan permukaan telah diterokai serta dikira
masing-masing. Seterusnya, mikrostruktur permukaan zarah WTRR diperhatikan melalui
Mikroskop Nikon Optik dan Mikroskop Elektron Pengimbas untuk mengkaji tekstur fizikal
zarah WTRR yang telah dikisar dari proses kriogenik. Hasil kajian menunjukkan bahawa
pengisaran WTRR yang disediakan oleh kriogenik melalui pengisar komersial mempunyai
zarah yang agak besar dengan majoriti zarah kisar yang disedut jatuh dalam penapis 5 mm
dengan peratusan berat 60.56 wt % serta mempunyai kawasan permukaan dikira purata
rendah 1.50 mm?2 / g. Juga, mikrostruktur permukaan zarah-zarah yang disediakan oleh
kriogenik menimbulkan tekstur kasar dengan bentuk yang tidak teratur sekata selepas
pengisaran. Semua penemuan yang hadir dalam laporan,mengesahkan bahawa, walaupun
zarah yang dihasilkan dari pengisar komersial adalah besar dalam saiz namun teknologi ini
sebagai peralatan pengisaran untuk teknik kriogenik boleh menjadi pilihan yang baik untuk
mengubah suai permukaan licin WTRR yang disediakan oleh kriogenik menjadi kasar.
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CHAPTER 1

INTRODUCTION

1.1  Background

In the last few years, the significant growth of the automobile industry and the step
up in the use of cars have tremendously boost the tire production. This resulted in massive
waste tire stockpiles (Fazli et al, 2020). Malaysia's yearly waste tire production has been
steadily increasing. Furthermore, scrap or waste tires in Malaysia are projected to be 8.2
million, or 57,391 tones, however around 60 percent of total accounts of waste tires are
thrown in unknown ways (Kumar, 2006). Due to their large volume, discarded tires take up
more space than other types of trash. Furthermore, because scrap tires are unlikely to be
decompose, burying them shortens the life of the burial and landfill locations or facilities
(Nuzaimah et al., 2018). Additionally, waste tires which is exposed might accumulate water
that may breed bacteria, molds, insects or mice which might bring harmful diseases
(Adhikari et al, 2018).

In recent years, retreading of worn rubber tires became a very particular example of
remanufacturing since it is highly environment friendly. Besides, adding new tread to a used
tires brings both environmental and economic benefit (Qiang et al, 2020; Fazli et al, 2020).
Although there are many advantages of retreading the worn tires, on the other hand still there
are some disadvantages too. One of the major concerns of retreading worn tires is the waste
dust produced from this process. Even though, waste dust from tires is reusable and cheap
comparing synthetic material in the processing of rubber, but efforts taken to reuse is still
not being encouraged widely in the country. Moreover, tire dust produced from retreading

cannot be reused directly since it contains impurities. Hence, in order to remove the

1



contaminants such as oil, metal dust and as such from the tire dust, chemical separation

method was introduced as the technique to reclaim (Bockstal et al., 2019; Sun et al., 2007).

1.2 Problem Statement

Over the last few decades, WTRR became an alternative raw material for tire
manufacturing over synthetic rubber in terms of its reasonable price and availability (Mente
et al., 2016). Although waste dust produced from tire retreading is reusable, but it cannot be
directly used in rubber processing since the dust contains impurities such as oil and metal
dust. So to recover, separate and remove the contaminants from the dust, the chemical
separation method was introduced as the reclaiming technique popularly in the rubber
processing factories (Bockstal et al., 2019; Lapkovskis et al., 2020).

Chemical separation is a reclaiming process where the dust reacts with the chemical
to produce the waste dust in the form of a solid sheet which is called as Waste Tyre Derived
Reclaimed Rubber, WTRR (Bockstal et al., 2019; Fukumori et al, 2004). However, due to
the presence of chemical and dimension effects, this WTRR sheet cannot be incorporated
straightaway with the SMR sheet since it would deteriorate the mechanical characteristics of
the produced blend (Adhikari et al, 2018; Bockstal et al., 2019). Consequently, the WTRR
sheet needs to be reduced into particle sizes prior to any practical application of mixing with

SMR.

Therefore, to reduce the chemically reclaimed WTRR sheet into particle sizes,
pulverization process was employed before the pragmatic implementation of blending the
WTRR powder with the SMR sheet. For this research, the WTRR sheet will be pulverized
cryogenically to study the effect of cryogrinding on the particle size of WTRR using a

commercial blender.



1.3 Research Objectives

The objectives of the research are as following:
1) To study the effect of cryogrinding on the particle size of WTRR.
2) To investigate the effect of cryogrinding on the surface microstructure of WTRR

particles.

1.4 Scope of Research

The scope of this research will be focused on the effect of cryogrinding on the particle
size of WTRR. The raw material that is used for this research is Waste Tyre Derived
Reclaimed Rubber (WTRR) sheet produced from chemical separation and liquid nitrogen as
a freezing agent to make the WTRR pieces brittle. The process flow of this study was splitted
into four stages which are the knife slicing of the WTRR sheet into smaller pieces, cryo-
pulverization process of WTRR, particle characterization process and surface microstructure
study of the WTRR particles. The WTRR sheet was reduced into smaller pieces using a knife
before immersing into liquid nitrogen to ease the grinding process. Pulverization process is
the breaking down of WTRR pieces into powder form which is introduced before any
practical application such as sieving. Since the properties of WTRR is elastic, liquid nitrogen
was used to freeze the rubber which will be then ground using a commercial blender to obtain
fine-sized particles with rough surface (Adhikari et al, 2018). Powder characteristics,

including particle size distribution and surface area will be analyzed and studied here.

Besides, the scope of the study is also being focused on the effect of the cryogrinding
on the surface microstructure of WTRR particles. For this study, the surface microstructure
of the characterized WTRR particles was observed through the Microscope Nikon 100 and

Scanning Electron Microscope (Model: ZEISS EVO-18) to discover the physical shape and



to explore the surface texture morphology of the cryoground WTRR powders respectively.
Each samples of the characterized WTRR powder was randomly chosen from the range > 5
mm, 4 mm to 5 mm, 3.15 mm to 4 mm, 2 mm to 3.15 mm, 1 mm to 2 mm and < 1 mm and
was sputter coated to dismiss the presence of electrostatic charge to obtain good SEM
textural image before placing the WTRR particles under the Scanning Electron Microscope

instrument.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

The primary goal of this chapter is to review relevant literature, scholarly articles,
and other related sources that discuss rubber vulcanisation, rubber reclaiming technologies,
raw materials required for the study, sample preparation of the rubber product, and required
characterization techniques. There are seven sections in this chapter. The introduction to this
chapter is presented in Section 2.1, while Section 2.2 discusses the rubber vulcanization
process. Besides, Section 2.3 and 2.4 summarizes about the reclaiming technology of waste
rubber and pulverization techniques involved to breakdown rubber particles into smaller size
respectively. Raw materials is considered to be a basic and essential substance needed to
mix, fabricate and produce rubber products, Section 2.5 discusses and describes about the
raw material used for this study. Meanwhile, Section 2.6 and 2.7 of this chapter focused
mainly on the characterization techniques involved and also about the sample preparations
of rubber products respectively. The sections presented for this chapter provides a better

clarity and knowledge in depth relevant to the research topic.

2.2 Vulcanisation of rubber

Vulcanization of rubber is a process of improving the strength and elasticity which
was invented by Charles Goodyear in 1839. In other terms, vulcanisation is a chemical

process that involves the addition of sulpher or other chemicals to transform polymers into



more durable materials. The addition of sulphur modifies the polymer by forming cross-links
in between individual polymer chains (Ramnath, 2017). Figure 2.1 illustrates the addition of
sulphur into the cross-links while Figure 2.2 presents the schematic molecule structure of
natural and vulcanised rubber clearly. The yellow molecules in Figure 2.2 represents the

cross chain which was formed by the sulphur atoms (Rowhani et al, 2016).
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Figure 2.1 Addition of sulphur into cross-links (Ramnath, 2017).
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Figure 2.2 Chemical structure of natural rubber (a) before and after vulcanization (b)
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2.3  Reclaiming technology

Rubber waste reclaiming has become a technique in which recycled rubber materials,
such as waste tyre rubber or any other type of vulcanised rubber waste, are converted into a
condition that may be integrated, reprocessed, and vulcanised utilising mechanical and
chemical methods using various reclaiming agents. Reclaimed rubber have been widely used
in the compounding of tire to lower the cost, improve processing and fatigue life (Dick.,
2020; Mark, 2013). Furthermore, utilization of the reclaimed rubber in producing the rubber
products, saves as well as minimizes the need of virgin rubber, carbon black and other
softeners (Lapkovskis et al., 2020). The principle of this technology is devulcanization.
Since waste rubber is very hard to recycle due to the presence of bonding of the three
dimensional crosslink chain by sulfur atoms formed during vulcanization, this technology
was introduced to break the bonding in order to reclaim the rubber (Lapkovskis et al., 2020;
Mark, 2013). Physical and chemical reclaiming technologies are the two types of reclaiming

renown technology in this industry.

2.3.1 Physical processes

Physical reclamation is a technique that involves breaking the three-dimensional (3D)
structure of crosslinked rubber using various external energy sources. Due to network
breaking, waste rubbers are reduced to low molecular weight fragments, which are then
blended with virgin rubber for new uses. Physical reclaiming process can be split into many
subprocess, this includes the mechanochemical method and mechanical method (Bockstal et

al., 2019).



